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Abstract Smoking and arterial hypertension are highly prevalent at the community
level. While the coexistence of both risk factors is less frequent, the potentiation
of cardiovascular risk when both are present makes the association highly relevant
in terms of a preventive approach.

There are many interrelationships between smoking and high blood pressure
at the clinical, epidemiological and pathophysiological levels. Those demonstra-
ble links compel us to review the usual explanation of the influence of smoking
on blood pressure.

Pharmacological treatment of the hypertensive patient who smokes must be
adapted to the patient’s risk profile, using the most efficacious antihypertensive
agents. With the exception of nonselective β-blockers, all the available anti-
hypertensive drugs can be prescribed.

Minimal intervention and nicotine replacement constitute the most well tested
interventions in helping smokers to quit their habit. Nicotine replacement is cur-
rently a well tolerated intervention, even in patients with cardiovascular disease.
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Hypertension is a leading cardiovascular risk
factor; the disease causes an estimated 2 918 000
annual deaths worldwide, which equates to 5.8%
of total deaths, and represents about 3% of global
health expenditure in many countries.[1]

Cigarette smoking is the main cause of avoid-
able death, being responsible for 2 million annual
deaths in developed countries, most of them from
cardiovascular diseases.[3] Thus, cigarette consump-
tion is also a principal cardiovascular risk factor,
and is the most important and strongest inde-
pendent risk factor for ischaemic heart disease in
Western countries.[4]

When hypertension and smoking coexist in the
same individual, the final cardiovascular risk rises
dramatically. In addition, several relationships ex-
ist between some tobacco smoke compounds and
blood pressure. All of this supports the assertion by
Black[5] that ‘although cigarette smoking may not
be associated with the development of essential hy-
pertension, it has a significant impact on prognosis
for hypertensives, on the appropriate choice of
therapy, and on the development of several unusual
but important consequences and secondary forms
of hypertension’.

1. Links Between Smoking
and High Blood Pressure

The existing links between smoking and high
blood pressure can be analysed from 3 different
points of view: epidemiological, clinical and patho-
physiological.

1.1 Epidemiological Data

Both smoking and high blood pressure are
highly prevalent in developed countries and even
in developing ones. Hypertension (defined as a
blood pressure of 140/90mm Hg or more) accounts
for more than 30% of the adult population,[1] and
more than 35% of people aged 18 years and older
smoke cigarettes regularly.[2] The prevalence of the
association between smoking and hypertension by
age group in Catalonia, Spain in 1994 is shown in
figure 1.

In contrast to other cardiovascular risk factors

which are much more prevalent in hypertensive in-
dividuals, the prevalence of smoking in the hyper-
tensive population is similar to that in the general
population, and lower than in normotensive indi-
viduals. In the Framingham Study 38% of hyper-
tensive men and 34.4% of hypertensive women
were smokers.[6] In the Multiple Risk Factor Inter-
vention Trial (MRFIT) cohort the proportion of
smokers was 35%;[7] in the hypertensive popula-
tion in Spain this figure has been reported to be
22.4%.[8] This is probably due to the higher propor-
tion in Spain of women among people older than
40 years with hypertension and to the great number
of former smokers among hypertensive men.

Less attention has been given to the prevalence
of the association of both smoking and hyperten-
sion at the population level. When analysing that
association in a cross-sectional study carried out in
Catalonia, we found that 14% of men and 3.5% of
women were smokers and were also hypertensive.

Although some epidemiological studies have
shown a positive association between smoking and
blood pressure, particularly systolic blood pres-
sure,[9,10] the most accepted view is that smokers
have lower blood pressure than nonsmokers.[11,12]

The reason is not clear but many authors suggest
that the lower bodyweight of smokers may explain
this inverse association between smoking and
blood pressure.[13,14] Another explanation could be
an adaptation or rebound effect[15] by which smok-
ers might have blood pressure levels slightly lower
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Fig. 1.  The prevalence of the hypertension among smokers by
age group in Catalonia, Spain, 1994.
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than nonsmokers in smoking-free intervals. If, in
epidemiological studies, blood pressure was mea-
sured in these intervals, the small difference in
blood pressure between smokers and nonsmokers
could be accounted for.[16]

A recent study demonstrates that smoking, to-
gether with several factors such as systolic blood
pressure at rest, systolic blood pressure rise after
600 kpm/m, physical resistance, age, body mass
index and forced expiratory volume in 1 second
(FEV1), is a consistent prognostic factor for
changes in blood pressure over a 7-year period in
middle-aged men.[17] Although systolic blood pres-
sure during physical exercise was not modified
during that period in nonsmokers, it increased by
a significant 6.5mm Hg in smokers.

