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Insulin resistance is typically defined as decreased sensitivity and/or
responsiveness to the metabolic actions of insulin that promote glucose
disposal. Obesity, physical inactivity, hypertension, hyperlipidemia
and aging, which are independent risk factors for cardiovascular
disease, contribute to the complex interaction between genetic and
environmental factors required for impaired insulin signaling [1].
Clinical studies have shown that hypertension and insulin resistance
often coexist and their association increases cardiovascular risk and the
incidence of new onset type 2 diabetes [2,3]. Although the association
between insulin resistance and hypertension has long been recognized,
a direct relationship between insulin resistance and blood pressure
remains controversial.
Medical research is generally concerned with mechanistic questions
pertaining to how diseases develop, particularly cellular signaling
pathways of disease production. In contrast, evolutionary research
addresses why diseases develop by studying the ancestral origins of
modern diseases, particularly the evolutionary advantage of certain
genotypes that now are maladaptive and promote disease. Evolutionary
medicine may provide some important clues for medical research
to unravel novel mechanisms of disease. Hypertension and insulin
resistance are considered prototypical “diseases of civilization” that are
only manifested in modern world environments where food is plentiful
and people are sedentary; these diseases did not exist in pre-modern
times [4]. The following is a review of evolutionary aspects of insulin
resistance and hypertension.
Obesity is a common cause of insulin resistance. The epidemic-like
rise in the prevalence of obesity constitutes an undoubted and serious
global health problem [5,6]. Importantly, hypertension and diabetes are
associated with obesity and together, constitute a significant burden in
terms of patient morbidity and mortality as well as escalating health
care costs [7]. Stocking up on food was key to survival in pre-modern
times, but now with energy dense and cheap foods, labor-saving devices,
motorized transport and sedentary work, obesity is rapidly becoming a
consequence of modern life.
Many studies suggest that obesity is associated with a
systemic chronic inflammatory response characterized by altered
proinflammatory cytokine production and activation of inflammatory
signaling pathways in adipose tissue [8,9]. Clinical and experimental
studies have provided ample evidence showing a close link between
chronic inflammation and insulin resistance in obesity [10]. However,
insulin resistance also exists in malnourished populations and is
mechanistically linked to inflammation [11].
Evolution by natural selection is a central organizing concept in
biology. For millions of years, living beings from lower-level organisms
to human beings have been faced with survival stresses, including
malnutrition and infection. Survival of multicellular organisms
depends on the ability to store energy for times of low nutrient
availability or high energy need and the ability to fight infections [12].
The metabolic and immune systems are therefore among the most
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basic requirements across the animal kingdom [13]. It is not surprising
then that metabolic and immune pathways have evolved to be closely
linked and interdependent, and that the genes that control metabolic
and pathogen-sensing systems have been highly conserved from
lower-level organisms to mammals [11]. Under normal conditions, the
integration of the metabolic and immune systems is fundamental for
the maintenance of good health. It has been well recognized that there
is a link between infection and poor nutrition. The basic inflammatory
response favors a catabolic state and inhibits anabolic pathways, such
as the highly conserved insulin signaling pathway, and consequently
results in insulin resistance. As a result of insulin resistance, plasma
levels of glucose are elevated to provide energy sources to maintain the
function of vital organs, such as the heart and brain, and of immune
cells, such as leukocytes, to combat infection, since the heart, brain
and leukocytes are dependent on plasma levels of glucose for energy.
Therefore, insulin resistance resulting from inflammation may
represent a feedback mechanism for poor nutrient organisms to fight
against infection.
Natural selection shapes organisms to function within a particular
set of environmental conditions [14]. Because organisms adapt to the
totality of their environment, or ecological niche, it is hypothetically
possible that natural selection favors organisms harboring the genotype
for a metabolic system (such as the insulin signaling pathway) that
has an increased response to inflammation. The modern environment
has been shown to promote the development of the metabolic
syndrome [14], and it is not surprising that overnutrition initiates
inflammation that results in insulin resistance. We now understand
that many inflammatory cytokines, such as tumor necrosis factor
(TNF) α, interleukin-6 and NFkB, can inhibit the insulin-stimulated
phosphorylation of insulin receptor substrate-1 at the tyrosine residue
[15,16], which is key signaling molecule for insulin-mediated metabolic
effects and vasorelaxation.
