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Abstract

v

Normocalcemic and asymptomatic hyperparath-
yroidism diagnosis are becoming more common.
However, their pathophysiology is incompletely
known. The aim of the present study was to eval-
uate the clinical effect of calcium-sensing recep-
tor polymorphism (A986S) in normocalcemic
and asymtomatic HPT. Prospective study con-
ducted with 61 consecutive normocalcemic and
asymptomatic HPT patients was followed up
during a minimum period of 1 year. Secondary
causes of hyperparathyroidism were ruled out.
Calcium and phosphorus metabolism parame-
ters were evaluated in at least 2 determinations
during follow-up to classify as normocalcemic or
asymptomatic hyperparathyroidism. Bone min-
eral density and A986S polymorphism genotype
were also analyzed. Thiry-eight patients (62.3%)
had the genotype A986A, and 23 (36.7 %) patients
had A986S (20 patients, 32.8%) or S986S (3
patients, 4.9%). Age, sex, and genotype distribu-

tions were comparable in both normocalcemic
and asymptomatic hyperparathyroidism. In nor-
mocalcemic patients, S allele genotype was asso-
ciated to statistically significant higher level
of intact PTH: 92.0 (SD 18.5) vs. 110.6 (SD 24.4)
pg/ml, p<0.05; and remained significant after
adjustment by multiple linear regression. In
asymptomatic hyperparathyroidism, A986A gen-
otype resulted in a statistically significant higher
level of intact PTH, alkaline phosphatase and pro-
collagen amino-terminal propeptide; but only
serum calcium remained as an independent pre-
dictor of serum intact PTH levels after a multiple
linear regression. Bone mineral densitometry
between genotypes did not show statistically sig-
nificant differences. A986S polymorphism of
CaSR is an independent predictor of PTH level in
normocalcemic hyperparathyroidism patients,
but not in asymptomatic hyperparathyroidism.
More studies are needed to evaluate the effect of
other polymorphisms in normocalcemic and
asymptomatic hyperparathyroidism.

Introduction

v

Traditionally, diagnosis of primary hyperparath-
yroidism (HPT) is based on the demonstration of
high total and/or ionized serum calcium associ-
ated with an increased or unsuppressed serum
parathyroid hormone (PTH) concentration [1].
However, in the last years, the understanding of
HPT has evolved, and it is now characterized as
having several distinctive clinical forms [2].
Routine measurement of calcium levels and
generalization of PTH determination has led to
the identification of a new clinical entity named
normocalcemic primary hyperparathyroidism
(NPHPT). NPHPT is characterized by persistently
normal total and ionized serum calcium concen-
trations and consistently elevated PTH levels,
after ruling out secondary causes of PTH eleva-

tion, such as renal disease, vitamin D deficiency
or familial hypercalcemia hypocalciuria [3]. NPHPT
has generated a considerable scientific interest
since its first formal recognition in the Third Inter-
national Workshop on the Management of Asymp-
tomatic Primary Hyperparathyroidism in 2008
[4]. However, this entity remains incompletely
described, particularly regarding its pathophysiol-
ogy, epidemiology, natural history, and manage-
ment; although its diagnosis is becoming more
common in different clinical settings.

NPHPT has been proposed as an early or a mild
variety of classical HPT. However, contradictory
publications exist for NPHPT evolution to a
hypercalcemic HPT [5-7], or against this progres-
sion in general population [8]. Furthermore,
interpretation of the data is biased by the differ-
ing definition of NPHPT and the methods used to
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exclude secondary hyperparathyroidism. This reflects the lack of
evidence about natural history and pathophysiology of NPHPT.
Previous studies suggest that NPHPT may be related to target tis-
sue resistance to PTH and modulated by postmenopausal estro-
gen deficiency [9]. However, this hypothesis has not been further
studied. Single nucleotide polymorphism (SNP) in Calcium Sens-
ing Receptor (CaSR) - rs17251221 (A986S) - has been linked to
PTH resistance and higher calcium levels in adult women
[10,11], but its effect has never been studied in mild HPT
patients. A986S is localized in exon 7 of the CaSR gene, coding
the intracellular domain of the receptor [12], and it is associated
to a relative loss of CaSR function [13].

