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ABSTRACT: Benign prostatic hyperplasia and hypertension are common age-related comorbidities. Although the etiology of benign prostatic
hyperplasia (BPH) is still largely unresolved and poorly understood, a significant age-independent association was found between BPH and
hypertension, indicating a common pathophysiological factor for both diseases. It has previously been suggested that the development of
essential hypertension may be related to diet-induced hyperinsulinemia. This study follows the question, whether BPH may develop due to the
same mechanism, thereby explaining the well-known comorbidity of these 2 disorders. The scientific evidence presented shows that BPH and
hypertension share the same pathophysiological changes, with hyperinsulinemia as the driving force. It further shows that significant dietary
changes during human history cause disruption of a finely tuned metabolic balance that has evolved over millions of years of evolution: high-
insulinemic food, typical of current “Western” diets, has the potential to cause hyperinsulinemia and insulin resistance, as well as an abnormally
increased activation of the sympathetic nervous system and the renin-angiotensin-aldosterone system, alterations that play a pivotal role in the

pathogenesis of BPH and hypertension.
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Introduction

Benign prostatic hyperplasia (BPH) is the most common
hyperplastic disorder in men and the most influential factor for
the development of lower urinary tract symptoms (LUTS).! Its
incidence is age-related: it is estimated that nearly 50% of men
at the age of 60 and almost 90% by the ninth decade develop
histological BPH.? It is well established that BPH and hyper-
tension are common age-related comorbidities; approximately
25% to 30% of men older than 60years have concomitant BPH
and hypertension.3 Although the etiology of BPH is still
largely unresolved and poorly understood, a significant age-
independent association was found between BPH and hyper-
tension, indicating a common pathophysiological factor for
both diseases.* It has previously been suggested that the devel-
opment of essential hypertension may be related to diet-
induced hyperinsulinemia.” This study follows the question,
whether BPH may develop due to the same mechanism,
thereby explaining the well-known comorbidity of these 2
disorders.

Etiological Aspects of BPH

Benign prostatic hyperplasia is characterized by increased cel-
lular proliferation of epithelial and stromal cells and enhanced
sympathetic smooth muscle tone in the periurethral region.267
Several etiologic factors for the development of BPH have been
proposed. Most interest has been focused on hormones, espe-
cially testosterone. The role of androgens in the development of
BPH has been intensively studied. Androgens seem to play a
permissive rather than a causative role in the development of

human BPH. Their influence appears to be nonspecific: basi-
cally, androgens (particularly dihydrotestosterone [DHTT) are
necessary for the development and maintenance of prostatic
epithelial and stromal growth and also for the development of
BPH.? This is underlined by the fact that BPH never occurs in
men castrated before puberty who received no androgen supple-
ment.® Androgen withdrawal causes not only regression of
BPH but also atrophy of the normal gland.” Although serum
testosterone levels decrease with age (by about 2%-3% per year),
development of BPH continues with increasing age. In a study
on 148 men (mean age: 59.8 years), no significant correlation of
testosterone levels in the serum with prostate volume could be
detected.1® Also, the finding that BPH in humans is not associ-
ated with elevated tissue levels of DHT questions the role of
DHT as a causative factor in the etiology of BPH: in a study by
Walsh et al,'* the DHT content of normal peripheral and
benign hyperplastic tissues obtained at open surgery procedures
was the same. Furthermore, while testosterone or DHT
increases prostate weight in animal models of BPH (reviewed in
Li et al'?), no influence on prostate growth was found in a ran-
domized, placebo-controlled study in which 114 healthy men
underwent 24-month DHT treatment.' Also, supplementa-
tion of men with androgens does not increase the incident risk
of BPH or LUTS; when hormonally deficient men are treated,
prostate volume increases but only to the size expected for eug-
onadal men of the same age.' The paradox of continuing pros-
tatic growth with declining androgen levels suggests that other
growth-stimulating factors must come into play. Several
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metabolic factors have been suggested to be causally related to
the development of BPH, such as the metabolic syndrome
(MetS),">18 hyperinsulinemia,’®?? the chemical transmitter
norepinephrine (NE),? angiotensin IT (ANG 1I),?* and various
growth factors, such as insulin-like growth factors (IGFs).1>2>

