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The

link between alcohol and hypertension is well established, yet the mechanism through
which alcohol raises blood pressure remains elusive. Possible mechanisms include an
imbalance of the central nervous system, impairment of the baroreceptors, an increase of sympathetic activity, stimulation of the renin-angiotensin-aldosterone system, an increase in cortisol levels, an increase of intracellular calcium levels with a subsequent
increase in vascular reactivity, stimulation of the endothelium to release endothelin or inhibition
of endothelium-dependent nitric oxide production, and chronic subclinical withdrawal. For control of hypertension, cessation or at least reduction of alcohol intake is the first step. Pharmacologic treatment should be withheld until after 2 to 4 weeks of abstinence from alcohol. Alcoholism
can result in autonomic neuropathy and cardiomyopathy that can lead to a fall in blood pressure.
We believe that angiotensin-converting enzyme inhibitors and calcium channel blockers may be
the most appropriate pharmacologic treatment.
(Arch Fam Med. 1994;3:150-154)
Americans consume over 25 billion L (6.6

billion gal) of alcoholic beverages each year
with an adult consumption of nearly 175
L (46 gal) per capita.1
Alcoholic beverages have the un¬
usual distinction of being recognized as
a food as well as a potent drug. Due to
their high energy content, they must be
considered a food.2 Due to their physi¬
ologic and toxic effects, they must also
be considered a drug.3 Furthermore,
consumption of alcoholic beverages is
known to cause a large number of
health-related problems, including hy¬

pertension.4

An examination of the mechanisms
through which alcohol raises blood pres¬
sure, resulting in hypertension, is impor¬
tant because it is estimated that alcohol is
responsible for 5% to 7% of cases of es¬

sential hypertension and because compli¬
ance with restriction of alcohol intake in
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hypertensives is reported to be less than
30% at 3 years.5'7
In an effort to evaluate the mecha¬
nisms through which alcohol might in¬

duce hypertension, we conducted a search
of world medical literature in English pub¬
lished in the past 10 years using the da¬
tabase of the National Library of Medi¬
cine, Bethesda, Md. In an attempt to
provide a complete presentation of pro¬
posed mechanisms, references made in the
literature to pertinent articles published
before 1983 were also reviewed.
It is not clear from the literature
whether gender and race affect the devel¬
opment of alcohol-induced hypertension.
ORIGIN OF ALCOHOLIC
BEVERAGES

Alcoholic beverages are fermented or dis¬
tilled chiefly from barley, corn, rye, grapes,
or other fruits. They range in ethyl alco¬
hol (ethanol, CH,CH2OH) content from
2% to usually no more than 50%
(Table 1 ).8 Customarily, the term proof

'

is used to denote the alcohol

con¬

of distilled alcoholic bever¬
ages; it is double the percentage of
alcohol content.
tent

ALCOHOL AND
BLOOD PRESSURE

Alcohol increases blood pressure in
normotensives as well as hyperten¬
sives.4 Many studies establish chronic
consumption of three standard
drinks (8 to 10 g of alcohol per drink)
per day as the threshold for raising
blood pressure.9 This level is con¬
sistent in most reports. Below this
threshold, results have been less con¬
sistent. However, the World Hyper¬
tension League10 cites the Kaiser Per¬
manente Health Screening Survey,11
which states that the systolic blood
pressure shows an average increase
of 1 mm Hg per standard drink per
day. Diastolic blood pressure shows
a somewhat smaller increase.
Most studies report a linear re¬
lationship between blood pressure
and consumption of alcohol.10·12
However, some studies have reportedj- and U-shaped curves111314
wherein the blood pressure is higher
among abstainers. This finding is
most likely due to inclusion of heavy
drinkers and former heavy drinkers
as teetotalers and/or inadequate con¬
trols for obesity. The majority of
studies reporting J- and U-shaped
curves are from North America.10
MECHANISMS OF
BLOOD PRESSURE RISE

There

are

several

possible

mecha¬

nisms through which alcohol can
raise blood pressure. In a given in¬

dividual, multiple mechanisms may
be responsible for increasing the
blood pressure (Table 2).
ROLE OF THE CENTRAL
NERVOUS SYSTEM AND
BARORECEPTORS
In a consensus statement, the World

