
THE JOURNAL OF CLINICAL HYPERTENSION VOL. III  NO. VI  NOVEMBER/DECEMBER 2001354

Caffeine use is widespread, and its consumption in-
creases during periods of stress. Caffeine raises blood
pressure by elevating vascular resistance, and this ef-
fect is larger and more prolonged in hypertensive pa-
tients than in normotensive. The pressor response to
caffeine occurs eqully in persons at rest and under
stress. The elevated baseline pressures of the hyper-
tensive patient are therefore increased by both caf-
feine and stress, potentially leading to undesirably
high pressures. Such combined effects on blood pres-
sure may potentially confound the evaluation of hy-
pertension, and possibly reduce the effectiveness of
antihypertensive therapy.  These effects are not abol-
ished by pharmacologic tolerance to caffeine, as toler-
ance may not be complete with daily intake. The
contribution of caffeine’s effects to the development
of hypertension warrants continued study, and caf-
feine use by patients merits consideration in terms 
of assessment and management of this disorder. 
(J Clin Hypertens. 2001;3:354–361, 382). ©2001 Le Jacq

Communications, Inc.

C affeine is the most widely consumed pharma-
cologic agent.1 Its beneficial effects2,3 include

increased alertness4 and a mild experience of re-
ward.5 Its mildly addictive properties may account

for the enduring popularity of caffeinated
beverages6 and the increased use of coffee during
times of enhanced work stress.7 About 40% of per-
sons 18–74 years of age in the United States drink
coffee or tea three or more times daily,8 and only
9%–16% report being caffeine abstainers.9 Intake
in the United States averages about 250 mg/day,1
the equivalent of approximately 3 cups of coffee
and 6 cups of tea, and, in Australia, 240 mg/day.10

Consumption increases up to middle age and then
levels off, with similar intake patterns in women
and men.1

Caffeine has attracted attention for its ability to
raise blood pressure (BP),11,12 which has led to in-
terest in its relationship to hypertension.13 Al-
though definitive evidence is lacking that caffeine
contributes to sustained hypertension, its central
nervous system stimulation and pressor effects
merit practical consideration in evaluation and
management of the hypertensive patient.

CAFFEINE PHARMACOLOGY
Caffeine is a methylated xanthene that acts on all
tissues.14 It is metabolized in the liver, primarily by
the cytochrome P-450 1A2 enzyme.15 Its half-life
varies widely among individuals, ranging from
1–10 hours, with a mean of about 4.5 hours.16

At dietary doses, caffeine’s physiologic effects
are due to its competitive antagonism of adenosine
A1 and A2 receptors.17–20 Adenosine is released
from all tissues as a byproduct of cellular metabo-
lism, and it then serves as a local regulator of cellu-
lar activity.21 In the cardiovascular system,
adenosine lowers the heart rate22–24 and counter-
acts myocardial ischemia by antagonizing β-adren-
ergic stimulation.25 Adenosine dilates the blood
vessels by reducing norepinephrine release at sym-
pathetic nerve terminals26 and reducing contraction
of smooth muscle cells.27 Caffeine interferes with
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the local action of adenosine in the blood vessel
wall. Because of the importance of adenosine regu-
lation, caffeine use should be considered in relation
to hypertension and stress.28

Effects of Caffeine on BP
Caffeine acutely elevates BP at rest12,29 and during
mental and exercise stress.30–35 Dietary doses
(90–350 mg, corresponding to 1–4 cups of brewed
coffee)36 can elevate BP by as little as 3/4 mm Hg
and as much as 14/13 mm Hg.13 Pressor effects 
appear in 15–60 minutes and last for 3–4
hours,12,29,30 with similar effects in men and
women.37,38 The BP rise in response to caffeine in-
creases progressively with doses up to approximate-
ly 3 mg/kg of body weight (which is equivalent to
about 210 mg, or 2.5 cups of coffee in a 150-lb
man). Higher doses do not produce any increase in
this response,12 suggesting that adenosine receptors
are well occupied in the lower dose range. The acute
BP effect of coffee is due to its caffeine content and
not to other constituents.13 We have shown that caf-

feine’s pressor effect is caused by a rise in peripheral
vascular resistance that begins about 15 minutes
after oral intake.29,39–41

The combined BP effects of caffeine and stress,
including mental stress31,42,43 and isometric42,44 or
dynamic exercise,32 observed in these laboratory
studies are usually found to be additive, such that
the BP rise in response to a stressor along with caf-
feine usually equals the sum of the responses to caf-
feine alone and the stressor alone. Ambulatory and
workplace studies also show that caffeine increases
BP during daily activities45–48 and that caffeine and
work stress cause additive increases in BP.49,50

