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Abstract

Background and Aims: Hypertension is a public health concern, mainly in resource-
limited countries. We investigated the characteristics and risk factors related to high
blood pressure in healthy blood donors from, Luanda, the capital city of Angola.
Methods: This was a retrospective study that included 343 healthy donors from
December 2019 to September 2020.

Results: The mean age was 32+ 9 years. Men represented 93% of the population.
Mean systolic blood pressure (SBP) was 131 +12.3 mmHg (ranging from 100 to
160 mmHg) and diastolic blood pressure (DBP) was 80.1 + 9.72 mmHg (from 56.0 to
100 mmHg). DBP was related to age and gender (p < 0.05). About 7.3% of the
donors had high-pressure (>140/90 mmHg). Age between 20 and 40 years (odds
ratio [OR]: 2.52, p=0.043), women (OR: 1.87, p=0.548), nonurbanized areas
(OR: 0.39, p =0.067), high educational level (OR: 0.76, p =0.637), employed (OR:
0.49, p=0.491), voluntary donors (OR: 0.87, p =0.799), blood group B (OR: 2.06,
p =0.346), and Rh- (OR: 0.26, p = 0.104), were potentially related with high-pressure.
The high-pressure cases increased from December 2019 (4%) to September 2020
(28%) (p = 0.019).

Conclusion: We showed high pressure among the healthy blood donors population.
Demographic characteristics, ABO/Rh blood group, and year period are features that
should be considered in cardiovascular disease control strategies. Biological and
nonbiological features related to blood pressure changes should be considered for

further studies in the Angolan population.
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1 | INTRODUCTION

High blood pressure is one of the greatest global public health
concerns affecting approximately one billion individuals worldwide®
and constitutes the main risk factor for coronary heart disease, heart
failure, cerebrovascular disease as well as chronic renal failure,®™*
besides being responsible for about 30% of deaths worldwide
annually.>¢

The World Health Organization (WHO) estimated that low- and
middle-income countries (LMICs) have 93% of the world's disease
burden and contributed to about 78% of deaths from cardiovascular
disease and more than 50% of the total disease burden.” If nothing is
done to reduce the risk of chronic diseases in resource-limited
countries, an economic production estimated at US$ 84 billion will be
lost to heart disease, stroke, kidney disease, and diabetes.® This
finding showed that high blood pressure is an essential feature of the
epidemiological transition, although some studies have shown that
there are no significant differences in the mean prevalence of
hypertension between developed and developing countries.”"1°
However, it is worth mentioning here that the health profile of many
LMICs, such as Angola, is undergoing major changes due to diet and
lifestyle changes,'! therefore, with the increase in life expectancy
diseases of old age are also increasing, including hypertension and
cardiovascular disease, as previously described the relationship
between old age and cardiovascular disease.'? These findings show
that it is necessary to identify which biological or nonbiological
characteristics might be influencing the emergence of healthy people
with early diagnosis of high blood pressure, mainly in LMICs.

Since the 1990s, evidence has grown on the relative impor-
tance of systolic or diastolic blood pressure alone and together, on
cardiovascular events.?® Currently, there are no published studies
that describe the mean systolic or diastolic blood pressure, in the
healthy population over 18 years of age in Angola. To the best of
our knowledge, voluntary blood donors are the source of all red
cell, platelet, and unprocessed plasma products used in clinical
medicine.'* Therefore, in this study, we investigated the putative
biological and nonbiological features that could affect blood
pressure levels in the healthy population in Luanda, the capital
city of Angola. The results of this study might be used by decision-
makers to reinforce ongoing practice guidelines®® for the manage-
ment of arterial hypertension and cardiovascular diseases in
Angola.

2 | MATERIALS AND METHODS
2.1 | Study design and setting

This was a retrospective multicentre cohort study that included 343
subjects who were assessed as healthy for blood donation at the
Instituto Nacional de Sangue and Clinica Girassol, both health units

located in Luanda, the capital city of Angola, between December

2019 to September 2020. All blood donor candidates who tested
negative for transfusion-transmitted infections (TTIs), such as human
immunodeficiency virus, hepatitis B virus, hepatitis C virus, and
syphilis, were included in the study, regardless of age or gender. The
study was carried out at Instituto Nacional de Investigacdo em Saude
(INIS), also located in Luanda. The INIS is a public institution of
the Angolan Ministry of Health (MoH), which develops research in
the most diverse areas of health and its determinants, to contribute

to the strengthening of public health policies in Angola.

