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Abstract The aim of this review article is to summarize

the current knowledge about mechanisms that connect

blood pressure regulation and hypercholesterolemia, the

mutual interaction between hypertension and hyperc-

holesterolemia, and their influence on atherosclerosis

development. Our research shows that at least one-third of

the population of Western Europe has hypertension and

hypercholesterolemia. Several biohumoral mechanisms

could explain the relationship between hypertension and

hypercholesterolemia and the association between these

risk factors and accelerated atherosclerosis. The most

investigated mechanisms are the renin-angiotensin-aldos-

terone system, oxidative stress, endothelial dysfunction,

and increased production of endothelin-1. Arterial hyper-

tension is frequently observed in combination with hyper-

cholesterolemia, and this is related to accelerated

atherosclerosis. Understanding the mechanisms behind this

relationship could help explain the benefits of therapy that

simultaneously reduce blood pressure and cholesterol

levels.

Key Points

Hypercholesterolemia and hypertension have

synergistic pro-oxidant, pro-inflammatory, and pro-

thrombotic effects.

Renin-angiotensin system inhibitors are highly

effective in the reduction of hypercholesterolemia-

induced atherosclerosis.

Lipid-lowering therapy with statins significantly

decreases blood pressure via a pleiotropic effect.

Combined blood pressure-lowering and lipid-

lowering therapy has an important synergistic effect

on the regulation of blood pressure and cholesterol

levels.

1 Introduction

The term ‘risk factor’ was first introduced into medical

literature during the 1960s [1]. This was followed by the

results of the Framingham study, published in 1961, which

emphasized the relationship between hypertension/hyper-

cholesterolemia and left ventricular hypertrophy and

coronary artery disease [2]. ‘Risk factor’ was defined as a

cause of pathophysiological events that affect prognosis,

the modification of which significantly reduces the risk of

major cardiovascular and cerebrovascular events. Many

major investigations have been conducted to illuminate all

aspects of the adverse effects of risk factors and to find the

best solution to improve them. One particular problem is

that a risk factor is rarely seen in isolation but is usually
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one of a cluster of factors that significantly increase global

cardiovascular risk.

According to the MONICA (Monitoring of Trends and

Determinants in Cardiovascular Disease) study, 35 % of the

population of Western Europe has at least two risk factors

[3]. Results of the Framingham study showed that 78 % of

men and 82 % of women with hypertension incurred at least

one further risk factor [4]. Egan et al. [5] analyzed three

reports (1988–1994, 1999–2004, and 2005–2010) from the

National Health and Nutrition Examination Surveys

(NHANES) and showed that 60.7–64.3 % of hypertensive

patients also had hypercholesterolemia [5]. Williams et al.

[6] reported a somewhat lower prevalence of concomitant

hypertension and hypercholesterolemia (36 %) [6].

NHANES 1988–2010 showed that the prevalence of con-

comitant hypertension and hypercholesterolemia consis-

tently increased: hypertension and increased low-density

lipoprotein (LDL) from 5.0 to 30.7 %, and the frequency of

combined hypertension, LDL, and non–high-density

lipoprotein (HDL) cholesterol increased from 1.8 to 26.9 %

[5]. One of the possible reasons for this relationship is that

hypercholesterolemia, in subjects who are predisposed for

the development of arterial hypertension, increases sensi-

tivity to some of the mechanisms involved in blood pressure

elevation.

The aim of this review article is to summarize the cur-

rent knowledge about mechanisms that connect blood

pressure regulation and hypercholesterolemia, the mutual

interaction between hypertension and hypercholes-

terolemia, and their influence on atherosclerosis

development.

2 Mechanisms of the Causal Relation Between
Hypercholesterolemia and Hypertension

The effect of hypercholesterolemia on blood pressure ele-

vation is based on several mechanisms [7]. One is the

effect of hypercholesterolemia on the reduction of nitric

oxide (NO) bioavailability. Hypercholesterolemic condi-

tions increase LDL oxidation and the formation of free

radicals, which decreases the transcription of endothelial

NO synthase (eNOS). The increase in free radical pro-

duction is mediated by nicotinamide adenine dinucleotide

phosphate (NADPH) oxidase, xanthine oxidase,

cyclooxygenase, and mitochondrial electron transport,

inactivation of the antioxidant system, and uncoupling of

endothelial NO synthase. Plasma cholesterol level signifi-

cantly correlates with the concentration of dimethy-

larginine, which is a natural analog of L-arginine, which

competitively inhibits the production of NO [8].

