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ABSTRACT

Background and objectives: Blood pressure levels may vary because of genetic, ethnic, and socioeconomic factors. To date,
there have been no large national studies in Eritrea on blood pressure. Therefore, we sought to establish a representative
blood pressure reference interval for Health adult Eritreans

Methods: The study included a sample of 942 healthy Eritrean individuals aged between 18 and 60 years, comprising 331
males and 611 females. The participants were selected from households located in the cities of Asmara, Keren, and Mandafara.
Anthropometric measurements and clinical data were collected from each participant. Blood pressure was measured twice
using a standardized procedure.

Results: 942 healthy adults were included, 331 (35.1%) were males with an average age of 40, and 611 (64.9%) were females,
with an average age of 41, with an age range of 18-60 years. Median blood pressure for males was 120/78 mmHg, while the
Median blood pressure for female was 118/78 mmHg for female

Conclusion: The values of blood pressure were similar to international values of blood pressure and there was significantly
higher blood pressure in males than in females.

Keywords: Normal BP value; Health Eritreans; Hypertension

Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure

INTRODUCTION

Blood pressure is a critical vital sign that guides both shortand long-
term clinical decisions. Because blood pressure is so important in
directing care, it must be measured accurately and consistently. During
a blood pressure measurement, two values are typically recorded. The
first, systolic pressure, is the maximum arterial pressure during systole.
The second, diastolic pressure is the minimum arterial pressure during

diastole [1].

The American Heart Association (AHA) recommends the following
blood pressure reference values: Normal: Less than 120/80 mm Hg,
Elevated: Systolic between 120-129 mm Hg and diastolic less than
80 mm Hg, Stage 1 hypertension: Systolic between 130-139 mm Hg
or diastolic between 80-89 mm Hg, Stage 2 hypertension: Systolic at
least 140 mm Hg or diastolic at least 90 mm Hg, Hypertensive crisis:
Systolic over 180 mm Hg and/or diastolic over 120 mm Hg. There are
different definitions of hypertension. An SBP of 130 mmHg or higher,
or a DBP of 80 mmHg or higher, is considered to be hypertension,
according to the American College of Catrdiology and the American

Heart Association [2,3). The European Society of Cardiology and the
European Society of Hypertension describe hypertension as having a
DBP of 90 or higher or an SBP of 140 mmHg or higher [4].

It is important to understand that normal blood pressure levels might
differ between populations due to a variety of factors like race and
ethnicity. Compared to Caucasians, people of African descent have
greater blood pressure and a higher chance of developing hypertension
[5]. Globally, the mean blood pressure and prevalence of hypertension
differ significantly (6]. Geographical latitude, ambient temperature,
and the number of daylight hours have also been related to blood
pressure and hypertension prevalence [7-9].

Therefore, establishing population-specific reference values is essential
for accurate assessment and management of blood pressure. In the
context of Eritrea, a country situated in the Horn of Africa, there
is a paucity of data on normal blood pressure ranges in the local
population. Eritrea is characterized by a unique combination of
geographic factors and ethnic diversity, all of which can potentially
influence blood pressure levels. The significance of investigating and
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establishing normal blood pressure values specific to Eritreans lies in
its potential to enhance the precision of clinical assessments, facilitate
early detection of hypertension, and support effective management
strategies tailored to the local population. This study aims to address
the gap in knowledge by investigating the influence of geographic
factors, gender, and ethnicity on blood pressure patterns in healthy
adults in Eritrea. By doing so, we aim to support clinical decision-
making, facilitate early detection of hypertension, and promote
effective preventive measures aligned with the unique characteristics of
the Eritrean population.

METHODOLOGY

Study design

This is descriptive and cross-sectional.

Study site: The study was conducted on Eritreans from all over the
country in the period from 2019 up to 2022. Samples used in this
study were collected from the following sites in Eretria:

¢ Central region (Asmara)
¢ Anseba region (Keren)
¢ Southern region (Mendefera)

¢ Northern Red Sea region (Massawa)

Volunteer recruitment

Participants were selected for the study using a multistage sampling
technique (stratified sampling). The selection process involved
several stages. In the first stage, a zone was randomly chosen from
multiple zones in the city. In the second stage, a sub-zone within the
selected zone was randomly chosen. Moving on to the third stage,
blocks within the selected sub-zone were randomly chosen, with four
blocks being selected in total. Finally, households were systematically
chosen from a randomly selected reference point within the blocks.
To ensure a diverse representation, the recruitment of participants
was stratified into four age groups: 18-29, 30-39, 40-49, and 50-60
years. Prior to measuring blood pressure, written informed consent
was obtained from all participants. The research team utilized a
questionnaire to collect various data, including anthropometric
measurements, demographic information, medical status, medical
history, physical activity levels, and sleeping hours. Blood pressure
and Body Mass Index (BMI) measurements were then taken for all
participants.

