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Abstract
Introduction: Jordan has a unique array of diversity among which
having the deepest level in the world, the Dead Sea and an area with high
attitudes in Ajloun City which gives us a great chance to study the biological
effects on hypertension and possible impacts in selecting the appropriate
treatment.
Study objectives: to explore the impacts of variations of attitudes in
hypertension and the level of beta blockers through studying the level of
angiotensin II among study participants and to investigate if the patterns of
anti-hypertensive treatments are impacted.
Methods and subjects: a cross-sectional study design was carried out
among participants from the two different areas. From each area, a total of
500 participants were recruited and surveyed through a questionnaire. Blood
pressure was measured for all participants and blood samples were
withdrawn to carry out the testing of angiotensin II. Data were analyzed
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statistically based on the appropriate software including excel and SPSS. The
relationships were examined according to independent T-Test. Significance
was considered according to p<0.05.
Study findings: the main findings of the present study showed that no
statistically significant differences were obtained for the following variables:
age, weight, BMI, and waist circumferences (P>0.05). On the other hand,
heart parameters including SBP, DBP, MBP, pulse, and PCV all of which
were significantly higher in Ajloun than in the Dead Sea (p=0.001) for all
selected variables. The level of angiotensin II was 12.08 ± 5.19 pg/ml in
Ajloun and this was higher than that of the Dead Sea (8.84 ± 4.65 pg/ml).
The difference in the mean of angiotensin II was statistically significant
(p=0.039).
Conclusion: the results of the present study showed that living in high
altitude compared with the lowest area in the world (the Dead Sea) exposes
persons for the risks of hypertension and other cardiovascular diseases. Our
findings may lead to better therapeutic strategies particularly when to
prescribe angiotensin II based therapies.
Keywords: Angiotensin II, hypertension, altitude, the Dead Sea, Ajloun
Introduction
High and low altitudes are not only destinations of adventurous
travelers; many people are born, live their lives and die in these regions.
According to WHO, in 1996 there were approximately 140 million people
living at altitudes over 2500 m and there are several areas of permanent
habitation at over 4000 m (WHO, 1996). These are in three regions of the
world: the Andes of South America, the highlands of Eastern Africa, and the
Himalayas of South-Central Asia, while there are hundreds of thousands of
people living in low altitude regions such as the Dead Sea area in Jordan
which lies 400 m below sea level (Royal Geographical Center, 2009). This
study is concerned with the effects of continuous exposure to different
altitudes on the cardiovascular system and its autonomic control, and the
means by which the permanent high altitude dwellers have adapted to their
environment, in addition to the effect of other variables such as the gender,
race, BMI, age on blood pressure.
The two main challenges to life at high altitude come from hypobaric
hypoxia and the low ambient temperatures. Temperature decreases about 1C
for each 150 m elevation, so that at 4,500 m temperature is roughly 30C
lower than at sea level. Barometric pressure falls progressively with
increasing altitude (Hainsworth et al., 2007). Up to about 2,500 m there are
few if any effects of hypoxia but above 3,000 m some effects of hypoxia are
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likely to be experienced and above 4,000 m adverse effects would be
experienced by most unacclimatized subjects (Grover et al., 2001).
The renin-angiotensin system (RAS) is considered as a significant
factor in controlling blood pressure, electrolyte balance and body fluid
homeostasis (Moltzer, 2010). Several studies have shown that the RAS is
started by converting angiotensinogen into angiotensin I, and then this is
converted through the effect of ACE to angiotensin II (Schuijt and Danser,
2002; Esch et al., 2010).
Hypertension is considered a main risk factor for several cardiovascular
diseases including stroke, atherosclerosis, heart failure and end organ
damage. Moreover, hypertension affects 1 in 3 adult Americans (Cutler et
al., 2008). According to Romero and Reckelhoff (1999), although
hypertension is highly prevalent, the understanding of the mechanisms
involved in hypertension pathogenesis is considerably limited
Study objectives: to explore the impacts of variations of attitudes in
hypertension and the level of beta blockers through studying the level of
angiotensin II among study participants and to investigate if the patterns of
anti-hypertensive treatments are impacted.
Methodology
Study design: a cross sectional study was followed to collect data
from study participants within the same time frame.
Study setting
Two areas with different altitudes were included: the Dead Sea level
area and Ajloun area, Jordan.
Study sample
A total of 1000 participants were included in this study. Of them, 500
participants were included from each area. All participants were males,
matched for age grouping, and they were apparently healthy.