Even though smokers do not have a higher
prevalence of hypertension than nonsmokers,
individuals with hypertension have higher rates of
cardiovascular complications. Indeed, it is broadly
accepted that the coexistence of smoking and
hypertension dramatically increases cardiovascu-
lar risk, either for coronary heart disease or for
stroke or peripheral artery disease. The associated
coronary risk of smoking in hypertensive people is
dose-dependent (fig. 2), ranging from 1.0 for non-
smokers to 3.5 for smokers of 15 to 24 cigarettes
per day in the Nurse’s Health Study.[18]

In the large trials reporting on the benefits of
treating hypertension, hypertensive patients who
smoke have been less likely to benefit from anti-
hypertensive therapy in terms of cardiovascular
mortality and morbidity reduction, particularly
when receiving β-blockers.[19-22] In addition, the
reduction in blood pressure achieved in hyperten-
sive individuals receiving β-blockers has been
smaller when they smoke.[23] In our study men-
tioned above, patients whose hypertension was
controlled (blood pressure values below 160/95
mm Hg) [16.6% of patients] were more likely to be
nonsmokers or former smokers than hypertensive
patients who were not under control (27.5% of pa-
tients; p < 0.02).

Following on from the increased difficulties
in controlling hypertension in individuals who

smoke, hypertensive individuals who smoke have
shown a substantial reduction in life expectancy in
comparison with treated hypertensive patients who
do not smoke.[24]

1.2 Data from Clinical Studies

There are conflicting data on whether individual
smokers have higher blood pressure than non-
smokers at the clinical level. Influenced by the epi-
demiological studies mentioned in section 1.1, the
traditional assumption has been that smokers show
lower blood pressure figures than nonsmokers.
However, several studies have demonstrated the
opposite.

Using noninvasive 24-hour blood pressure
monitoring techniques, several studies have clear-
ly shown that smokers consistently present higher
blood pressure readings over time than nonsmok-
ers: differences have ranged from 3 to 7mm Hg for
systolic blood pressure and from 0 to 6.4mm Hg
for diastolic blood pressure.[25-28] Daytime blood
pressure variability is greater in smokers than in
control patients.[29] Additionally, it has been found
that smokers have a diminished ‘white coat effect’,
probably as a consequence of their persistently
augmented sympathetic tone.[30]

On the other hand, some cases of refractory
hypertension can be reasonably attributed to the
persistence of smoking in treated hypertensive pa-
tients, particularly among heavy smokers (more
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Fig. 2.  Influence of cigarette consumption on coronary heart
disease risk, by hypertension status (from Hansen et al.,[18] with
permission). CHD = coronary heart disease.
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than 25 to 30 cigarettes per day).[31,32] Similarly,
McNagny et al.[33] have found that in African-
Americans, current cigarette smoking is strongly as-
sociated with severe uncontrolled hypertension in
patients who are compliant with antihypertensive
medication.

Some years ago, Freestone and Ramsay[34] proved
the effect on blood pressure of cigarettes alone or
in combination with caffeine. In the first case,
blood pressure elevation persisted for 15 minutes,
while in the second that elevation was maintained
for up to 2 hours. In the same way, more recently
it has been reported that daytime systolic blood
pressure in mildly hypertensive smokers who drink
4 or more cups of coffee per day is approximately
6mm Hg higher than in mildly hypertensive non-
smokers who abstain from coffee.[35]

Moreover, some preliminary studies suggest
that the main proportion of dyslipidaemias among
drug-treated hypertensive patients could be attrib-
uted to the deleterious effects of tobacco com-
pounds on the lipid profile, particularly when glu-
cose tolerance is impaired.[36] Furthermore, it is
very well known that the lipid profile of smokers
is characterised by a 3% elevation of total choles-
terol, a 1.7% increase in the low density lipoprotein
(LDL) cholesterol fraction, a 10.4% decrease in the
very low density lipoprotein (VLDL) cholesterol
fraction, a 5.7% diminution in the high density li-
poprotein (HDL) cholesterol fraction and a 4.2%
decrease in the level of apolipoprotein A1.[37]

