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Summary 
Impressive advances in molecular genetic techniques allow to 
analyze the effects of natural selection on the development of 
human genome. For example, the trend towards blonde hair and 
blue eyes was documented. The approach to analyze possible 
effects of natural selection on the evolution of recent phenotypes 
with high risk of cardiovascular disease has not been described 
yet. A possible effect on the evolution of two main risk factors – 
hypercholesterolemia and hypertension – is presented. The close 
relationship of non-HDL cholesterol blood concentration to the 
proportion of pro-inflammatory macrophages in human visceral 
adipose tissue might be a result of long-lasting natural selection. 
Individuals with higher proportion of this phenotype might also 
display a higher ability to fight infection, which was very common 
in human setting from prehistory until Middle Ages. Successful 
battle against infections increased the probability to survive till 
reproductive age. Similar hypothesis was proposed to explain 
frequent hypertension in African Americans. A long-lasting 
selection for higher ability to conserve sodium during long-term 
adaptation to low sodium intake and hot weather was followed 
by a short-term (but very hard) natural selection of individuals 
during transatlantic slave transport. Only those with very high 
capability to retain sodium were able to survive. Natural selection 
of phenotypes with high plasma cholesterol concentration  
and/or high blood pressure is recently potentiated by high-fat 
high-sodium diet and overnutrition. This hypothesis is also 
supported by the advantage of familial hypercholesterolemia in 
the 19th century (at the time of high infection disease mortality) 
in contrast to the disadvantage of familial hypercholesterolemia 
during the actual period of high cardiovascular disease mortality. 
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The evolution by natural selection is considered 
to be a supreme organizing principle of biology, but it has 
not been widely applied in medicine (Nesse et al. 2006). 
Evolutionary medicine has been hardly neglected in most 
cardiovascular research (Weder 2007). Thanks to 
impressive advances in techniques of molecular genetics, 
the last few millennia witnessed a polygenic shift in men. 
These techniques have been focused on identifying signs 
of strong selection at different loci of human genome 
(Vitti et al. 2013).  

Testing for differences in allele frequencies 
between ancient DNA and model samples is potentially 
effective, bringing the evidence of positive selection of 
skin, hair and eye pigmentation over the last 5,000 years 
(Wilde et al. 2014). Despite problems related to  
an adequate number of well-preserved ancestor DNA 
samples and the definition of a closely related current 
population, the above techniques revealed a trend towards 
blonde hair and blue eyes. This technique suggests that 
polygenic selection plays a role in many complex traits. 



156   Poledne and Zicha  Vol. 67 
 
 
This selection is an important force in modifying genetic 
variations resulting in a substantial variation of 
phenotypes in different pathologies within historical 
times. 

Another example of a polygenic shift was well 
analyzed in various populations. It is the most frequently 
studied difference of long-term lactose effects on the 
selection of the proportion of lactase persistence and  
non-persistence in various populations. Lactase (lactase 
phlorizin hydrolase, EC3.2.1.62) is an enzyme-cleaving 
disaccharide lactose into glucose and galactose during the 
process of absorption of milk and dairy products. Unlike 
lactose, these monosaccharides are easily absorbed. 
Insufficient lactase enzymatic activity in the small 
intestine results in lactose intolerance, which occurs in 
childhood and presents with bloating and diarrhea (Flatz 
and Rotthauwe 1977). The only variation of the lactase 
gene is variant rs4988235 at position 13910 C/T (Olds 
and Sibley 2003) located within the neighboring MCM6 
gene. C-T exchange at position 13910 is associated with 
lactase persistence (Mattar et al. 2012). Lactase 
persistence due to the T-allele is found in about 70 % of 
European population (Tag et al. 2008), whereas it is only 
in about 10 % of Indian population (Mendizabal et al. 
2011). It is a very good example of a positive selection of 
lactase persistence in populations with high intake of 
milk and dairy products, as non-persistent individuals 
may not survive to the reproductive period of life.  

