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Abstract

Epidemiological, preclinical and clinical studies es-
tablished the association between high alcohol con-
sumption and hypertension. However the mechanism
through which alcohol raises blood pressure remains
elusive. Several possible mechanisms have been pro-
posed such as an imbalance of the central nervous
system, impairment of the baroreceptors, enhanced
sympathetic activity, stimulation of the renin-angio-
tensin-aldosterone system, increased cortisol levels,
increased vascular reactivity due to increase in intracel-
lular calcium levels, stimulation of the endothelium to
release vasoconstrictors and loss of relaxation due to
inflammation and oxidative injury of the endothelium
leading to inhibition of endothelium-dependent nitric
oxide production. Loss of relaxation due to inflamma-
tion and oxidative injury of the endothelium by angio-
tensin II leading to inhibition of endothelium-dependent
nitric oxide production is the major contributors of the
alcohol-induced hypertension. For the prevention of
alcohol-induced hypertension is to reduce the amount
of alcohol intake. Physical conditioning/exercise training
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is one of the most important strategies to prevent/treat
chronic alcohol-induced hypertension on physiological
basis. The efficacious pharmacologic treatment includes
the angiotensin-converting enzyme (ACE) inhibitors or
angiotensin I type 1 receptor blockers (ARBs) which
have antioxidant activity and calcium channel blockers.
The most effective prevention and treatment of alcohol-
induced hypertension is physical exercise and the use
of ACE inhibitors or ARBs in the clinic

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This is a comprehensive review of the current
mechanisms of alcohol-induced hypertension and strat-
egies for prevention and treatment of alcohol-related
hypertension. This updated review will be imperative to
basic scientist in the area of cardiovascular physiology/
pharmacology and clinicians in the academic, industry
as well as clinics and hospitals.
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INTRODUCTION

Alcohol (ethyl alcohol or ethanol, C:HsOH) from fer-
mented grain, fruit juice and honey have been used for
thousands of years. Fermented beverages existed and al-
coholic drinks used in early Egyptian civilization, in Chi-
na around 7000 BC, in India, between 3000 and 2000 BC,
in Babylon as early as 2700 BC, in Greece, and in South
America', In the sixteenth century, alcohol (called “spit-
its”) was used largely for medicinal purposeslz]. At the
beginning and mid of the eighteenth century, spirits was
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Mechanisms of alcohol-induced hypertension

Alcohol

CNS Baroreceptors SNS Endothelium RASAS

Blood pressure
(hypertension)

used heavily in Britain. The nineteenth century brought
a change in attitudes and the temperance movement be-
gan promoting the moderate use of alcohol. In 1920 the
United States passed a law prohibiting the manufacture,
sale, import and export of intoxicating liquors. Current
research suggests that the moderate consumption of
alcohol is beneficial to the cardiovascular system and low-
ers the blood pressure”. A preclinical study also showed
a decrease in systolic blood pressure in rats fed ethanol
(1.0 g/kg) for 12 wk. Moderate drinking is generally
considered to be: Two drinks a day for men younger than
age 65, one drink a day for men age 65 and older and one
drink a day for women of any age. A drink is 12 ounces
(355 milliliters) of beer, 5 ounces (148 milliliters) of wine
or 1.5 ounces (44 milliliters) of 80-proof distilled spirits.
Low to moderate drinking has been shown to reduce the
incidence of coronary heart disease”” and to increase
longevity. It has clearly been a major analgesic, and one
widely available to people in pain“’z’ﬂ.

