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AbstrAct

Introduction: Studies conducted amongst the inhabitants of high altitude suggested that systolic 
and diastolic blood pressures are lower in the high than in low altitude population. So a study was 
designed to look at the blood pressure values among permanent residents of high altitudes of rural 
Western Nepal.  

Methods: This is a descriptive cross sectional study conducted at two different altitudes (2670 and 
2950 meters) of Humla District, Nepal, looking at the blood pressure values among the permanent 
inhabitants at these altitudes. 

results: Total number of 137 subjects with 73 (53.3%) from 2950 meters and 64 (46.7%) from 2670 
meters altitude were enrolled. Mean age of the study population was 35.29 years. Male were 57 
(41.6%) and female 80 (58.4%). The difference in systolic blood pressures (118.59 and 114.66 mmHg, 
P=0.01) and mean arterial pressures (92.0 and 89.5 mmHg, P=0.02) at the altitudes of 2670 and 2950 
meters were statistically significant whereas the difference in diastolic BP at these altitudes were not 
statistically significant.  There was no significant correlation of BMI with blood pressure values and 
no difference was noted in the blood pressure values among the two different ethnic groups at the 
given altitudes.

conclusions: Lower rate of hypertension was observed among the inhabitants of high altitude of 
rural western Nepal. Blood pressure was found to decreases with increase in altitude among perma-
nent inhabitants of high altitude. 
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INtrODUctION

Systemic arterial pressure rises on acute exposure to 
high altitude and changes in blood pressure (BP) at high 
altitudes is attributed to increase in autonomic and sym-
pathetic activity.1 More prolonged hypoxia of several 
days increases systemic pressure gradually, especially 
mean arterial BP and diastolic BP, in parallel with in-

creases in plasma concentrations of norepinephrine.2 

However, it has been reported that arterial BP is kept 
at normal ranges by enhanced vascularization resulting 
in decreased total peripheral resistance in adults liv-
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ing in mountains for a long period.3 Studies conducted 
amongst the inhabitants of high altitude suggested that 
systolic and diastolic BP readings are lower in the high 
than in low altitude population, and when the residents 
of high altitude migrate towards the sea level, they 
show gradual elevation in BP.4 

This study was designed to look at the BP values among 
permanent residents of high altitudes of Humla district, 
Nepal and to look at the BP differences at two different 
altitudes (2670 meters and 2950 meters) and in two 
different racial groups: Indo-Aryan and Tibeto-Burman, 
residing in the district. 

MEtHODs

A descriptive cross sectional study was conducted at 
two different places of Humla District, Kirmi at an alti-
tude of 2650 meters and Simikot at an altitude of 2970 
meters from Dec 4 – Dec 13, 2011. Adolescent and 
adults of either sex, who were residing permanently at 
the given altitudes, were enrolled after taking informed 
verbal consent. Personal details including age, sex 
and Body Mass Index (BMI) were recorded. Korotkoff 
sounds 1 and 5 were used to determine systolic and 
diastolic BP, respectively.  BP reading was taken in both 
the arms with android sphygmomanometer using stand-
ard BP cuff and two readings were taken at the interval 
of 30 minutes. The mean of two BP readings on each 
arm was calculated and the higher of the two mean 
values was taken for analysis. 

Hypertension was defined as more than or equal to 
140/90 mmHg for adult (as per JNC 7- Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure) and for adolescents 
BP reading of more than 95th percentile for age and sex 
was defined as hypertension.5 Ethical clearance was 
taken from Institutional Review Board, Patan Academy 
of Health Sciences (IRB, PAHS). Data analysis was 
done using SPSS 16.0.

rEsULts

A total number of 137 subjects with 57 (41.6%) male 
and 80 (58.4%) female were enrolled in the study. 
Among them 73 (53.3%) were from the altitude of 
2950 meters and 64 (46.7%) from the altitude of 2670 
meters. Mean age of the study population was 35.29 

years. Among the study cohort, 26 (19%) were adoles-
cents (14-21years), 111 (81%) were adults. 