Insulin and BPH

Hyperinsulinemia has been suggested to be causally related to
the development of BPH.?-22 Several studies demonstrated
that fasting serum insulin levels were significantly higher in
men with BPH than in controls without BPH202! and corre-
lated with the annual BPH growth rate.?! In a stepwise regres-
sion analysis, Nandeesha et al?? found that insulin levels were
an independent predictor of prostate volume in symptomatic
BPH. Hyperinsulinemia and insulin resistance (IR) are critical
features of the MetS.26 The MetS involves a constellation of
abnormalities, including central adiposity, impaired glucose
metabolism, dyslipidemia, endothelial dysfunction, arterial
hypertension, atherosclerotic disease, low-grade inflammation,
and in men, low testosterone levels. Several definitions of MetS
have been proposed by various organizations.?” In recent dec-
ades, an increasing body of evidence points to a significant
association between MetS and BPH/LUTS. The syndrome
itself, as well as individual components such as hypertension,
abdominal obesity, and dyslipidemia, has been associated with
an increased risk of developing BPH and LUTS, thus support-
ing an important role for hyperinsulinemia in the development
of BPH 415182830 The close relationship between Mets and
BPH is also underlined by a large cross-sectional study based
on the UK Clinical Practice Research Datalink. The authors
reported that men with clinical BPH have substantially greater
odds of also having MetS or individual components of the syn-
drome than matched controls without BPH.16

Clinical and epidemiologic research suggests that type 2
diabetes3132 and hypertension333> also significantly increase
the risks of BPH and LUTS. Hammarsten et al3 reported that
individuals with treated hypertension had a larger prostate vol-
ume and higher annual BPH growth rate than did controls.
Similarly, Joseph et al3* reported that men with a history of
hypertension had a 1.5-fold higher risk of moderate-to-severe
LUTS compared with their counterparts without a history of
hypertension. Furthermore, in a retrospective study of 9857
patients with BPH, Michel et al* found a significant, age-inde-
pendent relationship between hypertension and BPH symp-
toms, and a prospective study on 212 men confirmed a
significant correlation between mean blood pressure (BP) and
prostate size in all subjects.’

Animal models of hypertension likewise support an associa-
tion between hypertension and the development of BPH.
Spontaneously hypertensive rats (SHR), a commonly used
model of genetic hypertension, were shown to develop rapid
prostatic proliferation and BPH, whereas their normotensive
counterparts did not develop such features.3¢-38 The SHR is

not only genetically hypertensive but also has increased fasting
levels of insulin consistent with IR.3 In another animal study
in rats, IR with compensatory hyperinsulinemia was induced
by a high-fat diet; the hyperinsulinemic condition caused
enlargement, increased proliferation, and cellular hyperplasia of
the prostate gland. The pioglitazone-mediated reversal of
hyperinsulinemia resulted in improved insulin sensitivity,
decreased plasma insulin levels, and reduced prostate weight.*0
These animal studies further support the role of hyperinsuline-
mia in prostate growth.

Hyperinsulinemia may directly affect prostate gland growth
through insulin receptor-mediated growth-promoting effects
and/or through enhancing IGF-1 receptor signaling. Because
of its structural similarity to IGF, insulin can bind to the IGF
receptor*! and activate the IGF signaling pathway to promote
prostatic growth. In addition, elevated circulating levels of
insulin may lead to increased IGF-1 bioavailability as a result
of insulin-mediated changes in insulin-like growth factor—
binding protein (IGFBP).#> The IGF-1 has been associated
with BPH risk in several epidemiological studies.*—#

Equally or perhaps even more important to the develop-
mental process itself is the fact that insulin activates the sym-
pathetic nervous system (SNS) in a dose-dependent manner,*
and insulin and IGF-1 promote activation of the renin-angio-
tensin-aldosterone system (RAAS).#

SNS and BPH

Prostate smooth muscle cells represent a significant proportion
of the prostate gland. Active smooth muscle tone in the gland
is regulated by the adrenergic nervous system. The prostate is
innervated by sympathetic nerves that, upon stimulation,
release NE and evoke smooth muscle contractions, mediated
by a-1-adrenergic receptors.*® Increased local sympathetic
activity and enhanced sympathetic smooth muscle tone are
characteristic features of BPH.»274 It has been suggested that
NE is involved in the pathogenesis of BPH by stimulating the
proliferation of nonepithelial prostate cells and thereby affect-
ing prostate growth.1>234%50 Furthermore, overactivity of the
autonomic nervous system results in a dynamic increase in pro-
static urethral resistance.? Of particular note, the SNS can
interact with the RAAS in the form of a positive feedback
loop: NE activates ANG II production through stimulation of
renin secretion, whereas circulating ANG II interacts with the
SN at various sites and amplifies the response to sympathetic
stimulation by presynaptic facilitatory modulation of NE
release.’1°2