Today, alcoholic beverages are consumed regularly by
most of the human societies in the wotld. However its
abuse is a major public health problem in the world. In
United States alcohol abuse affects mote than 20 million
individuals leading to loss of 100000 lives annuallyls’%.
Chronic high dose ethanol consumption most commonly
causes hepatic, gastrointestinal, nervous and cardiovas-
cular injuries leading to physiological dysfunctions.
A cause and effect relationship between regular alcohol
consumption and blood pressure elevation (hypertension)
was first suggested in 1915 by Lian ez a/'". Recent epi-
demiological and clinical studies have demonstrated that
chronic ethanol consumption (more than three drinks
per day, 30 g ethanol) is associated with an increased
incidence of hypertension and an increased risk of car-
diovascular diseases”"". The magnitude of the increase
in blood pressure in heavy drinkers averages about 5 to
10 mmHg, with systolic increases nearly always greater
than diastolic increases'"”. Similar changes in blood pres-
sure were also reported in preclinical studies!” . In
the Framingham cohort®*" there was an increase of
7 mmHg in mean arterial pressure when heavy alcohol
users were compared with all others. In some epidemio-
logical studies a linear dose-response relationship has
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Figure 1 Mechanisms of alcohol-induced hyper-
tension. CNS: Central nervous system; SNS: Sym-
pathetic nervous system; RASAS: Renin-angiotensin
system and aldosterone system.

Calcium

been established, sometimes starting with a consumption
threshold of 3 drinks per day (30 g of ethanol)®™™. In
others, the relationship has been nonlinear, especially in
women, and some authors have speculated that ingestion
of smaller quantities of alcohol may reduce blood pres-
sureP. Only a few studies have addressed the relation-
ship between alcohol and hypertension in the eldetly, and
most of them have shown a strong association between
hypertension prevalence and alcohol intake™". However
preclinical studies have also shown a linear relationship
between blood pressure and ingestion of alcohol. The
molecular mechanisms and possible mediators through
which alcohol causes vascular injury and raises blood
pressure remain elusive. This review focuses the mecha-
nisms implicated with alcohol-induced hypertension
and the strategies to control, prevent or to treat alcohol-
induced elevation of blood pressure.

MECHANISMS OF ALCOHOL-INDUCED
HYPERTENSION

There are several possible mechanisms through which
alcohol can raise the blood pressure as shown in Figure 1.

Central nervous system in alcohol-induced
hypertension

The World hypertension League speculated that the rela-
tively greater effect alcohol on systolic blood pressure
compared with diastolic blood pressure may indicate an
imbalance between central nervous system factors influ-
encing cardiac output and the peripheral vascular effects
of alcohol™™. There is increasing evidence that alcohol
initiates central as well as peripheral reactions which in a
synergistic manner have a hypertensive action. In addi-
tion, alcohol induces an increased sympathetic outflow,
most probably linked to secretion of corticotropin-
releasing hormone™. Some investigators have suggested
that the association between alcohol and hypertension
is related to the temporal sequence of alcohol use and

2444] - .
blood pressure measurement”**!., Since many community
programs require an overnight or twelve-hour fasting

petiod, alcohol withdrawal, albeit subclinical, may be oc-
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curring. Similarly, patients may abstain or diminish alco-
hol intake before visiting a clinic or physician. Thus, the
observed elevations in blood pressure could be due to ex-
cessive central-nervous-system excitability and adrenergic
discharge associated with the withdrawal period.

Baroreceptors in alcohol-induced hypertension

Alcohol diminishes the baro (presso) reflex by interact-
ing with receptors in the brain stem, i.e. nucleus tractus
solitarii and rostral ventrolateral medulla™™. Other inves-
tigators reported that baroreceptor reflex curves, which
indicate the gain in baroreceptor reflex sensitivity, were
shifted up and reduced slope in ethanol fed rats when
challenged with vasoconstrictors (phenylephrine and
angiotensin II) compared with controls™. This findings
and others"™****"! suggest the impairment of barorecep-
tor control and sympathetic system. A greater decrease in
heart rate in ethanol treated rats compared with control
rats during B-adrenoreceptor blockade with propranolol
indicates that the ethanol treated rats had an increased
sympathetic activity. An increase in sympathetic activ-
ity is consistent with impairment of the baroreceptors
that, when activated, inhibit the sympathetic nervous
system ™. However this mechanism is implicated more
likely in acute alcohol-induced hypertension.