NO plays an important role in the regulation of vascular

tone, and normal production of NO has an important role in

the homeostasis of the cardiovascular system [9]. Physio-

logically, NO preserves normal function of the vascular

endothelium by inhibiting leukocyte–endothelial cell

adhesion, platelet aggregation, and vascular smooth muscle

cell proliferation and migration. A decrease in NO reduces

vasodilatory capacity and induces hypertension. NO plays

an important role in antagonizing the effects of angiotensin

(Ang)-II, endothelin, and reactive oxygen species. The

balance between NO and Ang II appears to have an

important role in the regulation of the sympathetic tone.

The hypercholesterolemia is also associated with the

increased secretion of vasoconstrictor molecules [7].

Hypercholesterolemia stimulates plasma and tissue activity

of the renin-angiotensin-aldosterone system, and the syn-

thesis of Ang II. In addition, hypercholesterolemia

increases the activity of Ang I. The consequences of

hypercholesterolemia also include increased endothelin-1

level and amplified activity of endothelin-1 receptors [7].

On the other hand, Kurtel et al. [8] found that hyperc-

holesterolemia and hypertension does not show an additive

effect of vasomotor dysfunction compared with either risk

factor alone. These apparently contrasting findings may

result from differences in animal species, vessels, and/or

models of hypertension studied. The other reason is that

hypercholesterolemia and hypertension exert their actions

on endothelial cells via common signaling pathways.

However, the authors revealed that H2O2 and cell-associ-

ated Ang II type 1 receptors (AT1) were related with

endothelium-dependent dilation in the combination of

these risk factors [8].

Decreased NO bioavailability and elevated levels of

vasoactive substance induce endothelial dysfunction, but

also increase salt sensitivity [7]. Furthermore, endothelial

dysfunction is one of the most important mechanisms for

the induction of salt sensitivity. In hypercholesterolemia,

the transfer between lipoprotein and cell membrane affects

the fluidity of the membrane and its transport activity

through ion channels. Thus, cholesterol affects the renal cell

membrane by reducing sodium efflux from the nephron,

with a consequent reduction of the sodium clearance.

An additional mechanism that could contribute to ele-

vated blood pressure in hypercholesterolemia is

microvascular constriction, which represents the conse-

quence of the increased calcium influx into smooth

myofibrils. The increased activity of the L-type calcium

channels in the smooth myofibril membrane, ‘enhanced’

with cholesterol, is the essential modification that could

contribute to hypertension in individuals with hyperc-

holesterolemia [7].

Kalayci et al. [10] investigated the impact of hyperc-

holesterolemia and/or hypertension on endothelial cells of

brain microvessels. They suggested that hypercholes-

terolemia may affect blood–brain barrier integrity by
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increasing the expression of tight junction proteins, leading

to the production of vascular endothelial growth factor via,

at least partly, increased NO, tumor necrosis factor (TNF)-

a, and catalase in hypertensive conditions. These findings

potentially could explain the greater brain damage in

subjects with both risk factors.

The causal relationship between hypercholesterolemia

and hypertension is less important than their combined

effect on atherosclerosis development. These two risk

factors have their own well-known mechanisms in the

development of atherosclerosis. However, synergism in

pro-oxidant, pro-inflammatory, and pro-thrombotic effects

increases the risk of major cardiovascular and cere-

brovascular events.

3 The Mechanisms Responsible
for Atherosclerosis Development in Arterial
Hypertension and Hypercholesterolemia

Numerous studies conducted on animal and human models

and published 2 decades ago investigated the mechanisms

of these two risk factors in the development of endothelial

dysfunction, oxidative stress, and vascular inflammation

[11]. The mechanisms by which hypercholesterolemia

induces endothelial dysfunction partly overlap with the

mechanisms that lead to elevated blood pressure [7]. The

possible mechanisms of interaction between hypertension

and hypercholesterolemia are provided in Table 1.

Recently, Alexandru et al. [12] reported that endothelial

progenitor cells could reduce platelet activation and modify

their pro-inflammatory and anti-thrombogenic properties in

hypertension associated with hypercholesterolemia, which

could potentially explain the mechanism of atherosclerosis

in patients with these two conditions. Rodrigues et al. [13]

suggested that AT1 and reactive oxygen species contribute

to the vascular responses induced by hypercholesterolemia

and hypertension. The authors indicated that the combi-

nation of these risk factors results in a severe but reversible

inflammatory and thrombogenic phenotype in the cerebral

microvasculature [13].

