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Summary 
Familial hypocalciuric hypercalcemia (FHH) type 1, caused by 
a heterozygous inactivating mutation of the gene encoding the 
calcium-sensing receptor (CaSR), is characterized by mild to 
moderate hypercalcemia, hypocalciuria and inappropriately 
normal or elevated parathyroid hormone (PTH). FHH must be 
differentiated from primary hyperparathyroidism (PHPT) because 
parathyroidectomy is ineffective in the former. Herein, we  
report a 39-year-old male patient with a 13-year history of 
asymptomatic PTH-dependent hypercalcemia (mean calcium of 
2.88 mmol/l; reference range 2.15-2.55 mmol/l) and calcium-to-
creatinine clearance ratio (Ca/Cr) ranging from 0.007 to 0.0198, 
which is consistent with either FHH or PHPT. Although a family 
history of hypercalcemia was negative, and PET-CT with 
fluorocholine was suggestive of a parathyroid adenoma, genetic 
analysis of the CaSR gene identified a heterozygous inactivating 
mutation NM_000388.4:c.1670G>A p. (Gly557Glu) in exon 6 and 
a polymorphism NM_000388.4:c.1192G>A p. (Asp398Asn) in 
exon 4. The G557E mutation has been previously reported in 
a Japanese family in which all family members with the mutation 
had Ca/Cr below 0.01 consistent with FHH. The biochemical 
profile of FHH and PHPT may overlap. Our FHH patient with 
a G557E CaSR mutation illustrates that the differential diagnosis 
can be difficult in an index case with no family history, (false) 
positive parathyroid imaging and higher calciuria than expected 
for FHH. Calcium intake, vitamin D status and bone resorption 
might have contributed to the Ca/Cr variations over a 13-year 
clinical follow up. This case thus emphasizes the irreplaceable 
role of genetic testing of the CaSR gene when clinical evaluation 
is inconclusive. 
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Introduction 
 

Familial hypocalciuric hypercalcemia (FHH) 
type 1 is caused by a heterozygous inactivating mutation 
of the gene for the calcium-sensing receptor (CaSR) 
(Pollak et al. 1993). FHH is a relatively benign disease 
characterized by mild to moderate hypercalcemia, 
hypocalciuria and, with respect to hypercalcemia, 
inappropriately normal or elevated parathyroid hormone 
(PTH) (Lee and Shoback 2018, Shinall et al. 2013). 
A family history of hypercalcemia can be helpful because 
FHH is inherited as an autosomal dominant trait. 
However, mutations in the CaSR gene may occur de novo 
in around 15-30 % of cases (Hendy et al. 2000, Pidasheva 
et al. 2004, Hannan et al. 2016, Lee and Shoback 2018). 
A negative family history thus does not exclude the 
disease. Currently, primary hyperparathyroidism (PHPT) 
is most often identified by routine screening of serum 
calcium which discloses hypercalcemia, and these 
patients are generally asymptomatic (Bilezikian et al. 
2014). These modern presentations of PHPT are 
generally associated with only subtle elevations of PTH 
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and often normal urine calcium excretion. Moreover, this 
milder PHPT can be associated with smaller parathyroid 
adenoma weight and therefore with false negative 
parathyroid imaging (Kuzminski et al. 2018). The clinical 
and biochemical findings of FHH and PHPT may, 
therefore, significantly overlap. It is important to 
differentiate these two entities because parathyroid 
surgery normalizes biochemical abnormalities only in 
PHPT, and should be avoided in FHH (Bilezikian et al. 
2014, Lee and Shoback 2018, Shinall et al. 2013). 

Here, we present a 39-year-old male patient with 
a biochemical picture of moderate parathyroid-dependent 
hypercalcemia and normal-to elevated urine calcium 
excretion which would fit both FHH and PHPT. The case 
is complicated by the fact that there was no family history 
of hypercalcemia. We describe diagnostic challenges in 
distinguishing both diseases. 