Sympathetic nervous system in alcohol-induced
hypertension

Several studies reported increased sympathetic nervous
system activation and discharge of sympathetic amines
after alcohol consumprjonm’%’wj. Alcohol may cause hy-
pertension by affecting the autonomic nervous system[SUJ
However, alterations in the sympatho-adrenal function
that occur during ageing may cause older people to have
a different reaction to factors triggering their autonomic
system than do younger individuals”'. The increased
sympathetic outflow is expected not only to induce adz-
enoreceptor-mediated reactions (vasoconstriction, heart
rate increase) but to stimulate oxidation reactions™™. Di-
rect recordings of sympathetic-nerve activity suggest that
short-term alcohol ingestion in humans and both short
and long-term administration of ethanol in rats stimu-
lates sympathetic-nerve discharge!**". Moreover, in
rats the alcohol-induced increases in blood pressure and
sympathetic activity is centrally mediated”. Tt is possible
that alcohol may stimulate adrenals to release adrenaline,
resulting in increased heart rate cardiac output and sys-
tolic blood pressure™. Randin ez 2/ have also reported
that alcohol induces hypertension in rats by sympathetic
activation that appears to be centrally mediated. This
mechanism is also likely being implicated in alcohol-
induced hypertension.

Renin-angiotensin-aldosterone system in
alcohol-induced hypertension

The serum levels of vasoactive substances such as renin-
aldosterone have been reported to be affected by alcohol
ingestion n vivo or ethanol in vitrd®"™. Antihypertensive
drugs are shown to offer protection against alcohol
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induced responses in cultured human endothelial cells
suggesting the possible involvement of renin-angiotensin
system (RAS)™. Tt has been reported that a significant
increase in plasma renin activity in patients consuming
heavy alcohol compared to mild or moderate alcohol

55,57,58
B339 However other reports showed no

consumption
significant in plasma renin activity after alcohol consump-
tion™”. Other studies reported an expansion of the ex-
tracellular fluid after alcohol consumption which has been
shown to elevate the systolic blood pressure in rats ™!,
Chan e a/™ have proposed that expansion of the extra-
cellular fluid is the result of elevated plasma vasopres-
sin levels and plasma renin activity, indicating increased
sympathetic stimulation. Recent studies have shown a
significant increased in blood and aortic angiotensin 11
levels after alcohol ingestion in rats ™. Okuno e a/*"
have reported prolonged elevation of serum angiotensin
converting enzyme (ACE) activity in alcoholics suggests
that angiotensin 1l levels are elevated due to activation of
ACE activity. Alcohol ingestion in dogs caused sustained
RAS activation with progressive increases in plasma lev-
els of Angiotensin II, renin activity, left ventricular ACE
enzyme activity, and left ventricular myocyte Ang II AT1
receptor expression™. This mechanism is more likely im-
plicated in alcohol-induced hypertension.

Cortisol in alcohol-induced hypertension

Certain studies have implicated the role of cortisol in
alcohol-induced rise in blood pressure[“’és]. Potter et al™
have reported a significant rise in plasma cortisol levels
following alcohol consumption and a drop in plasma
cortisol levels when alcohol intake was discontinued.
Increased cortisol levels in regular alcohol drinkers may
be due to direct stimulation of adrenocorticotropin
hormone or potentiation of corticotropin releasing hor-
mones by arginine Vasopressin[(m. The effect of blood
pressure may be due to the mineralocorticoid activity
of cortisol or catecholamine hypersensitivity[ﬁs]. Alco-
hol stimulates the secretion of corticotrophin releasing
hormone in rats”"" leading to stimulation of cortisol
i sympathetic stimulation and hypertension in
rats. However this mechanism is implicated more likely in
acute alcohol-induced hypertension.