Here we describe two examples of natural 
selection and monitoring genome changes. One of these 
selection processes lasted more than 50,000 years, 
whereas the other only a few centuries, but both 
processes are manifested due to recent negative 
environmental effects of overnutrition and high 
consumption of saturated fats. As both examples, 
hypercholesterolemia and hypertension, represent the 
most important cardiovascular risk factors, we believe 
that such selection and genome changes play a substantial 
role in the recent state of human health.  

Inspired by a review of Aguilar and Fernandez 
(2014), which summarized recent data on the 
cholesterol/macrophage relationship in experimental 
models, we thought to analyze the relationship between 
pro-inflammatory macrophage status of adipose tissue 
and cholesterolemia in men. The analysis of this type of 
pro-inflammatory status by determining macrophage 
phenotypes in adipose tissue is rather complicated, 
because surface markers for normally and alternatively 
polarized macrophages have not yet been clearly 

identified. The prevalent opinion is that the presence of 
the CD16 receptor together with CD14 is sufficient for 
the identification of pro-inflammatory, normally 
polarized macrophages called as M1 (Aguilar-Ruiz et al. 
2011). On the other hand, circulating monocytes without 
CD16 (CD16-) are thought to belong to alternatively 
stimulated macrophages (Rogacev et al. 2014, Sheedy et 
al. 2013). In our studies, which analyzed proportion of 
pro-inflammatory and anti-inflammatory macrophages 
we found that high expression of surface marker CD36 
helps to identify pro-inflammatory macrophages more 
precisely (CD14+, CD16+, CD36+++). On the contrary, the 
presence of the marker CD36 in alternatively stimulated 
macrophages was very low. We were able to  
document that an increasing proportion of CD14+, 
CD16+, CD36+++ macrophages is positively related to 
BMI, age (sexually different) and non-HDL cholesterol 
(Kralova Lesna et al. 2015, Kralova Lesna et al. 2016, 
Poledne et al. 2016). All these data were obtained by 
analysis of visceral adipose tissue obtained per-
operatively from the living kidney donors. 

Our data on the strong relationship of intravasal 
cholesterol concentration to inflammation principally 
confirm the bi-directional effect of cholesterol molecules 
and pro-inflammatory macrophages, as suggested by 
different experimental models as well as by tissue culture 
studies (Medbury et al. 2015, Yvan-Charvet et al. 2008, 
Tall and Yvan-Charvet 2015). Independently of the 
mechanism, the close relationship of non-HDL 
cholesterol to pro-inflammation status of human visceral 
adipose tissue is in line with the recently summarized 
data on cholesterol and inflammation in experimental 
models fed a high-fat, high-cholesterol diet (Tall and 
Yvan-Charvet 2015). This type of diet in experimental 
models does not correspond to the situation in men as 
mice and rat display very low cholesterol concentration 
(with exception of genetically modified animals – 
Bobková et al. 2004, Kovář et al. 2009).  

There is no explanation for this surprising 
species difference. It might be ascribed by high-fat diet in 
industrially developed societies and then this recent 
situation might be compared with experimental models. 
An alternative explanation for the relationship between 
non-HDL cholesterol and pro-inflammatory macrophages 
in adipose tissue might be based on the evolution of the 
human genome over the past 50,000 years. It is of interest 
that the concentration of total cholesterol and its 
distribution among lipoprotein fractions in men is 
substantially different from other mammals. The total 
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cholesterol concentration in healthy individuals is twice 
as high as in rodents (Table 1). Even more different is the 
distribution of cholesterol among particular lipoprotein 
fractions. In the rat the main part of plasma cholesterol is 
found in the high density lipoprotein fraction, playing 
a protective effect in the development of atherosclerosis 

(partly because of its participation in reverse cholesterol 
transport). In contrast, the concentrations of low and 
very-low density fractions largely involved in 
transporting cholesterol molecules from the liver to all 
extrahepatic cells are dominant in men (Kovář and 
Poledne 2004, Kovář et al. 2009).  

 
 
Table 1. Plasma lipids in men and rodents – ultracentrifuge separation of lipoprotein fractions in 18 samples of human sera while in 
rats and mice pooled samples of sera were separated in triplicates. 
  