 
Methods 

 
Biochemical analysis 

Fasting blood samples were collected and total 
serum calcium, phosphorus, serum creatinine, serum 
albumin, urinary calcium and creatinine were measured 
photometrically on the Cobas 6000 analyzer (Roche 
Diagnostics GmbH, Basel, Switzerland) in the 
Department of Clinical Biochemistry of the Institute of 
Endocrinology. The albumin-adjusted calcium 
concentration was calculated as adjusted calcemia 
(mmol/l) = total calcemia (mmol/l) + 0.02 x (41.3 – 
plasma albumin (g/l)) (Barth et al. 1996, Jabor 2008). 
Serum ionized calcium was determined 
potentiometrically by an ion-selective electrode on Prime 
ES Comp analyzer (Nova Biomedical, Waltham, USA). 
Serum intact PTH (2nd-generation) concentration and 
serum osteocalcin concentration were each determined by 
the Electrochemiluminescence Immunoassay (ECLIA). 
Serum 25-hydroxyvitamin D (25OHD) and beta-C-
terminal telopeptide of type I collagen levels were 
measured by the ECLIA to determine vitamin D status 
and bone resorption, respectively. 

24-h calcium-to-creatinine clearance ratio 
(Ca/Cr) was calculated as previously published (24-h 
urine calcium x plasma creatinine/plasma calcium x 24-h 
urine creatinine) (reviewed in Bertocchio et al. 2018 and 
Lee and Shoback 2018). 

A pro-FHH risk equation was also calculated 
which takes into account serum calcium, PTH, and serum 
osteocalcin concentrations, and calcium-to-creatinine 
clearance ratios (Bertocchio et al. 2018, available also at 

https://maladiesrares-calcium-phosphore.com/pro-fhh-a-
new-tool-to-predict-primary-hyperparathyroidism/). 

 
Imaging methods 

Bone mineral density (BMD) was assessed by 
Dual-energy X-ray Absorptiometry (DXA, Lunar 
Prodigy, Madison, USA) at the lumbar spine (L1-L4), at 
the hip, at the femoral neck and at the proximal third of 
the radius. 

MIBI scintigraphy and fluorocholine PET-CT 
were carried out in the University Hospital in Prague and 
have been described elsewhere (Zajíčková et al. 2018). 

 
Molecular genetic analysis of the CaSR gene 

DNA was isolated from peripheral blood using 
the Quick Gene DNA whole blood kit L (Kurabo 
Industries, Osaka, Japan). The sample was analyzed by 
next generation sequencing (NGS) of PCR products of all 
coding parts of the CaSR gene (exons 1-7) including  
3' and 5' UTR regions with intron overhangs, extended 
with promoter sequencing in the range (chr3: 121901568-
121902283) using a Nextera XT kit (Illumina, San Diego, 
USA) on an MiSeq (Illumina) sequencer. MiSeq Reporter 
(Illumina) software was used for data analysis. 
Bioinformatics procedures and algorithms were used for 
evaluation against the reference genome GRCh37/hg19 
and transcript variant NM_000388.4.  