Effects of Caffeine in Hypertension
Caffeine’s effect on BP in daily life and during times
of stress leads to consideration of its effects in hy-
pertension. Caffeine increases BP in hypertensives,
whether or not they are taking antihypertensive
medication,51–54 and its effect may be greater in
older patients.55 In studies comparing hypertensives
with controls, caffeine’s effects were greater and

Figure. Systolic and diastolic blood pressure (SBP/DBP) increases on oral caffeine intake (3.3 mg/kg, equivalent to
about 2.5–3 cups of coffee in a 150–175-lb man) in five groups stratified by risk for hypertension (Htn) according to
Joint National Committee (JNC) VI58 criteria. There were 73 with optimal (Optml) BPs (<120/80 mm Hg), 28 with
normal (Norm) BPs (120/80–129/84 mm Hg), 36 with high-normal (HiNorm) BPs (130/85–139/89 mm Hg), 27 with
stage 1 hypertension (140/90–159/99 mm Hg), and 18 who had been medicated for hypertension and had been with-
drawn from medication for 2–4 weeks. Reprinted with permission from Hypertension. 2000;36:137–141.59
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more prolonged in hypertensives53,54,56 and in high-
risk normotensives57 (defined as having a positive
family history of hypertension and a normal to
high-normal resting BP, according to the Joint 
National Committee [JNC] VI classifications
[130–140/80–90 mm Hg]).58 We concluded that
hypertensives are more sensitive to caffeine’s effects
than are normotensives.57 For example, in hyper-
tensives not on medication, a single caffeine dose
(equivalent to 2–3 cups of coffee) caused a 10-mm
Hg increase in diastolic BP for 180 minutes of
study. In normotensive controls, changes were
smaller and briefer, about 6 mm Hg and turning to-
ward baseline within 90 minutes.54 One cup of cof-
fee has lesser effects.

We recently compared caffeine responses among
182 men in five risk categories based on the JNC VI
classification59 (Figure). Caffeine raised BP in all
groups, with increasing effects in high-normal, stage
1, and treated hypertensives, whose systolic/diastolic
BP response was 1.5 times that of the optimal BP
group (p<0.0001 and <0.02, respectively). While all
subjects in the optimal and normal BP groups re-
mained normotensive after caffeine intake, BPs of
140/90–159/95 mm Hg occurred in 19% of high-
normal, 15% of stage 1, and 89% of men under
treatment for hypertension.

This larger BP increase with caffeine in high-risk
and hypertensive groups is associated with a larger
increase in peripheral resistance.57 After a 3.3-
mg/kg dose of caffeine, stage 1 men had diastolic
BP rises and peripheral resistance responses 2–3
times greater than those seen in the optimal BP
controls (+8.4 vs. +3.8 mm Hg and +135 vs. +45
dyne·sec·cm–5, respectively). Although all subjects
had BPs of <140/85 mm Hg at baseline, 33% of
stage 1 men reached these levels after caffeine,
while optimal BP controls remained normotensive
throughout.

Caffeine, Hypertension, and Stress
Large, prolonged responses to caffeine in hyperten-
sive men suggest that the addition of a stressor
could result in still higher BPs. We examined this
possibility in the laboratory with 19 optimal BP
controls with negative parental histories vs. 20 high-
risk men, as defined above.39 BP responses to a psy-
chomotor task combined with caffeine were additive
and similar in size for both groups. However, the
high-risk group started with higher pressures, and
so the combined effects resulted in transient BP ele-
vations into the stage 1–2 range for 50% of high-
risk subjects vs. 26% of controls (p<0.03). In a
subsequent study, during 1 hour of psychomotor
tasks and mental arithmetic, stage 1 men had larger

systolic and diastolic BP increases over all postcaf-
feine periods than optimal BP controls (p<0.04 and
p<0.04) and larger diastolic BP rises in response to
the tasks after caffeine (p=0.007).60 The stage 1 men
also had less tendency to return to baseline during a
20-minute recovery period.