Hypertension is also associated with an increase in systemic and
vascular inflammatory responses, which contributes to vascular
dysfunction [17]. Although the genetic causes of essential hypertension
remain elusive, studies in Dahl salt-sensitive (DS) rats, a paradigm
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of salt-sensitive hypertension in humans, have suggested that
chromosome 2 contains quantitative trait loci for blood pressure and
genes encoding for inflammatory mediators with biological effects on T
lymphocytes [18]. DS rats exhibit elevation of blood pressure, vascular
inflammation, and endothelial dysfunction that is reduced in the SSBN2
rat, a consomic rat in which chromosome 2 of the DS rat is replaced by
that of the normotensive Brown Norway rat [18]. Our studies [17-19] in
DS rats have shown that inflammation is linked not only to elevation of
blood pressure and vascular dysfunction, but also to insulin resistance,
because inhibition of the NFkB inflammatory pathway significantly
reduced blood pressure and vascular inflammation and improved
endothelial function as well as systemic and vascular insulin resistance.
These studies support the notion that inflammation is a link between
hypertension and insulin resistance.
Salt-sensitivity may be another link between insulin resistance and
hypertension. High salt diet impairs insulin sensitivity in hypertensive
patients with salt-sensitivity but not in those with salt-resistance [1].
Clinical studies have demonstrated that salt sensitive hypertension is
more prevalent among populations of patients that are obese, aging,
postmenopausal, and/or manifest the metabolic syndrome [20,21].
In these populations, the risk of diabetes and cardiovascular disease
is increased. A recent clinical study has shown that insulin resistance
enhances the blood pressure response to sodium intake [21]. Therefore,
reduction in sodium intake may be an especially important component
in reducing blood pressure in patients with multiple risk factors for
insulin resistance and the metabolic syndrome [21].
The role of sodium in the regulation of blood pressure has been
well demonstrated. Excess dietary salt and caloric intake, as commonly
found in western diets, has been shown to promote hypertensive
and metabolic diseases [1]. However, in pre-modern times, sodium
deprivation threatened human survival, particularly in hot and dry
climates such as the African savannah. The principle of natural selection
may have allowed the ancestral sodium-conserving genotype to persist
[22], which may be maladaptive to the modern environment of sodium
abundance, and results in hypertension. Experimental evidence from
trials of dietary sodium restriction generally supports the hypothesis
of a sodium-hypertension link, particularly among salt-sensitive
populations. That African Americans have a higher prevalence of salt
sensitivity than White Americans is another evidence to support the
hypothesis.
Interestingly, insulin has been shown to reduce urinary sodium
excretion by increased renal tubular sodium reabsorption [23]. It is
unknown whether this antinatriuretic effect of insulin enhanced survival
in our malnourished ancestors by promoting sodium preservation.
On the other hand, it has been postulated that the antinatriuretic
effects of insulin promotes hypertension in insulin resistance and
hyperinsulinemic conditions [24].
In summary, abundant clinical and epidemiologic evidence
demonstrates a close linkage between insulin resistance and
hypertension. The coexistence of insulin resistance and hypertension
results in a substantial increase in risk of developing cardiovascular
disease and type II diabetes. The driving force linking insulin resistance
and hypertension remains to be fully elucidated due to the complex
and multifactorial nature of the associated conditions, which involve
environmental, genetic, and behavioral confounders, all of which
should be addressed in future studies. However, evolutionary medicine
may help us understand why we are susceptible to hypertension, insulin
resistance and other “diseases of civilization”. We can learn from our
ancestors how to combat these diseases.
Autacoids
ISSN:2161-0479 Autacoids, an open access journal

References
1. Lastra G, Dhuper S, Johnson MS, Sowers JR (2010) Salt, aldosterone, and
insulin resistance: impact on the cardiovascular system. Nat Rev Cardiol 7:
577-584.
2. Schulman IH, Zhou MS (2009) Vascular insulin resistance: a potential link
between cardiovascular and metabolic diseases. Curr Hypertens Rep 11: 4855.