secretion

Increased intracellular calcium and vascular reactivity in
alcohol-induced hypertension

Rats treated with ethanol showed constriction of blood
vessels”™ due to greater shifts in the binding of the
calcium ion (Ca”) in arterial and arteriolar smooth
muscle cells causes increased sensitivity to endogenous
vasoconstrictors. This finding is consistent with other
reports showing the shifts of the extracellular Ca”" to
intracellular space increase the vascular sensitivity to
vasoconstrictor norepinephrinem’m. It is proposed that
alcohol increases intracellular Ca®* by (1) direct upregu-
lation of voltage-gated Ca”" channels; (2) inhibition of
Ca’"-adenosine triphosphatase (Ca™-ATPase) that ex-
trudes Ca”* from the cells; and (3) magnesium ion (1\/[g2+)
depletion that inhibits the sodium ion (Na')-potassium
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Prevention and treatment of alcohol-induced hypertension

Alcohol (hypertension)

.

Physical conditioning ACEi/ARBs
Exercise training

Reduction
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Figure 2 Prevention and treatment of alcohol-induced hypertension. ACEi/
ARBs: Angiotensin converting enzyme inhibitor/Angiotensin receptor blockers;
CCB: Calcium channel blockers.

ion (K") pump (Na'/K"-ATPase), causing a build up
of intracellular Na' . This reaction in turn inhibits the
Na'/ Ca* exchanger, thereby increasing the intracellular
calcium ion®"*""*"™, Chronic alcohol ingestion has been
reported to induce a deficiency of blood and intracellular
magnesium, which influences cellular Ca”* homeostasis
through attenuation of plasmalemmal ATPase activity' "
Vasdev ¢ al™ have shown that increases in cytosolic free
calcium and calcium uptake are associated with ethanol-
induced hypertension in rats. Intra-arterial infusion of
ethanol has been shown to reduce hand and forearm
blood flow in humans. This effect could be the result
of a direct vasoconstriction or of aloss of endothelium
dependent vasorelaxation'”. However earlier studies
in rats demonstrated no significant response of alpha-
adrenergic receptor-mediated constriction of aorta after
chronic ethanol ingestion in rats™*™ On the other
hand, the endothelium-dependent relaxation elicited by
acetylcholine Was diminished in chronic alcohol-induced

hypertension'”. Our eatlier study also demonstrated the
role of endothelium-independent responses in the aorta
of chronic alcohol treated hypertensive rats'”*". Incon-
sistencies among several reports render this mechanism
of alcohol-induced hypertension less implicated.

Endothelium and oxidative stress in alcohol-induced
hypertension

Imbalance of specific endogenous vasoconstrictor such
as angiotensin I, endothelin-1 and nor-epinephrine and
vasodilator nitric oxide (NO) may also play an important
role in alcohol-induced hypertension. Alcohol stimu-
lates the release of endothelin 1 and 2 from vascular
endothelium in a dose dependent manner™". Alcohol
also increases the angiotensin II levels in the blood and
vessels. Endothelin 1 and 2 as well as angiotensin [l
are known to be potent vasoconstrictors of the blood
vessels'*!. Angiotensin Il stimulates superoxide pro-
duction via AT receptor, by activating NADPH oxidase
in the vascular wall®*’, Superoxide productions through
NADPH oxidase activation (pZZp expression) has been
demonstrated in rats made hypertensive with angioten-
sin 1 infusion™. Chronic ethanol ingestion induces
hypertension which is correlated with elevated tissue
angiotensin Il levels, and activation of NADPH oxidase
activity causing endothelial injury in rats™"™ Tt is pos-
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sible that alcohol ingestion raises the blood pressure by
decreasing the vasodilators such as NO in the vascular
endothelium either due to inhibition of endothelial nitric
oxide synthase (eNOS) or inflammatory/oxidative injuty
to the endothelium. Earlier studies have also shown that
chronic ethanol consumption either interferes with NO
production or release of NO from endothelial cells™**7,
The diminished NO bioavailability may either be related
to reaction with superoxide anion to form peroxynitrite
radicals™ or oxidative inactivation/uncoupling of eNOS
by ethanol-induced free radicals®™™”". The production
of NO in the endothelium is critically dependent on the
function of eNOS which is regulated by vascular endo-
thelial growth factor”. Alcohol inhibits the enzyme
that converts arginine into NO™ as well as eNOS pro-
tein expressmn | In the endothelium, depletion of NO
production or NO reaction with superoxide anion to
form toxic peroxynitrite radical which causes endothelial
injury, impairment and hypertension in alcohol treated
rats [20-22,62,80,94]
ethanol ingestion induces hypertension which was related
to increased aortic inflammation, elevated angiotensin II
levels, induction of NADPH oxidase causing endothelial
injury, depletion of antioxidants, down-regulation of
endothelial NO generating system and impaired vascular
relaxation in rats'”"”?***). This mechanism is most likely
implicated in chronic alcohol-induced hypertension.