 
Results  
Case presentation 

Herein, we report a 39-year-old male with  
a 13-year history of asymptomatic hypercalcemia (mean 
calcium was 2.88 mmol/l). PTH has been oscillating 
around the upper range of normal with a mean level of 
68.5 ng/l (Table 1). He was first referred to the clinical 
endocrinology department for evaluation of acne and his 
hypercalcemia was incidentally identified by routine 
laboratory assessment at the time he first presented. 
Initially, in years 2007-2010 we observed asymptomatic 
moderate hypercalcemia in a young man with a calcium-
to-creatinine clearance ratio (Ca/Cr) between 0.008-
0.009, compatible with a diagnosis of FHH. His bone 
remodeling markers were normal, bone mineral density 
(BMD) assessed by DXA was higher than average for  
his age and no lithiasis and/or nephrocalcinosis were 
documented. His 25OHD level was in the lower part of 
the normal reference range (Table 1). Genetic testing was 
not available at that time. Both his father (now deceased) 
and his mother were found to be normocalcemic and his 
mother also had normal PTH values. The differential 
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diagnosis of FHH from PHPT was complicated by the 
fact that there were no other family members with 
documented hypercalcemia in whom evaluations could be 
performed. Between years 2012-2016 his follow up was 
interrupted. When he returned in 2017, his Ca/Cr had 
almost doubled (0.014-0.019), whereas serum calcium 
remained at a constant and moderately elevated level 
(Table 1). In 2017 and 2018 his biochemistry was 
consistent with true PHPT, with frankly increased 24-h 
urinary calcium excretion (mean 9.5 mmol/24 h), non-
suppressed PTH and slightly elevated beta-cross laps, 
a bone resorption marker (0.803 ng/ml; normal 0.01-0.5). 
His 25OHD concentrations, however, had also increased 
(Table 1). A pro-FHH risk equation (Bertocchio et al. 
2018) was also calculated, but pro-FHH values were 
intermediate between FHH and PHPT cut-offs (Table 1). 
Other hormonal evaluations were normal including 
prolactin, IGF-1, 24-h urinary free cortisol, TSH, free 
thyroxine, testosterone, calcitonin and chromogranin A as 
multiple endocrine neoplasia syndromes were considered 
in a young adult with probable PHPT (Thakker et al. 
2012). To rule out a parathyroid adenoma, in view of his 
increasing calciuria and an elevated bone resorption 
marker, the patient underwent Tc-sestamibi scintigraphy, 
which was negative; however, a PET-CT with 
fluorocholine revealed an active focus below the left 
thyroid lobe (Fig. 1). The neck ultrasound did not 
disclose any lesion corresponding to an enlarged left 
lower parathyroid gland. CaSR gene sequencing was 
finally carried out and identified a heterozygous 
inactivating missense mutation NM_000388.4:c.1670G>A 
p.(Gly557Glu) in exon 6 (Table 2). This mutation has 

previously been reported in a Japanese family. Another 
missense substitution NM_000388.4:c.1192G>A 
p.(Asp398Asn) was found in exon 4 which was predicted 
to be a non-functional polymorphism according to 
bioinformatics functional modelling (Table 2) and 
because of its relatively high frequency in the general 
population (1/1758 in Genome Aggregation Database 
Exomes, https://gnomad.broadinstitute.org). Although 
initial bone densitometry in 2007 showed an above-
average BMD (T score at femoral neck +2.0), there was 
a significant decrease in BMD between years 2009-2017 
(22 % at the femoral neck, 14 % at total hip and 4.5 % at 
lumbar spine) (Fig. 2). The documented bone loss 
corresponded to annual BMD change of 2.75 % at the 
femoral neck, 1.75 % at the total hip and 0.6 % at the 
lumbar spine.  

Fig. 1. 18F-fluorocholine PET/CT showing focal hyperactivity 
dorsal to the left caudal pole of the thyroid gland (arrowheads). 
Maximal intensity projection. 

Fig. 2. Bone mineral density (BMD) assessment by 
Dual-energy X-ray Absorptiometry (DXA) at the right 
femoral neck in January 2020 (A) and BMD trend 
between years 2005-2020 (B). 
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Discussion 
 
The biochemical profiles of FHH and PHPT 

overlap considerably. The current FHH patient illustrates 
that the differential diagnosis can be difficult in an index 
case with false positive parathyroid imaging and especially 
higher than expected 24-h urine calcium excretion.  

PET-CT with fluorocholine revealed an active 
focus below the left thyroid lobe suggestive of  
an enlarged left lower parathyroid gland. In view of our 
patient`s stable serum calcium and parathyroid hormone 
levels, a true parathyroid adenoma superimposed on FHH 
would have been unlikely. Furthermore, although  
PET-CT with fluorocholine seems to be a highly sensitive 
and superior parathyroid imaging method, false positivity 
has been described and linked to the presence of either 
nodular thyroid disease or enlarged lymph nodes in the 
cervical and mediastinal regions (Cuderman et al. 2020, 
Kuzminski et al. 2018, Zajíčková et al. 2018). 
Furthermore, hyperplasia or tumor multiplicity may occur 
in the parathyroid glands of FHH individuals (Szabo  
et al. 2002, Marx 2013). Therefore, the fluorocholine 
focus could have reflected asymmetrical parathyroid 
hyperplasia or tumor multiplicity. In such ambiguous 
clinical settings, genetic testing of the CASR gene seems 
to be virtually mandatory for establishing the correct 
diagnosis.  