Reduction in the bioavailability of NO has a key role in

the development of endothelial dysfunction, which is why

hypercholesterolemia has an important role [14]. The oxi-

dized LDL particles reduce the expression of eNOS,

whereas the increased level of asymmetrical dimethy-

larginine inhibits eNOS [14–16]. On the other hand,

increased Ang II activity, which correlates closely with

hypertension, is responsible for reducing the NO produc-

tion by reducing the expression of eNOS responsible for

the degradation of NO [17, 18].

Oxidized LDL particles contribute to oxidative stress by

increasing the activity of endothelial oxidase and levels of

superoxide. NO reacts with superoxide and creates

Table 1 Mechanisms of

interaction between

hypertension and

hypercholesterolemia

CRP C reactive protein, ICAM intracellular adhesion molecule, MCP monocyte hemotactic protein, NO

nitric oxide, PAI plasminogen activator inhibitor, TNF tumor necrosis factor
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peroxynitrite, which has pro-oxidant toxic effects on pro-

teins. Ang II is also a powerful oxidant that participates in

the synthesis of superoxide via NADPH oxidase. In addi-

tion, Ang II contributes to the formation of free radicals

via the activation of various intracellular signaling cas-

cades, including the mitogen-activating protein kinase and

the transcription factor nuclear factor (NF)-jB. These

compounds have a cytotoxic effect on endothelial cells by

inducing a reduction of NO production, which could be the

consequence of direct cell damage with consequent

reduced synthesis or increased degradation of NO [14, 19].

Inactivation of NO due to increased superoxide anion is

considered to be the main mechanism in the impairment of

endothelial function in arterial hypertension and

hypercholesterolemia.

Furthermore, Ang II enhanced secretion of monocyte

chemoattractant protein (MCP)-1, which has been

demonstrated to have a role in the development of exper-

imental atherosclerosis [20]. Borghi et al. [21] even found

that the presence of hypercholesterolemia can promote the

development of stable hypertension through its interaction

with the circulating renin–angiotensin system in patients

with high–normal blood pressure [21]. High plasma renin

activity increased the overall rate of hypertension in sub-

jects with normal and increased cholesterol levels. The

interaction between cholesterol and plasma renin activity

was more evident in patients with borderline high choles-

terol levels, with the adjusted relative risk (RR) of new

onset of hypertension 2.17 (95 % confidence interval [CI]

1.2–3.74; p\ 0.05) in high plasma renin activity subjects

and 1.17 (95 % CI 0.67–2.23; p = 0.87) in subjects with

normal plasma renin activity [21].

Under conditions of endothelial dysfunction, vascular

permeability is increased for LDL particles, which are oxi-

dized in the arterial wall where they are taken up by mac-

rophages, which are transformed into the foam cells. In this

process, the renin–angiotensin system is involved by

increasing the activity of Ang-1 receptor, which contributes

to the increase of LDL oxidation [22]. In addition,

atherosclerotic plaque is rich in angiotensin-converting

enzyme [23].

Inflammatory cells in the vascular wall play an important

part in the development of atherothrombosis. This process

involves adhesion and chemotactic molecule activity, and

an important role in this process is assigned to the tran-

scription factor NF-jB that is activated by free radicals and

oxidized LDL, while HDL has an inhibitory effect [24].

Experiments have indicated that Ang II also activates NF-

jB in the culture of monocytes and smooth muscle cells on

one side and induces formation of free radicals on the other

side [25]. Furthermore, Ang II via the Ang-1 receptor

induces the expression of monocyte chemotactic factor,

interleukin-6, and interleukin-8 [18, 20, 25].

Thrombosis is a key component in the development of

major cardiac and cerebral events. Activated tissue factor,

which is the first step in the coagulation cascade, is one of

the components of the lipid core of the atherosclerotic

plaque. Ang II is involved in the induction of tissue factor

expression through protein kinase C. Endogenous fibri-

nolytic system activity is also affected by Ang II, which

reduces plasminogen activator inhibitor (PAI)-1 [16, 18,

20, 26].

Further studies have confirmed that hypertension and

hypercholesterolemia induce structural and functional

changes of various segments of the vascular bed by dif-

ferent mechanisms.