Mean BMI of all the study subjects was 21.37 Kg/m2. 
The mean BMI of male and female at 2950 meters were 
19.46 Kg/m2 and 21.03 Kg/m2 respectively (P=0.01)  
while at 2670 meters the mean BMI of male and fe-
male were 23.01 Kg/m2 and 21.96 Kg/m2 respectively 
(P=0.01).  BMI at 2950 meters was lesser than that of 
2670 meters (20.43 Kg/m2 vs. 22.43 Kg/m2; P=0.01). 
In females the difference in BMI was not statistically 
significant (P=0.06).

The mean arterial pressure (MAP) on right and left arms 
were 90.70 and 90.24 mmHg respectively (P=0.2). 
Mean Systolic BP of the study subjects on right arm 
was 116.50 mm Hg and on left arm was 116.13 mmHg 
(P=0.6). Mean diastolic BP on right arm was 77.81 
mmHg and on left arm was 77.30 mmHg (P=0.1). 
Though, the higher of the two arm BP readings were 
taken for analysis, there was no statistically significant 
difference between right and left arm BP values. 
The mean values of MAP, systolic and diastolic BPs at 
the altitude of 2650 meters were 92.0, 118.59 and 
78.75 mmHg respectively; while at the altitude of 2970 
meters the values were 89.5, 92.0 and 76.99 mmHg 
respectively (Table 1). 

table 1. blood pressure in relation to altitude.

Altitude 
(meters)

N Mean P

Mean Arte-
rial Pressure 
(mmHg)

2950 73 89.5
0.02

2670 64 92.0

Systolic BP 
(mmHg)

2950 73 114.66

0.01
2670 64 118.59

Diastolic BP 
(mmHg)

2950 73 76.99
0.132670 64

78.75

Statistical significant difference was noted only for MAP 
and systolic BP at the two different altitudes. Increase 
in MAP was seen in both adult and adolescents with 
increase in altitude. An increase in systolic pressure and 
decrease in diastolic pressure was seen in adolescents 
but a decrease in systolic pressure and increase in di-
astolic pressure was seen in adults with the increase in 
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altitude (Table 2).  No significant difference in BP values was noted in the two ethnic group (Indo- Aryan and Tibeto-
Burman) populations residing at the given altitudes of 2650 and 2970 meters (Table 3). Significant differences in BP 
values were observed in both the sexes at the two different altitudes (Table 4).

table 2. blood pressure in relation to age category and altitude.

Age Category
Altitude  (me-
ters)

Systolic BP 
(mmHg)

Diastolic BP
(mmHg)

MAP
(mmHg)

P value

Adolescence
14-21 years

2950 111.58 73.68 88.64
< 0.05

2670 107.14 75.71 84.64

Adult
>21 years

2950 114.00 76.57 89.04
< 0.05

2670 115.67 75.33 87.66

table 3. blood pressure in relation to altitude and major ethnic group of the area.

Altitude 
(meters)

Ethnic 
Group

Systolic BP 
(mmHg)

Diastolic BP
(mmHg)

MAP
(mmHg)

P value (Between and 
within the group)

2950
Indo-Aryans 113.23 76.45 88.70

0.08Tibeto-Bur-
man 

115.71 77.38 90.15

2670
Indo-Aryans 119.47 78.16 91.05

0.3Tibeto-Bur-
man 

121.15 79.62 93.46

table 4. blood pressure in relation to sex and altitude.