Reference population

This crosssectional study included 942 healthy adult Eritreans
from various social, ethnic, and professional groups. Our reference
sample included 331 men with an average age of 40 and 611 women
with an average age of 41; the study lasted from November 2019 to
January 2022. Subjects with acute illness or systemic diseases that
directly or indirectly affect the blood pressure were excluded.

Ethical clearance

The Eritrean Ministry of Health’s ethics committee granted ethical
approval for this study.
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Blood pressure measurement

Blood pressure measurements were done by the auscultation
method using mercury sphygmomanometers and stethoscopes. The
patient is asked to sit in a comfortable chair. The arm is supported
at heart level. A cuff of a suitable size is wrapped around the upper
arm, about 1 inch above the bend of the elbow. The stethoscope
is placed over the brachial artery, located on the inner side of the
arm, about halfway between the elbow and the shoulder. The cuff
is inflated to a pressure of about 30 mmHg above the patient’s
expected systolic blood pressure. The cuff is slowly deflated while
listening for the Korotkoff sounds. The systolic blood pressure is
the first sound heard when the cuff is deflated. The diastolic blood
pressure is the last sound heard before the sounds disappear. Two
readings are taken at least 5 minutes apart using the auscultation
method with a mercury sphygmomanometer and stethoscope. If
the difference between the two readings is 10 mmHg or more for
either SBP or DBP, a third reading is obtained. The final reading
is the average of the two closest readings for SBP and DBP, or the

nearest two readings if a third reading was obtained.
Statistical method

Moreover, this study makes use of a number of statistical methods.
Mann-Whitney analysis was used to compare SBP and DBP
between males and females [10]. The Kruskal-Wallis test was also
applied to look at how the study variables varied by area [11]. In
addition, scatter plots, boxplots, density plots, and histograms are

employed for data visualization [12].

RESULTS

This section contains a presentation of the study’s findings. In
addition to data visualization, the results of the Mann-Whitney test for
assessing gender differences in the study variables (SBP and DBP) and
the KruskalWallis test for investigating differences by area are shown.
Also included are descriptive statistics for the reference values.

As seen by the histogram and density in Figure 1, SBP was concentrated
around 120 in all locations, but with positive skewness in every
instance. As the density represents, there are two picks at 110 and 120
in Eritrea as a whole. Similar to this, the data for DBP is gathered at 80
with a noticeable right skewness. Also, the chart shows that Asmara’s
distribution of the two variables is more representative of Eritrea as a

whole (Tables 1-5).

Table 1: Socio-demographic and basic background characteristics of the
study participants for continuous variables stratified by gender.