Still more relevant is the association found be-
tween smoking and 2 forms of hypertension. At
least 4 case-control studies have described a signif-
icantly increased risk for smokers of developing
malignant hypertension,[38-41] and another 4 studies
have consistently demonstrated smokers’ higher
risk of presenting with renovascular hypertension
secondary either to atherosclerosis or to fibromus-
cular dysplasia.[42-45]

The most exceptional smoking-related blood
pressure elevation is the paroxysmal crisis of phaeo-
chromocytoma induced by cigarette smoking or us-
ing tobacco snuff.[46,47]

1.2.1 The Role of Cadmium
A very interesting finding is the association be-

tween cadmium and blood pressure. This relation-
ship is controversial but there is some evidence to
suggest that it could be an underlying mechanism
explaining the harmful effect of smoking on blood
pressure. In effect, the cadmium concentration in
the kidneys of smokers is double that of nonsmok-
ers, and the urinary excretion of this trace element
is 40 to 50 times higher in smokers than in non-
smokers.[48] Certain studies have found a positive
correlation between the prevalence of hypertension
and urinary cadmium excretion.[49]

One of the most important sources of cadmium
accumulation in the human body is tobacco. Since
the content of cadmium in tobacco smoke is about
0.1 to 0.2 µg per cigarette, it has been estimated
that a person who smokes 30 cigarettes a day, after
a 40-year period of smoking, can accumulate 13 to
52mg of cadmium.[50]

The mechanisms through which cadmium can
cause hypertension are not clear but it has been
suggested that they could lie in the elevation of
plasma renin activity, impairment of catechola-
mine metabolism, direct vasoconstrictor effects or
a renal antinatriuretic action (proximal tubule).[51]

Nevertheless, the available data suggest that more
studies are needed to elucidate the possible role of
cadmium in the chronic elevation of blood pressure
in humans.[52]

1.3 Pathophysiological Effects Due To
Tobacco Smoke Components

More than 4000 compounds have been identi-
fied in tobacco smoke, many of them being respon-
sible for its harmful effects on human health.[53]

With regard to the cardiovascular consequences of
smoking, nicotine and carbon monoxide are the
two most relevant detrimental elements of smoke,
although a third element, cadmium, shows an intri-
guing connection with blood pressure elevation as
discussed in section 1.2.1.

1.3.1 Nicotine
For decades we have known the short and long

term effects of nicotine administration on the
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cardiovascular system. Those classical effects
can be summarised as follows:[54] a transitory rise
of blood pressure and heart rate occurs, accompa-
nied by an increase in the cardiac ejection fraction
and a strong vasoconstriction which results in a
dramatic drop of cutaneous temperature of the fin-
gers and toes and a significant reduction of blood
flow in the legs. These effects are directly related
to the release of noradrenaline (norepinephrine)
and the significant increase in plasma noradrena-
line and adrenaline (epinephrine) levels. Further-
more, cardiac output and myocardial contractility
also rise and the ventricular fibrillation threshold
decreases. Increased plasma levels of growth hor-
mone, corticotrophin (adrenocorticotropic hormone;
ACTH), cortisol and vasopressin, but not plasma
renin activity, have been described. Nicotine re-
duces the production of prostaglandin I2 (PGI2) by
blood vessels, increases the urinary elimination of
thromboxane B2 and also increases platelet aggre-
gation and thrombus formation.

