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ABSTRACT
Objective: To determine the correlation between left ventricular mass index and calcium metabolism in patients with essential hypertension.
Study Design: Cross sectional case-control study.
Material and Methods: Twenty-seven patients with essential hypertension and 20 healthy individuals were compared with respect to calciotropic
hormones, left ventricular mass index (LVMI), and urinary and serum biochemical parameters. The correlations between parathormone, vitamin D, and
calcitonin levels and LVMI and blood pressure elevation were determined.
Results: The parathormone level was significantly higher (p=0.006) and vitamin D level was significantly lower (p=0.01) in the patient group compared with the control group. However, the two groups were similar in terms of albumin-corrected calcium levels, which were within the normal range
(p=0.988). The serum sodium (p=0.014) and urinary calcium (p=0.003) levels and LVMI (p<0.01) were also significantly higher in the patient group. No
significant correlations were determined between ambulatory blood pressure and parathormone and vitamin D levels, but a significant correlation was
found between LVMI and parathormone level (p=0.06) in hypertensive patients.
Conclusion: Essential hypertension alters calcium metabolism, causing calciuresis by hypernatremia. Parathormone release increases to compensate for
this, and leads to protein synthesis, which in turn provokes the development of myocardial hypertrophy.
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Introduction
Left ventricular hypertrophy (LVH) is an independent risk
factor for cardiovascular morbidity and mortality in hypertensive patients (1-3). Even though some results regarding the
relationship between hypertrophy and the severity of hypertension are contradictory, a number of studies have reported
that the prevalence of hypertrophy increases with the severity
of hypertension (4, 5).
Essential hypertension is a multifactorial condition affecting a large percentage of the adult Turkish population
(33.7%) (6). It induces LVH and dilatation, which can lead to
heart failure (7, 8). The reasons for the development of LVH
in patients with essential hypertension have not been established, and whether or not LVH results from long-term blood
pressure (BP) elevation or non-hemodynamic factors affecting
the myocardium is still a matter of debate (4, 9, 10).
Disturbances in calcium metabolism due to an increase
in urinary calcium excretion have been observed in patients
with essential hypertension. Thus, it has been suggested that
there might be a relationship between calcium metabolism
and myocardial hypertrophy (9). Parathormone (PTH) and vitamin D are the major calcitropic hormones, and the levels of
these two hormones have been reported to vary in patients

with essential hypertension (11). In several studies, a relationship between hyperparathyroidism with LVH and BP elevation
has been demonstrated in hypertensive patients (1, 12-14).
However, whether the increase in PTH level is the result of or
the reason for the BP elevation has not been elucidated (15).
In addition, it has been reported that PTH increases cytosolic
free calcium, and this might cause myocardial hypertrophy
through biochemical mechanisms (16). Vitamin D increases
the calcium level in myocytes as well, and subsequently cardiac contractility increases and affects the PTH level through
receptor binding mechanisms (11).
The purpose of the present study was to determine the
relationship between calcium metabolism and hypertension
by comparing healthy individuals and patients newly diagnosed with mild and moderate essential hypertension, and to
elucidate the role of non-hemodynamic factors in the development of LVH in the hypertensive group.