RAAS and BPH

All components of the RAAS in the human prostate, including
angiotensinogen, renin, angiotensin-converting enzyme, angi-
otensin II receptor type 1 (AT1),and ANG II itself, were iden-
tified and localized to the glandular epithelium.>® Angiotensin
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II as the major effector peptide of the RAAS interacts with at
least 2 receptors, denoted AT1 and AT2. In addition to the
“classic” hormonal circulating system, a local, tissue-specific
RAAS exists also in the prostate with autocrine and paracrine
effects.”3* Increasing evidence has accumulated showing that
the RAAS plays an important role in the development of
BPH.24535556 The expression of ANG II and angiotensin-
converting enzyme, a key component of the RAAS, is aber-
rantly increased in BPH.?#°6 Angiotensin II is well known to
stimulate cellular proliferation and growth in vascular smooth
muscle cells and to enhance smooth muscle tone.’” Similar to
its effect on vascular smooth muscle cells, a mitogenic and pro-
liferative effect of ANG 1I on the stromal compartment of
human prostate tissue has been demonstrated, mediated by
AT1 receptors.®® In the normal human prostate, ANG II
receptors, consisting mainly of the AT1 subtype, are located
predominantly on stromal smooth muscle cells?* and are
densely populated in the periurethral region, which is precisely
the region most affected by BPH.>

In summary, hyperinsulinemia with increased activation of
the IGF system, the SNS, and the (local) RAAS may cause
proliferation of the stromal compartment and enhance smooth
muscle tone. As AT1 receptors are localized predominantly to
periurethral stromal smooth muscle, the proliferative effect will
be greatest in this area, explaining one of the unique patho-
logic-anatomic features of BPH.

The next section shows that—concordant with these find-
ings—the same metabolic factors involved in the development
of BPH may play a pivotal role in the development of hyper-
tension, explaining the well-known comorbidities of the 2
disorders.

Etiological Aspects of Essential Hypertension

Physiological mechanisms to maintain normal BP

Basically, arterial BP is the product of cardiac output and
peripheral vascular resistance (PVR). Cardiac output is the
product of stroke volume and heart rate, whereas PVR is pri-
marily determined by the contractile state of small arteries and
arterioles. Factors affecting cardiac output include sodium
intake, renal function, and mineralocorticoids. Peripheral vas-
cular resistance is dependent on the SNS and humoral factors
such as ANG 1I, nitric oxide (NO), and endothelin. A finely
tuned balance of various mechanisms serves to adjust and
maintain BP in the short and long term, most importantly neu-
ral mechanism, renal endocrine-hormonal mechanisms, and
local endothelium-derived factors.>?

The SNS and the RAAS play important roles in arterial
pressure control by modifying cardiac output, PVR, and
renal function. Activation of the SNS not only causes an
increased heart rate and systemic vasoconstriction, which
increases the BP in the short term,®® but also plays an
important role in long-term regulation through stimulation
of renin release in the juxtaglomerular apparatus, with

activation of the RAAS.> The RAAS plays a crucial role in
regulation of BP and cardiovascular homeostasis by affect-
ing renal function and by modulating vascular tone.®! In
addition to the “classic” hormonal circulatory system, a local
RAAS exists in the kidneys, the heart, and the arterial tree,
with autocrine and paracrine effects.*® Angiotensin II as the
main effector of the RAAS is a potent vasoconstrictor that
causes an increase in mean arterial pressure and the direct
stimulation of sodium retention via the increased synthesis
of aldosterone.>%62

In addition, the most important method for long-term BP
monitoring is the renal fluid system, which increases or
decreases blood volume in response to changes in BP through
pressure diuresis and pressure natriuresis.”>2 Thus, short-term
changes in BP are regulated by SNS and RAAS, whereas long-
term changes in BP are controlled by the kidney.*%6263 Among
the local endothelial-derived factors, endothelin-1 (one of the
most potent vasoconstrictor ever isolated) and NO, a major
vasodilator, are most important. Interactions between all these
physiological mechanisms are autoregulated to maintain nor-
mal BP according to specific needs.6%:6263

The last century recognized a dramatic increase in the prev-
alence of BP; in the United States, the prevalence rose from
almost absence in the early 1900s to rates of 30% and more at
present,®* despite the absence of a significant temporal rise in
sodium intake over this period.®® The most likely reason for the
dramatic increase in the incidence of hypertension has been
attributed to the marked increase in obesity. Obesity, an impor-
tant risk factor for hypertension, has increased from about 5%
of the US population in 1900 to more than 30% today.06¢7
Hypertension is now also common in the pediatric population,
frequently associated with obesity and the MetS.64¢7 The dra-
matic increase in obesity and hypertension may be attributed to
significant alterations in dietary habits, especially the signifi-
cant increase in the consumption of sugars and high-insuline-
mic nutrition during the second half of the 20th century (see
below).