Indeed, genetic testing identified a heterozygous 
missense mutation in exon 6 that substitutes a glutamic 
acid for the glycine at codon 557 (G557E). This 
inactivating mutation has been previously described in 
a Japanese family where it segregated with hypercalcemia 
through three generations (Nakayama et al. 2001). Unlike 
our proband, all family members with the G557E 
mutation had Ca/Cr lower than 0.01 in line with FHH. 
Nutritional and other factors may play a role in the 
biochemically disparate phenotypes of the G557E 
mutation. In the Japanese population calcium intake in 
general averages 500 mg per day which represents half of 
the recommended calcium intake in our population 
(Kobayashi et al. 1997). On the other hand, the level of 
total serum calcium was comparable to that of our 
proband with a mean level of 2.8 mmol/l. The functional 
effect of a G557E mutation has been clearly 
demonstrated in vitro. After G557E transfection, human 
embryonic kidney cells had significantly decreased 
inositol monophosphate signaling after incubation with 
calcium compared to wild-type, with a calcium set-point 
that was shifted towards the right (Geng et al. 2016). 

G557E is thus a loss-of-function mutation located at the 
CaSR dimer interaction site which weakens dimer 
contacts that are necessary for calcium binding to CaSR 
(Hannan et al. 2016). 

Another substitution was found in exon 4, 
changing aspartic acid to asparagine (D398N). This 
missense change has not been previously published, but 
seems not to be pathogenic. Codon 398 is not highly 
conserved between species (Hendy et al. 2000, Hannan 
et al. 2016). Furthermore, a relatively high population 
frequency of D398N has been described in some 
databases. Several bioinformatics databases have also 
assigned this mutation as a benign, nonfunctional 
polymorphism but the results were not completely 
concordant. Nevertheless, the function of this 
substitution, especially in the context of a documented 
mutation, has not been directly tested.  

The differential diagnosis between FHH and 
PHPT is important because parathyroid surgery 
represents a curative solution with resolution of 
hypercalcemia only in PHPT. Ca/Cr ratio has been 
recommended by current guidelines as the consensus 
initial test to differentiate FHH and PHPT with respect to 
their different handling of renal calcium (Bilezikian et al. 
2014). Ca/Cr below 1 % was significantly associated with 
FHH in up to 95 % of patients whereas Ca/Cr higher than 
2 % was suggestive of PHPT; this leaves a considerable 
indeterminate range of 1-2 % (Shinall et al. 2013, Lee 
and Shoback 2018), and milder forms of PHPT are often 
associated with lower 24-h calcium excretion. A recent 
paper by Moore et al. (2018) has shown that two-thirds 
(62.7 %) of surgically cured patients with mild PHPT  
had Ca/Cr below 2 % and therefore by current 
recommendations would have been recommended to have 
pre-operative genetic analysis of the CaSR (Moore et al. 
2018). Such findings have weakened the discriminative 
role of Ca/Cr ratio in the differential diagnosis of 
parathyroid –dependent hypercalcemia.  

With the intent of finding a more reliable 
method to distinguish FHH from PHPT, a pro-FHH risk 
equation has been developed (Bertocchio et al. 2018). 
Pro-FHH incorporates Ca/Cr, plasma calcium, PTH, 
osteocalcin or bone alkaline phosphatase. This statistical 
tool was developed to accurately predict whether 
a patient has PHPT, to reduce the necessity of genetic 
testing in patients with PTH-related hypercalcemia. 
However, in our patient with G557E CaSR mutation pro-
FHH values remained in a grey zone between cut-offs for 
either FHH or PHPT (Table 1). In contrast, Ca/Cr 
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calculations, in the 13-year follow-up of our patient, were 
below 1 % on several occasions, thus raising the 
suspicion of FHH in a young asymptomatic male with 
hypercalcemia. Pro-FHH was designed and validated in 
hypercalcemic cohorts with normal PTH levels. In our 
patient, intermittently elevated PTH levels, together with 
higher urine calcium excretion are among the factors 
which likely contributed to the lack of added value for 
disease prediction, in comparison with Ca/Cr. 
Furthermore, higher bone resorption (although without 
increased formation markers osteocalcin and alkaline 
phosphatase) and a decrease in BMD in our patient, could 
also have influenced pro-FHH calculation.  