The aim of the present work was to address the effect of A986S
polymorphism on calcium and phosphorus metabolism regula-
tion and its complications in patients with normocalcemic or
asymptomatic HPT.

Patients and Methods

\ 4

Patients and procedure

We conducted a prospective study that enrolled 61 consecutive
NPHPT and asymptomatic HPT patients. NPHPT and asympto-
matic HPT patients were recruited consecutively from the clini-
cal facilities of the Calcium Metabolism Unit (Endocrinology and
Nutrition Service-IEN) at the University Hospital of Valladolid,
Spainin 2013. To assure the correct classification of HPT, patients
were followed up during a minimum period of 1 year, during
which intact plasma PTH, 25 hydroxyvitamin D (25vitD), and
serum total calcium, albumin-corrected total calcium, and ion-
ized calcium were analyzed in at least 2 determinations.

NPHPT was defined as persistently normal total, albumin cor-
rected and ionized serum calcium concentrations and consist-
ently elevated PTH levels [14]. Asymptomatic HPT patients were
defined as those with consistently elevated or unsuppressed
PTH and at least one determination of total, albumin corrected
or ionized serum calcium over the upper limit of reference [14].
Secondary causes of PTH elevation were strictly ruled out, such
as renal disease (glomerular filtration rate <60 ml/min), vitamin
D deficiency (25VitD<30ng/ml), genetic disorders as familial
hypercalcemic hypocalciuria, significant hypercalciuria (urinary
calcium>250mg/24 h in females and >300/24 h in males), other
metabolic bone diseases and thiazide diuretic, lithium or bis-
phosphonates treatment. Nephrolithiasis and fractures were
documented by history and review of medical records. Second-
ary elevation of PTH and classical and symptomatic HPT patients
were excluded from the study.

The study was carried out according to the guidelines laid down
in the Declaration of Helsinki and all procedures were approved
by the local Ethical Committee. Written informed consent was
obtained from all patients. A standardized questionnaire was
used to collect the clinical and laboratory data. Clinical features
were recorded after patients visited to the hospital. Privacy and
confidentiality was ensured for collected data.

Biochemical assays and genotyping of (CaSR) gene
polymorphism

Biochemical assays were performed in fasting condition at the
end of the follow-up period. It included: intact PTH (reference
range, 10-65pg/ml), total serum calcium (reference range, 8.5-
10.5mg/dl), ionized calcium (reference range, 1.00-1.38 mmol/l)

and albumin corrected calcium using the formula: corrected
calcium=(4-serum albumin)*0.8-serum calcium, phosphorus,
magnesium, 25vitD (reference range 3-70ng/ml), and 1,25 dihy-
droxyvitamin D (1,25vitD). All plasma and urine determination
were analyzed in a Cobas Hitachi Platform (Roche Diagnostics
GmbH, Mannheim, Germany), except ionized calcium that was
analyzed by a 9180 Electrolyte Analyzer Platform (Roche Diag-
nostics GmbH, Mannheim, Germany) using a calcium ion-selec-
tive electrode in anaerobic sample collection and handling
conditions. Bone Turnover Markers: osteocalcin, procollagen
type 1 amino-terminal propeptide (P1NP) and B-crosslaps, as
well as 24-h urine calcium and phosphate levels were analyzed.
Bone mineral density (BMD) was assessed by dual-energy X-ray
absorptiometry (Lunar, General Electrics Healthcare, USA) at the
lumbar spine (L1-L4), proximal femur and femoral neck, for
absolute BMD, T-scores, and Z-score.