Material and Methods
Study population
Twenty-seven patients, diagnosed with hypertension for the
first time, in the 2nd Clinic of Internal Medicine of Okmeydanı
Training and Research Hospital, and 20 healthy individuals
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were included in the study. Criteria for exclusion from the study
included secondary hypertension based on medical history and
physical and laboratory findings performed according to the
criteria of the World Health Organization and Joint National
Committee, cardiovascular diseases that could cause LVH, and
diabetes mellitus, liver, or kidney diseases (17).
Written informed consent was obtained from each subject
following a detailed explanation of the objectives and protocol of the study which was conducted in accordance with the
ethical principles stated in the “Declaration of Helsinki” and
approved by the institutional ethics committee.
Biochemical analysis
Blood samples were obtained from all patients at 8:30 am
on the day of echocardiography and 24-hour ambulatory BP
monitoring (described below), after an overnight fast, and
with each patient in the supine position. Serum sodium, potassium, calcium, phosphorus, alkaline phosphatase (ALP), urea,
and creatinine levels were determined by spectrophotometry
(Synchron LX20; Beckman Coulter, Brea, CA, USA). Intact PTH
and calcitonin were determined by radioimmunoassay (RIA),
and 25-OH vitamin D and osteocalcin were measured by an
RIA CT (Biosource, Bruxelles, Belgium) and Metra Osteocalcin
Elisa Kit, respectively. In the 24-hour urine sample, creatinine,
calcium, phosphorus, and hydroxyproline levels were measured by the Jaffe method, ion-selective electrode method,
colorimetric analysis, and spectrophotometry, respectively.
Measurement of arterial blood pressure
Blood pressure was measured with a mercury sphygmomanometer (Erkameter-3000; Erka, Bad Tölz, Germany), with the
patient in the sitting position after resting for at least 10 minutes. The subjects were not allowed to smoke or drink coffee
for 30 minutes prior to the measurements. The measurements
were performed according to the standards described in the
Sixth Report of the Joint National Committee 20). Two measurements were performed on each subject, 2-minutes apart,
and the average of the two measurements was calculated. Korotkoff phase I was used for systolic BP and Korotkoff phase
V was used for diastolic BP. On the following day, 24-hour
ambulatory BP monitoring was performed in the hypertensive
group with the use of an oscillometric device (Norav Holter
Blood Pressure Monitor, NBP-24-NG; Stolberg, Germany),
outside the hospital. Ambulatory BP monitoring was conducted while the patients performed their normal daily activities.
Ambulatory BP levels were recorded at 30-minute intervals.
The mean systolic and diastolic BP levels were then calculated
from these measurements.
Echocardiographic assessment
All patients underwent echocardiographic examinations
using a 2.5 MHz cardiac probe (Model SSA-270; Toshiba,
Nasu, Ottowara, Japan). We measured left ventricle internal
diastolic diameter, diastolic posterior wall thickness, and interventricular septum thickness (IVST). Left ventricular mass
(LVM) was calculated according to Devereux’s formula (18).
Body surface area was calculated using by Mosteller formula
(19). Left ventricular mass index (LVMI) was calculated by dividing LVM by body surface area.
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Statistical analysis
The data were analyzed using the Statistical Program for
the Social Sciences (version 10.0; SPSS, Inc., Chicago, IL, USA).
Quantitative data are expressed as the mean±standard deviation and comparisons were performed by unpaired Student’s
t-test. Pearson’s correlation coefficient was used to assess correlations between quantitative parameters, with p<0.05 as the
criterion for statistical significance.

Results
Demographics and baseline characteristics
Forty-seven individuals were enrolled in the study. The patient group consisted of 27 individuals, 63% of whom were
female. In the control group, there were 20 subjects and 24%
were female. The mean age was 49±6.8 years (range, 37-68
years) in the patient group and 46.2±6.37 years (range, 38-60
years) in the control group (p=0.159).
The mean systolic and diastolic BP values, as measured in
the hospital, were 161.8±17.5 mm Hg (range, 140-200 mm
Hg) and 95.9±10.4 mm Hg (range, 80-120 mm Hg) in the patient group, and 118±7.1 mm Hg (range, 100-130 mm Hg) and
73±7.1 mm Hg (range, 60-85 mm Hg) in the control group, respectively (patient group vs. control group: p=0.001 for both
systolic and diastolic BP).
In the patient group, the mean 24-hour ambulatory systolic and diastolic BP values were 139.2±25.92 mm Hg (range,
114-226 mm Hg) and 81.2±10.05 mm Hg (range, 61-100 mm
Hg), respectively.
Biochemical findings
The mean serum biochemical parameters of the patient
and control groups are presented in Table 1. While the mean
sodium levels were significantly higher in the patient group
compared with the control group (p=0.014), no statistically
Table 1. Comparison of serum biochemical parameters in
patient and control groups
		

Na (mmol/L)

Patient Group Control Group
p
(n=27)
(n=20)
value
Mean±SD
Mean±SD
141.18±4.37

139.95±9.5

0.014

K (mmol/L)

4.20±0.34

4.27±0.31

0.492

Ca (mg/dL)

9.69±0.38

9.69±0.26

0.988

P (mg/dL)

3.09±0.48

2.90±0.38

0.147

ALP (U/L)

166.56±59.51 178.30±41.76 0.431

Urea (mg/dL)

32.22±5.92

34.95±6.72

0.147

Creatinine (mg/dL)

0.92±0.17

0.94±0.14

0.718

Calcitonin (pg/mL)

8.49±5.54

6.03±2.83

0.054

Osteocalcin (ng/mL)

10.30±8.08

10.21±5.25

0.068

PTH (pg/mL)

53.74±23.46

37.7±17.22

0.006

Vitamin D (ng/mL)