3.1 The Effect of Arterial Hypertension

and Hypercholesterolemia on the Development

of Atherosclerosis in Various Segments

of the Vascular Bed

Research conducted more than 2 decades ago investigated

the influence of age, hypertension, hypercholesterolemia,

and concomitant hypertension and hypercholesterolemia on

structural changes of the aorta and carotid and brachial

arteries [27]. Different ultrasonographic methods revealed

that hypertension was associated with increases in arterial

stiffness, whereas investigators found a higher prevalence

and severity of carotid atherosclerosis in patients with

hypercholesterolemia additional to arterial stiffness

change. Recently, Dobsak et al. [28] reported that the

cardio-ankle vascular index, a sensitive non-invasive

marker of arterial stiffness and atherosclerosis, was sig-

nificantly increased in normotensive patients with hyper-

lipidemia (primary hypercholesterolemia, combined

hyperlipidemia). Furthermore, Kanaki et al. [29] showed

that low-dose atorvastatin treatment improved arterial

stiffness and exerted a reduction on central aortic pressures

in patients with mild hypertension and hypercholes-

terolemia [29]. On the other hand, Saba et al. [30] found

that carotid intimal-medial thickness and stiffness were not

affected by hypercholesterolemia in subjects with uncom-

plicated hypertension. However, these findings could be

explained by the results of a more recently published study

that showed that pulse wave velocity, but not intima-media

thickness, was an early indicator of vascular damage in

hypercholesterolemic subjects [31].

Investigations have also discovered a relationship

between hypertension and increased arterial elasticity

compliance due to an increase of smooth muscle cells in

the vascular wall and reduced collagen [32]. Studies have

shown arterial elasticity to be significantly impacted by

hypertension, dyslipidemia, obesity, and diabetes [33].

Independent research has also shown that vascular com-

pliance in hypercholesterolemia is reduced due to an

406 B. Ivanovic, M. Tadic



increase in collagen and calcium in lipid deposits of the

intima and a reduction of the secretion of endothelial fac-

tors that induce relaxation under the influence of elevated

cholesterol [34].

Based on these findings it would be interesting to

research the impact of the mutual influence of hypertension

and hypercholesterolemia on the structure and function of

distributing arteries. It was found that concomitant influ-

ence of these two risk factors was associated with a

reduction in isobaric compliance and distensibility of the

radial artery due to the influence of hypercholesterolemia

over hypertension [35]. Additionally, Sharman et al. [36]

found that hypercholesterolemia significantly decreased

pulse pressure amplification during exercise.

Versari et al. [37] in experimental research in an ani-

mal model confirmed a different influence of hyperc-

holesterolemia and hypertension on the structural and

functional changes of the carotid arteries. They found that

both risk factors induced an increase in systemic and

vascular oxidative stress, with a consequent reduction in

vasorelaxation. They also found that hypertension was

related to a reduced response on endothelial-independent

stimuli, increased vascular fibrosis, and thickening of the

media. On the other hand, hypercholesterolemia was

associated with vasa vasorum neovascularization, which is

considered to be important in the progression of

atherosclerotic disease. In another study in an animal

model of atherosclerosis, Georgescu et al. [38] showed

that hypertension associated with hypercholesterolemia

induced considerable changes consisting of lipid, colla-

gen, and macrophage accumulation, activation of

endothelial and smooth muscle cells, and synthesis of

hyperplasic-multilayered basal lamina in the thoracic

aortic arch and arteriole regions. Moreover, a consider-

ably altered reactivity of the arterial wall was observed to

be closely correlated with microparticles and endothelial

progenitor cells adherence.

Toikka et al. [39] examined the impact of borderline

hypertension in men on oxidation of LDL, development of

asymptomatic atherosclerosis, and cardiac remodeling.

They found a relationship between prehypertension,

increased LDL oxidation, and asymptomatic atherosclero-

sis. An experimental study explained these findings,

demonstrating that mechanical stretching of the culture of

smooth muscular cells, equivalent to arterial hypertension,

induced significant absorption of oxidized LDL particles in

the arterial wall and increased the oxidation of LDL par-

ticles and increased superoxide production [40]. Based on

the abovementioned studies, it could be hypothesized that

hypertension increases atherogenicity of LDL particles.

Rodriguez-Porcel et al. [41] investigated the effects of

arterial hypertension and/or hypercholesterolemia on

coronary artery endothelial function in an animal model.