Hypertension League10 speculated
that the relatively greater effect of al-

cohol on systolic compared with diastolic blood pressure in younger
subjects may indicate a relative im¬
balance between central nervous sys¬
tem factors influencing cardiac out¬
put and the peripheral vascular
effects of alcohol.
Abdel-Rahman and Wooles13
reported that baroreceptor reflex
curves, which indicate the gain in
baroreceptor reflex sensitivity, were
shifted up and showed a markedly
reduced slope in ethanol-fed rats
when challenged with pressor agents
(phenylephrine hydrochloride and
angiotensin II) compared with con¬
trols. This finding suggests impair¬
ment of baroreceptor control. When
the baroreceptors function nor¬
mally, they would respond to the el¬
evation in blood pressure and at¬
tempt to decrease it. The failure of
the receptors to respond leads to
speculation that alcohol may alter
their sensitivity so that they do not
perceive the rise in blood pressure
or are unable to respond.
A greater decrease in heart rate
in ethanol-fed rats compared with
control rats during blockade of ß-adrenoreceptors with propranolol hy¬
drochloride indicates that the ethanolfed rats had an increased sympathetic

activity. An increase in sympathetic
activity is consistent with impair¬
ment of the baroreceptors that, when
activated, would normally inhibit the

sympathetic nervous system. Al¬
though attenuation of baroreceptor

reflex function may be associated with
ethanol-induced hypertension, a
cause-and-effect relationship has not
been established.

ROLE OF THE SYMPATHETIC
NERVOUS SYSTEM

Studies reporting increased noradrenaline levels and plasma renin
activity (PRA) associated with in¬
creased blood pressure suggest that
the pressor effects of alcohol may be
due partly to stimulation of the sym¬

pathetic nervous system. Using microneurographic methods, Grassi et
al16 directly measured postganglionic efferent sympathetic nerve ac¬
tivity following alcohol consump¬
tion in normotensive men. They
reported that alcohol induced an in¬
creased neural traffic along postganglionic sympathetic nerves to muscle

vessels.16 This increase was accom¬

paniedbysignificant increases in sys¬
tolic and diastolic blood pressures
and may be the result of a central
neural action of alcohol. Further,
sympathetic activity may increase
due to facilitation of ganglionic trans¬
mission. It is also possible that al¬
cohol may depress inhibitory baro¬
receptor afferent activity. The results
of this study indicate that the stimu¬
lation of sympathetic activity is partly
responsible for the increased blood
pressure associated with alcohol con¬
sumption. It is possible that aleohol may stimulate the adrenal me¬
dulla to release increased levels of
adrenaline, resulting in increased
cardiac output, heart rate, and sys¬
tolic blood pressure.17 However, the
plasma epinephrine level does not
consistently rise with alcohol con¬

sumption.18"20

There is evidence that alcohol
its
and metabolite, acetaldehyde, can

'

the release of noradrenaline
from noradrenergic neurons and the
adrenal medulla. This release oc¬
curs approximately 30 minutes after
alcohol administration. However, it
appears that the elevation of blood
pressure precedes the increase of nor¬
adrenaline levels and occurs largely
independent of it.17 Further evi¬
dence indicates that this increase is
likely the result of an inhibition of
noradrenaline catabolism and de¬
creased clearance. Ethanol may in¬
terfere with enzymes involved in the
catabolic metabolism of noradrena¬
line or may inhibit neuronal uptake,
which is another mechanism for the
clearance of norepinephrine.17,21
These results diminish the possibil¬
ity that alcohol-induced hyperten¬
sion is mediated by an increase in
sympathetic activity. Arkwright et al18
and Potter et al19 found no increase
in noradrenaline levels after alcohol
cause

consumption.
rats

Chronic alcohol ingestion in
decreases peripheral sensitivity

of ß-adrenoreceptors to ß-agonists
without decreasing the sensitivity of
a-adrenoreceptors, and the periph¬
eral vasculature continues to con-

strict normally in response to plasma

catecholamines.22'23

Why many studies report con¬
flicting levels of sympathetically me¬
diated compounds (noradrenaline
and plasma renin) after alcohol con¬
is unknown and
further investigation.

