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Summary
Introduction: The relationship between osteoporosis and arterial hypertension has not been clearly esta-
blished, with alterations in calcium metabolism having been reported in the latter which may explain their
association. Our objective was to establish the relationship between the A986S polymorphism of the cal-
cium-sensing receptor (CaSR) and the presence of osteoporotic clinical fractures in a group of patients
with hypertension.
Material: Prospective observational cohort study in 71 patients with hypertension, from 2001 to June
2014. We obtained socio-demographic and clinical data, including osteoporotic clinical fractures. The
CaSR polymorphism was analysed using molecular techniques. The data was analysed using SPSS 15.0
(p<0.5)
Results: 43.77% of the patients were men and 56.3% women. Genotype AA was found in 67.6% of
patients, genotype SS in 2.8% and genotype AS in 29.6%. Those with genotype AA did not have higher
comorbidity (27% vs 26%, p=0.9) or more pathological fractures (14.6% vs 21.7%, p=0.4) than the others.
In the subgroup of women, 11 osteoporotic clinical fractures were recorded, without there being any dif-
ferences between those with the AA genotype and the others (28% vs 27%, p=0.9).
Conclusions: We found no association between the A986S polymorphism and the presence of osteopo-
rotic clinical fractures in our cohort. 
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Introduction
Osteoporosis and arterial hypertension (AHT) are
entities with a high prevalence in the general
population, both clinically silent but becoming
symptomatic when complications appear, such as
fractures and cardiovascular diseases. Recent stu-
dies suggest that AHT is a risk factor for the appe-
arance of pathological fractures1,2. Thus, in patients
with hypertension various alterations in the meta-
bolism of calcium have been described, such as an
increase in ionic calcium and an increase in PTH
and calciuria, although only this last change has
been associated with an increase in bone mass3-5.

The calcium sensor receptor (CaSR) is coupled
with G proteins and detects the extracellular con-
centrations of calcium. It is expressed in various
cell types (kidney, bone – both in the osteoblasts
and osteoclasts – and brain), although it is in the
parathyroid cells where there is the highest den-
sity. Thus, CaSR plays an essential role in the
homeostasis of calcium, regulating the calcium-
parathyroid hormone (PTH)-vitamin D axis. On
the other hand, CaSR controls the excretion and
reabsorption of calcium in the ascending limp of
the loop of Henle, acting on different transporters
and also intervening in the regulation of arterial
pressure6-9. The polymorphism of codon 986
(A986) of CaSR is associated with an increase in
blood levels of calcium and a decrease in calciu-
ria, data antagonistic to those observed in arterial
hypertension. Therefore, the objective of our
study was to determine whether the presence of
the S allele of the A986 polymorphism of CaSR
might exert a protector effect on the appearance
of clinical osteoporotic fractures in a group of
patients with hypertension.

Material and methods
We designed a prospective observational study,
initiated in 2001. A cohort of healthy people, with
AHT as the only cardiovascular risk factor, was
randomly selected with the aim of describing the
incidence of complications over time. The patients
were at stages I or II of systolic or diastolic hyper-
tension, according to the criteria of the VI Meeting
of the Joint National Committee (1997). The exclu-
sion criteria were alcoholism, the presence of neo-
plasms, secondary hypertension, chronic renal
insufficiency, hyper- or hypocalcaemia, diabetes,
hyperparathyroidism and the use of drugs which
may modify bone mineral density (BMD). The
average duration of the hypertension was 7±8
years. A total of 71 patients were monitored until
June 2014, taking at this point a cross section of
our group to be studied. All the patients signed
their informed consent and the study was appro-
ved by the clinical research committee of the Río
Hortega University Hospital.

At the start of the study an analysis was made of
calcium, phosphorus and magnesium using a Hitachi
917 autoanalyzer (Tokyo, Japan) and a densitometry
of the lumbar spine (L2-L4) carried out with a Lunar
densitometer (DEXA, Lunar Corporation, Madison,
Wisconsin, US). Subsequently, socio-demographic

and clinical data was obtained from the digital cli-
nical records, collecting data regarding treatments
with different antihypertensives, the development
of concomitant diseases and the incidence of
pathological osteoporotic fractures (distal radial,
vertebral and femoral neck) over time. The comor-
bidity was assessed using the Charlson Index (CI)
in its original version of 19 items, as has been des-
cribed in the literature10.