They found decreased NO bioavailability in the presence of

isolated hypertension or hypercholesterolemia. However,

the authors also found increased ‘sensitivity’ to NO in

animals with isolated hypercholesterolemia. This was

explained by the increased cyclic guanosine monophos-

phate (cGMP) level, which represents the main second

messenger of NO. Poor response in cGMP production in

arterial hypertension was explained by a direct unfavorable

effect of Ang II on smooth muscle cells. Furthermore, the

authors showed that a combination of hypertension and

hypercholesterolemia impaired endothelial function more

than each of these factors individually. The investigators

demonstrated the vascular damage by studying the

endothelial response to the receptor- and non-receptor-

mediated vasodilatation. The synergism between different

biohumoral factors was responsible for the increased inci-

dence of coronary events in patients with both risk factors.

The same authors investigated whether arterial hyperten-

sion led to exacerbation of myocardial perfusion defects in

hypercholesterolemia [42]. They found that the combined

effect of hypercholesterolemia and hypertension led to a

reduced response to dobutamine as well as altered in vivo

microvascular permeability. These functional changes were

explained by the synergistic unfavorable effect of these two

factors on systemic and myocardial oxidative stress.

In addition to endothelial dysfunction, these two risk

factors are responsible for the remodeling of coronary

vessels in different ways. Herrmann et al. [43] showed that

adventitia remodeling occurs in the early stages of hyper-

cholesterolemia and hypertension, before intima and media

remodeling. The investigators showed that these two fac-

tors affect the arterial wall in significantly different man-

ners. They have shown that hypercholesterolemia increases

the adventitial vasa vasorum density, while hypertension

increases collagen III. The investigation additionally

revealed that hypercholesterolemia is associated with

increased necrotic core volume in coronary artery plaque

[44], which suggests an important role in the development

of complex atherosclerotic plaque.

It is evident that these two risk factors, using different

mechanisms, stimulate multiple changes in the vascular

bed as the result of synergistic or cumulative effects. Some

differences in the aforementioned studies might be the

result of different methodologies and durations of hyperc-

holesterolemia and hypertension.

4 Implications for Drug Treatment

Atherosclerosis is the most important underlying cause of

ischemic cardiac disease. Epidemiological, genetic, and

clinical studies have shown that hypertension and hyperc-

holesterolemia are consistently related to the development
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of atherosclerotic diseases. A large number of clinical trials

have demonstrated that treatment of either hypercholes-

terolemia or hypertension decreased the incidence of car-

diovascular and cerebrovascular events. Given that the

prevalence of these two risk factors is constantly increas-

ing, it is of a great clinical importance to achieve the target

values of blood pressure and cholesterol in primary and

secondary cardiovascular prevention.

4.1 Benefits of Lowering Blood Pressure and Low-

Density Lipoprotein (LDL)-Cholesterol

Investigators agree on the beneficial effect of blood pres-

sure lowering on cardiovascular morbidity and mortality. A

recently published meta-analysis that included 153,825

individuals demonstrated that all outcomes were signifi-

cantly reduced by blood pressure lowering: stroke

(-36 %), heart failure (-43 %), coronary artery disease

(-16 %), cardiovascular mortality (-18 %), and all-cause

mortality (-11 %) [45]. Absolute risk reductions were 17

strokes, 28 cardiovascular events, and eight deaths pre-

vented in every 1000 patients treated for 5 years [45].

Interestingly, the risks for stroke and composite cardio-

vascular events were related to systolic, diastolic and pulse

pressure reductions. An additional meta-analysis of the

same data demonstrated that blood pressure-lowering

treatment has more favorable effects in patients with a

higher cardiovascular risk [46]. However, a higher risk

level was also associated with higher absolute residual risk

[46]. The systematic review that compared renin–an-

giotensin inhibitors as first-line treatment with other first-

line antihypertensive drugs revealed that first-line thiazides

caused less heart failure and stroke than first-line renin–

angiotensin inhibitors [47]. The authors also found a

somewhat lower risk of total cardiovascular events and

stroke seen with renin–angiotensin inhibitors compared

with beta-blockers [47]. They demonstrated that renin–

angiotensin inhibitors had reduced the risk of heart failure

but increased the risk of stroke compared with first-line

calcium channel blockers. The degree of reduction in heart

failure exceeded the increase in stroke. The minor differ-

ences in blood pressure reduction effect achieved by dif-

ferent drug classes did not correlate with the primary

outcomes [47].