During dynamic exercise, caffeine can cause sig-
nificant rises in BP and peripheral vascular resis-
tance relative to placebo (p<0.01).32 These effects
may be greater in high-risk normotensives (positive
family history and high-normal BP), and some of
these high-risk persons may be especially sensitive
to caffeine during exercise, experiencing occasional
exaggerated BPs (≥230/100 mm Hg). Some have ar-
gued that an exaggerated BP response to exercise in
normotensives may be a marker of future hyperten-
sion.61 We tested caffeine in 34 normotensives, in-
cluding 20 high-risk subjects and 14 low-risk
optimal BP controls.32 During supine bicycle exer-
cise under placebo, seven high-risk men, vs. none
with low risk, had exaggerated BP. Caffeine given
before the bicycle exercise increased the number of
exaggerated responders (those with one or more
BPs ≥230/100 mm Hg) to 12 in the high-risk group
vs. only three with low risk. The seven high-risk
men with exaggerated responses (one or more exer-
cise BPs ≥230/100 mm Hg) under placebo also had
the greatest increases in peripheral resistance in re-
sponse to caffeine and the greatest BP responses to
exercise with caffeine,33 and the same seven had ex-
aggerated BP rises during a Bruce treadmill proto-
col on a different day.62 We speculate that the
persons at greatest risk for future hypertension may
be those with the greatest responses to stress and to
caffeine, although prospective studies need to be
done. It might be hypothesized that the habitual use
of caffeine reduces the effectiveness of exercise as a
nonpharmacologic treatment for hypertension.

In addition, relative to normotensives, we have
shown that hypertensives may have prolonged BP
increases to caffeine alone54 and sustained, exagger-
ated BP responses to exercise following a dose of
caffeine.40 During 30 minutes of bicycle exercise,
caffeine (3.3 mg/kg) caused untreated hypertensives
to have sustained diastolic BP responses over the
entire 30 minutes, whereas diastolic BP of controls
returned to baseline after 15 minutes.40 Seven of 18
hypertensives vs. one of 12 controls had exaggerat-
ed BP readings (≥230/100 mm Hg), and hyperten-
sives also maintained a greater rise in the rate-
pressure product (systolic BP � heart rate, an index
of myocardial oxygen demand).63

Collectively, these studies of caffeine, stress, and
hypertension suggest that hypertensives and high-
risk normotensives may be sensitive to caffeine, and
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the addition of mental or exercise stress can lead to
sustained and undesirable elevations in BP.

Although most studies have been done in the
laboratory, in one ambulatory study,64 older hyper-
tensives had significant BP elevations during 2
weeks on a caffeine diet vs. a caffeine-free diet, al-
though no BP effect was seen in normotensives. In
an ambulatory study of male medical students,50 20
high-risk (positive family history and high-normal
BP) students had larger BP responses to caffeine
(+5/4 vs. +3/3 mm Hg; p<0.05) and to examination
stress (+4/1 vs. +7/3 mm Hg; p<0.05) than did the
11 low-risk controls (negative family history of hy-
pertension and largely optimal BP by JNC VI crite-
ria58). The examination combined with caffeine
caused additive increases in BP, such that in the
high-risk men, 46% had average systolic BP of
≥140 mm Hg and 36% had diastolic BP of >90 mm
Hg. The finding that stress and caffeine act in con-
cert to raise BP in daily life emphasizes the potential
importance of caffeine effects on BP in persons with
a hypertensive predisposition.

This BP sensitivity in hypertension risk is paral-
lelled by a tendency to greater stress hormone secre-
tion. Caffeine elevates adrenocorticotropin and
cortisol.65 High-risk men are more likely than con-
trols to have a cortisol response to caffeine or men-
tal stress alone, and the combined effect of stress
and caffeine is greater in high-risk individuals66,67

and in stage 1 hypertensives.68 Caffeine also in-
creases cortisol in medical students during low- and
high-stress school days, and its effect is additive to
the effect of exams.50

Caffeine Tolerance and Dependence
A significant consideration in evaluating caffeine ef-
fects is the widely held view that daily caffeine use
leads to complete tolerance within 3–5 days.16,69

The evidence for tolerance includes the following:
1) chronic exposure up-regulates adenosine recep-
tor density70; 2) habitual caffeine use produces
signs of dependence and symptoms of withdrawal,
including dysphoria and headache71–73; and 3)
withdrawal is relieved by caffeine.74

However, chronic tolerance to caffeine is only
partial, and a degree of response remains even with
daily intake. Tolerance to most of caffeine’s central
nervous system effects is not complete,75 and our
view is that tolerance may vary from system to sys-
tem and from person to person. Evidence for incom-
plete tolerance in caffeine’s pressor effects comes
from several sources. In population screenings, casu-
al BPs are higher in self-reported users than in
nonusers76 and are also higher in those with higher
current blood levels of caffeine.77 Habitual intake is

not inversely related to acute BP response to
caffeine.12,41,50,78–80 In regular consumers, caffeine
consistently raises BP, cortisol, and catecholamines
after an overnight abstinence.29,54,78,81,82

In controlled trials, caffeine administration can
increase BP, even with repeated dosing,14,46,47,83

and caffeine withdrawal can lower BP38 over a peri-
od of weeks,37,84,85 although this effect is not al-
ways observed.86 Two studies examined tolerance
more directly. Denaro et al.87 tested placebo vs. low
(4.2 mg/kg) or high (12 mg/kg) doses of caffeine for
5 days each in a randomized crossover design.
Some subjects showed complete tolerance, while
others had a persistent BP response, with elevations
of +10/+10 mm Hg even in the high-dose condition.
Using a rigorous crossover design, James38 found
laboratory and ambulatory BPs still elevated by caf-
feine (200 mg � 3/day) after 1 week of daily intake.
Pharmacokinetic and pharmacodynamic modeling
suggests that tolerance develops and diminishes
quickly, as with overnight abstinence, and with
substantial individual differences.14 A meta-analysis
of the existing controlled trials34 indicated that caf-
feine’s effects on BP persist with regular use.