DNA extraction was realized with a lysate of blood cells (Gene-
all; Biorad, Seoul, Korea). Buffy coats of nucleated cells obtained
from anticoagulated blood (ACD or EDTA) were resuspended in
15ml polypropylene centrifugation tubes with 3ml of nuclei
lysis buffer. The cell lysates were digested overnight at 37 °C with
0.2mL of 10% sodium dodecyl sulfate and 0.5 ml of a protease K
solution. After digestion was complete, 1ml of saturated NaCl
(approximately 6 M) was added to each tube and shaken vigor-
ously for 155, followed by centrifugation at 2500 revolutions/
min for 15min. The precipitated protein pellet was left at the
bottom of the tube, and the supernatant containing the DNA was
transferred to another 15ml polypropylene tube. The precipi-
tated DNA strands were removed with a plastic spatula or
pipette and transferred to a 1.5ml microcentrifuge tube con-
taining 100-200pl TE buffer. The DNA was allowed to dissolve
2h at 37 °C before quantitating.

Oligonucleotide primers were designed with the Sequenom
Assay Design v4 (SEQUENOM, Inc., San Diego, CA, USA). The pol-
ymerase chain reaction (PCR) was carried out with 20ng of
genomic DNA, 0.1 uL of each oligonucleotide primer (primer for-
ward: 5'-ACGTTGGATGGTGACTCCTCTCCTGTATTT-3’ and reverse
5'-ACGTTGGATGAGATGGCACTGCTTCTTAAC-3' in a 2pl final
volume (Termociclador Lifetecnologies, LA, CA, USA). DNA was
denaturated at 85 °C for 5min; this was followed by 45 cycles of
denaturation at 95°C for 15s, and annealing at 58.1°C for 45s.
The PCR were run in a 2 ul final volume containing 0.1 ul of iPLEx
Termination mix (Bio-Rad®, San Diego, CA, USA) with hot start
Taq DNA polymerase. Hardy-Weinberg equilibrium was assessed
with a statistical test (Chi-square) to compare our expected and
observed counts. The 2 variants were in Hardy-Weinberg equi-
librium.

Statistical analysis

Sample size was calculated to detect differences over 15 pg/ml in
PTH level with 90% power and 5% significance (n=40). The
results are expressed as mean and standard deviation (SD). The
distribution of variables was analyzed with Kolmogorov-
Smirnov test. Quantitative variables with normal distribution
were analyzed with a 2-tailed Student’s t-test. Nonparametric
variables were analyzed with the Friedman and Wilcoxon tests.
A Chi square test was used to evaluate the Hardy-Weinberg
equilibrium. Clinically relevant variables were included into
stepwise multivariate linear regression analysis to detect the
independent variables that were significantly related to PTH. All
covariates significantly associated with PTH or those which
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Table 1 Comparison baseline

NPHPT Asymptomatic HPT p
Age (years) 63 (5D 11) 66 (SD 10) ns E;f‘;zrr;:rﬁ:}’/";’?&:ﬂ?&‘;ﬁﬁ)m'C
Sex (female:male) 34:7 16:4 ns )
and asymptomatic hyperparathy-
Intact PTH (pg/ml) 103 (SD 25) 152 (SD 65) 0.001 oidism.
25-Hydroxy Vit D (ng/ml) 34.0(SD 10.9) 22.9(SD 17.0) 0.005
1,25-Dihydroxy Vit D (pg/ml) 47.2 (SD 15.8) 35.6 (SD 15.8) ns
Total serum calcium (mg/dl) 9.56 (SD 0.39) 10.6 (SD 0.52) <0.001
Albumin corrected calcium (mg/dl) 9.23 (SD 0.43) 10.23 (SD 0.49) <0.001
lonized calcium (mmol/l) 1.22 (SD 0.04) 1 36 (SD 0.06) <0.001
Serum phosphate (mg/dl) 3.39(SD 0.48) .9 (SD 0.60) 0.015
Serum magnesium (mg/dl) 2.12(SD 0.15) 1 91 (SD 0.20) 0.002
Alkaline phosphatase (Ul/l) 65.4 (SD 16.3) 79.9 (SD 21.9) 0.021
Osteocalcin (ng/ml) 19.2(SD5.2) 32.5(SD 13.2) 0.008
Procollagen type 1 amino-terminal (ng/ml) 36.1(SD 14.6) 56.0 (SD 26.0) 0.048
B crosslaps (ng/ml) 0.29 (SD 0.15) 0.54 (SD 0.35) 0.032
24-H urine calcium (mg/24h) 218.4 (SD 120.6) 251.8 (SD 177.7) ns
24-H urine phosphate (mg/24 h) 817.1 (SD 318.7) 785.6 (SD 289.2) ns
Creatinine clearance (ml/min) 89.3 (SD 28.1) 84.3(SD 22.1) ns
Phosphate tubular reabsorption 80.9 (SD 6.37) 73.0(SD 11.1) 0.038
Maximum rate of tubular phosphate 2.80 (SD 0.55) 2.01(SD 0.43) 0.025