Coronary blood flow and coronary reserve fall
under the effects of nicotine. It has been suggested
that these effects could be mediated by α-adreno-
ceptor stimulation, responsible for coronary vaso-
constriction.[55] A marked reduction in cerebral
blood flow, which may be of particular interest in
hypertension, has also been described.[56]

1.3.2 Carbon Monoxide
Carbon monoxide, through its strong affinity

for haemoglobin, reduces the oxygen-carrying ca-
pacity of the blood and causes an impairment of
tissue oxygenation which entails structural abnor-
malities of the myocardium, a negative inotropic
effect, a decrease in the fibrillation threshold and
an increase in platelet aggregation and adhesive-
ness.[54]

1.3.3 Cadmium
As described in section 1.2.1, cadmium is an

important trace element that has neeb demon-
strated to produce clinically relevant blood pres-
sure elevations. In the laboratory, cadmium has
also shown a capacity to produce blood pressure
elevations in rats (average elevation of systolic
blood pressure of 20mm Hg after an 18-month pe-

riod of high cadmium intake).[57] The accumula-
tion of the metal in the kidney and the liver can be
reversed by means of chelation agents, after which
rats have become normotensive again.[58]

1.3.4 Other Effects
Tobacco smoke as a whole causes a marked in-

crease in plasma fibrinogen levels, an increase
which is dose-dependent. It has been estimated that
in Western populations the 2 major determinants of
plasma fibrinogen levels are age and smoking, the
levels in current smokers being about 0.3 g/L
higher than in nonsmokers.[59] Estimates to date
suggest that 25 to 50% of the relation of cigarette
smoking to the occurrence of atherosclerotic car-
diovascular disease is attributable to the effect of
smoking on fibrinogen levels, which in turn en-
hances thrombotic tendencies, leading to occlusive
clinical events.[60]

Tobacco smoke also produces lipid profile ab-
normalities (section 1.2), causes elevation of the
leucocyte count and impairment of red blood cell
distensibility and size as well as other haemato-
rheological disturbances, and accelerates coagu-
lation in a variety of ways. One of these ways is the
augmentation of platelet aggregability due to the
impairment of platelet-derived nitric oxide re-
lease,[61] mediated via α2-adrenergic receptors.[62]

Another interesting feature is the influence of
smoking on oxidative stress, which is closely re-
lated to atherogenesis, via LDL oxidative modifi-
cation,[63] and, as some recent research findings
suggest, to angiotensin II–induced experimental
hypertension.[64] Indeed, smoking is one of the
most important exogenous sources of free radicals,
since the gas phase of tobacco smoke contains 1014

free radicals per puff and the tar phase 1017 per
gram.[65] The levels of circulating products of lipid
peroxidation (F2-isoprostanes) are increased in
smokers.[66] Also, endothelial smoke injury medi-
ated by oxidative stress is now well document-
ed.[67,68] On the other hand, smokers’ dietary pat-
terns are characterised by a significantly lower
proportion of antioxidant intake,[69] which contrib-
utes to the potentiation of the harmful effects of
smoke free radicals.
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Under the effects of oxygen-derived free radi-
cals, cigarette smoke extracts induce contraction of
isolated porcine coronary arteries via the super-
oxide anion-mediated degradation of endothelium-
derived relaxing factor (EDRF),[68] and smoking
also stimulates the release of endothelin, a potent
endogenous vasoconstrictor agent.[70] Recently, un-
favourable effects of smoking on the elastic prop-
erties of the human aorta have been reported.[71]

In conclusion, from the analysis of the available
information, it can be inferred that the existing ep-
idemiological, clinical and pathophysiological
links between both the hypertension and smoking
risk factors strongly support the hypothesis that
smoking could be a predisposing factor for hyper-
tension, in addition to its role as a major cardiovas-
cular risk factor (fig. 3). Nevertheless, more studies
are needed to confirm that preliminary assertion.

2. Choice of Antihypertensive Therapy

According to the latest guidelines,[32,72] the
first-line antihypertensive drugs that can be used in
addition to nonpharmacological measures include
the following 5 available pharmacological groups:
diuretics, β-blockers, α-blockers, calcium antago-
nists and angiotensin converting enzyme (ACE) in-
hibitors. The new class of angiotensin II receptor
antagonists could also probably be added.

Several pharmacokinetic and pharmacodynam-
ic properties distinguish those groups, but, in prac-
tice, all are able to decrease blood pressure to a
similar extent. In the context of individualised
strategy,[73] the selection of the most effective
agent for each case is based on the pathophysiolog-
ical and clinical traits of the patient and, in partic-
ular, on his or her cardiovascular risk profile.