Development of hypertension
Essential, primary, or idiopathic hypertension (EH) is defined

as high BP, in which secondary causes such as renovascular
disease, renal failure, pheochromocytoma, aldosteronism, or
other causes of secondary hypertension or Mendelian forms
(monogenic) are not present.’® Basically, hypertension is
caused by a disruption of the autoregulatory mechanism
described above. Not surprisingly, the same mechanisms,
responsible for maintenance of normal BP, in especially the
SNS, the RAAS, and the kidney, are also involved in the
development of EH.60,62,63,68

Increased insulin production (hyperinsulinemia) appears to
play a crucial role in disrupting the fine balance of BP regula-
tion, as most of the changes related to hypertension develop-
ment are due to increased insulin levels.
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Insulin and hypertension

High BP is a classical feature of the MetS, and the MetS is

present in up to one-third of hypertensive patients. Abundant

clinical and epidemiologic evidence demonstrates a close link-
age between IR and hypertension.®* Obese as well as lean
individuals with EH display IR and hyperinsulinemia.’7”3

Fasting insulinemia and IGF-1 levels were significantly higher

in patients with EH compared with normotensive patients and

patients with secondary hypertension,” and several prospective
studies have shown that baseline hyperinsulinemia predicts the
development of EH.7576 As an example, a prospective study of

1865 children and adolescents over a 6-year period showed

that the higher the fasting serum insulin concentration at base-

line, the greater the increase in BP over a 6-year observation
period.”

Several physiological mechanisms connect IR and hyperin-
sulinemia with EH:

e Hyperinsulinemia leads to increased IGF-1

expression. #4277

e Insulin and IGF-1 cause activation of the vascular RAAS
in both vascular smooth muscle cells and endothelial
cells.*”

e Insulin activates the SNS in a dose-dependent fashion in
normal individuals, indicated by increased plasma NE
levels and microneurographic studies. 787

e Insulin stimulates renal sodium reabsorption, favoring
expansion of extracellular fluid volume.”080

e Insulin stimulates both endothelin-1 production and its
action on the vascular wall.8!

e Prolonged hyperinsulinemia stimulates leptin release,
which has been implicated in the pathomechanism of
hypertension.$?

e Even modest hyperinsulinemia causes severe endothelial
dysfunction in large conduit arteries, probably by increas-
ing oxidative stress.®3

A pivotal role of IR and hyperinsulinemia is also supported
by family studies. It is well established that persons with a family
history (at least 1 first-degree relative with hypertension) are at
significant increased risk of also developing hypertension.”8485
Insulin resistance seems to be the determining link; several stud-
ies showed that young healthy offspring of hypertensive parents
are more insulin resistant and have higher BP, heart rate, and
plasma insulin levels compared with matched healthy individu-
als with negative family history of hypertension.8>86

SNS and hypertension

Essential, primary, or idiopathic hypertension is characterized
not only by an impaired parasympathetic tone but also by
marked sympathetic overdrive.8”8% Increased SNS activity
causes peripheral and renal vasoconstriction, increases renin

secretion and tubular sodium reabsorption, and thereby con-
tributes to the development and maintenance of hypertension
and organ damage.®%0287 As mentioned before, hyperinsuline-
mia induces systemic activation of the SNS.#787% This has
been attributed to the fact that insulin causes vasodilation and
increased regional blood flow, which would lower BP. Activation
of SNS causes vasoconstriction, thereby antagonizing the vaso-
dilatory effect of insulin and avoiding a fall in BP.8 However,
not all persons with IR and hyperinsulinemia develop hyper-
tension. The difference between insulin-resistant individuals
with and without hypertension may be related (at least in part)
to a hypersensitivity to NE. In individuals prone to EH, insulin
evokes an abnormal muscle sympathetic overactivity; the
increase in insulin-induced NE release was found to be 3-fold
greater in hypertensive patients than that observed in normo-
tensive subjects.”® Furthermore, hypertensive patients were
characterized by a significantly increased vasoconstrictor
response to infused NE. Microneurographic studies also dem-
onstrated that sympathetic nerve traffic is potentiated in estab-
lished hypertension.” Similarly, an exaggerated pressor
responsiveness to exogenous NE (in the presence of normal
endogenous plasma NE concentrations) was found in normo-
tensive offspring of hypertensive individuals compared with
normotensive controls without a family history,”! indicating a
genetic origin. As mentioned before, the SNS can interact with