2.2 | Data collection and description

A structured questionnaire was used to collect sociodemographic
information such as age, gender, place of residence, level of
education completed, occupation, category of the donor, the period
in which blood was donated, and ABO/Rh blood group. ABO/Rh
blood group phenotypes determination was carried out using blood
reagents and diagnostic kits (Lorne Laboratories Limited), following
the manufacturer's instructions.™® Also, we used a Trucare KD-558BR
arm blood pressure monitor (Andon Health Co., Ltd.) for the
measurement of systolic and diastolic blood pressure.r” To obtain
more accurate measurements, blood donation candidates rested for
at least 20 min before measuring blood pressure. The entire blood
pressure measurement procedure, as well as the interpretation of
systolic or diastolic blood pressure results, were carried out following
the instructions provided by the manufacturer.?” High systolic blood
pressure was considered when the values were greater than
140 mmHg, while diastolic blood pressure was considered high when
the values were greater than 90 mmHg. For this study, we considered
the Centers for Disease Control and Prevention guidelines and
findings from previous studies, which show that a blood donation
candidate can only be approved when at least the maximum systolic
blood pressure is below 140mmHg and the diastolic below
90 mmHg.1%1>18 However, candidates who had high blood pressure
above 140/90 mmHg were grouped into the high or abnormal blood

pressure category.

2.3 | Statistical analysis

The analysis was conducted in SPSS version 28 (IBM SPSS Statistics).
The descriptive analysis was presented as frequencies and percent-
ages. The normal data distribution was presented as mean and
standard deviation (SD). Parametric tests such as independent-
sample t tests and one-way analysis of variance (ANOVA), were used
to compare the mean values. Whenever possible, the variables were
dichotomized and analyzed with the x? test and logistic regression
with a corresponding 95% confidence interval (Cl) to predict features
with a relation or independent chance to present high blood pressure.
The reported p value is two-tailed and was deemed statistically

significant when p < 0.05.
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3 | RESULTS

3.1 | Demographic characteristics related to high
blood pressure

The putative demographic characteristic related to high blood
pressure among blood donors from Luanda is summarized in
Table 1. A total of 343 blood donors were eligible for donation and
enrolled in the analyses. Age ranged from 18 to 61 years. The mean
age of the blood donors was 32+ 9 years old. Blood donors aged
20-40 vyears (81.3%), men (93%), living in nonurbanized areas
(62.4%), highly educated blood donors (76.8%), employees (92.4%),
and family blood donors (85.7%), were prevalent in this studied
population.

The overall mean systolic blood pressure index was
131+12.3mmHg (ranging from 100 to 160 mmHg), while the
diastolic blood pressure index was 80.1 + 9.72 mmHg (ranging from
56.0 to 100 mmHg). Systolic index values were higher among donors
aged over 40 years, males, blood donors with a low educational level,
unemployed, and familiar donors. On the other hand, diastolic index
values were high among blood donors aged below 20 years, males,
donors from nonurbanized areas, donors with low educational levels,
employed, and voluntary donors. No statistically significant differ-
ences were observed in the mean values of systolic blood pressure
and different demographic characteristics (p > 0.05). Regarding
diastolic blood pressure, statistically significant differences were
observed in the mean values for age (p<0.001) and gender
(p=0.020).

Overall, 7.3% (25/343) of the blood donors had high blood
pressure index, with systolic pressure > 140 mmHg and diastolic
pressure > 90 mmHg. No statistically significant differences were
observed between abnormal or normal blood pressure with the
demographic characteristics (p > 0.05). About 68% of blood donors
with abnormal blood pressure were aged between 20 and 40 years
and this group was also the group most likely of having high blood
pressure [odds ratio, OR: 2.52 (95% Cl: 1.03-6.15), p =0.043]. Men
predominated in the group of donors with abnormal blood pressure
with 96%. On the other hand, women even being the group with a
low rate of high blood pressure cases (4%), were the group that
presented the high odds of developing high blood pressure [OR: 1.87
(95% CI: 0.24-14.5), p=0.548]. Donors residing in nonurbanized
areas predominated the group of donors with abnormal blood
pressure (80%), compared to donors residing in urbanized areas
(20%). Despite this difference, the results of the logistic regression
showed that the chances of developing high blood pressure are lower
in the group of donors residing in nonurbanized areas [OR: 0.39 (95%
Cl: 0.14-1.07), p = 0.067]. Blood donors with a high educational level
predominated in terms of the presence of high blood pressure with
81%. Despite that, the likelihood of developing high blood pressure
was lower in blood donors with a high level of education [OR: 0.76
(95% Cl: 0.25-2.36), p=0.637], compared to the other group.
Regarding the occupation of donors, we observed that donors who