. Recent studies have shown that chronic

PREVENTION AND TREATMENT OF
ALCOHOL-INDUCED HYPERTENSION

There are few strategies for the control, prevention and
treatment of alcohol-induced hypertension as shown in
Figure 2.

Studies have shown that a reduction in alcohol intake
is effective in lowering the blood pressure both in hyper-
tensives and normotensives and may help to prevent the
development of hypertension" """, Heavy drinkers
who cut back to moderate drinking can lower their systol-
ic blood pressure by 2 to 4 mm of mercury (mm Hg) and
their diastolic blood pressure by 1 to 2 mmHg. Heavy
drinkers who want to lower blood pressure should slowly
reduce how much they drink over one to two weeks.

Another non-pharmacological prevention and treat-
ment of alcohol-induced hypertension is physical condi-
tioning or exercise training. There is a physiological basis
for effect of physical conditioning on chronic alcohol-
induced hypertension in a rat model. Exercise increases
the utilization of oxygen in the body and up-regulate
the antioxidant defense system in the cardiovascular
systemmm]. Exercise training also generates NO in the
cardiovascular system by induction of nitric oxide syn-
thase!"””””"""! Recent studies have shown the beneficial
role of physical training in the control of blood pressure
in humans”"”*'""'” and experimental animals”?" "1,
Physical inactivity and overweight trigger hyperten-
sion""""" whereas; regular physical activity has been
shown to decrease the BP and body weight!"*""”. Stud-

May 26,2014 | Volume 6 | Issue5 |



ies have shown that physical conditioning is beneficial
in lowering the BP through suppression of weight gain
in chronic ethanol treated hypertensive rats"”". Physi-
cal conditioning attenuates the chronic ethanol-induced
hypertension by augmenting the NO bioavailability and

. > . 19,79,108
reducing the oxidative stress response in rats! 1.

PHARMACOLOGICAL TREATMENT OF
ALCOHOL-INDUCED HYPERTENSION

There are no definite clinical data available on the efficacy

of specific drugs in the treatment of alcohol-induced
hypertension. Randin e# al™ have reported that dexa-
methasone (2 mg per day) in human suppresses the acute
alcohol-induced hypertension. It is suggested that ACE
inhibitors/angiotensin Il receptor type 1 (AT1) block-
ers, because of their ability to increase the cardiac output
in patients with alcohol-induced cardiomyopathy will
be useful in the treatment of alcohol-induced hyperten-
sion. Cheng ¢ 4l have shown that angiotensin II type 1
receptor blockade prevents alcoholic cardiomyopathy in
dogs. The calcium channel blockers, because of the prob-
ability of the involvement of calcium in the development
of alcohol-induced hypertension, may also likely be the
drug of choice for the treatment of alcohol-induced hy-
pertension.
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