reabsorption

Values are represented as mean and (standard variation). ns: Not significant

improved model fit were retained in the final model. A p-value of
less than 0.05 was considered statistically significant. The statis-
tical analysis was performed for the combined S986S and A986S
as a group and genotype A986A as second group, with a dominant
model. All analysis were carried out using the Statistical Package
for Social Sciences (SPSS) version 20.0 (SPSS, Chicago, IL, USA)

Results

v

A total of 61 HPT patients (82 % females) with a mean age of 65
years old (SD=11) were enrolled in the study. 41 patients (83%
female, mean age 63 years old, SD=13) were classified as NPHPT,
20 patients were classified as asymtomatic HPT (80% female,
mean age 66 years old SD=10) after a minimum period of 1 year
of follow-up (© Table 1). All women included were postmeno-
pausal.

Asymptomatic HPT showed statistically significant higher levels
of intact PTH, total and albumin corrected serum calcium, ion-
ized calcium, alkaline phosphatase and bone turnover markers
(osteocalcin, PINP and B crosslaps) and significant lower levels
of 25VitD, serum phosphate and magnesium, phosphate tubular
reabsorption and maximum rate of tubular phosphate reabsorp-
tion than NPHPT group (© Table 1). However, no differences
between groups were demonstrated in bone mineral density in
any site or score analyzed (© Table 2).

SNPrs17251221 analysis from CaSR gene showed 38 HPT patients
(62.3%) with A986A genotype (wild type), and 23 (36.7%)
patients with A986S (20 patients, 32.8%) or S986S (3 patients,
4.9%) (S allele carriers). Age, sex and genotype distributions were
comparable in both NHPT and asymptomatic HPT (© Table 3).

© Table 3 shows differences in metabolic variables depending on
SNP genotype (A986A vs. A986S or S986S) in the NPHPT and the
asymptomatic hyperparathyroidism groups.

In patients with NPHPT, S allele carriers were only associated to
a statistically significant higher level of intact PTH. Although
albumin corrected serum calcium and ionized calcium showed
higher levels in A986S or S986S genotype, they did not reach sta-
tistical significance.

Table 2 Comparison bone mineral densitometry between normocalcemic
hyperparathyroidism (NPHPT) and asymptomatic hyperparathyroidism.

NPHPT Asymptomatic p
HPT

Femoral neck (g/cm?) 0.766 (SD 0.081)  0.813(SD 0.081
Proximal femur (g/cm?) 0.845 (SD 0.127)  0.855 (SD 0.100
L1-L4 Lumbar spine (g/cm?)  0.994 (SD 0.185)  0.996 (SD 0.177
Femoral neck T-Score -1.810 (SD 0.640
Proximal femur T-Score -1.359(SD 0.943
L1-L4 Lumbar spine T-Score  -1.526 (SD 1.476
Femoral neck Z-Score -0.342 (SD 0.508
(
(

( ) ns
( ) ns
( ) ns
-1.500 (SD 0.744) ns
-1.306 (SD 0.851) ns
-1.606 (SD 1.426) ns
-0.380(SD 0.741) ns
-0.473(SD 0.723) ns
-0.393(SD 1.496) ns

Proximal femur Z-Score -0.254 (SD 0.765
L1-L4 Lumbar spine Z-Score -0.139 (SD 1.508

ns: Not significant

)
)
)
)
)
)

In those patients classified as asymptomatic hyperparathy-
roidism, A986A genotype resulted in a statistically significant
higher level of intact PTH, alkaline phosphatase and P1NP. Fur-
thermore, A986A allele was associated to nonsignificant higher
levels of 1,25 VitD, osteocalcin, B crosslaps and total and albu-
min corrected serum and ionized calcium.