the RAAS in the form of a positive feedback loop.*1>2

RAAS and hypertension

To date, the central role of the RAAS in the acceleration and
maintenance of EH is well established. Overproduction of
ANG 1II increases arterial pressure, produces oxidative stress,
and impairs endothelium-dependent relaxation. In addition,
it stimulates the release of aldosterone from the zona glo-
merulosa of the adrenal gland, which results in a further rise
in BP related to sodium and water retention.’%-6392 Chronic
activation of the RAAS promotes vascular remodeling and
inflammation of resistance vessels of the systemic circula-
tion?® and of renal vessels,”* causes cardiac hypertrophy and
promotes salt and water retention, consistent features of
established hypertension.>1:63,92

Vascular remodeling

Very early hypertension is characterized by increased heart rate
and cardiac output and normal PVR, while most patients with
established EH have normal cardiac output but increased
PVR.36062 The morphological substrate of this transition
from low to high PVR are progressive trophic changes in the
vascular wall (“vascular remodeling”) of resistance vessels of the
systemic circulation®®?% and of renal vessels, with gradual
involvement of the kidney.”* Metabolic agents responsible for
these trophic changes are NE, ANG II, and insulin.®*
Narrowing (with diminished perfusion of the kidney) and a
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decreased dispensability (sensed by stretch receptors in the
granular cells) of preglomerular kidney vessels cause chronic
activation of the RAAS,* with generalized vasoconstriction
and increased PVR, cardiac hypertrophy, and alterations in car-
diac and renal function—consistent features of established
hypertension.6263%6-98 A central role of the kidney in the
pathogenesis and maintenance of EH8 is directly supported by
the finding that “BP goes with the kidney”: transplantation
studies, both in animals and humans, have documented that a
normotensive recipient of a kidney of a genetically hyperten-
sion-prone donor will develop hypertension, whereas in hyper-
tensive patients who were recipients of kidneys from
normotensive donors, the BP returns to normal levels.?9:100

Endothelial dysfunction and hypertension

Endothelial dysfunction, a hallmark of hypertension, is charac-
terized by impaired endothelium-dependent vascular relaxa-
tion due to decreased vascular NO bioavailability and signaling.
Reactive oxygen species play a pivotal role in controlling the
endothelial function. Increased levels of oxygen reactive species
and decreased antioxidant capacity (characterized as oxidative
stress) may directly impair endothelium-dependent vasodila-
tion through inactivation of NO.1%! Insulin resistance and
hyperinsulinemia,®3192 as well as ANG 11,10 are well known to
produce oxidative stress and endothelial dysfunction.

In summary, BPH and hypertension share the same patho-
physiological alterations, with hyperinsulinemia as the driving
torce. High-insulinemic diets may play a key role in the devel-
opment of hyperinsulinemia and IR1%* and therefore in the eti-

ology of EH and BPH, as the following sections show.

Dietary Considerations

Although the development of BPH and an increase in BP are
usually considered an inevitable consequence of aging in indus-
trialized societies'*>1% studies on hunter-gatherer (HG) popu-
lations and rural populations!®” report fewer LUTS as well as a
smaller anatomical prostate size and reduced prostate growth
with age. The Tsimane, an indigenous population living in the
lowland Amazonian region of Bolivia, rely on hunting, fishing,
foraging, and small-scale horticulture for subsistence.!%” The
authors report that

Tsimane men have significantly smaller prostate volumes and a
reduced rate of prostate growth with age, compared to men in
industrial populations. The Tsimane prevalence of BPH between
the ages of 40-80 is less than half of what is seen in U.S. and Brit-
ish men [. ..], while more advanced cases of BPH (540 cc) were
almost non-existent (<1% of Tsimane men).197

Similarly, scattered throughout the world, in the arctic, the
savanna, the desert, and the rainforests, are HG communities
whose members do not develop EH, and the age-related
increase in the average BP that characterizes populations living
in industrialized countries is absent.19%8-112 However, HG are

not genetically immune to hypertension, because with accul-
turation and transition to a westernized lifestyle, especially to
Western diets, they develop an increasing incidence of EH and
a tendency for their BP to rise with age.1%113 As an explanation
for the lack of development of hypertension, it has been sug-
gested that these normotensive cultures share diets that contain
little sodium and lots of potassium.1%%113 Recently published
studies, however, doubt the importance of high salt intake in the
pathogenesis of hypertension.""*117 In addition, it has to be
considered that, for instance, in the United States, the preva-
lence of EH increased from almost absence in the early 1900s
to rates of 30% and more®* despite the absence of a significant
increase in sodium uptake during that time.®> A similar trend
has been recognized in virtually all Western populations in
recent decades.'’® The most likely reason for the dramatic
increase in the incidence of hypertension has been attributed to
the marked increase in obesity and associated IR. Obesity, an
important risk factor for hypertension, has increased from about
5% of the US population in 1900 to more than 30% today.66¢7
Hypertension is now also common in the pediatric population,
frequently associated with obesity and the MetS.64¢7

