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Abstract: Hypertension is a progressive cardiovascular disease with association to risk factors. These risk factors
in conjunction with essential elements has become identifiable with the development of the progressive disease.
The key purpose of this investigation was to identify the levels of the essential elements, Sodium (Na+), Magnesium
(Mg2+), Chloride (Cl-) and Calcium (Ca2+) in both hypertensive and non-hypertensive patients in a Trinidadian population. To achieve this objective a case-control investigation was conducted in which both hypertensive and nonhypertensive patients were assessed. Patients were issued a questionnaire with a series of open-ended questions
related to the study. Blood was then drawn from each patient once consent was obtained and sent to the lab to be
assayed for the elements. Fifty hypertensive (50) patients were compared with 50 non-hypertensive patients. The
average levels obtained for Na+, Cl-, Ca2+ and Mg2+ were 162.08±4.27 mmol/dL (P=0.53), 120.1±58.31 mmol/
dL (P=0.51), 2.78±0.86 mmol/dL (P=0.47) and 0.52±0.31 mmol/dL (P<0.001) respectively for the hypertensive
patients. The results in the present study revealed higher levels of Na+, Ca2+ and Cl- and lower levels of Mg2+ in the
hypertensive patients. The hypertensive patients were also identifiable with having high cholesterol, type 2 diabetes,
and cardiovascular conditions. Sixty-two (62%) of the hypertensive patients lived with the condition for more than
10 years. The results obtained for the Trinidadian population revealed in conclusion that hypertensive patients have
higher levels of Na+, Ca2+ and Cl- and lower levels of Mg2+. These results are similar to the global results with small
differences in their average level of each ion identified.
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Introduction
Hypertension also known as high blood pressure (HBP) is a widespread public health challenge that affects approximately 1 billion persons worldwide [1]. The recent JNC-7 (National
Joint Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure)
has simplified the classification of hypertension into 3 categories: prehypertension (SBP
120 to 139 mmHg, DBP 80 to 89 mmHg), stage 1 hypertension (SBP 140 to 159 mmHg,
DBP 90 to 99 mmHg), and stage 2 hypertension (SBP 160 mmHg, DBP 100 mmHg) [2].
According to this report, the baseline blood
pressure (SBP 120 mmHg, DBP 80 mmHg) is
affected by identifiable causes, which stages
the condition of HBP. These stages have been

classifiable with the assessment of the presence or absence of the risk factors associated
with cardiovascular diseases (CVD).
Risk factors such as increasing age, elevated
blood pressure, increased heart rate, increased
weight (obesity), dyslipidemia, type 2 diabetes
(T2D), chronic kidney disease, smoking, and
sedentary lifestyle have been found synergistic
with the deficiency of various trace elements,
Sodium (Na+), Magnesium (Mg2+), Chloride (Cl-)
and Calcium (Ca2+) ions [3, 4]. These trace elements are considered to have specific roles in
the pathogenesis and progress of the varying
stages of hypertension.
The objective for identifying the variations in
trace elements of hypertensive patients helps
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to address and reduce the risk for CVD and the
associated morbidity and mortality worldwide.
At present, many researchers have identified
the fundamental differences in these trace elements individually. Yet no research has been
conducted that investigated all four ions together. This is significantly important as all four
ions are closely related. Additionally, no research has been conducted on the Trinidadians in
relation to these ions.
Understanding the importance of these ions
are crucial. Firstly, Na+ plays a major role in the
development of hypertension as an osmolality
element by regulating the extracellular fluid volume between the blood and the surrounding
cells [5]. This process is critically important because it determines the delicate balance between the Na+ and K+ content in the blood. When
Na+ level increases, it causes the retention of
water due to an increase of osmotic pressure.
This then raises the blood pressure because of
unwanted fluid in the blood, thereby placing
strain on the kidneys for the removal of water.
Both Na+ and Cl- have been very efficient in the
development of hypertension when consumed
in high quantities [6].
Secondly, Ca2+ and Mg2+ also help to regulate
the blood pressure since Mg2+ ensures the
availability of calcium channels at each site for
the contraction and relaxation of smooth muscles [7]. This is important because when Ca2+
levels are too high, the blood vessels become
narrower, causing an increase in blood pressure.
The high concentrations in Na+, Cl- and Ca2+
along with the deficiencies in Mg2+ are therefore very relevant to disorders of blood pressure homeostasis such as hypertension globally [4, 8-10].
However, since no research has been conducted in Trinidad on this observance, the aim of
this study seeks to assess the levels of trace
elements, Na+, Cl-, Ca2+ and Mg2+ in blood samples of hypertensive and non-hypertensive patients in Trinidadians and compare these levels
to the global levels.
Material and methods
This study was a case-control investigation
conducted from September 2017-March 2018.
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Ethical approval was obtained from the campus ethics committee at The University of the
West Indies (UWI) for patients to be recruited from the cardiovascular clinics of the North Central Regional Health Authority (NCRHA).
This study was supported by grant number
CRP.3. NOV16.12 obtained from the School of
Graduate Studies, grant committee at the UWI.
Patients of interest who presented for regular
screening were informed of the research and
asked to give consent. The inclusion criteria
consisted of patients in the range of 30-75
years, both male and female, hypertensive and
non-hypertensive, and patients that had T2D,
high cholesterol, and CVD. The exclusion criteria consisted of patients less than 30 and
greater than 75 years, pregnant women, mentally ill patients and patients with any other
chronic condition that may affect the results.
Patients were issued a questionnaire upon consent that assessed their demographics, medical condition, medication is taken, regularity for
checking their blood pressure and possession
of blood pressure machine.
One hundred and sixty (160) patients were
interviewed and 100 patients were selected
based on the inclusion criteria. Fifty (50) hypertensive and fifty (50) non-hypertensive patients
were used for this study. Venepuncture was
performed on patients by a certified phlebotomist to obtain a maximum of 5 mL of blood.
Blood samples were sent to the medical laboratory for centrifugation, separation, and storage
at -20°C prior to analysis.
Analysis of blood serum samples
The serum samples were assayed for Na+,
Ca2+, Cl- and Mg2+ by using a Spectrophotometer (Thermo Scientific Multiscan Go). Human
Diagnostic Liquicolor Kits for Calcium (907100 1), Magnesium (907-10010), Sodium (90710113) and Chloride (907-10115) from Human
Gesellschaft fur Biochemical und Diagnostic
mbH Max-Planck-Ring 21, 65205 Wiesbaden
Germany were used for this analysis.
Statistical analysis
All data were analyzed by using IBM SPSS
Statistics 21.0 software. Descriptive statistics
were applied to all patients. Data was assessed for normality before performing parametric