11.03±1.57

17.38±7.21

0.010

Na: sodium, K: potassium, Ca: calcium, P: phosphorus, ALP: alkaline phosphatase, PTH: parathormone, SD: standard deviation
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significant difference was found in terms of potassium, calcium, phosphorus, ALP, urea, or creatinine levels (p>0.05).
The calcitonin, osteocalcin, PTH, and vitamin D levels were
evaluated in both groups. No significant differences existed
between the groups with respect to the levels of calcitonin
and osteocalcin (p>0.05); however, the PTH level was significantly higher (p=0.006) and the vitamin D level was significantly lower in the patient group compared with the control
group (p=0.01).
Comparison of the 24-hour urine samples of the patient
and control groups revealed a significantly higher urinary calcium level in the patient group (p=0.003). No statistically significant differences existed between the groups in terms of
the mean urinary phosphorus, hydroxyproline, and creatinine
levels (p>0.05; Table 2).
Echocardiographic findings
We found high left ventricular wall thickness (LVWT) in
the patient group, with significantly higher values for LVMI
(110.74±14.89 g/m2 vs. 85.713±23.990 g/m2, p<0.01), IVST
(1.077±0.09 cm vs. 0.785±0.1 cm, p=0.000), and posterior wall
thickness (1.042±0.07 cm vs. 0.682±0.1 cm, p=0.000) in the patient group compared with the control group.
Correlation analyses
The correlations between the mean 24-hour ambulatory
systolic BP (ASBP) and diastolic BP (ADBP) and the levels of
PTH, vitamin D, and calcitonin were evaluated in patients with
essential hypertension; however, no significant correlations
were found.
The correlations between LVMI and the levels of PTH, vitamin D, and calcitonin were also evaluated. A significant correlation was determined between LVMI and PTH level (r=0.683,
p=0.001; Figure 1).
Left ventricular mass index was significantly correlated
with PTH (r=0.683, p=0.001). Serum levels of sodium (r=0.806,
r=0.700 and r=0.705, respectively; p=0.001 for each) and uri-

nary calcium levels (r=0.580, r=0.579 and r=0.502, respectively; p=0.001 for each) were significantly and positively correlated with PTH level, ASBP, and ADBP. Vitamin D and serum
calcium levels were not significantly correlated with PTH level,
ASBP, or ADBP (Table 3).

Discussion
The results of the present study are in agreement with
those in the literature regarding calcium metabolism changes
in patients with essential hypertension (11, 20). Our patients
with essential hypertension had significantly higher PTH, sodium, and urinary calcium levels and significantly lower vitamin
D levels than the normotensive control patients. No significant
correlations were determined between ASBP/ADBP and the
Table 2. Comparison of biochemical parameters in 24-hour
urine samples in patient and control groups

Urinary Ca (mg/24 h) 275.56±82.09 203.50±72.00 0.003
Urinary P (g/24 h)

0.86±0.24

0.92±0.23

0.409

OH-proline
(mmol/mol creatinine)

9.92±6.64

10.99±2.86

0.461

Urinary creatinine
(g/24 h)

1.31±0.39

1.42±0.39

0.349

Ca: calcium, P: phosphorus, OH-proline: hydroxyproline, SD: standard deviation

Table 3. LVMI: Left ventricular mass index, Na: Sodium, PTH:
Parathormone, ASBP: 24-hour ambulatory systolic blood
pressure, ADBP: 24-hour ambulatory diastolic blood pressure
		

PTH

ASBP

ADBP

LVMI

r

0.683

0.284

0.142

p

0.001

0.293

0.421

Na

80.00
70.00

Vitamin D

PTH

60.00
50.00

Serum calcium

40.00
30.00
r=0.683
p=0.001

20.00
90.00

100.00

110.00
120.00
LVMI

130.00

140.00

Figure 1. Correlation between LVMI and PTH levels in patients with essential hypertension
LVMI (g/m2): left ventricular mass index, PTH: parathormone

Patient Group Control Group
p
(n=27)
(n=20)
value
Mean±SD
Mean±SD

		