In addition to the low salt intake, however, there is another
similarity in the diet of these cultures: in contrast to current
“Western-style”  high-glycemic/high-insulinogenic  diets
(HGHIDs), these ethnic groups subsist on Paleolithic low-
glycemic/low-insulinogenic diets (LGLIDs).19-12>

The fundamental differences between these diets are associ-
ated with significant metabolic disturbances that may induce
the development of hyperinsulinemia and IR, as the following
sections will show.

Significant dietary changes during human history
related to the development of hypertension and
BPH

The metabolism of each species has adapted genetically to a
particular type of diet over a very long period of evolution. This
specific diet guaranties health and survival.”?® Humans are no
exception in this regard. But what is the specific diet to which
human metabolism has adapted?

During the Paleolithic Period, from approximately 2.5 mil-
lion years ago until the Agricultural Revolution about
10000years ago, our ancestors subsisted on diets containing
large amounts of protein and varying amounts of fat (depend-
ing on the latitude) and relatively small amounts of (digestible)
carbohydrate. Their diet was based mainly on wild game, fish,
and uncultivated plant food, such as roots, tubers, wild herbs,
berries, nuts, vegetables, and fruits. Wild plants are high in
fiber and are digested slowly, much of the carbohydrate is una-
vailable, and their carbohydrate content is therefore lower
than their cultured equivalents.’?” Hence, carbohydrates, con-
sumed during this long period were low-glycemic and low-
insulinogenic in effect.’?® As the effect of protein and fat on
insulin production is relatively small too,'? postprandial
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glucose and insulin levels were low during a very long time of
human evolution.

The Agricultural Revolution about 10000 years ago resulted
in a significant increase in dietary carbohydrates, especially in
the form of grains, yet all of the carbohydrate foodstuff con-
sumed during this period was low-glycemic in effect.1?8
Progress in food processing during the Industrial Revolution
about 250years ago, however, resulted in a significant increase
in the glycemic and insulinemic index!3? of refined cereals, sug-
ars, and (peeled) rice.’®" In addition, cow milk and other dairy
products also produce high postprandial insulin levels (despite
a low-glycemic index), not significantly different from the
insulinemic index of the reference bread.!3213 The current
high-insulinemic “Western” nutrition, with large amounts of
refined cereals, potatoes, corn, and extreme amounts of sugars
(up to 69 kg/person/year),!1%134 is the culmination of this
development.

As mentioned before, living organisms thrive best on the
diet to which they are evolutionarily adapted. The human
genome has formed during a period of several million years and
has remained largely unchanged during the past 10000 years.126
Dietary changes brought about by the Agricultural and the
Industrial Revolution occurred far too recently on an evolu-
tionary time scale for the human genome to adjust.’3! A period
of a few hundred or even a couple of thousand years is not
nearly sufficient to ensure an adequate adaptation of the human
metabolism.'?¢ Hence, human metabolism is still adapted to
the low-glycemic and low-insulinemic diet of our Paleolithic
ancestors.

Diseases of civilization, including coronary heart disease,
obesity, hypertension, diabetes, and other more diseases, are
rare or absent among HG societies,?'712>135 and low serum
insulin levels and a persistently excellent insulin sensitivity are
characteristic of HG,1217125135 but only as long as these people
adhere to their traditional “Paleolithic” LGLID. The transition
to a “Western-style” HGHID, whether by migration or accul-
turation, invariably leads to a dramatic increase in IR and
hyperinsulinemia,'3¢137 obesity and the MetS,119121,136,138 and
cancer.!® On the contrary, a return to a traditional, low-insu-
linemic diet is associated with marked improvement in IR and
fasting insulin levels.121,139,140

The notion that Stone Agers usually do not live long enough
to develop degenerative diseases is not accurate. Average life
expectancy in HG societies is lower than in most acculturated
societies today, which largely is attributed to higher rates of
infant and child mortality and a lack of medical assistance. But
once these people reach adulthood, their life expectancy is
comparable to that of affluent nations. A conspectus of data on
HG societies suggests that modal age of adult death is about 7
decades (adaptive life span of 68-78years). In contrast to most
westerners, these people tend to be healthy up to old age.
Causes of death are predominantly infectious diseases, whereas
chronic degenerative disorders are rare.!4!