In NPHPT group, the associations analyzed by multiple linear
regression between the intact PTH and the A986S or S986S gen-
otype remained significant after adjustment for albumin, serum
calcium, glomerular filtration rate, serum phosphate and 25vitD.
(c Table 4) However, in asymptomatic HPT group only serum
calcium remained as an independent predictor of serum intact
PTH levels (© Table 5).

Bone mineral densitometry did not show statistically significant
differences (data not shown) between among A986A and A986S
or S986S genotypes in NPHPT and asymptomatic hyperparathy-
roidism groups

Discussion

v

In this study, we have explored the effect of A986S polymorphism
of the CaSR in the clinical features of NPHPT and asymptomatic HPT.
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Table 3 Comparison in metabolic features between A986A and A986S or S986S genotype in normocalcemic hyperparathyroidism (NPHPT) and asymptomatic
hyperparathyroidism groups.

NPHPT Asymptomatic HPT
A986A A986S p A986A A986S p
S986S S986S

Number patients 24 17 ns 14 6 ns
Age (years) 66.8 (SD 12.2) 66.6 (SD 9.4) ns 68.2 (DS 9.1) 73.4 (DS 12.6) 0.025
Intact PTH (pg/ml) 92.0 (SD 18.5) 110.6(SD 24.4)  0.024 170.2 (SD 71.4) 104.4 (30.9) 0.015
25-Hydroxy Vit D (ng/ml) 33.4(SD 12.8) 34.0 (SD 8.4) ns 25.0 (SD 20.8) 20.6 (SD 9,6) ns
1,25-Dihydroxy Vit D (pg/ml) 46.6 (SD 15.3) 41.4(SD15.6)  ns 42,7 (SD 17,2) 26.7 (SD 8.1) 0.070
Total serum calcium (mg/dl) 9.55 (SD 0.42) 9.54 (SD 0.41) ns 10.60 (SD 0.38) 10.40 (SD 0.66) ns
Albumin corrected calcium (mg/dl) 9.20 (SD 0.49) 9.35(SD 0.22) ns 10.21 (SD 0.43) 10.03 (SD 0.52) ns
lonized calcium (mmol/l) 1.21 (SD 0.05) 1.22 (0.045) ns 1.37(SD 0.07) 1.34(0.03) ns
Serum phosphate (mg/dl) 3.36 (SD 0.46) 3.41 (SD 0.54) ns 3.00 (SD 0.68) 2.89 (SD 0.44) ns
Serum magnesium (mg/dl) 2.12(SD 0.17) 2.10(SD 0.14) ns 1.93 (SD 0.16) 1.90 (SD 0.29) ns
Alkaline phosphatase (Ul/l) 65.2 (SD 20.7) 67.6(SD12.9)  ns 85.8 (SD 23.2) 65.0 (SD 16.4) 0.045
Osteocalcin (ng/ml) 18.3 (SD 5.09) 20.7(SD5.57)  ns 35.6 (SD 13.8) 18.0 (SD 5.6) 0.090
Procollagen type 1 amino-terminal (ng/ml) 33.7(SD 13.6) 39.7 (SD 16.3) ns 65.7 (SD 24.6) 22.7(SD12.2) 0.049
B crosslaps (ng/ml) 0.28 (SD 0.15) 0.30(SD0.16)  ns 0.62 (SD 0.37) 0.16 (SD 0.15) 0.090
24-H urine calcium (mg/24 h) 231.4(SD140.9)  212.0(SD111.9) ns 262.2(SD190.4)  204.4(SD 175.0) ns
24-H urine phosphate (mg/24h) 761.9(SD296.7)  834.7(SD368.8) ns 782.0(SD262.9)  727.7 (SD 162.1) ns
Creatinine clearance (ml/min) 84.8 (SD 24.3) 85.8 (SD 21.9) ns 81.4 (SD 22.0) 95.3(SD 37.3) ns
Phosphate tubular reabsorption 79.8 (SD 7.57) 83.1(SD 4.61) ns 75.5(SD 10.21) 74.3 (SD 10.58) ns
Maximum rate of tubular phosphate 2.75 (SD 0.57) 2.76 (0.66) ns 2.18 (SD 0.43) 1.93 (SD 0.058) ns

