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Abstract

In ancient humans from Africa populations the hot, dry, and salt-scarce climate have almost certainly selected an efficient capacity to perspire and the 
development of mechanisms for the conservation of sodium in the kidneys. The more recent development of African cities following western lifestyles 
is revealing these selected compensatory mechanisms by means of hypertension. Africa expands from North to South (70° latitude), presenting an 
enormous diversity of climates and natural environments associated with different selective pressures. In order to improve hypertension treatment 
in Africa it is needed to obtain new genomic data from the different African ethnic groups, as this is the only way we can put into practice precision 
medicine based on evolutionary medicine.

Traditional medicine restricts itself to the study of causality inserted in a short period of time, most often dealing with the present symptomatology (acute 
symptoms), or sometimes also considering the natural history of the disease and the associated chronic symptomatology. Hereditary and genetically 
predisposed diseases further extend this time window, including the study of several generations of the patient’s family. However, when the approach 
to medicine is evolutionary, the time factor changes scale, as the search for causality invokes adaptive processes inherent to evolutionary mechanisms, 
such as natural selection.

After the emergence of the genus Homo in Africa, hominids 
occupied a wide variety of environments. It is now believed that Homo 
sapiens has originated in Africa about 500,000 to 300,000 years ago, 
according to a “Pan-African” model, in which gene exchange was 
possible through sporadic crossbreeding between geographically 
distinct populations of Homo sapiens or even other hominids [1-4]. 
Regions located near the equator have higher diversity of pathogens, 
and consequently have been the scene for outbreaks of meningitis, 
Ebola and malaria [5-7]. Some genetic variants that confer resistance 
to malaria are classic examples of the selection of alleles that, in 
homozygosity, predispose individuals to severe genetic diseases, such 
as sickle cell disease. Here, the existence of a large availability of food, 
delayed industrialization in Africa, once compared to the other cities of 
western culture. Africa’s later urban development has had a profound 
impact on health, especially in countries with the highest rates of 
development. For example, regarding high blood pressure, it occurs 
more frequently, earlier and more severely in African individuals or 
individuals of African descent [8]. Hypertension is a relevant public 
health problem, being a risk factor for cardiovascular disease and 
kidney failure. Hypertension affects about 25% of the adult population 
in the world and It is known to have a genetic [9,10].

From an evolutionary perspective, there is evidence that 
susceptibility to hypertension may be ancestral, and that part of the 
differences presented are explained by exposure to different selective 
pressures. The desire for salt and water and vascular reactivity, key 

components of susceptibility to hypertension, must have been 
adaptively acquired in the ancestral African environment characterized 
by a hot, dry and salt-scarce climate [11]. Heat dissipation is essential 
in hot environments and is achieved most efficiently through its 
loss through evaporation, consequently humans have developed an 
enormous capacity to perspire. However, excessive transpiration can 
lead to significant losses of salt and water, which together with the 
low availability of salt in tropical climates, results on one hand in an 
increased demand for salt and on the other in the development of 
mechanisms for the conservation of sodium in the kidneys. In fact, it 
turns out that humans and non-human primates from tropical regions 
have a greater desire for salt and water [12-15]. Another consequence 
of excessive sweating is the loss of blood volume, with a subsequent 
increase in arterial tone and cardiac contraction in order to guarantee 
blood pressure and effective perfusion in the organs [16]. Thus, the 
genetic variation associated with these compensatory mechanisms 
related to the increase in arterial and cardiac contractility must 
certainly have constituted an advantage in the environmental context 
of human evolution in its most primordial phase.

Originating in Africa, our species ended up conquering new 
territories, expanding to other regions of the globe, at different 
latitudes, facing different environments. Then there was a need to 
adapt to new thermodynamic control mechanisms, in which the 
objective progressively stopped being the dissipation of heat, but rather 
its conservation. On the other hand, selection by demand for salt and 
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water and cardiovascular reactivity decreased [17,18]. Thus, the greater 
susceptibility to hypertension in African populations, compared 
to the non-African ones, results from physiological adaptations to 
different environments that were progressively imprinted in the 
genomes for about 30,000 years [19]. The most recent development 
of African metropolises, associated with a more stressful lifestyle, an 
increase in the consumption of fast-food products, with high levels 
of salt and promoters of overweight/obesity, highlighted the health 
problems that these populations face in the area of   hypertension and 
cardiovascular diseases, revealing the synergistic effects of exposure 
to new lifestyles with the evolutionary processes encrypted in their 
genomes [19].

Currently, several genes with polymorphic variation that code for 
proteins involved in compensatory mechanisms of volume change 
and vascular reactivity, secondary to salt loss, have been identified 
[19]. For example, the haptoglobin gene, which has polymorphic 
variation only in humans, codes for an acute-phase protein that 
has been associated with high levels of sodium-sensitive blood 
pressure for more than 30 years. Population studies have shown 
similar allelic frequencies between two countries located at similar 
latitudes - Honduras (Central America) and Mozambique (Africa) 
[20]. In this case, it is interest to observe that the Native American 
population (Honduras), despite being more recent and coming from 
cold-adapted populations from North Asia, is genetically similar 
to the more ancestral one (Mozambique), reflecting a more recent 
adaptation that occurred in less than 20,000 years, demonstrating the 
strength of selection by latitude. Another gene traditionally associated 
with hypertension, the GNB3, has been shown to contribute to the 
disease in a latitude-dependent manner [19]. Evidence of selection 
by latitude was also found in mitochondrial genes linked to oxidative 
phosphorylation, and therefore also in the production of heat by cells, 
essential for adaptation to external temperatures [21].

The genetic variability between populations fixed by selective 
pressures is particularly relevant when it is intended to implement 
precision medicine, in which a more personalized treatment, 
which considers the individual’s genetic profile, allows for a more 
targeted therapeutic intervention. This approach is very relevant 
when dealing with multifactorial diseases (such as hypertension), in 
which several genes in partnership with the environment shape the 
individual’s phenotype. Precision medicine tends to use information 
obtained through new mass sequencing technologies. However, the 
few technological resources that exist in Africa, limit the collection 
of these data [22]. Only a small number of health and/or research 
institutions contribute with data, but often targeting only already 
known genes, thus limiting the discovery of variants in new genes 
[22]. In fact, an analysis of several genome-wide studies revealed 
that Africa is underrepresented, despite having a large number of 
associations between genetic variants and various diseases [23]. The 
relevance of these studies grows if we consider the great genetic 
diversity that exists within this continent. Africa expands from North 
to South (70° latitude), presenting an enormous diversity of climates 
and natural environments associated with different selective pressures. 
The African diaspora that happened about 70,000 years ago, occurred 
via a population bottleneck effect, as it is estimated that only about 

1,000 individuals of East African descent have achieved this effect 
[24,25]. In this way, the African populations, more ancestral, end up 
presenting a greater genetic diversity compared to others. Then, there 
is an urgent need to obtain genomic data from the different African 
ethnic groups, as this is the only way we can put into practice precision 
medicine based on evolutionary medicine.
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