With the transition from LGLIDs to HGHIDs, insulin has
gained a dominant position in human metabolism, resulting in
a disruption of a finely tuned metabolic balance that has
evolved over millions of years of evolution. As a result, hyper-
insulinemia and IR may develop, accompanied by an abnormal
activation of several metabolic systems, like the SNS and the
RAAS194142 glterations that are deeply involved in the develop-
ment of several diseases, including hypertension and BPH, as
shown above.

Development of hyperinsulinemia and IR: diet
matters!

Traditionally, obesity is considered to be the cause of IR and
(compensatory) hyperinsulinemia, based on the idea that
increased adipose tissue mass causes increased release of free
fatty acids into the portal system, which in turn promotes IR in
target tissues, but this assumption is not convincing for several
reasons (for details, see Karpe et al'*?). In addition, not all obese
individuals are insulin resistant, while IR has been shown to
exist in a significant proportion of the normal weight popula-
tion.1** Furthermore, several studies in humans and animals
have shown that hyperinsulinemia and IR precede the develop-
ment of obesity.!33145-148 Meanwhile, substantial evidence has
accumulated indicating that hyperinsulinemia represents the
driving force in the development of IR.133147153 As shown by a
series of experimental studies in animals™$1°0151 and
humans, 133152715 persistent elevated insulin levels, regardless of
their origin, are critical for the development of IR.1°
Hyperinsulinemia was shown to impair insulin-stimulated glu-
cose uptake and its cellular signaling in a dose-dependent man-
ner.>7158 Activation of the SNS may play an important role in this
process: as noted before, insulin increases plasma NE levels in a
dose-dependent fashion.* In turn, increased sympathetic vaso-
constriction has been shown to decrease glucose uptake in skeletal
muscle, thereby promoting IR and compensatory hyperinsuline-
mia, indicating that the SNS interaction with insulin sensitivity is
a 2-way street.”>15%160 Also, a decrease in cellular insulin receptor
numbers,®® an (insulin-induced) increased gene expression of
proinflammatory cytokines in adipocytes,'®! metabolic inflexibil-
ity and ectopic lipid accumulation, 2 upregulation of the RAAS, 163
and increased reactive oxygen species production!®?-164 have also
been implicated in the development of IR.
High-glycemic/high-insulinogenic diets may play a key role
in the development of hyperinsulinemia.!0145165 These diets
elicita high postprandial insulin response. Along with a “Western
dietary pattern” of frequent snacking and frequent consumption
of sucrose-containing soft drinks, insulin levels are elevated most
of the day!'%® The high insulin requirement associated with
HGHID:s severely strains pancreatic B-cells. B-cells, genetically
not adapted to this high insulin demand, may react with hyper-
trophy, functional dysregulation, and finally overresponsiveness
and hyperinsulinemia.’%%1%7  Depending on the individual



Kopp

texture of the 3-cells, hyperinsulinemia and IR may develop rap-
idly or increase gradually with increasing age.

Sucrose and fructose appear to play a particularly important
role in the pathogenic process.’'” Most recent estimates sug-
gest that the intake of sugars, for instance by the US popula-
tion, ranges between 35 and 69 kg/person/year.17134 Not only
sugar in beverages and sweets but also sugar added in most
ready meals (often in the form of fructose) contributes to these
enormous amounts.!’” Based on evidence from epidemiologi-
cal studies and experimental trials in animals and humans,
DiNicolantonio and Lucan''” suggested that “sugars, particu-
larly fructose, may increase BP and BP variability, increase
heart rate and myocardial oxygen demand, and contribute to
inflammation, IR and broader metabolic dysfunction.”

Feeding studies in rats'*19> using high-fat, refined-sugar
(HFS) diets, similar to the typical US diet, clearly showed that
these diets cause IR prior to weight gain and that sucrose, not
fat, is the determining factor for development of IR. Insulin
resistance developed, regardless of whether dietary fat was high
(39.5%) or low (9%).1%> In addition, HFS diets cause hyperten-
sion, associated with significant endothelial dysfunction.68
Otherwise, a high-fat diet/low-carbohydrate reduced BP in
SHR without producing signs of IR or altering insulin-medi-
ated signaling in the heart, skeletal muscle, or vasculature.1®?
Consistent with this, it has been shown that high-fat/low-car-
bohydrate diets, such as ketogenic diets, lower BP in humans.170
Also, evidence of epidemiological studies and experimental tri-
als in animals and humans shows that high glycemic index
food,'”! sucrose,'”? and fructose!”® may increase BP (reviewed
in DiNicolantonio and Lucan!??).