reported having some employment, were those who had more high
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blood pressure (96%), although logistic regression analyses showed
that this group has a lower risk of developing high blood pressure
[OR: 0.49 (95% Cl: 0.06-3.76), p = 0.491], compared to unemployed
blood donors. As for the type of donors, family donors predominated
the group of donors with high blood pressure by about 84%. Our
results show that voluntary blood donors, in addition to being less
frequent about the presence of high blood pressure, are also a group
with a slightly lower risk of developing high blood pressure [OR: 0.87
(95% ClI: 0.28-2.64), p = 0.799].

From December 2019 to September 2020, the systolic (from
130+11.7 to 136+11.1 mm/Hg, p=0.026) and diastolic (from
78.9£9.13 to 83.3+9.67 mm/Hg, p < 0.001) blood pressure indexes
increased significantly. Moreover, we observed a significant increase
in the rate of blood donors with high blood pressure increased
significantly (p=0.019) from 4% in December 2019 to 28% in
September 2020. A higher rate of high blood pressure in blood
donors was observed in January 2020 (32%, 8/25). Also, during this
period blood donors were 2.5 times (95% Cl: 0.86-7.25, p = 0.093)

more likely to develop high blood pressure.

3.2 | ABO/RH blood group and high blood
pressure

The relationship between ABO/Rh blood groups with high blood
pressure among blood donors from Luanda is shown in Table 2. Blood
group O (63.6%, 218/343) and a positive Rh factor (97.4%, 334/343),
were the most frequent. According to ABO/Rh blood group ABO/Rh,
ORh+ (61.8%), ARh+ (16.9%), and BRh+ (15.7%) were the most
frequent, while ABRh+ (2.90%), ORh- (1.70%), and ARh- (0.90%), the
less frequent in this studied population. It is also worth mentioning
that the blood groups BRh- and ABRh-, were not identified. There
were no significant differences between the mean systolic or diastolic
blood pressure values with ABO/Rh blood groups (p > 0.05). Also,
no statistically significant relationship was observed between
abnormal blood pressure and ABO/Rh blood groups (p > 0.05). The
highest mean values of systolic (136 +12.2 mmHg) and diastolic
(81.7 £ 11.3 mmHg) blood pressure were observed in the AB blood
group, simultaneously. Despite that, no donor with blood group AB
was part of the group with high blood pressure. On the other hand,
blood group B (8%, 2/25) despite being the group with the lowest
number of donors with high blood pressure, was the group with the
highest chance of developing high blood pressure [OR: 2.06 (95% Cl:
0.46-9.24), p = 0.346], compared with the other groups, although the
results were not significant (p > 0.05).

About 92% of blood donors with abnormal blood pressure had
Rh+ factor. The highest mean values of systolic (137 £ 14.5 mmHg)
and diastolic (82.9 + 14.7 mmHg) blood pressure were also observed
in the Rh- factor, simultaneously, despite being the group with the
lowest chance of developing high blood pressure [OR: 0.26 (95% Cl:
0.05-1.32), p=0.104]. Overall, blood donors in ORh- blood group
were those with the highest mean values for systolic

(138 £ 15.5 mmHg) blood pressure, while ARh- blood donors were
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the ones who presented higher diastolic (92.7 + 11.0 mmHg) blood
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residents in nonurbanized regions, and with some employment is in
agreement with population-based studies carried out in Angola,!! as
well as other studies indicating that the Angolan population is young,
living in undeveloped huts, and with limited sanitary access.?°-22
Regarding the relationship between age and blood pressure, previous
studies have shown that systolic blood pressure tends to increase
with age, while diastolic blood pressure decrease.’>*® This physio-
logical pattern was confirmed by our results in the blood donors
population from Luanda, as we identified a significant increase in
mean of systolic blood pressure (from 130+15.2 to 134%
13.8 mmHg, p=0.059) and a slight decrease in mean of diastolic
blood pressure (from 84.6+6.97 to 84.1+8.43 mmHg, p <0.001)
with increasing age from under 20 years to over 40 years,
respectively (Table 1).