Continuous variable =~ Combined Male Female
Age (Years)
Mean (SD) 39.69(12.38)  37.00(13.24)  41.16 (11.58)
Median (IQR) 40.00 (21) 34.50 (25) 42.00 (19)
Height (m)
Mean (SD) 1.62 (0.09) 1.70(0.07) 1.57 (0.06)
Median (IQR) 1.61 (0.13) 1.7 (0.10) 1.57 (0.09)
Weight (kg)
Mean (SD) 58.85(12.23)  61.81(12.09)  57.24 (12.01)
Median (IQR) 57.9 (16) 60.10 (15) 56 (16)
Body Mass index (kg/m?)
Mean (SD) 22.49 (4.56) 21.36 (4.12) 23.1 (4.65)
Median (IQR) 22.03(6.2) 21.02 (5) 22.72 (6.7)
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Sleeping Hours (per day) SBP  Male 127 120 15092 0.053
Mean (SD) 7.75 (0.86) 7.68 (0.81) 7.78 (0.88) Asmara Female 207 118
Median (IQR) 8 (0.0) 8(0.0) 8(0.0) DBP Male 127 80 14595 0.016
Note: SD: Standard Deviation, IQR: Interquartile Range Female 270 76
Table 2: Socio-demographic and basic background characteristics of the SBP Male 74 19 2891 0315
study participants for categorical variables stratified by gender. Female 86 114
DBP Male 74 80 2582 0.038
Categorical Combined Male Female Massawa Female 86 4
Variable N % N % N % Mandafra  SBP  Male 49 120 2941 0.437
City Female 127 120
Asmara 401 424 128 38.7 273 44.1 DBP Male 49 80 3069 0.884
Massawa 163 17.3 4 224 87 14.2 Female 127 78
Mendefera 177 18.7 50 15 127 20.8 SBP  Male 80 110 3923 0.022
Keren 204 21.6 79 23.9 124 20.3 Female 121 118
Education Keren Thpp Male 80 73 3701 0.004
Illiterate 153 16 26 13 127 20.8 Female 121 80
Primary 137 14.5 28 8.5 108 17.7 Note: SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure
Junior 252 26.1 66 19.9 186 30.4 Table 4: Kruskal-Wallis test to examine the study variables difference
Secondary 2717 29.3 120 36.3 157 25.7 according to the region.
College 123 13 92 21.8 31 5.1
Marital Status Variable  Region N Median Chi-Square P-value
Married 659 697 197 595 461 755 Asmara 397 120
Widowed 24 2.5 1 03 23 38 gpp Massawa 161 117 3208 0.348
Divorced 25 2.6 1 03 24 39 Mandafra 176 120
Separated 5 0.5 0 0 5 0.8 Keren 201 117
S‘“rfllfr/r Ii:zver 226 239 131 396 95 155 Qi:z; 312: zz
Ethnic Group DBP Mandafea 176 . 0.652 0.905
Afar 27 2.9 13 3.9 14 2.3 Keren 201 76
Blen 87 9.2 38 11.5 49 8 Note: SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure
Nara 1 0.1 1 0.3 Table 5: Descriptive statistics of SBP and DBP reference values.
Saho 29 3.1 8 2.4 20 33
Tigre 142 15 76 23 66 10.8 Eretria Keren Mandafra Massawa Asmara Measurements Variable
Tigrigna 656 694 195 589 461 755 121 194 175 158 393 N
Exercise (1161.83) 116 (15) 117 (15) 119 (18) 119 (16.6) Mean (St.D)
Yes 172 18.3 119 36.1 53 8.7 118
No 770 81.7 211 63.9 558 913 (17) 117 (20) 120(12) 117 (20) 120(20) Median (IQR)
BMI 90 90 83 88 90 P1
Underweight 141 14.9 59 17.8 82 13.4 90 92 90 90 90 P25
Normal 53 565 209 631 324 53 9% 9% 90 o1 98 P5
weight 100 100 100 100 100 P10 SBP
Overweight 207 21.9 53 16 154 25.2 10 105 110 110 110 P25
Obese 63 6.7 10 3 51 8.3 118 17 120 17 120 P50
Sleeping Hours (per day) 128 125 122 130 130 P75
Lelsfoi‘i“ 6 s 26 10 3 5 25 140 134 140 140 140 P90
6-8 hours 849 89.9 301 90.9 547 89.5 150 142 144 160 148 P95
More than 8 159 157 150 170 154 P97.5
hours 62 6.6 13 3.9 49 8 170 160 169 174 164 P99
Table 3: Mann-Whitney test to examine the study variables difference 121 194 15 158 393 N DBP
. 76 (9.7) 76 (9.2) 76(8.7) 77(10.6) 76(9.9) Mean (St.D)
according to the gender.
78 (10) 76(10) 80(10) 76(14) 78(12) Median (IQR)
Region Variable Gender N Median Mann-Whitney U P-value 60 58 58 59 60 P1
SBP  Male 330 120 98896 0.786 60 60 60 60 60 P2.5
Eritren Female 604 118 60 60 60 60 60 P5
DBP  Male 330 78 94440 0.18 62 65 64 62 60 P10
Female 604 78 70 70 70 70 70 P25
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78 76 80 76 78 P50
80 80 80 84 82 P75
90 88 86 90 88 P90
90 90 90 96 90 P95
96 100 92 100 94 P97.5
102 102 102 108 102 P99

Note: St.D: Standard Deviation, IQR: Interquartile Range, SBP: Systolic
Blood Pressure, DBP: Diastolic Blood Pressure

As seen by the histogram and density in Figure 1, SBP was concentrated
around 120 in all locations, but with positive skewness in every
instance. As the density represents, there are two picks at 110 and 120
in Eritrea as a whole. Similar to this, the data for DBP is gathered at 80
with a noticeable right skewness. Also, the chart shows that Asmara’s
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distribution of the two variables is more representative of Eritrea as a
whole.