reabsorption

ns: Not significant

Table 4 Multivariate regression analysis of A986S effect on intact PTH in
NPHPT.

Coefficient (B) SE R t p

Serum Albumin -21.011 18.822 -0.189 -1.116 0.276
Serum Phosphate -13.766 8.087 -0.294 -1.702 0.102
25VitD 0.292 0.361 0.137 0.809 0.427
Glomerular -0.194 0.211 -0.169 -0.918 0.368
filtration rate

Serum calcium 2.287 10.494 0.041 0.218 0.829
A986S -20.663 7.716  -0.455 -2.678 0.013

Shown in the table are the estimate for the regression coefficient (B) with standard
error (SE), standardized variant (R), t statistic, and probability (p) by stepwise
analyses with a constant B of 235+ 144

NPHPT has received a considerable scientific interest in last
years, in fact, conclusions of the Fourth International Workshop
on the Management of Asymptomatic Primary Hyperparathy-
roidism have been recently published [14]. This guideline rec-
ommends a careful diagnose of NPHPT with normal total and
ionized serum calcium levels associated to high intact PTH val-
ues confirmed on at least 2 further occasions over a period of
3-6 months, after ruling out any known etiology for a secondary
elevation of PTH [15]. Although it is accepted that some normoc-
alcemic patients could become hypercalcemic in the future,
most diagnosed patients appear to be stable over time with per-
sistently elevated PTH levels and normal serum calcium concen-
trations. However, NPHPT has been classically considered as a
frustrated form or an early stage of the classic HPT [16], although
its clinical evolution to hypercalcemic forms is not completely
confirmed [8].

In our study, all patients were carefully evaluated in fasting con-
ditions with intact PTH and total and albumin corrected serum
calcium, as well as with ionized calcium, after excluding second-
ary HPT causes. All patients were followed up during a mini-

Table 5 Multivariate regression analysis of A986S effect on intact PTH in
asymptomatic hyperparathyroidism.

Coefficient (B) SE R t p

Serum Albumin -129.138 105.293 -0.421 -1.226 0.251
Serum Phosphate -1.957 22.605 -0.022 -0.087 0.933
25VitD 0.063 0.800  0.021 0.079 0.939
Glomerular -0.411 0.534 -0.233 -0.769 0.461
filtration rate

Serum calcium 71.614 31.309 0.610 2.287 0.048
A986S 39.147 25.856 0.342 1.514 0.164

Shown in the table are the estimate for the regression coefficient (B) with standard
error (SE), standardized variant (R), t statistic, and probability (p) by stepwise
analyses with a constant B of -26.5+117

mum period of 1 year to confirm their correct diagnosis of
NPHPT or asymptomatic HPT. What is more, NPHPT was defined
in the most strictly way to avoid misclassifications in NPHPT
group. Thus, this study may reflect the natural history of both
NPHPT and asymptomatic HPT.

The comparison between NPHPT and asymptomatic HPT
reflected that asymptomatic HPT shows most evolved HPT clini-
cal features (© Table 1). Asymptomatic HPT showed higher levels
of intact PTH, calcium and bone turnover markers; and lower
levels of serum phosphate, magnesium, phosphate tubular reab-
sorption, and maximum rate of tubular phosphate reabsorption.
These characteristics are similar to those found in classical
hypercalcemic HPT; thus, asymptomatic HPT could be consid-
ered as a mild form of classical HPT [5-7]. However, the most
evolved nature of asymtomatic HPT was not reflected in bone
mineral density (© Table 2), maybe due to the nonlineal and
complex multifactorial determinants on bone mineral density
(PTH and vitamin D levels, calcium intake, physical exercise,
etc.) or to a mild deleterious effect secondary to NPHPT [17,18].
On the other hand, BMD was not evaluated at distal third of the
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radius that could be shown differences between groups, as a
predominant cortical bone. However, last studies have discussed
this classical deleterious effect in NPHPT and asymptomatic HPT
in contrast to classical HPT [18].