sumption
rants

war¬

ROLE OF THE
RENIN-ANGIOTENSINALDOSTERONE SYSTEM

The effect of alcohol on PRA and its
role in hypertension is controver¬
sial. Ibsen et al24 reported a two times
greater concentration of plasma re¬
nin in

patients consuming a large

amount

compared with
low-consumption

of alcohol

patients

in

a

group. However, some of the other
studies report no increase in PRA
with alcohol ingestion,18·25 indicat¬
ing that the increase in PRA may be
due to acute changes in hemodynamics and electrolyte levels.26,27 If
this is true, then PRA is not a likely
contributor to hypertension.
A number of studies report an
expansion of the extracellular fluid
volume in groups consuming aleo-

hol. This expansion has been posi¬
tively associated with increased sys¬
tolic blood pressure in rats.28·29 Chan
and Sutter28 proposed that this ex¬
pansion is the result of elevated
plasma vasopressin levels and PRA,
indicating increased sympathetic
stimulation.
ROLE OF CORTISOL

The effect of alcohol on cortisol in
the development of hypertension is
inconclusive. Some studies impli¬
cate cortisol as a possible factor25 in
alcohol-induced hypertension. Pot¬

ter et al25 reported a significant rise
in plasma cortisol levels following al¬

cohol intake and a significant drop
in plasma cortisol levels when alco¬
hol intake was discontinued. In¬
creased levels of cortisol in persons
who regularly consume alcohol may
be due to direct stimulation of adrenocorticotropin hormones or
potentiation of corticotropin- releas¬
ing hormones by arginine vasopres¬
sin.30 The effect on blood pressure
may be due to the mineralocorticoid activity of cortisol or catechol¬
amine hypersensitivity.31 Other stud¬
ies, however, have reported that
alcohol ingestion does not increase
the resting plasma cortisol concen¬
tration in persons who consume al¬
cohol compared with controls.18,27 It
is possible that once high blood pres¬
sure is established, the initially in¬
creased levels of circulating hor¬
mones are

suppressed.

ROLE OF INCREASED
INTRACELLULAR CALCIUM
AND VASCULAR REACTIVITY

Altura and Altura32 reported that lo¬
cal or systemic administration of 10%
ethanol to rats maintained on 6.8%
ethanol for 6 weeks failed to elicit a
vasodilatory response. Further, when
the same rat was challenged with lo¬
cally administered catecholamines,
the blood vessel showed increased
constriction. More importantly, this
effect was achieved in a dosedependent manner. Greater shifts in

the binding of the calcium ion (Ca2+)
in arterial and arteriolar smooth
muscle cells cause increased sensi¬

tivity of these blood vessels

to en-

dogenously circulating

neurohu¬
moral constrictor substances. This
finding is consistent with other pro¬

posed models, causing speculation

that shifts of extracellular Ca2+ to the
intracellular space increase the vas¬
cular sensitivity to constrictor sub¬
stances, particularly noradrena¬
line,19,29 which may also increase in
concentration after alcohol con¬
sumption. Therefore, if alcohol in¬
creases catecholamine levels and increases vascular sensitivity to
catecholamines, it is not difficult to
see the potential to increase blood
pressure.

Alcohol may increase intracel¬
lular Ca2+ in three ways: (1) by di¬
rect upregulation of voltage-gated
Ca2+ channels; (2) by inhibition of
Ca2+-adenosine triphosphatase that
normally would extrude Ca2+ from
the cell; and (3) by magnesium
depletion that inhibits the sodium
ion (Na+)-potassium ion pump,
causing a build up of Na+ intracellularly. This reaction in turn inhib¬
its the Na+/Ca2+ exchanger, thereby
increasing the concentration of in¬
tracellular Ca2+.19,29,32

converts

arginine

ide35 and that the

into nitric

in nitric oxide may cause al¬
cohol-induced hypertension.36 This
hypothesis needs and warrants fur¬
ther testing.
crease

ROLE OF CHRONIC
SUBCLINICAL WITHDRAWAL
In clinical practice, blood pressure
is likely to be measured when the pa¬
tient is not acutely intoxicated and
therefore in a state of subclinical
withdrawal. Bannan et al31 studied

the effects of withdrawal on alco¬
holic hypertensives. They con¬
cluded that a relationship does ex¬
ist between hypertension and
withdrawal. This effect is unlikely to
be due to a direct pressor effect of
ethanol. More likely it is the result
of sympathetic overactivity or hy-

percortisolemia.
Although alcoholics show a
high prevalence of elevated blood
pressure during withdrawal from al¬

cohol, this same effect is absent in
nonalcoholic hypertensives.25·37 This
finding suggests that the effects of
alcohol that increase the sensitivity
of the system play a role in the in¬
creased blood pressure during with¬
drawal from alcohol.