FHH is believed to be a life-long benign cause of 
hypercalcemia without any overt complications (Lee and 
Shoback 2018, Shinall et al. 2013, Žofková 2016). The 
absence of nephrolithiasis, nephrocalcinosis and/or 
osteoporosis usually indirectly supports the diagnosis of 
FHH, although there have been reported FHH cases 
associated with pancreatitis and chondrocalcinosis 
(Thakker 2012). Initial bone densitometry in 2007 in our 
male patient showed normal and even above-average 
BMD values at the femoral neck. Previous reports have 
shown that the presence FHH does not lead to low BMD 
in spite of frequently increased levels of PTH (Abugassa 
et al. 1992). On the other hand, a few studies have 
documented an association of FHH with even higher 
BMD values than in normal controls (Isaksen et al. 2011, 
Jakobsen et al. 2014). Mouse models have shown that 
mutated CaSR attenuated PTH-induced bone resorption 
(Goltzman and Hendy 2015). Moreover, the issue of 
whether life-long hypercalcemia in FHH creates a positive 
calcium balance across the blood-bone barrier has been 
considered (Cianferotti et al. 2015). However, in spite of 
higher BMD on entrance densitometry there was 
a significant decrease in BMD between years 2009-2017. 
The highest bone loss occurred at the femoral neck with 
change of 2.75 % BMD per year. A prospective study has 
shown that in healthy adult men between 30-40 years of 
age BMD at the femoral neck declines by only 0.49 % 
per year (Verroken et al. 2018). The proband in our study 
did not have any other obvious reasons for accelerated 
bone resorption. He received no medication and had  
an appropriate body mass index. During his follow up he 
was vitamin D sufficient and in laboratory assessment no 
other endocrinopathy was documented (Vondra et al. 
2015). The patient will be carefully followed by DXA in 
2-year intervals and the cause of the BMD loss remains  
to be elucidated.  

Accelerated bone loss was one of the factors 
contributing to higher than expected calciuria in our 
patient and slightly elevated beta-cross laps, a marker of 
bone resorption, confirmed the likely contribution of 
bone resorption. In addition, increased gut absorption of 
calcium, associated with improved vitamin D status as 
indicated by increasing 25OHD concentrations, was 
likely another factor contributing to Ca/Cr variations. 
Consequently, as a result of increased calcium filtered 
load, in spite of avid reabsorption by haploinsuficient 
CaSR in the renal tubular cells, 24-h urinary calcium 
excretion averaged 9.5 mmol/day in 2017-2018. This 
corresponds to frank hypercalciuria in men (defined as 
calcium excretion more than 7.5 mmol per day) 
(Bilezikian et al. 2014, Shinall et al. 2013). Ca/Cr 
increased above 1 % and approached almost 2 %  
(0.014-0.019 in 2017-2018, Table 1). In January 2020 the 
patient`s calciuria decreased and Ca/Cr returned below 
1 %. His biochemical findings thus fluctuated from 
almost a typical FHH case to an apparent PHPT with 
Ca/Cr being the most variable parameter in his 13-year 
follow up (0.007- 0.0198, coefficient of variation 32 %). 
Unlike calciuria, during the follow up, total calcemia  
and/or ionized blood calcium have remained nearly 
constant, and PTH fluctuated only slightly around the 
upper range of normal. The differential diagnosis 
between FHH and PHPT should therefore not rely on 
a single Ca/Cr measurement because it could provide 
a false biochemical picture of the disease. 

In conclusion, we present an index FHH male 
patient with an inactivating G557E CaSR mutation which 
has been previously defined. However, our patient`s 
biochemical phenotype was atypical with calcium 
excretion being higher than expected for FHH. Calcium 
intake, vitamin D status and bone resorption might all 
have contributed to the variation in Ca/Cr over a 13-year 
clinical follow up and his biochemical findings often 
resembled true PHPT rather than FHH. Despite its name, 
his hypercalcemia was neither familial nor hypocalciuric. 
This case thus emphasizes an irreplaceable role of genetic 
testing of the CASR gene when clinical settings are 
ambiguous and inconclusive. 
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