In the case of hypertensive patients who smoke,
the key element is that smoking not only aggra-
vates their cardiovascular risk profile but, more-
over, interferes with the pharmacological treatment
of hypertension, as the main trials have clearly
shown (see section 1.1).

In this context, nonpharmacological measures
[mainly salt intake restriction, moderation of alco-
hol (ethanol) consumption, loss of extra weight and

physical exercise] must be implemented, and in
hypertensive individuals as a whole, it is particu-
larly important to emphasise the need to give up
smoking.

Smoking is a major component of cardiovascu-
lar risk stratification in patients with hypertension
in therapeutic decision making.[32] Unfortunately,
no trials exist comparing the effectiveness of dif-
ferent antihypertensive agents in smokers who are
hypertensive; for that reason, we can only specu-
late about the expected advantages of certain anti-
hypertensive drugs.

β-Blockers are the pharmacological group
which has been most studied; nonselective agents
such as propranolol, which also block vascular
β2-adrenoceptors, enhance unopposed cardiovascu-
lar responses mediated by α-adrenergic receptors
and potentiate the negative effects of smoking. In
healthy volunteers given propranolol, smoking causes
a more pronounced rise in blood pressure and in
forearm resistance, compared with atenolol, which
could be due to the blockade of β2-receptors.[74] In

Smoking Hypertension

Predisposing factors

Cardiovascular mortality

Classical interpretation

Smoking Hypertension

Predisposing factors

Cardiovascular mortality

Suggested new interpretation

Fig. 3.  Suggested reinterpretation of the relationship between
smoking and blood pressure.
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fact, the higher the β1-selectivity, the more the
antihypertensive effect of β-blockade, either ex-
perimentally[75] or clinically.[76]

Smoking stimulates hepatic drug-metabolising
enzymes and directly reduces plasma propranolol
concentrations,[77] which could explain the lack
of beneficial effects of that nonselective β-blocker
on hypertension and on coronary risk. Therefore,
while highly selective β-blockers (e.g. bisoprolol)
can largely be used in the treatment of hyperten-
sives who smoke, nonselective β-blockers such as
propranolol should be avoided.

Diuretics do not seem to adversely influence
the pharmacological treatment of hypertension in
patients who smoke. Calcium antagonists and
ACE inhibitors show clear efficacy in treating
hypertensive smokers;[78] the former prevent smok-
ing-induced constriction of the coronary arter-
ies,[79] and ACE inhibitors may be superior to β-
blockers in the treatment of hypertensive patients
who smoke.[80]

α1-Receptor blockers such as doxazosin have
beneficial effects not only on raised blood pressure
but also on smoking-induced changes in blood
lipids and fibrinogen in hypertensive smokers.[81]

Finally, clonidine, an α2-adrenergic receptor ago-
nist, is a well tested antihypertensive agent which
has also shown beneficial effects in trials of smok-
ing cessation, particularly in women.[82]

3. Smoking Cessation Strategies

It is no longer appropriate to consider reduction
of blood pressure as the only goal of antihyperten-
sive therapy. On the contrary, the main objective in
reducing blood pressure in hypertension is to re-
duce the absolute risk of premature mortality and
morbidity secondary to accelerated vascular dis-
ease.[83]

Smoking cessation is the most potent and ben-
eficial risk modification as many interventions
have undoubtedly demonstrated.[84] Taking the
findings of the most relevant studies and using a
Markov cohort simulation model, it has been found
that life expectancy gains from smoking cessation
were substantially greater than the benefits of treat-

ing hypertension. Indeed, 75 to 80% of the greatest
benefit expected from simultaneously treating hy-
pertension and stopping smoking can reasonably
be attributed to smoking cessation.[85] Further-
more, smoking cessation alone lowers fibrinogen
levels by almost 0.40 g/L.[86]

Several barriers exist which make the active in-
volvement of physicians in antismoking activities
difficult. [87] Nonetheless, all of them can be over-
come and today most practitioners are able to see
the patient who smokes as a high risk individual
who must be adequately diagnosed and managed
much the same as a diabetic or hyperlipidaemic
patient.[88]