3. Alberti KG, Zimmet P, Shaw J (2005) The metabolic syndrome-a new worldwide
definition. Lancet 366: 1059-1062.
4. Neel JV (1999) Diabetes mellitus: a “thrifty” genotype rendered detrimental by
“progress”? Am J Hum Genet 14: 353-362.
5. De Filippo G, Rendina D, Strazzullo P (2010) Childhood obesity, other
cardiovascular risk factors, and premature death. N Engl J Med 362: 1841.
6. Van Gaal LF, Mertens IL, De Block CE (2006) Mechanisms linking obesity with
cardiovascular disease. Nature 444: 875-880.
7. Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R (2005) Metabolic
syndrome: a comprehensive perspective based on interactions between
obesity, diabetes, and inflammation. Circulation 111: 1448-1454.
8. Lumeng CN, Bodzin JL, Saltiel AR (2007) Obesity induces a phenotypic switch
in adipose tissue macrophage polarization. J Clin Invest 117: 175-184.
9. Furuhashi M, Ura N, Takizawa H, Yoshida D, Moniwa N, et al. (2004) Blockade
of the renin-angiotensin system decreases adipocyte size with improvement in
insulin sensitivity. J Hypertens 22: 1977-1982.
10. Savage DB, Petersen KF, Shulman GI (2005) Mechanisms of insulin resistance
in humans and possible links with inflammation. Hypertension 45: 828-833.
11. Wellen KE, Hotamisligil GS (2005) Inflammation, stress, and diabetes. J Clin
Invest 115: 1111-1119.
12. Blackburn GL (2001) Pasteur’s Quadrant and malnutrition. Nature 409: 397401.
13. Chandra RK (1996) Nutrition, immunity and infection: from basic knowledge
of dietary manipulation of immune responses to practical application of
ameliorating suffering and improving survival. Proc Natl Acad Sci U S A 93:
14304-14307.
14. Neel JV, Weder AB, Julius S (1999) Type II diabetes, essential hypertension,
and obesity as “syndromes of impaired gemetoc homeostasis”: the “thrifty
genotype” hypothesis enters the 21st century. Perspect Biol Med 42: 44-74.
15. Hotamisligil GS, Shargill NS, Spiegelman BM (1993) Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance.
Science 259: 87-91.
16. Arkan MC, Hevener AL, Greten FR, Maeda S, Li ZW, et al. (2005) IKK-beta
links inflammation to obesity-induced insulin resistance. Nat Med 11: 191-198.
17. Zhou MS, Schulman IH, Raij L (2010) Vascular inflammation, insulin resistance,
and endothelial dysfunction in salt-sensitive hypertension: role of nuclear factor
kappa B activation. J Hypertens 28: 527-535.
18. Viel EC, Lemariâe CA, Benkirane K, Paradis P, Schiffrin EL (2010) Immune
regulation and vascular inflammation in genetic hypertension. Am J Physiol
Heart Circ Physiol 298: 938-944.
19. Zhou MS, Schulman IH, Raij L (2009) Role of angiotensin II and oxidative
stress in vascular insulin resistance linked to hypertension. Am J Physiol 296:
833-839.
20. Harrison-Bernard LM, Schulman IH, Raij L (2003) Postovariectomy hypertension
is linked to increased renal AT1 receptor and salt sensitivity. Hypertension 42:
1157-1163.
21. Chen J, Gu D, Huang J, Rao DC, Jaquish CE, et al. (2009) Metabolic syndrome
and salt sensitivity of blood pressure in non-diabetic people in China: a dietary
intervention study. Lancet 373: 829-835.
22. Weder AB (2007) Evolution and hypertension. Hypertension 49: 260-265.
23. Finch D, Davis G, Bower J, Kirchner K (1990) Effect of insulin on renal sodium
handling in hypertensive rats. Hypertension. 15: 514-518.
24. Horita S, Seki G, Yamada H, Suzuki M, Koike K, et al. ( 2011) Insulin resistance,
obesity, hypertension, and renal sodium transport. Internat J Hypertens 2011:
391762.

Volume 1 • Issue 1 • 1000e102