Species Homo sapiens Rattus norvegicus Wistar Mus musculus C57BI/6 

Cholesterol 4.79±0.95 (18) 1.68±0.19 (8) 2.39±0.12 (8) 
TG 1.29±0.52 1.22±0.18 

     VLDL-C 0.29±0.17 0.22 0.20 
IDL-C 0.08±0.04 0.04 0.11 
LDL-C 2.95±0.89 0.14 0.33 
HDL-C 1.26±0.23 1.42 1.93 

Reference Kovář and Poledne 2004 Kovář et al. 2009 Bobková et al. 2004 
 
Data are means ± SD. 
 
 

 
Fig. 1. Relationship of pro-inflammatory macrophages proportion 
to the concentration of non-HDL cholesterol in the visceral 
adipose tissue of living kidney donors (n=52) (modified from 
Poledne et al. 2016). 

 
 
Although there are some differences between 

populations in terms of the consumption of diets with 
a high proportion of saturated fatty acids, individual 
differences in LDL cholesterol depend on the gene-
environmental interaction. However, LDL cholesterol 
concentration in vegans is still much higher compared to 
other mammals. With the exception of monogenic 

familiar hypercholesterolemia, an overwhelming majority 
of individuals with higher cholesterol concentrations have 
polygenic hypercholesterolemia with the involvement of 
numerous candidate genes. The present higher 
concentrations of plasma cholesterol in men are the result 
of long-term selection process and consequent human 
genome development, whereby a higher LDL cholesterol 
concentration was definitely an evolutionary advantage. 

We have recently found a very close relationship 
between non-HDL cholesterol concentration and the 
proportion of pro-inflammatory phagocytic, and normal 
stimulated macrophages in visceral human adipose tissue. 
This relationship was demonstrated in the analysis of 
these phagocytic monocytes defined by surface markers 
present CD14 and CD16 and high expression of CD36 in 
the adipose tissue of healthy individuals. Their adipose 
tissue was obtained during cleansing of the kidney of 
living kidney donors for kidney transplantation (Fig. 1).  
It is of interest that this close relationship is present not 
only in the individuals with higher cholesterol 
concentrations but also in subjects with strictly normal 
cholesterol concentration up to 4 mmol/l. One could 
conceivably hypothesize that a high cholesterol 
concentration was associated with a high proportion of 
phagocytic macrophages in adipose tissue. If that is the 
case, then the individuals with higher phagocytic activity 
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of macrophages are better prepared to cope with  
an infectious attack. When the man during his evolution 
began to use at least partly domesticated animals, he 
moved with them to covered dwellings and his conditions 
of living changed substantially. The price for a better 
protection against cold and moisture was a higher 
probability to develop infections in settings with 
permanent presence of human and animal feces. 

Under these circumstances, any infection had 
a greater impact on the life span. An individual with 
a more pronounced defense – a higher proportion of 
phagocytic macrophages – was at a relative advantage. 
However, a higher proportion of defending phagocytic 
macrophages was accompanied with an increase of 
cholesterol concentrations. This relative advantage 
persisted much longer and was also present in the Middle 
Ages when all wastes were thrown in the streets and 
infectious diseases were the main problem of societies. 
Here again, this relative advantage of individuals with 
a higher proportion of phagocytic macrophages in their 
adipose tissue combined with a higher cholesterol 
concentration lasted until the 20th century. The individual 
with the advantage of a higher resistance to infection is 
more likely to have a longer life span and also a higher 
probability of reproduction. Thus, the number  
of these advantage genotypes gradually increased. 
Unfortunately, recent changes in the consumption of 
a diet high in saturated fatty acid turned a relative 
advantage into a disadvantage. 