Hyperinsulinemia not only precedes the development of
obesity but also seems to be its cause: postprandial hyperinsu-
linemia has been shown to be the very first metabolic abnor-
mality in developing obesity, while fasting insulin levels and
insulin sensitivity are still normal.133146-148 Tt is well known
that insulin promotes the transport of nutrients (glucose, fatty
acids, and amino acids) across the cell membrane for oxidation
or storage. Furthermore, hyperinsulinemia downregulates skel-
etal muscle lipoprotein lipase and upregulates lipoprotein lipase
of adipose tissue, reducing the ability of the muscle to absorb
fat and force it into fat cells.!”* Hence, hyperinsulinemia,
together with overnutrition as described above, causes excessive
storage of nutrients and weight gain—as long as insulin sensi-
tivity is preserved. This is supported by a study of Pima Indians
that showed that the most insulin-sensitive individuals had a
greater tendency toward weight gain than the most insulin-
resistant ones.’” Similarly, high rates of weight gain occurred
in individuals who presented with a high acute insulin response
to glucose, and this effect was particularly manifested in insu-
lin-sensitive individuals.'”® Insulin resistance (with compensa-
tory hyperinsulinemia) develops later during the course of
chronic obesity’®176 and limits further weight gain.!46177
Rapid development of IR prior to significant weight gain may

thus account for the well-known existence of IR in lean
individuals.144

High-glycemic/high-insulinogenic diets also influence SNS
activity: among dietary substrates, carbohydrate (starch and
sugars) ingestion significantly increases SNS activity, whereas
protein or fat ingestion has no significant sympathoexcitatory
effect.178-180 Insulin has been shown to be the link between car-
bohydrate intake and SNS activity.*® Hence, diet composition
plays a major role in determining the level of SNS activity.
High-glycemic/high-insulinogenic diets elicit a high insulin
response, with significant activation of the SNS, whereas
LGLIDs are not associated with a significant sympathoexcita-
tory effect.179-181

High-fat diets have been implicated in the development of
BPH (although the number of related reports is rather lim-
ited), possibly involving oxidative stress and inflamma-
tion.'82-187 In a large prospective study, Arnold et al'$? examined
dietary risk factors for the occurrence of BPH in 4770 Prostate
Cancer Prevention Trial placebo-arm participants. The authors
found evidence that high consumption of red meat and a high-
fat diet increased the risk of BPH.

Obviously, the focus of these studies is on the fat content of
diets. However, the typical US “Western-style” diet not only
contains relatively high amounts of fat but also substantial
amounts of refined carbohydrates, especially in the form of
sucrose and fructose, which also applies to diets of animal stud-
ies.134185-187 Ag mentioned earlier, HFS diets cause IR and
hyperinsulinemia in animal models'#>16>188 and were shown to
cause enlargement, increased proliferation, and cellular hyper-
plasia of the prostate gland.*

Although it is quite possible that dietary fat may be involved
in the development of BPH, it should also be considered that
the high sucrose content of such diets could also play an impor-
tant role by producing a hyperinsulinemic condition.

The authors of the aforementioned Prostate Cancer
Prevention Trial'®? conclude that “a dietary pattern high in
vegetables and protein, moderate in alcohol, and low in fat and
red meat may protect men from developing symptomatic
BPH.”This dietary pattern largely corresponds to a Paleolithic
diet, described above.

Age, BPH, and hypertension

Aging as a risk factor of BPH and hypertension is associated
with metabolic changes related to the development of BPH
and hypertension, such as IR and hyperinsulinemia, including
the activation of the IGF system!® and an increased SNS
activity.! All of these metabolic changes can be attributed to
HGHIDs as described above.

Summary and Conclusions
Although hypertension and BPH are considered to be multi-
factorial diseases, involving environment, lifestyle, and genetic
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components, HGIDs may play a crucial role in the pathogen-
esis of both diseases. It is suggested that development of BPH
and hypertension is not an inevitable consequence of aging, but
rather a consequence of diet: due to the dramatic shift from
LGLIDs to HGHIDs only 250years ago, insulin has gained a
dominant position in human metabolism, resulting in disrup-
tion of a finely tuned metabolic balance that has evolved over
millions of years of evolution, with development of hyperinsu-
linemia and IR as well as an abnormally increased activation of
the SNS and the RAAS—metabolic alterations that play a piv-
otal role in the pathomechanism of both disorders. A restric-
tion of high-insulinemic food may help to limit the development
of these diseases.
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