We expected that the highly educated population in our study
would be more likely to develop high blood pressure since the
increase in the level of education would also imply increasing age,
which is an important risk factor for hypertension.?>12 Interestingly,
blood donors with a high educational level had 0.76 times less likely
to develop high blood pressure (Table 1), contradicting the results of
a study carried out in Brazil in which 72% of the hypertensive
population had a high educational level.® In addition, this study
carried out in Brazil reported a significant relationship (p =0.004)
between low income and the presence of hypertension, where the
authors observed that 65.8% of the hypertensive population had the
lowest salary.® Our results are in agreement with these findings since
we observed that the donors employed were 0.49 times less likely to
develop high blood pressure, compared to the unemployed popula-
tion. Indeed, the lack of employment, lack of resources with the high
cost of living checked around the world are factors that could affect
blood pressure levels in the population, mainly the population from
LMICs, although a recent study reported that there are no significant
differences in the prevalence of hypertension between developed
and developing countries.” On the other hand, despite the females
being predominant in Angola, representing about 52% of the general
population,*! only 7% were part of this study (Table 1). Our results
are in agreement with the findings reported by Sahu et al., in a study
carried out with blood donors from India, where was reported also a
low adherence of the female gender (1.4%) compared to the male
gender (98.6%).2° Even without statistical significance (p > 0.05), our
findings indicate that women are 1.87 times more likely to develop
high blood pressure compared to men. Interestingly, the female
gender has already been identified as a group prone to developing
cardiovascular disease in Angola. In a recent study carried out by our
research team, including patients with arterial hypertension and
undergoing treatment in a tertiary unit in Luanda, we found that
about 73% (72/99) of the hypertensive patients were female.?* Our
results also correspond to a study carried out by Silva et al., with
hypertensive patients in the state of Sdo Paulo, Brazil, where 62.1%
of the hypertensive population were female.” Furthermore, a study
comparing the hypertensive population of Portugal and immigrants

from the portuguese speaking African countries, revealed that 51%

Open Access

and 67% of the population in both groups were hypertensive women
from Portugal and immigrants, respectively.?> The physiological
aspects such as hormonal climacteric changes, menopause, menstru-
ation, pregnancy, and breastfeeding inherent to the female gender
could explain the reduced participation of females in blood donation
as well as being a factor for present high blood pressure.

The large adhesion of blood donors during January 2020 is not
surprising, and the possible explanation is that once in this period,
Luanda province like other Angola provinces, face heavy rainfall, and
due to poor sanitation, there is an increase in stagnant water and thus
increases also the circulation of vectors capable of increasing cases of
malaria, dengue, or other vector-borne diseases in Luanda, as verified
by other studies.???472? However, the increase in malaria and dengue
cases could be one of the reasons for the increase in blood donation
since many patients with malaria or dengue need blood transfusions
during hospital treatment.*° Indeed, this explanation could be
supported by our results, since the risk of having high blood pressure
in January 2020 was 2.5 times, compared to the other months of the
same year. Also, we observed that the mean value of systolic (from
130+11.7 to 136+11.1mmHg, p=0.026) and diastolic (from
78.9+9.13 to 83.3+9.67mm/Hg, p<0.001) blood pressure
increased significantly from December 2019 to September 2020
(Table 1). Interestingly, the first cases of SARS-CoV-2 infection in
Angola were identified in January 2020, by our research team.2! In
the present study, we showed that the blood pressure values as well
as the frequency (from 4% in December 2019 to 28% in September
2020, p = 0.434) of the healthy population residing in Luanda, have
increased with the spread time of the endemic form of the SARS-
CoV-2 in Angola. We do not know whether this increase in blood
pressure was influenced by previous exposure to SARS-CoV-2.
Therefore, further studies evaluating the blood pressure pattern in an
Angolan population exposed to SARS-CoV-2 infection should be
carried out in the future. It is worth mentioning that other reasons,
such as the pressure to donate blood due to a family member who
needs a blood component transfusion, could also cause an increase in
blood pressure levels. Indeed, our results showed that family donors
(85.7%, 294/343) have been predominant in the blood donor
population and this was also the group in which we find about 84%
of individuals with high blood pressure. As we already expected,
volunteer donors had 0.87 times less risk of developing abnormal
blood pressure, possibly justified by the fact that this group
not having any family, medical or social pressure to make a blood
donation.