There is a high probability that this type of 
selection based on the preference of a high proportion of 
phagocytic macrophages in adipose tissue (combined 
with high non-HDL cholesterol concentration) leads to 
human genome changes. It is almost impossible to find 
any direct support for this hypothesis, but there is one 
piece of indirect support from an interesting study  
of mortality changes in patients with familial 
hyperlipoproteinemia (FH) (Sijbrands et al. 2001). These 
data are based on a complete register of births and deaths 
of all Dutch individuals in the mid-19th century. The 
genealogical analysis of seven generations of three large 
families with point mutation V408M at exon 9 of the 
LDL receptor gene has identified 250 individuals with the 
same FH monogenic defect having only one founder 
couple. Familial hyperlipoproteinemia is a monogenic 
disease and the inheritance rate of this defective allele is 
50 %. As a result, every other member of this large 
family will exhibit this defect with plasma cholesterol 
levels of around 10 mmol/l at this time. When comparing 

the standardized mortality of these six generations in the 
FH sample with the mortality in adequate generations of 
the whole Dutch population, bell-shaped curve was 
obtained (Fig. 2). In the middle of the 19th century the 
life expectancy of FH individuals was much longer than 
that of controls, the odd ratios being 0.7 in men and even 
0.5 in women. Thereafter the mortality of FH individuals 
began to rise and the odd ratio of about 1.0 appeared at 
the beginning of the 20th century, when life expectancy 
in FH family and controls was equal. The highest point of 
this curve documented a shortest life of FH individuals 
and was located in the 60´s of the last century. A slight 
decrease to the end of the 20th century was due to a higher 
knowledge of this disease, dietary changes and starting of 
statin therapy (Fig. 2). 

 
 

 
 
Fig. 2. Mortality from familial hypercholesterolemia according to 
sex and time (from Sijbrands et al. 2001 – with permission).  

 
 
Consequently, hypercholesterolemia was  

an advantage in a period of high mortality from infectious 
diseases (due to a high proportion of phagocytic 
macrophages), whereas, in the period of high saturated fat 
diet (increasing cholesterol concentration) and high 
cardiovascular mortality, it became a very important 
disadvantage (with mortality in the FH family twice as 
high as in controls) (Sijbrands et al. 2001). These 
interesting data support our concept on the role of the 
genotype with highly phagocytic macrophages in adipose 
tissue. While this phenotype with high plasma cholesterol 
concentration decreased mortality from infectious disease 
two centuries ago, at present it stimulated atherogenesis 
and enhanced mortality from myocardial infarction and 
stroke. 

Additional supportive data come from an 
epidemiological analysis of a cohort of 30,000 adults 
hospitalized for infection developing into in-hospital 
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sepsis within 28 h. The lowest quartile of the  
LDL cholesterol concentration was associated with 
significantly higher rates of sepsis, whereas the highest 
quartile is associated with lower rates of sepsis. No effect 
of HDL cholesterol concentration on the prevalence of 
sepsis was found (Guirgis et al. 2016). While the 
molecular mechanism of the relationship between sepsis 
and LDL cholesterol concentration has not been 
identified to date, the positive effect of higher cholesterol 
concentration was significant. 

Similar evolutionary hypothesis has been 
proposed to explain frequent occurrence of hypertension, 
obesity and diabetes of African Americans. It is well 
known that American blacks have higher blood pressure, 
greater incidence of hypertension and more severe 
hypertensive complications compared to American whites 
(Gillum 1979, Rostand et al. 1982, Kissela et al. 2004, 
Egan et al. 2010). It is also evident that blood pressure of 
American blacks is more sensitive to salt intake than that 
of American whites (Luft et al. 1991, Weinberger 1996). 
Several studies reported higher blood pressure in Western 
hemisphere blacks compared to sub-Sahara African 
blacks (Waldron et al. 1982, Wilson et al. 1991). 
Although there are many studies comparing American 
blacks and whites, very few studies refer to the 
differences between American and African blacks. It is 
evident that American black hypertensives retain sodium 
load for a longer time than the white ones (Luft et al. 
1979a,b) and they are also more sensitive to thiazide 
diuretics (Freis et al. 1988). This renal defect in sodium 
handling which is inherited to African Americans might 
be related to several allelic variants of genes involved in 
sodium handling and characterized as sodium conserving 
or heat adapted. They include angiotensinogen gene 
(Nakajima et al. 2004), G protein β3 subunit (Young et 
al. 2005), β2-adrenergic receptor gene (Young et al. 
2005), epithelial Na+ channel α-subunit gene (Young et 
al. 2005), cytochrome P450 CYP3A5 gene (Thompson et 
al. 2004) and aldosterone synthase (CYP11B2) (White 
and Slutsker 1995). The individuals with enhanced 
genetic-based ability to conserve sodium had a clear 
advantage to survive sodium-depleting conditions. This 
might be a reason why present African Americans 
respond to sodium load in a different manner than do the 
whites (Wilson and Grim 1991). Indeed, American blacks 
with the highest quartile of African ancestry have 8 % 
higher prevalence of hypertension compared to the lowest 
quartile (Marden et al. 2016). Recently, abnormal 
relationship of aldosterone production in subcutaneous 