Similarly, investigators agree about the positive effect

of lipid lowering, especially LDL cholesterol lowering,

for prevention of vascular events. A recently published

meta-analysis that involved 174,000 subjects demon-

strated that the proportional reductions per 1.0 mmol/l

reduction in LDL cholesterol in major vascular events

were similar overall for women (RR 0.84, 99 % CI

0.78–0.91) and men (RR 0.78, 99 % CI 0.75–0.81), and

also for those women and men at\10 % predicted 5-year

absolute cardiovascular risk [48]. The proportional

reductions in major coronary events, coronary revascu-

larization, and stroke did not differ significantly by sex.

All-cause mortality was also reduced with statin therapy

for both women (RR 0.91, 99 % CI 0.84–0.99) and men

(RR 0.90, 99 % CI 0.86–0.95) [48].

Several trials suggested that combined statin plus renin–

angiotensin inhibitor reduces cardiovascular events more

than does a statin alone and considerably more than renin–

angiotensin inhibition alone [49–52]. This benefit seems to

be related not only to the reduction of blood pressure and

LDL cholesterol, but also to the effects on endothelial

function, vascular inflammation, and the initiation, pro-

gression, and rupture of atheromatous plaques.

4.2 Pleiotropic Effects Not Explained by Simple

Reduction of Blood Pressure and LDL

Cholesterol

The renin–angiotensin–aldosterone system blockers—an-

giotensin-converting enzyme inhibitors and AT1 receptor

blockers—irrespective of blood pressure reduction, signif-

icantly decrease oxidative stress by inhibiting NADPH

oxidase activity [53]. It has been shown that long-term

usage of the renin–angiotensin–aldosterone system block-

ers, in addition to the reduction of blood pressure, also

stops or significantly slows vascular remodeling by

repairing the vasodilatory response to acetylcholine [54,

55]. AT1 receptor blockers could improve endothelial

function in hypercholesterolemia by reducing oxidative

stress [55, 56]. Thus, losartan has been shown to normalize

the production of superoxide, whereas candesartan signif-

icantly improved flow-mediated vasodilation and reduced

plasma levels of oxidant stress and markers of inflamma-

tion and hemostasis independent of blood pressure reduc-

tion [56, 57]. Furthermore, renin–angiotensin inhibitors

improve insulin sensitivity in hypertensive patients and

could also potentially reduce cholesterol level [58, 59].

Statins are known to have pleiotropic effects that go

beyond lowering the cholesterol level [60–63]. They

improve endothelial-dependent vasodilation, increase the

bioavailability of NO, decrease levels of oxidized LDL

cholesterol, reduce levels of endothelin-1, affect the

immunological system, stabilize atherosclerotic plaque,

decrease synthesis of aldosterone, inhibit the proliferation

of vascular smooth muscle cells and platelet aggregation,

and reduce vascular inflammation. Furthermore, statins

reverse the elevated blood pressure response to Ang II

infusion, accompanied by decreased AT1 receptor density

[64, 65].

Investigations have shown that some calcium channel

blockers also lead to the restoration of endothelial dysfunc-

tion. Amlodipine has a very high affinity for the lipid
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membrane and induces electronegativity of the membrane

(protons are given and the peroxidation process is blocked)

that reduces the accumulation of LDL cholesterol and for-

mation of the foam cells [66]. By inhibiting protein kinase C,

amlodipine reduces the adhesion of monocytes to endothelial

cells. Amlodipine causes a dose-dependent increase of NO.

However, the combination of renin–angiotensin blockers

and/or calcium channel blockers with statins is far more

efficient for the prevention of cardiovascular events than the

use of any of these drugs alone [49–52, 59, 67, 68].

Among the beta-blockers, only nebivolol, a third-gen-

eration highly selective beta-1 receptor blocker, also causes

vasodilatation and endothelial protection via interaction

with the endothelial L-arginine-NO pathway [69] and

potentially has a synergistic effect with statins in the pre-

vention of atherosclerosis. However, to our knowledge, no

study has investigated the combined effect of nebivolol and

statins. Benefits and risks of different drug classes in the

treatment of concomitant hypertension and hypercholes-

terolemia are presented in Table 2.