A previous study reported that the Angolan general population is

213182 \which is in agreement

mostly from the blood group O and Rh+,
with the findings of our study (Table 2). Despite this, our results
disagree with the results of a recent study carried out in 2020 by
Sacomboio et al., where they identified a higher prevalence of blood
group B (36.4%, n=36/99) in a population from Luanda,?* instead of
the O group. We cannot rule out the fact that in recent years, there
may be an increase in the Angolan population with group B while

reducing the population with group O, especially in the population
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with chronic diseases. From the point of view of evolution and trend
of ABO blood groups in the general population between 1973 and
2020, there was an increase in blood group O (from 52% to 64%) and
a decrease in blood groups A (from 21% to 18%) and B (from 24% to
16%), while the AB blood group remained around 3%.% On the other
hand, comparing the evolution within the hypertensive population in
recent years (from 2019 to 2020) according to ABO blood group
phenotypes, there was an increase in blood pressure among
individuals of the groups O (from 33% to 64%) and A (from 17% to
28%) and a reduction among individuals of the group B (from 36% to
8%) and AB (from 13% to 0%).2* Despite the reduction of blood
group B in the general and hypertensive population over the years,
we identify that group B donors had up to three times more risk of
developing high blood pressure, corresponding with the findings of
Sacomboio et al., which revealed that blood group B individuals, seem
to be more susceptible to hypertension.®? In this study, we did not
explore the reasons why blood group B individuals present a higher
risk of developing high blood pressure, despite the decline in
frequency in the Angolan population. Therefore, further studies
assessing the possible biological or nonbiological factors that could
influence systole or diastole blood pressure values in the general
population, especially those belonging to blood group B, must be
carried out.

This study has some potential limitations. Firstly, the small
sample size of participants limited the significance of our results
and may not be representative of the whole Angolan population.
However, to obtain an updated and more representative picture of
the hypertension situation in the healthy Angolan population, it is
important to gather the most recent data and quantify the rate of
high blood pressure in the healthy population from the different
regions of Angola. Second, a family history of hypertension or
chronic disease, especially in the donor population with high blood
pressure, was not obtained or described in this studied population.
Finally, a follow-up and assessment of blood pressure after blood
donation or clinical outcome (recovered or deceased) whether
from the blood donor after blood donation or the patient after
receiving the blood component, was not performed on all blood
donors included in this study, which limits the retention of the
strong conclusion if these donors were hypertensive or the high
blood pressure values were due to a clinical or psychosocial
condition. Despite these weaknesses, our findings provide an
important description of the mean values of systolic and diastolic
blood pressure in the healthy population from Angola. Therefore,
must be carried out further studies including epigenetic, socio-
demographic, behavioral, clinical, and eating features, as well as, a
description of the clinical reasons for carrying out the donation in
the case of family donors. Also, studies assessing blood pressure
postblood donation over some time including laboratory tests to
assess cardiac, hepatic, or renal function, should be considered for
future investigation. These studies could provide a specific picture

of which population should adhere more to the primary prevention

measures of hypertension, involving actions at the community
level such as reducing obesity, consumption of alcohol and salt as

well as increased physical activity.'®

5 | CONCLUSION

We showed high levels of systolic and diastolic blood pressure in the
healthy population of Luanda, Angola. Individuals under 40 years of
age, men, living in nonurbanized areas, with a high level of education,
with some occupation, and family donors represented a risk group to
develop hypertension. Blood group O was the most predominant,
despite blood group B representing a high-risk group for developing
hypertension and possibly cardiovascular disease. Further studies
assessing biological and nonbiological features related to blood

pressure changes should be carried out in the Angolan population.
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