Figure 2 boxplots of the study variables display the extreme values. The
SBP has numerous higher extreme values in all locations, as shown in
the Figure, but the lower extreme values are smaller in Massawa and
Keren and nil in Asmara, Mandafra, and Eritrea as a whole. Similar
circumstances apply to DBP, where the highest extreme values are
greater than the lower ones. DBP, on the other hand, has less extreme

values than SBP.

In all regions, and especially in Massawa, the scatter plots in Figure
3 demonstrate a positive linear correlation between SBP and age. In
contrast, age has no bearing on DBP, with data distribution being
constant from 20 to 60 years of age (Figures 4 and 5) (Tables 1,2).
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Figure 1: Histogram and density of SBP (Systolic Blood Pressure) and DBP (Diastolic Blood Pressure) by region.
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Figure 3: Scatter plot of the relationship between SBP (Systolic Blood Pressure) and DBP (Diastolic Blood Pressure) and age by region.

SBP

118
120 120 = 106
17 1049
100 Female
_ MMae

Eritea Sudan Ethiopia

=]

Figure 4: Comparison systolic blood pressure levels of Eritreans with values of Sudanese and Ethiopians. Note: (B), Male (#), Female.
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The results of the Mann-Whitney test to compare SBP and DBP by
gender are shown in Table 3. According to the findings, there are no
statistically significant disparities between men and women in Asmara,
Massawa, Mandafra, or Etritrea, however there is a difference in Keren
(the pvalue 0.002 is less than 0.025) in SBP. In terms of DBP, there are
statistically significant disparities between men and women in Asmara,
Massawa, and Keren but not in Mandafra or Eritrea (Table 3).

The findings of the Kruskal-Wallis test, which looked at how the
research variables varied by location, are presented in Table 4. The
findings show that neither the SBP nor the DBP had statistically

significant differences between areas (p-values greater than 0.05 in the
two cases) (Table 4).

The statistics in Table 5 detail the SBP and DBP reference levels in
Eritrea. The findings show that SBP has a mean and median of 118, a
standard deviation of 16.3, and an interquartile range of 17. Between
90 at the first percentile and 170 at the 99* percentile, the percentiles
were spread. These findings show that 90% of the population has SBP
between 95 (fifth percentile) and 150, while 95% of the population
has SBP between 90 (2.5 percentile) and 159 (97.5" percentile) (95™
percentile). Moreover, 10% of the population has SBP less than or
equal to 100, and 10% has SBP greater than 140 (90™ percentile).

Moreover, DBP had a mean and median of 96 and 78, respectively.
90% of people have DBPs between 60 (fifth percentile) and 90, while
95% of people have DBPs between 60 (2.5 percentile) and 96 (97.5®
percentile) (95™ percentile). 10% of people have DBP greater than 90,
whereas 10% have DBP less than or equal to 62 (10 percentile) (90®
percentile) [13-16].

DISCUSSION AND CONCLUSION

In our study, we found a significantly less diastolic blood pressure
between females in comparison to males in Asmara, Massawa and
keren cities, several factors could potentially contribute to this
observed difference. Firstly, hormonal variations between males and
females, such as the influence of estrogen and testosterone, may
play a role in regulating blood pressure. Estrogen, for instance, has
been shown to have a vasodilatory effect through increases the gene
expression of vasodilatory enzymes such as Nitric Oxide Synthase
(NOS) and prostacyclin synthase, potentially resulting in lower blood
pressure levels in females compared to males. Mishra et al. findings
indicate that testosterone acts as a facilitating factor in the progression
of hypertension triggered by Ang II. This implies that testosterone
have a permissive effects on Ang II. Furthermore, the study suggests
that testosterone enhances the responsiveness of blood vessels to
vasoconstrictor agents, which further exacerbates hypertension.

Our study findings indicate that there are no statistically significant
differences in diastolic blood pressure levels among the cities of
Asmara, Massawa, Mandafara and Keren. These results suggest that
the diastolic blood pressure measurements obtained from participants
in these cities do not exhibit substantial variations that can be
attributed to the geographical location or urban setting. In our study,
we observed that the normal blood pressure values among Eritreans
were comparable to those of Sudanese, Ethiopians, and international
standards for blood pressure. These findings indicate that the blood
pressure measurements obtained from the Eritrean population align
with the expected values observed in neighbouring populations and
are consistent with internationally recognized standards for blood
pressure levels.
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