The analysis of the A986S polymorphism was
performed using molecular biology techniques.
The gene for CaSR is located in the 3q21.1 chro-
mosome and can have inactivate or activate muta-
tions. The A986S polymorphism is located in exon
7 and involves a change between alanine (A) and
serine (S) in the intracellular C-terminal extreme of
the receptor which generates a loss of function of
the CaSR 9. To establish the genotype, a sample of
blood anti-coagulated with EDTA was taken and
the DNA extracted using the QIAmp Blood kit
(Qiagen, Hilden, Germany). We designed the pri-
mers to amplify exon 7 (direct primer 5’CTTTGAT-
GAGCCTCAGAAGAGC3’ and inverse primer
5’ACAACTCTTCAGGGTCCTCC3’), and the direct
primer was modified by introducing a base chan-
ge, thus creating a palindromic sequence which
allowed us to recognise the nucleotide changes
using restriction enzymes. The PCR was carried
out using 25mM of each dNTP (Applied
Biosystems, Branchburg, New Jersey, U.S.), 50 mM
of ClK, 10 mM of Tris HCl (ph 8.3), 1.5 U of the
DNA polymerase Amplitaq (Applied Biosystems,
Foster City, California, U.S.), 2.5 mM of Cl2Mg and
20 pmol of each primer, thus obtaining a total
volume of 40 μl. The PCR was carried out in a
Perkin Elmer 9600 thermal cycler (Norwalk,
Connecticut, EE.UU.) with a temperature control
system. The fragments were analysed by electro-
phoresis in an 8% acrylamide gel. Following the
amplification the samples were added to the pri-
mers to create the specific restriction alleles for the
BsaHI enzyme. The fragments obtained were
digested by BsaHI (New England Biolabs,
Stockholm, Sweden) and separated by electropho-
resis in agarose gel. The presence of the BsaHI
restriction fragment represents A, while its absen-
ce represents S, generating the genotypes AA, AS
and SS.

The data were analysed with the statistical soft-
ware package SPSS v15.0 (SPSS Inc®) with a level
of significance for p≤0.05. 

Results
Until the cross section of 2014 a total of 71
patients had been followed up, of whom 43.7%
were men and 56.3% women, with an average age
of 73.3±9 years, similar in both sexes (72.5±9 in
the men and 74±9 in the women: p=0.5). 48% of
our patients were more than 75 years of age. 17%
of the patients died during the follow up period
(all in the last two years).

At the baseline there were no differences bet-
ween the two groups analysed (genotype AA and
genotypes AS+SS). The rates of systolic (155±24 vs
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154±20 mmHg, p=0.841) and diastolic (106±33 vs
93±11 mmHg, p=0.569) arterial pressure were
similar. There were no differences in the levels of
blood calcium (9.5±0.5 vs 9.8±0.4 mg/dl, p=0.098)
or in calciuria (219±124 vs 275±175 mg/24h,
p=0.268). The BMD in the lumbar spine also sho-
wed no differences between the two groups.

At the end of the period of follow up the ave-
rage CI score was 1.7+2.7 (range 0-12), with high
comorbidity in 22.65% of our patients and no
comorbidity, according to CI, in 73.2% of them. In
terms of the appearance of other concomitant
diseases, 18.3% of the individuals were diabetic,
32.4% had cardiovascular risk factors other than
AHT, 14% developed ischemic cardiomyopathy,
12.7% cerebrovascular disease and the same per-
centage showed some degree of cognitive deterio-
ration. On the other hand, 17% had at least one
pathological osteoporotic fracture (8.5% vertebral,
5.3% femoral neck, 2.8% distal radial).

The genotype AA was found in 67.6%, SS in
2.8% and AS in 29.6% of the patients, with an alle-
lic frequency A of 0.82 and S of 0.18, being in
Hardy-Weinberg equilibrium (Χ2=0.03; p=0.8696
>0.05). The individuals with genotype AA, compa-
red with the other genotypes (AS+SS), did not
have more cardiovascular risk factors (29.2% vs
39%, p=0.4), cardiovascular disease (12.5% vs
17.4%, p=0.5), presence of comorbidity according
to CI (27% vs 26%, p=0.9), higher mortality (18.8%
vs 13%, p=0.5) or a greater number of pathologi-
cal fractures overall (14.6% vs 21.7%, p=0.4) nor
specific fractures (vertebral 6.3% vs 13%, p=0.3;
femoral neck 6.3% vs 4.3%, p=0.6; distal radial
2.1% vs 4.3%, p=0.5). 

The average age of the women at the start of
the study was 59+9.9 years, all postmenopausal,
with a body mass index of 28±4. The average
systolic arterial pressure was 155±22 mmHg and
the diastolic was 93±10 mmHg. In the subgroup of
women, those with the AA genotype had more
pathological fractures, especially in the femoral
neck, with no statistical association (12% vs 6.7%,
p=0.5). The characteristics of the groups as a func-
tion of their sex and genotype is shown in Table 1.