4.3 Future Directions

The great prevalence of coexisting hypertension and

hypercholesterolemia raises the inevitable question about

the use of statins in hypertensive patients in the absence of

hypercholesterolemia and the use of antihypertensives

(primarily renin–angiotensin inhibitors) in normotensive

subjects with hypercholesterolemia. Recently published

guidelines provide the answer to this question [70]. Pri-

mary prevention in non-diabetic patients with hypertension

and normal levels of LDL cholesterol is recommended

when 10-year ASCVD risk (risk of coronary heart disease,

stroke and peripheral arterial disease) is[7.5 % (moderate-

or high-intensity statin therapy) or 5–7.5 % (moderate-in-

tensity therapy) [70]. When 10-year ASCVD risk is\5 %,

statins should be used only in selected individuals (family

history of premature ASCVD, high lifetime ASCVD risk,

abnormal coronary artery calcium score or ankle-brachial

index, or high-sensitivity C-reactive protein [hs-CRP]

C2 mg/l). Any ASCVD risk\5 % should be re-evaluated

after 5–6 years [70]. Given that 10-year and lifetime

ASCVD risks include sex, age, race, smoking status, dia-

betes, hypertension treatment (yes/no), and systolic blood

pressure level, in addition to HDL and total cholesterol, it

is understandable that a hypertensive patient could be a

candidate for statin therapy even with a normal total

cholesterol level. It is much easier to make a decision in

secondary prevention where moderate- or high-intensity

statin therapy is recommended in almost all patients. Fur-

thermore, patients who have already experienced a car-

diovascular event or have cardiovascular disease are also

candidates for renin–angiotensin inhibitors due to their

favorable effect on cardiovascular remodeling. Thus, in

Table 2 Benefits and risks of different drug classes in treatment of concomitant hypertension and hypercholesterolemia

Drug class Benefits Risks

RAAS inhibitors Vasodilatation—; BP

; Oxidative stress

; Inflammation

; Thrombosis factors

; Insulin resistance

Angioedema

Hyperkalemia

Hypotension

Limited usage in renal artery stenosis

Cough (not with AT1 receptor blockers)

Statins ; Total and LDL level

: NO, ; endothelin-1, ; aldosterone

; Oxidized LDL

Stabilize atherosclerotic plaque

; Platelet aggregation

; Vascular inflammation

; Insulin resistance

From benign muscle pain to fulminant myolysis

Hepatic dysfunction

: Blood glucose level

Neuropathy

Calcium channel blockers (amlodipine) ; LDL accumulation

; Foam cells formation

; Monocytes adhesion to endothelial cells

: NO

Swelling of the ankles or feet

Tachycardia

Hypotension

Flushing

Beta-blockers (nebivolol)a : NO

Vasodilatation

Endothelial protection

Bradycardia (uncommon)

Hypotension (rare)

BP blood pressure, LDL low-density lipoprotein, NO nitric oxide, RAAS renin-angiotensin-aldosterone system
a Benefits and risk refer only to nebivolol, not all beta-adrenoceptor blockers
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secondary prevention, the concomitant usage of statins and

renin–angiotensin inhibitors is more the rule than the

exception. However, the adverse effects of the drugs should

be monitored.

Koh et al. [71] recently showed that the combination of

a statin and an AT1 blocker (pravastatin and valsartan) in

normotensive patients with hypercholesterolemia

increased plasma adiponectin, lowered fasting insulin

levels, and improved insulin sensitivity in an additive

manner compared with monotherapy. These findings

imply the benefit of concomitant usage of statin and

renin–angiotensin inhibitor in hyperlipidemic normoten-

sive subjects. However, the official guidelines do not

stress this topic [70], and further large studies are needed

to support this hypothesis.

Future studies should investigate the positive effects of

concomitant usage of statins and highly selective beta-

blockers such as nebivolol, or combinations of other lipid-

lowering drugs (other than statins) and renin–angiotensin

inhibitors, calcium channel blockers, or beta-blockers.

5 The Target Value of Blood Pressure
and Cholesterol in Clinical Practice

The crucial clinical question is ‘how low should we go with

blood pressure and lipid lowering?’ Randomized trials

have shown that intensive blood pressure reduction does

not have advantages over conventional treatment, even in

patients with diabetes, coronary artery disease, stroke, or

renal disease without proteinuria. In the latest European

guidelines and the Eighth Joint National Committee (JNC

8) guidelines, the target blood pressure value for all these

groups is 140/90 mmHg and is even higher in the elderly

[72, 73]. The main problem with intensive blood pressure

reduction is the existence of a J-shape and U-shape rela-

tionship between achieved blood pressure level and car-

diovascular mortality risk [74, 75].

Blood pressure regulation in the elderly presents a par-

ticular problem. That is, the isolated systolic hypertension

is dominant form of hypertension in this population and

insisting on systolic blood pressure lowering could signif-

icantly reduce diastolic blood pressure and induce a

U-shape phenomenon. This is why the latest European

guidelines recommend the maintenance of systolic blood

pressure in the range of 140–150 mmHg in patients aged

[80 years [72]. The same is valid for the JNC 8 in patients

aged C60 years [73].