Int J Biochem Mol Biol 2019;10(3):17-22

Identification of essential elements in hypertensive patients
for the study. Categorical data
was also represented with the
use of bar graphs.

Table 1. Showing basic demographics of both study groups
Characteristics
Age (years)
T2D (%)
Diabetic
Non-diabetic
Ethnicity (%)
Indian
African
Mixed
*

Non-Hypertensive
N=50
38.6±18.3

Hypertensive
N=50
59.6±12.8

8
42

28
22

P
<0.001*
<0.001*

Basic demographics
0.82

32
9
9

29
11
10

P<0.05 is statistically significant at the 95% confidence interval.

Table 2. Showing the levels of Na+, Cl-, Ca2+ and Mg2+ in both study
groups
Ion
Sodium (mmol/dL)
Chloride (mmol/dL)
Calcium (mmol/dL)
Magnesium (mmol/dL)
*

Non-Hypertensive
N=50
155.82±56.31
112.55±56.95
2.64±1.07
0.91±0.61

Results

Hypertensive
N=50
162.08±41.27
120.09±58.31
2.78±0.86
0.52±0.31

P
0.53
0.51
0.47
<0.001*

P<0.05 is statistically significant at the 95% confidence interval.

The study group comprised of
50 non-hypertensive and 50
hypertensive patients chosen
at random. There was a significant difference (P<0.05) in the
age among both study groups.
The hypertensive patients were 59.6±12.8 when compared
with the non-hypertensive patients of age 38.6±18.3 years
as displayed in Table 1. The
study group consisted of various ethnicities (Indian, African
and Mixed) with Indians being
the most prominent among
both groups as seen in Table
1.
A significantly (P<0.05) higher
number of Type II Diabetics
was observed to be hypertensive when compared with the
higher number of non-diabetics for the non-hypertensive
patients as seen in Table 1.
Essential elements level
found in blood serum

Figure 1. Showing a representation of the patients with cholesterol in both
study groups.

tests. Chi-square test was used to compare the
association among categorical groups. Independent t-test was used to compare the differences in means of parameters between the
hypertensive and non-hypertensive groups.
The statistical significance was set at P<0.05
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All element ion levels were
displayed in Table 2. The
Sodium ion levels were lower
for non-hypertensive patients
(155.82±56.31 mmol/dL) when compared to 162.08±
41.27 mmol/dL for hypertensive patients but not significantly different.

The Chloride ion levels were
lower for non-hypertensive patients (112.55±56.95 mmol/dL) when compared to 120.09±58.31 mmol/dL for hypertensive patients but not significantly different.
The Calcium ion levels were lower for non-hypertensive patients 2.64±1.07 mmol/dL when
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Table 3. Showing the response of patients from both study groups
Patients Response
Do you have an HBP machine?
Yes
No
Do you take vitamins?
Yes
No
Do you feel stressed regularly?
Yes
No
*

Non-Hypertensive Hypertensive
N=50
N=50

p
0.01*

23
27

37
13
<0.001*

9
41

26
24
<0.001*

11
39

31
19

P<0.05 is statistically significant at the 95% confidence interval.