Sex Altitude (meters) Systolic BP (mmHg) Diastolic BP (mmHg) MAP (mmHg) P value

Male
2950 117.86 77.14 90.71

< 0.05
2670 131.38 83.10 98.04

Female
2950 112.67 76.89 88.81

< 0.05
2670 110.86 75.14 87.04

DIscUssION

Hypertension was observed in 3.77% of our study 
population and this value is comparable to the reported 
prevalence of 2% hypertension in rural areas of Asian 
countries.6 The prevalence of hypertension and mean 
systolic and diastolic BPs varied from one country to 
another country and from one community to another 
community in the same country depending upon the 
economic development and affluence.7  Furthermore, 
elevated BP was more prevalent among urban high alti-
tude inhabitant than rural high altitude inhabitant. BMI 
and age is said to be a strong predictor of high systolic 
and diastolic BP amongst the inhabitant of high altitude.8 
In our study, sample was taken from two areas with dif-
ference in altitude but with similar mixture of ethnic in-

habitants of comparable economic backgrounds. Hence 
the differences in BP values observed between the two 
areas could be attributed to change in altitude. 

High-altitude environments imply stress factors such as 
hypoxia, cold, humidity, solar radiation, cosmic radia-
tion, and exposure to high-altitude causes many physio-
logical and biochemical changes in man.9 MAP, systolic 
and diastolic BPs, in our study population, decreased 
with increase in altitude. However this change was not 
statistically significant for diastolic BP. A study by Ruiz 
and Penazola suggested that residents at higher altitude 
have lower resting BP, especially systolic BP which is 
consistent with our study.10 Similar findings were also 
noted in a study done among Tibetan children and ado-
lescents at high altitude.11 The cause of decline in BP at 
high altitude has been attributed to relaxation of smooth 
muscle, an increase in collateral circulation, increase in 
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vascularisation and higher hemoglobin level.12 

BP is multi factorial and is influenced by many lifestyle 
variables like diet, nutrition, physical activity, smok-
ing, alcohol and mental stress.13 Hypertension has been 
reported to be frequent in Tibetans and this was at-
tributed to over-consumption of salt and yak butter.14 

We did not find difference in the BP values among the 
two different ethnic groups at the given altitudes. We 
observed increase in BP with age at both of the study 
altitudes. No clear relation of BMI with high BP was 
noted at the study altitudes. Other measure of adiposity 
like skin fold thickness and hip to waist ratio could have 
been considered to get the exact picture. In a study per-
formed in Arabia, it was found that BP in people living 
at high altitudes was higher, and this was attributed to 
higher BMI and polycythemia.15 

We observed that BP values significantly decreased at 
higher altitude in males but there was increment in BP 
among females at higher altitude. The possible hypoth-
esis could be the difference in level and quality of activi-
ties amongst male and female in these areas of rural Ne-
pal. Besides, hormonal factors could have roles to play.
There are various studies showing increase in BP with 
acute exposure to high altitude and degree of decline in 
BP is a function of length of time of residence at high 
altitude.16 As our study population has been permanent-
ly staying at high altitude, systemic hypertension was 
encountered only in smaller number of subjects and a 
marginal decrease in BP with change in altitude was ob-
served. The possible hypothesis at the molecular level 

may be the presence of Nitric oxide causing vasodilata-
tion.17  The hypothesis has been tested and proved for 
pulmonary hypertension in animal module but this may 
be the factor playing part in systemic pressure as well.
The sample size of the study was small and the age 
range was wide which gives a caution to draw defi-
nite conclusions and the results may not represent the 
whole population which is a limitation of our study. The 
difference between the two study altitudes was narrow 
and may not be enough to study the impact of change 
in altitude on BP values. 

cONcLUsIONs

There have not been any published literatures on BP val-
ues in permanent residents of high altitudes of Nepal. 
This study highlights the lower rates of hypertension at 
high altitudes of rural western Nepal. Among the high 
altitude inhabitants, a marginal decrease in BP was ob-
served with increase in altitude. No difference in BP val-
ues was observed between two different ethnic group 
populations and no clear correlation of BP and BMI at 
the study altitudes was observed. This statement how-
ever needs to be verified with a larger study conducted 
at different locations and altitudes and different ethnic 
populations.
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