The ‘lower is better’ rule is more convenient for LDL

cholesterol level, especially in the secondary cardiovascu-

lar prevention. A meta-analysis of data from 170,000 par-

ticipants in 26 randomized trials showed that each

1.0 mmol/l reduction in LDL cholesterol reduces the

annual rate of heart attack, revascularization, and ischemic

stroke for[20 % [76]. The authors claimed that reduction

of LDL cholesterol by 2–3 mmol/l would reduce the risk of

these major vascular events by 40–50 %. The same study

group recently re-analyzed the results of this meta-analysis

and showed that there is no difference in effect of LDL

cholesterol lowering between sexes [77]. The authors also

showed that LDL cholesterol reduction significantly

decreased the risk of these major vascular events even in

normotensive patients (\140/80 mmHg) [76, 77]. In a

meta-analysis Messerli et al. [78] confirmed that lipid-

lowering therapy effectively decreases cardiovascular

morbidity and mortality to the same extent in both hyper-

tensive and non-hypertensive patients.

Clinical trials and meta-analyses have shown the

reduction of cardiovascular risk with blood pressure low-

ering [79–81] or cholesterol lowering [82]. However, the

ASCOT-LLA (Anglo-Scandinavian Cardiac Outcomes

Trial—Lipid-Lowering Arm) trial demonstrated that lipid

lowering together with blood pressure lowering decreases

the incidence of major cardiovascular events more effec-

tively than regulation of hypertension or hypercholes-

terolemia separately [83].

6 The Role of the Polypill in Blood Pressure
and Cholesterol Lowering

The concept of the polypill—a fixed combination of

aspirin, statin, and blood pressure-lowering drug with/

without folic acid—was introduced more than a decade

ago, preferably for use in cardiovascular prevention [84].

The authors calculated the theoretical risk reductions of

ischemic heart disease and stroke using the polypill [84].

The main advantages of the polypill are increased effec-

tiveness, enhanced adherence, and lower cost [67]. How-

ever, the use of the polypill in primary prevention is

controversial. TIPS (The Indian Polycap Study) showed

that the polypill is non-inferior in comparison with its

individual components in blood pressure lowering [85]. On

the other hand, the polypill did not reduce LDL levels as

much as a statin given alone. Malekzadeh [86] demon-

strated modest reductions in LDL cholesterol and blood

pressure, which reduced the RR, but still less than pre-

dicted [86]. Unexpectedly, the authors found a relatively

high non-adherence rate of 30–35 %. Nevertheless, the

benefit of polypill usage in primary prevention is still in the

theoretical domain, and additional follow-up analysis with

a large number of participants is needed to be able to reach

a final conclusion.

The usage of the polypill in secondary cardiovascular

prevention is supported by more evidence. Lafeber et al.

[87] showed that the polypill is associated with a lower risk
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of vascular events and total mortality in patients with

coronary artery disease. The recently published UMPIRE

(Use of a Multidrug Pill in Reducing Cardiovascular

Events) trial [88] showed that adherence to medication in

the polypill group was 85 % compared with 60 % in the

standard-care group. Other authors obtained similar results

[89, 90]. Furthermore, blood pressure and LDL cholesterol

levels were reduced with the polypill strategy to a greater

extent than with standard care, but the differences were

modest [88].

7 Conclusion

The benefits of treatment with statins and renin–an-

giotensin inhibitors is not only based on hemodynamic

improvement and reduction in cholesterol level but also on

their pleotropic action and possible mutual interaction.

Statins may contribute to the significant reduction of blood

pressure, whereas antihypertensives reduce the athero-

genicity of hypercholesterolemia. The mechanisms of these

effects are still unknown, with no evidence that cholesterol

has a direct influence on any of the proteins in the angio-

tensin peptide biosynthesis pathway. Further investigation

is necessary to evaluate the possible favorable effects of

concomitant usage of statins and highly selective beta-

blockers, or other lipid-lowering drugs and antihyperten-

sive drugs.
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15. Böger RH, Bode-Böger SM, Szuba A, et al. Asymetric

Dimethylarginine (ADMA): A novel risk factor for endothelial

dysfunction—its role in hypercholesterolemia. Circulation. 1998;

98:1842–7.
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