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Abstract

Objective

It is well established that an increased activity of the sympathetic nervous system (SNS) plays an
important role in the pathogenesis of cardiovascular disease (CVD), like essential hypertension,
atherosclerosis and age related arterial wall thickening, heart failure, and ventricular arrhythmias.

It is also well established that SNS activity is influenced by food ingestion, and that diet
composition plays an important role: Among dietary substrates, carbohydrate (starch and sugars)
ingestion significantly increases SNS activity, while protein or fat ingestion has no significant
sympathoexcitory effect. The aim of this paper is to investigate the possibility that significant
dietary changes during human evolution, i. e. the introduction of starch and sugars into human
nutrition, have brought about a deleterious effect: an abnormal, chronically increased activity of
the sympathetic nervous system (SNS).



Method

Literature search using MEDLINE to identify publications on the relationship of SNS activity and
cardiovascular disease on the one hand and dietary substrates on the other hand.

Conclusion

The introduction of starchy food and sugars has brought about a new metabolic problem: a diet-
related chronically increased SNS activity, with adverse effect on human health.
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Introduction

The importance of sympathetic nervous system (SNS) activity in the pathogenesis of cardiovascular
disease (CVD), like essential hypertension, atherosclerosis and age related arterial wall thickening,

heart failure and ventricular arrhythmias is well established (1, 2, 3, 4, 5).

The SNS has been implicated in the pathogenesis of atherosclerosis through its ability to induce
vascular smooth muscle cell proliferation (3, 5, 6), to directly activate the renin-angiotensin-system

(RAS) (7), and to impair endothelial function (8), key factors in the atherogenic process (9).

SNS hyperactivity and activation of the RAS also are key factors in the pathogenesis of essential
hypertension (10, 11). This is corroborated by the antiatherogenic (12) and antihypertensive (13)

effects of beta-blockade.

Furthermore, elevations in sympathetic nerve activity have been shown to be involved in the
arterial wall thickening and remodeling that occurs with human ageing (4).

It is well established that SNS activity is influenced by dietary manipulations (14).

This paper investigates the idea that significant dietary changes during human evolution, i. e.
introduction of starch and sugars into human nutrition, have brought about a deleterious effect on
human health: a diet-related abnormal increased activity of the SNS.



Nutrition and SNS-activity

SNS activity is influenced by food ingestion: among dietary substrates, carbohydrate (starch and
sugars) ingestion significantly increases SNS activity, while protein or fat ingestion has no
significant sympathoexcitory effect (14, 15, 16). Insulin has been shown to be the link between
carbohydrate intake and SNS activity (17). The reason for this diet-induced SNS activation may be
related to the vasodilatory effect of insulin: In normal humans, carbohydrate ingestion with its
attendant physiologic insulinemia causes dilatation of the skeletal muscle vasculature (18). A
generalized vasodilatation would cause hypotension. This adverse effect is prevented by activation
of the SNS, with compensatory vasoconstriction of the same vascular bed (18). The net effect of this
action is a slight decrease in blood pressure and no significant effect on peripheral vascular

resistance.

Thus, diet composition plays a major role in determining the level of SNS activity. High-
carbohydrate diets, especially in the form of high-glycemic index carbohydrate, elicit a high insulin
response, with significant activation of the SNS. In contrast, diets containing small amounts of
carbohydrate, or diets with a low-glycemic load, are not associated with a significant
sympathoexcitory effect (14, 16)

In consideration of these facts, there can be no doubt that the introduction of starch and sugars into
human nutrition has brought about a new metabolic situation: A diet-related chronic increase in
SNS activity.

Significant dietary alterations during human evolution

During a period of at least one Million years, until the advent of agriculture about 10 000 years ago,
our ancestors were hunter-gatherers (HG) and subsisted on a diet high in protein and very low in
carbohydrate (19, 20). The entire carbohydrate foodstuff consumed during this period was low-
glycemic in effect (20, 21), eliciting very small amounts of insulin only. Since the effect of dietary
protein on insulin secretion is small too (22), postprandial insulin production, insulin levels, and
SNS activity, accordingly, were low during most of human evolution.

The introduction of agriculture about 10 000 years ago brought about a significant increase in the
consumption of plant food, particularly in the form of cereals which were high in starch (23). While
the replacement of HG diets with unrefined starchy food was associated with only a moderate
increase in postprandial insulin production, progresses in food-processing in the wake of the
industrial revolution about 200 years ago significantly increased the Glycemic Index (GI) of
(refined) cereals and, therefore, postprandial insulin response. In addition, potatoes and sugar,
more high GI food, were introduced into human nutrition.




Current high-insulinogenic Western diets are associated with a sympathetic tone significantly
higher than that of HG high-protein, low-carbohydrate diets.

In this context, we have to consider that the appearance of agriculture approximately 10 000 years
ago and the Industrial Revolution some 200 years ago occurred too recently on an evolutionary
time scale for the human genome to adjust. A period of a couple of thousand years is not nearly

sufficient to ensure a sufficient genetic adaptation (24).

Corroborative evidence

Field studies of twentieth century HG showed them to be generally free of the signs and symptoms

of CVD. These populations subsist on primarily meat-based, low-glycemic-index diets (25). With
acculturation and increasing “Westernization” of their diet, these people develop cardiovascular
disease and its symptoms with an incidence equal to or even exceeding that of Western
populations (26).

Similarly, scattered throughout the world, there are many ethnic groups whose members do
neither develop essential hypertension nor the age-related increase in average blood pressure

characteristic of populations living in industrialised countries (27). These communities also subsist
on low-glycemic HG diets. These populations are not genetically immune from hypertension, since
when they are exposed to high-glycemic Western diets, either by migration or acculturation, they
develop a tendency for their blood pressure to rise with age as well as an increasing incidence of
essential hypertension (26, 27).

The reduced risk of metabolic diseases, i. e. cardiovascular disease, associated with a
mediterranean-style diet (28, 29) (fruits, whole grains, vegetables, fish, lean meat, nuts and olive
oil) may be attributed to the low Glycemic Index of this diet (30), with concomitant low
insulinogenic response and low sympathetic activity.

In addition, a body of evidence has accumulated suggesting that high glycemic index diets or a high
glycemic load significantly increase the risk of CVD (31, 32, 33, 34), stroke (35, 36), and
hypertension (37).

Furthermore, high-glycemic index nutrition has been suggested to play a key role in the
pathogenesis of hypertension (38) and atherosclerosis (39, 40, 41).

Conclusion

In conclusion, the introduction of starch and sugars into human nutrition has brought about a
significant diet-related chronic increase in SNS activity, with adverse effect on human health.
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