Data collection
Data was collected and tabulated for each participant. The variables
under investigation included blood pressure, weight, height, waist
circumference, heart rate per minute, the level of angiotensin II, and packed
cell volume (PCV).
Data analysis
The analysis of data was carried out using SPSS version 20. Data
were represented as mean and standard deviation. The relations between
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variables were computed using independent T test. Significance was
considered at alpha <0.05.
Results
Comparison between the Means and Standard Deviations of Blood
Pressure and other Variables in the Dead Sea and Ajloun.
As shown in table 1, no significant differences were obtained for the
following variables: age, weight, BMI, and waist circumferences (P>0.05).
On the other hand, heart parameters including SBP, DBP, MBP, pulse, and
PCV all of which were significantly higher in Ajloun than in the Dead Sea
(p=0.001 for all selected variables).
Table 1: Comparison between the Means and Standard Deviations of Blood Pressure
and other Variables in the Dead Sea and Ajloun.
Variables
Dead Sea
Ajloun
P value
Mean ± std
Mean ± std
Age
17.60 ± 0.51
17.83 ± 0.69
NS
Weight/kg
67.31 ± 10.77
67.37 ±10.76
NS
Height/cm
169.29 ± 6.52
169.51±7.42
NS
BMI
23.45 ± 3.27
23.42 ± 3.22
NS
Waist cir./cm
76.37 ± 10.26
75.99 ±10.21
NS
SBP/mmHg
122.42±10.53
125.74±10.01
0.001
DBP/mmHg
76.31 ± 9.14
79.62 ± 8.43
0.001
MBP/mmHg
91.64 ± 8.90
94.95 ± 8.03
0.001
Pulse/minute
79.74 ± 6.17
81.71 ± 5.66
0.001
PCV
42.17 ± 3.18
45.27 ± 2.18
0.001

Comparison between Angiotensin II Concentration in Ajloun and the
Dead Sea Level
As shown in table 2 and figure 1, the level of angiotensin II was
12.08 ± 5.19 pg/ml and this was higher than that of the Dead Sea (8.84 ±
4.65 pg/ml). The difference in the mean of angiotensin II was statistically
significant (p=0.039).
Table 2: Comparison between Angiotensin II Concentration in Ajloun and the Dead
Sea
Level
Target Area
Mean ± std
Target Area
Mean ± std
P value
Ajloun
12.08 ± 5.19
Dead Sea
8.84 ± 4.65
0.039
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Figure 1: The level of angiotensin II in Ajloun and the Dead Sea

Discussion
The present study was conducted to achieve the following objectives
to explore the impacts of variations of attitudes in hypertension and the level
of beta blockers through studying the level of angiotensin II among study
participants and to investigate if the patterns of anti-hypertensive treatments
are impacted.
The results of the present study did not reflect any significant
variations in variables related to age, height, weight, BMI, and waist
circumference (p>0.05). These findings can be explained by taking into
account that the participants were matched almost for all of these variables.
accordingly this helps in evaluating the remaining findings of this study
without having interfeence from personal characteristics.
The results of our study showed that the levels of the following
variables SBP, DBP, MBP, pulse, and PCV were significantly higher in
Ajloun than in the Dead Sea level (p=0.001). This indicates the effects of
altitude variations. The Dead Sea area in Jordan lies 400 m below sea level
(Royal Geographical Center, 2009), while the elevation of Ajloun is 719 m
(flood.net, 2016). We think that high altitude exert their effects through
hypobaric hypoxia and the low ambient temperatures (Hainsworth et al.,
2007). With increasing the altitudes, hypoxia is likely to have effects that
lead to increased hypertension parameters and packed cell volume (Grover
et al., 2001).
Our results showed that the level of angiotensin II was 12.08± 5.19
pg/ml and this was significantly higher than that of the Dead Sea 8.84± 4.65
pg/ml (p=0.039). The effect of altitude on the level of angiotensin II is
obvious. We think that it is for the first time in Jordan such a study has been
conducted. Our findings are consistent with other studies in which both
blood pressure and angiotensin II were increased with high altitudes and that
the blockage of angiotensin receptor II helped in maintaining blood pressure
(Parati et al., 2014).
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Conclusion: the present study showed that high altitude compared with
the lowest part in the world increased the levels of heart parameters and
angiotensin II significantly, and according to this context, therapeutic options
have to be considered when treating patients of these areas.
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