Chronic health condition prevention
Table 3 shows the highlighted
responses to the chronic health prevention patients considered most important. Thirtyone of the patients with HBP
considered themselves to undergo stress. Twenty-three nonhypertensive patients invested
in a high blood pressure machines and at present 37 of
the hypertensive had blood pressure machines to monitor
their HBP levels. Approximately
of the patients with HBP were
taking vitamins while the other
half were not.
Discussion

On average globally, the values for Na+, Cl-, Ca2+ and Mg2+
levels fall in the range 137142 mmol/dL, 96-106 mmol/
dL, 2.2-2.7 mmol/dL and 0.85
mmol/dL respectively [4, 5,
10, 11]. The modified lifestyle
factors such as diet and exerFigure 2. Showing the period of time for which patients have been hypercise would allow for these valtensive.
ues to vary with change in geographical location. In this stucompared to 2.78±0.86 mmol/dL for hypertendy, we were able to identify that the various ion
levels for both groups in Trinidad were signifisive patients but not significantly different.
cantly higher when compared to the literature
The Magnesium ion levels (0.91±0.61 mmol/
values globally as the hypertensive group disdL) were significantly higher in the non-hyperplayed higher Na+, Cl- and Ca2+ levels and lower
tensive patients when compared to the hyperMg2+ levels when compared to the non-hypertensive patients 0.52±0.31 mmol/dL at P<
tensive patients [3, 7, 8, 12].
0.001 significant level.
The association among these ions individually
Chronic conditions
has been clearly defined in medical literature
whereby the action potential is a coordinated
The major chronic condition observed among
sequence of ion movements. Initially, Na+ enthe hypertension group revealed a greater nuters the cell, followed by a Ca2+ influx and finally
mber of the patients had high cholesterol as
a K+ efflux that refers the cell to its resting
seen in Figure 1.
state. Several antiarrhythmic agents exert their effects by altering these ion fluxes as well.
Sixty-two percent of the 50 hypertension
patients reported to have the condition, HBP
In general, the association of Na+ with hyperfor more than 10 years. Four percent reported
tension has been well documented [6] for
they had it for more than 5 years while 18%
inducing high blood pressure. Yet recent research disapproved this by showing that Na+
reported more than 3 years as seen in Figure 2.
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alone showed no significant association [13].
Our research was not able to support this as
we conducted retrospective research in Trinidad. Additionally, the levels for Na+, Ca2+, and
Cl- did not differ significantly in our research as
our patients were taking medications for the
control of their BP and other chronic conditions
associated that they developed. Yet, the levels
were still higher for hypertensive patients.
The hypertensive patients showed clear associations with having T2D and high cholesterol
which are risk factors for CVD and have been
evidently defined in research [14-16]. Management of these risk factors is very important as
controlling lipids aids in the prevention of HBP
as observed in a previous study among the
elderly in Trinidad [17].
Another significant observation was the age differences among both groups, as the hypertensive patients on average had a higher age category. Hypertension and the risk for CVD
increase inevitably in the elderly [2, 18]. The
rate at which blood flow is produced by the
heart and the resistance of the blood vessels
to this flow determines blood pressure. As a
person ages, their elastic arteries tend to dilate and stiffen which decrease the capacitance
of the cardiac cycle which overall increases the
systolic blood pressure.
The adoption of a healthy lifestyle is therefore very essential for longevity. Fortunately, the
patients in this study started adopting a preventative measure for controlling their HBP by
ensuring they have HBP machines to monitor
themselves.
Conclusion
The main purpose of this investigation was to
identify the level of the trace elements, Na+, Cl-,
Ca2+ and Mg2+ in both the hypertensive and
non-hypertensive patients among the Trinidadians. This research was carried out by selecting patients based on an inclusion and exclusion criteria in which patients were assessed
by a survey questionnaire and blood samples
drawn. The main results obtained showed the
average levels for Na+, Cl-, Ca2+ and Mg2+ were
162.08±4.27 mmol/dL (P=0.53), 120.1±58.31
mmol/dL (P=0.51), 2.78±0.86 mmol/dL (P=
0.47) and 0.52±0.31 mmol/dL (P<0.001) respectively for the hypertensive patients.
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These results in the present study revealed
higher levels of Na+, Ca2+ and Cl+ and lower levels of Mg2+ in the hypertensive Trinidadian
patients and therefore supported the results
obtained globally for hypertensive patients when compared with the non-hypertensive.
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