Discussion
Calcium homeostasis plays a fundamental role in
bone remodelling, and the alterations in the
mechanisms involved in their regulation contribu-
te to the development of pathology in bone meta-
bolism11. The CaSR gene is a candidate gene for
the determination of susceptibility to osteoporosis
in AHT, the A986S locus of CaSR having been rela-
ted to the maintenance of the concentration of
extracellular ionic calcium within a narrow range12,
and with calciuria. The higher degree of elimina-
tion of calcium in patients with hypertension has
been related with a decreased in BMD and, as a
consequence, with a possible increase in the risk
of fracture. On the other hand, AHT has been
associated with raised levels of PTH, which acce-
lerates bone remodelling, affecting both bone
quality and mass13.

Contrary to our expectations and consistent with
a number of studies7,14, we found no direct rela-
tionship between the genotypes of the A986S poly-
morphism and the incidence of pathological fractu-
res, and no increase in the risk of pathological frac-
tures in those patients who were carriers of allele S.
Our data agree with a study previously published
by our research group in which, in a population of
women with hypertension, no differences were
found in calcaemia, calciuria, levels of PTHi or
BMD in the lumbar spine when categorised accor-
ding to genotype AA or genotype AS+SS15.

There are not many works which evaluate the
influence of the A986S polymorphism on the risk
of fractures. On the one hand, various studies
carried out in European Caucasian populations
found an association only in the young popula-
tion6, but not in postmenopausal women or in
those with hypertension11,15. However, there are
contradictory data in the literature. Thus, März et
al.16, did establish an association between the S
allele and cardiovascular risk factors. Cetani et al.11,
investigating the effect of the polymorphism on
fragility fractures in a group of 164 postmenopau-
sal women, found no differences. Bollerslev et al.17

analysed the association between polymorphism,
bone mass and fractures in a cohort of 1,252 pos-
tmenopausal women without finding any relations-
hip. This possible relationship has been analysed
in other populations. Thus, Gianini et al.18, studied
87 women subject to renal transplant and with per-
sistent secondary hyperparathyroidism and found
negative results similar to our group. Recently, an
Italian group studied risk factors for vertebral frac-
tures in a population with primary hyperparathy-
roidism. They studied 266 individuals (229 women
and 37 men) with a genotype distribution similar to
our group. They found that the presence of the S
allele (evaluated as the AS+SS genotype) is associa-
ted with an increase in the risk of vertebral fractu-
res with an odds ratio of 1.8 (95% CI: 1.1-2.9,
p=0.05) after adjusting for age, sex, BMI, BMD and
blood calcium. This population is different from
ours, the key factor being the role of PTH regula-
ted by the calcium sensor receptor19.

The main limitation of our study is the sample
size and the non-recording of morphometric frac-
tures. Its strength comes from the homogeneity of
the population studied, the long period of follow
up and the use of an objective variable, as are cli-
nical fractures.

In conclusion, the association between the
genotypes of the A986S polymorphism of CaSR and
the incidence of pathological fractures is difficult to
establish and the different studies yield contradic-
tory data, contributing to the increasing the confu-
sion in this field. In our study we found no associa-
tion between the A986S polymorphism of CaSR and
clinical osteoporotic fractures, either in the general
cohort or in the subgroup of women, although the
etiopathogeny of osteoporosis in this population
with hypertension can be determined by levels of
blood calcium, hypercalciuria and the possibility of
secondary hyperparathyroidism. 
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SD: standard deviation;  CI: Charlson index; ns: not significant; BMD: bone mineral density.

Women Men

Characteristics
Genotype

AA
N=25 (%)
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SS+AS

N=15 (%)

Value
p

Genotype
AA

N=23 (%)

Genotype
SS+AS
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Value
p

Age (years), mean ± SD 75±10 71±9 ns 72±10 72±9 ns

Age >75 years 16 (64) 5 (33) ns 9 (39) 4 (50) ns

Score CI, mean ± SD 1.3±2 1.8±2 ns 2.4±3 1.2±2 ns
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without
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with
comorbidity 3 (12) 4 (27) ns 10 (44) 2 (25) ns

(Global) mortality 3 (12) 1 (6.7) ns 6 (26) 2 (25) ns

BMD (gHA/cm2) 1.061±0.16 1.040±0.15 ns 1.136±0.15 1.148±0.16 ns

Pathological fracture 7 (28) 4 (26.7) ns 0 (0) 1 (12.5%) ns
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