Despite uncovering
ROLE OF ENDOTHELIUM

Role of Endothelin 1 and 2
Ethanol stimulates the release of en¬
dothelin 1 and 2 from vascular endothelium in a dose-dependent man¬
ner, in vitro, in cultured human
umbilical vein endothelial cells. En¬
dothelin 1 and 2 are known to be po¬
tent vasoconstrictors of blood ves¬
sels.33 It is possible that alcohol raises
blood pressure by increasing the level
of endothelin.

ox¬

subsequent de¬

a

large

number of possible and reasonable
mechanisms for the development of
alcohol-induced hypertension, no
one theory stands out from the rest
as definitive and conclusive. It is,
therefore, reasonable to conclude
that alcohol-induced hypertension
occurs via different mechanisms in
different people. We have summa¬
rized the possible mechanisms by
which alcohol may raise blood pres¬
sure

(Table 2).

Role of Nitric Oxide

TREATMENT OF
HYPERTENSION
IN ALCOHOLICS

Based on what is currently known
about nitric oxide, a potent vasodi¬
lator,34 it is possible to speculate that
alcohol may inhibit the enzyme that

The evidence suggests that a reduc¬
tion in alcohol intake is effective in
lowering blood pressure in both hy¬
pertensives and normotensives and

may help to prevent the development
of hypertension.38'40 Every effort must
be made to have the patient who con¬
sumes three standard drinks or more
per day to stop or at least markedly
reduce alcohol intake. If necessary,
the patient should be referred to an
alcohol treatment program and, if in¬
dicated, disulfiram (Antabuse) can be
used, as it has no interaction with an¬

tihypertensives.

If blood pressure continues to
be elevated, pharmacologie treat¬
ment should be considered. Due to
the diversity of possible mecha¬
nisms and the plethora of available
antihypertensives, it may take some
time to find the most effective drug
for an individual hypertensive.
One should consider two ad¬
ditional points when treating a hy¬
pertensive with a history of chronic
alcohol ingestion. First is the pos¬
sible presence of autonomie neu¬
ropathy, which causes blood pres¬
sure to fall. This decrease is often
offset by the chronic intake of alco¬
hol, which acts to increase blood
pressure, possibly to hypertensive
levels. If the physician recom¬
mends cessation of alcohol intake
and simultaneously prescribes an antihypertensive, the patient may de¬

velop hypotension, causing dizzy
spells and fainting. When pre¬
sented with a new hypertensive with
a history of chronic alcohol intake,
the physician should advise the pa¬
tient to stop drinking and see the pa¬

again in 2 to 4 weeks to see if
this effort alone will normalize blood
pressure. If it does not, then antihy¬
pertensives should be prescribed. In
patients with the potential to de¬
velop orthostatic hypotension, drugs
such as methyldopate hydrochloride and prazosin hydrochloride
should be avoided.
Second is the possible devel¬
opment of late-stage cardiomyopathy, which may also lead to hypo¬
tension necessitating withdrawal of
antihypertensive therapy. On the
other hand, it may be necessary to
tient

prescribe

an angiotensin-converting enzyme inhibitor to augment the

'

cardiac output in the presence of
congestive heart failure.
In the absence of any definitive
data on the efficacy of specific drugs
in the treatment of alcohol-induced
hypertension, it is difficult to choose
one drug over another. However, we
believe that angiotensin-converting
enzyme inhibitors, because of their
ability to augment cardiac output in
patients with cardiomyopathy, and
calcium channel blockers, because of
the high probability of the involve¬
ment of calcium in the development
ofalcohol-induced hypertension, may
be the most appropriate initial drugs
for treatment of hypertension in
alcoholics.
CONCLUSION

Alcohol can cause an elevation in
blood pressure. The exact mecha¬
nism by which alcohol raises blood
pressure is not well understood. In
the treatment of hypertension, the
patient should be asked to discon¬
tinue alcohol consumption or defi¬
nitely reduce it to no more than two
drinks daily. Antihypertensives
should be withheld until after the ef¬
fects of alcohol withdrawal are clear.
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