Previous studies have suggested that NPHPT may be related to
target tissue resistance to the actions of PTH and modulated by
postmenopausal estrogen deficiency [9]. Although it is a highly
interesting hypothesis, especially in those patients with no evo-
lution to hypercalcemic forms, it has not been fully clarified. The
CaSR is a G-protein-coupled cell-surface receptor that modu-
lates extracellular calcium concentration by regulation of PTH
secretion in the parathyroid glands [19]. In the present study we
have evaluated A986S polymorphism of the CaSR as a determi-
nant of PTH resistance in NPHPT and asymptomatic HPT.

A986S polymorphism has been extensively linked to PTH resist-
ance and higher calcium levels in population based studies
[10,11,20]. However, only few studies exist that evaluate the
effect of A986S polymorphism in HPT, and it has never been
studied neither in mild forms of HPT nor in NPHPT.

The prevalence and nonstatistically significant distribution
between groups of S allele carriers found in our study (36.7 %)
were similar to those previously published in general popula-
tion and HPT patients [21]. Thus, it supports that A986S CaSR
variant do not seem to be a major genetic determinants for the
development of primary HPT, even in earlier or asymptomatic
forms [22]. However, the present study supports the pathogenic
effect of A986S polymorphism, especially in NPHPT.

In NPHPT, only A986S and S986S genotypes were independent
predictors of PTH level even after adjusting for major confound-
ing factors as vitamin D level and serum calcium concentrations.
Therefore, PTH levels in NPHPT may be partially regulated by
A986S polymorphism, acting as a resistance factor due to a rela-
tive loss of CaSR function, as previously described [13]. Although
no differences in serum and urine metabolic and BMD parame-
ters between A and S allele carriers were found, this could be
explained by the small number of patients to find minimum dif-
ferences between groups.

On the other hand, in asymptomatic HPT, serum calcium was the
only independent predictors of PTH level after adjusting for
major confounding factors, including A986S genotype. Thus,
A986S genotype did not affect HPT features as previously
described in classical HPT [22,23]. However, in bivariate analysis
those patients with A986A genotype showed clinical features
consistent with a more evolved HPT: significantly higher levels
of intact PTH and bone turnover markers, with nonsignificant
higher levels of serum calcium. This striking difference could be
explained by the design of the present study: all classical forms
of HPT were excluded, and NPHPT was defined in the most
restricted way to avoid misclassification in the normocalcemic
group, in contrast to previously published literature. Besides,
these differences could be justified not only by variations in the
techniques of determination of calcium levels, but also due to
the natural history of a dynamic disease such as HPT [24]. Fur-
thermore, previous studies assessing different SNPs in classic
HPT have shown opposite effects for each specific polymor-
phism evaluated [25].

In the present study, the number of S986S homozygotes was too
small to exclude the possibility of a gene dosage effect, however
there are some published articles that biologically support this
hypothesis [10,11,20]. Genome-wide association studies are
required to confirm the effect of A986S and other gene polymor-

Endocrine Care

phisms on NPHPT and asymptomatic HPT. Finally, as our patients
were recruited in a Calcium Metabolism Unit, this could lead to
a referral bias, as observed in virtually all populations that have
been described with NPHPT [3].

In conclusion, A986S polymorphism of CaSR is an independent
predictor of PTH level in NPHPT patients, probably acting as a
resistance factor due to a relative loss of CaSR function in the
PTH regulation. However, this effect was not observed in asymp-
tomatic HPT. Further studies are needed to evaluate the role of
SNP in CASR and other serum calcium regulation genes in the
natural history and the evolution of NPHPT to hypercalcemic
forms.
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