adipocytes with obesity and hypertension was reported in 
African American subjects (Laffin et al. 2016). In the 
same time the activation of renin-angiotensin-aldosterone 
system was reported to be associated with insulin 
resistance and diabetes in African Americans studied in 
Jackson Heart Study (Joseph et al. 2016). 

Wilson and Grim (1991) proposed that abnormal 
blood pressure of present African Americans might be 
not only due to a long-term adaptation of sub-Saharan 
populations to their low dietary salt intake and high 
sodium loss from sweating but also due to the process of 
„natural selection” during the slavery era in the 16th to 
19th century. The enhanced ability to conserve sodium 
was a distinct survival advantage during transatlantic 
slave trade voyages and New World slavery when the 
slave population often faced various infectious diseases 
associated with diarrhea, vomiting and fever which were 
common under the difficult living conditions of the slaves 
at that time. Diarrhea and vomiting, which caused 
enormous increase in sodium loss, enhanced further 
genetic selection. 

It is still an open question whether hypertension 
or obesity can be considered as adaptive traits or not 
(Jackson 1991, Weder and Schork 1994, Speakman 
2008). Hypertension is rarely found in societies with 
a hunter-gatherer style (Scotch 1963, Maddocks 1967, 
Prior et al. 1968, Oliver et al. 1975). Migration studies 
(Poulter et al. 1990, Agyemang et al. 2009a,b) support 
the important role of environment in hypertension 
development. However, the change in salt intake need not 
be the decisive causal factor because multiple risk factors 
increase during urbanization in Africa and/or migration of 
Africans to industrialized countries (Agyemang et al. 
2009a). Recent RODAM studies performed in rural and 
urban Ghanaian residents as well as in Ghanaian migrants 
living in Amsterdam, London or Berlin address the 
changes in the incidence of hypertension and 
cardiovascular risk factors such as obesity, insulin 
resistance and diabetes Type 2 during the above 
mentioned transformation of the living environment. It 
should be noted that the incidence of hypertension, 
obesity, insulin resistance and diabetes Type 2 is lower in 
rural than in urban Ghanains, but the transition to great 
European cities substantially augmented these health 
problems (Agyemang et al. 2016, Agyemang et al. 
2009b, Meeks et al. 2017, Agyemang et al. 2018). 
Surprisingly, neither abnormalities of lipid metabolism 
(Agyemang et al. 2009a) nor psychosocial stress (Agyei 
et al. 2014) seem to be responsible for this aggravation of 
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cardiovascular or metabolic diseases. 

In fact, the important role of so-called “thrifty 
genotype” was suggested not only in hypertension 
(Gleiberman 1973, Lev-Ran and Porta 2005, Gleiberman 
2009) but also in diabetes and obesity (Neel 1962, Neel et 
al. 1998, Julius and Jamerson 1994) where an originally 
adaptive trait might become maladaptive when the living 
conditions have changed. Both disadvantage phenotypes 
with high LDL and increased blood pressure develop due 
to described natural selection and they become manifest 
especially when overnutrition exists in the majority of 
population in the recent world. Nevertheless, it remains to 
consider which part of the phenotypic changes induced 
by current urbanization and/or migration is dependent on 
the long-term adaptations to the original living conditions 
in sub-Saharan Africa. 

In conclusion, both above mentioned scenarios 
on the possible evolution of cardiovascular risk 
phenotypes suggest that the advantages established on the 

basis of long-term natural can turn into the disadvantages 
if the living condition and/or nutrition were changed in 
the modern era. However, these evolutional scenarios 
might be modified by the environmental factors (such as 
climate or nutrition) and living conditions characteristic 
for distinct geographic areas. 
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