Urinary calcium

n

27

27

27

r

0.806

0.700

0.705

p

0.001

0.001

0.001

n

27

27

27

r

-0.279

0.086

0.056

p

0.12

0.796

0.601

n

27

27

27

r

-0.299

0.058

0.002

p

0.13

0.774

0.431

n

27

27

27

r

0.580

0.579

0.502

p

0.001

0.001

0.001

n

27

27

27

LVMI: Left ventricular mass index, Na: Sodium, PTH: Parathormone, ASBP: 24hour ambulatory systolic blood pressure, ADBP: 24-hour ambulatory diastolic
blood pressure
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levels of PTH, vitamin D, and calcitonin. However, serum sodium and urinary calcium levels were determined to be positively and significantly correlated with PTH level, ASBP, and
ADBP, while no correlations were evident between the levels
of PTH, vitamin D, and calcium.
A negative correlation has been reported between diastolic BP and bone mineral density in elderly subjects, and this has
been suggested to be due to chronic urinary calcium excretion (21). In light of this previous finding, it is noteworthy that
despite significant correlations between both Na and urinary
calcium levels and PTH level and BP, there was no significant
difference between our hypertensive patients and control subjects with respect to osteocalcin and urinary hydroxyproline
levels, which are markers of bone formation and resorption.
Increased bone loss has been observed in elderly females with
hypertension in a prospective study (22). Given this finding,
the small sample size in the present study, composed of relatively younger participants, seems likely to have played a role
in the inconsistency of our data on bone mineral density.
Our findings are in agreement with previous studies reporting high PTH levels in patients with essential hypertension
(9, 11). The relationship between blood pressure and vitamin
D has not been investigated as thoroughly as the relationship
between blood pressure and PTH (23). Some studies have
reported significantly higher vitamin D levels in hypertensive
patients than normotensive patients (11, 22), and this increase
has been shown to be related to the activation of 1.25-hydroxylase via PTH (11). However, in accordance with our findings of
significantly lower levels of vitamin D in hypertensive patients,
vitamin D level has been reported to be lower in subjects with
higher systolic and diastolic BP (24). Though these contradictory results may be related to the heterogeneous characteristics of the patient populations in the studies, it seems notable
that no significant correlations were determined between
mean 24-hour ASBP and ADBP and levels of PTH, vitamin D,
and calcitonin in our patients with essential hypertension.
Indeed, while the relationship between PTH and BP was
not significant in our study population, it has been suggested
in several other studies that PTH levels increase in order to
compensate for urinary calcium excretion in essential hypertension (11, 20). Gennari et al. (25) also found simultaneous
increases in PTH and urinary calcium excretion and suggested
that high levels of serum sodium in patients with essential hypertension may have been due to excessive dietary salt intake or a defect in the excretion of sodium, which leads to
excessive calcium excretion (8, 15, 19, 25, 26). In agreement
with the significant effect of renal dysfunction on PTH elevation reported in these previous studies, in the present study,
sodium levels and urinary calcium levels were determined to
be positively and significantly correlated with PTH, ASBP, and
ADBP (p=0.001, for each) in our patient population.
Given our finding of significantly higher levels of PTH and
lower levels of vitamin D in the patient group, the lack of significant correlation between PTH and vitamin D levels in our study
population may be due to small sample size. Indeed, an inverse
relationship between serum 25-hydroxyvitamin D and serum
PTH has been well established, up to a certain level of 25-hy-
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droxyvitamin D, at which little further decrease in serum PTH is
observed (27). Use of different methods for measuring serum
PTH and 25-hydroxyvitamin D and for defining baseline levels
as well as different calcium intakes, have been linked to the wide
range (8 to 44 ng/dL) of 25-hydroxyvitamin D threshold levels associated with any given serum PTH concentration (27, 28).
In the present study, LVWT was shown to be higher in hypertensive patients than in normotensive patients. LVMI has not
always been associated with BP (2, 29). Moreover, the factors
affecting LVH have not been clearly characterized, and there is
ongoing debate on the relationship between increased LVWT
and chronic high arterial BP and neural and humoral disorders,
such as increased sympathetic nervous system activity, hyperreninemic hypertension, and hyperparathyroidism (9, 29, 30).
We determined no correlations between LVMI, ASBP, and ADBP,
whereas a strong correlation was shown between LVMI and PTH.
This may have been due to the inclusion of mild to moderate
and newly diagnosed hypertensive patients in our study population. PTH can induce hypertrophy by acting as a hypertrophic
factor on myocardial muscle cells (31, 32). It is well-known that
PTH causes an increase in calcium levels in cardiac myocytes by
stimulating protein G, leading to the subsequent activation of
L-type calcium channels. An increase in the cytosolic calcium
level may lead to the activation of proto-oncogenes that serve
to increase protein synthesis in general, leading to myocardial
hypertrophy (16). In patients with hyperparathyroidism, LVH,
which is post-operatively reversible, is a commonly observed
complication (30, 33). Stefenelli et al. (30) have reported significantly higher LVMI values in normotensive patients with primary
hyperparathyroidism. In another study by Bauwens et al. (9), a
significant correlation between PTH and LVMI was found in untreated patients with mild and moderate essential hypertension.
The rationale for including patients with mild and moderate essential hypertension in the present study was to reduce the effects of long-term chronic and high BP on the left ventricle and
to reveal the other factors that may cause LVH.
We suggest that essential hypertension alters calcium metabolism. Specifically, calciuresis develops secondary to hypernatremia, with a compensatory release of PTH. Meanwhile, the
increased levels of PTH cause a rise in general protein synthesis, which leads to the development of myocardial hypertrophy. However, since the small sample size in the present study
precludes our ability to draw precise conclusions, an in-depth
analysis of the relationship between PTH, vitamin D, and blood
pressure, via future large-scale studies, is warranted.
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