Advice/minimal intervention and pharmacolog-
ical treatment are the 2 best known interventions
for smokers. For the former, a number of studies
have clearly demonstrated the usefulness of regu-
lar advice and delivery of educational materials by
general practitioners[89-91] as well as its cost effec-
tiveness.[92] Some years ago Glynn and Manley[93]

suggested the ‘4A’ approach which has been dis-
seminated worldwide (table I). The Agency for
Healthcare Policy and Research has recently pub-
lished a more comprehensive smoking cessation
clinical practice guideline.[94]

Pharmacological treatment is mainly based on
nicotine replacement strategies but the use of
clonidine is very attractive because of its combined
effect on hypertension and on smoking cessation.
In fact, it has been used as a smoking cessation
agent in many controlled trials with reasonable
success, in either oral or transdermal form.[95]

The two main available nicotine replacement
techniques are nicotine gum and nicotine patches.
In some countries, 2 other nicotine replacement
techniques have been introduced more recently:
nasal spray and nicotine inhaler. All of these supply
nicotine to the smoker with the aim of avoiding or
alleviating the withdrawal syndrome in order to
make the quitting process easier and to prevent re-
lapse. A nicotine patch delivers transdermal nicot-
ine over 16 or 24 hours, while the other techniques
offer the smoker the possibility of self-regulating
nicotine administration. This enables the physician
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to adapt the strategy more accurately to each
smoker, it being possible to combine the two dif-
ferent techniques (i.e. nicotine gum and nicotine
patch).

Many randomised clinical trials have been car-
ried out using those nicotine replacement tech-
niques, alone or in combination (mainly nicotine
gum and nicotine patch). On average, the cessation
rate at 1-year follow-up ranges from 20 to 40%,
depending on the strategy and the optional combi-
nation with psychological support.[96-99] The risk-
benefit assessment of nicotine replacement strate-
gies undoubtedly proves that benefits far outweigh
risks.[100]

Taking into account the harmful effects of nicot-
ine on the cardiovascular system, a crucial question
in the case of the hypertensive patient who smokes
are the potential risks vs benefits of nicotine re-
placement. Two published trials demonstrate that
transdermal nicotine replacement is well tolerated
by patients with coronary or cardiac disease. In
one,[101] the nicotine patch did not affect angina
frequency, overall cardiac symptoms status, noc-
turnal events, arrhythmias or episodes of ischaemic
ST segment depression. In the other,[102] neither
primary end-points (death, myocardial infarction,
cardiac arrest and admission to hospital due to in-
creased severity of angina, arrhythmias or conges-
tive heart failure) nor secondary end-points (ad-
mission to hospital for other reasons and outpatient
visits necessitated by increased severity of heart
disease) were affected by the nicotine patch. In ad-
dition, in both studies the placebo group suffered
more complications and blood pressure was not
significantly modified in the treatment group.

Furthermore, the article by Allen et al.[103]

demonstrated that smoking cessation using a trans-

dermal nicotine patch entailed a positive effect
on cardiovascular risk due to significant HDL-
cholesterol increases and LDL-cholesterol de-
creases in abstinent patients. In this group, the sys-
tolic blood pressure and heart rate also decreased
significantly, while diastolic blood pressure signif-
icantly increased only in the 21 mg/day transder-
mal nicotine group.

In summary, the use of nicotine replacement in
hypertensive patients who smoke seems to be well
tolerated enough to be recommended as an impor-
tant aid to their giving up smoking.[104] Neverthe-
less, more studies in this field are needed to con-
firm this preliminary assertion.

4. Conclusion

Considering the existing links between smoking
and high blood pressure, a reinterpretation of the
association between both cardiovascular risk fac-
tors is postulated.

The choice of pharmacological treatment of the
hypertensive patient who smokes must take into
account the interference of the smoking habit with
some antihypertensive agents, namely nonselective
β-blockers. Bearing in mind the potentiation of
final risk, a more active clinical intervention must
be recommended, starting with earlier treatment
than in hypertensive patients who do not smoke.

Minimal support and, optionally, nicotine re-
placement are two available strategies that have
clearly shown their usefulness and cost effective-
ness in helping smokers to give up their habit.

Finally, beyond the individual approach to the
hypertensive patient who smokes, the existing
problem at the community level stresses the need
to implement joint antihypertension-antismoking
programmes, which have widely demonstrated their
efficiency and effectiveness.[105,106]
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