CLINICAL CONSIDERATIONS REGARDING
CAFFEINE USE IN HYPERTENSION
Caffeine has not been clearly associated with the
development or progression of hypertension in epi-
demiologic studies, so a possible role for caffeine in
the development of hypertension is unproved. Nur-
minen and colleagues13 noted that a clear relation-
ship between caffeine and hypertension has been
difficult to demonstrate because study designs have
allowed for variation in the time between last caf-
feine intake and BP readings and have not account-
ed for individual differences in tolerance. 

Although caffeine’s effect on BP in habitual users
appears to be small, on the order of 2–5 mm Hg, its
use may not be benign in regard to hypertension.
Whelton88 notes, “A 2–3-mm Hg average reduction
in those with a high-normal blood pressure should
result in a 25%–50% decrease in the incidence 
of hypertension.”

There is little information on caffeine effects in
women and blacks,89,90 a matter of interest because
of differences between black and white patients in
the prevalence and mechanisms of hypertension91

and because of the increase in hypertension among
women after menopause.58

Initial Evaluation of Hypertension
The JNC58 recommends that evaluation of hyper-
tension include BP measurement under standard-
ized conditions, calling for at least two or three
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readings separated by 2 or more minutes, taken
after the patient has been seated for 5 minutes. In
the event that BP is above 130/85 mm Hg, evalua-
tion should include identification of known causes
of high BP, assessment of target organ damage, and
identification of other cardiovascular risk factors.
According to the BP level, follow-up should be un-
dertaken in 1 week to 2 years.

The studies reviewed above show that caffeine
can complicate the evaluation of hypertension for
several reasons: 1) caffeine may elevate BP over a
period of 3–4 hours in the laboratory and in the
workplace; 2) repeated caffeine doses will sustain
BP elevations for still longer periods; 3) caffeine ef-
fects on BP may be larger in hypertensives; 4) caf-
feine may have larger or more prolonged effects
under circumstances that interfere with clearance or
metabolism; 5) caffeine tolerance is incomplete,
even in habitual users; and 6) persons at greatest
risk for hypertension may be especially reactive to
clinic BP evaluation—the well known “white coat”
effect,92 and caffeine intake before a clinic visit may
further increase BP in these cases. Caffeine use be-
fore clinic visits or during home monitoring or 24-
hour ambulatory monitoring may therefore add
misleading variability to BP on single visits and
across follow-up visits. Avoidance of caffeine by
patients on days of clinic visits and during home
monitoring or 24-hour ambulatory monitoring
would eliminate the effect of caffeine as a variable
source of BP elevation during patient evaluation.

Management of Hypertension
Management of hypertension calls for a staged ap-
proach. First-line treatment calls for lifestyle mod-
ification, including emphasis on dietary factors
and exercise,58 with the goal of eliminating causes
of BP elevation and reducing the risk of athero-
sclerosis and stroke. Since controllable factors that
elevate BP are to be avoided, restriction of caffeine
intake may be considered. Caffeine use may po-
tentially reduce the effectiveness of lifestyle modi-
fications, such as exercise, particularly in persons
whose responses to caffeine are greater than aver-
age. The sensitivity of hypertensive persons to caf-
feine’s pressor effects also calls attention to their
use of foods, herbal remedies, and medications
that may compete for liver enzyme systems that
metabolize caffeine and thereby potentially pro-
long or increase caffeine’s pressor effects. Table I
lists common sources of caffeine interactions with
prescription medications.

The next stage of hypertension management
calls for continued lifestyle modification with the
addition of gradually titrated drug therapy. Caf-
feine may reduce the effectiveness of some antihy-
pertensive agents, particularly that of β blockers,93

although it may not affect the response to calcium
channel blockers.94 The potential for caffeine to
counteract the antihypertensive actions of some
agents is an additional consideration in terms of
dietary recommendations for persons undergoing
treatment for hypertension.

Table I. Drugs That Have Clinically Significant Interactions With Caffeine93,99,100

PRECIPITANT DRUG EFFECT DESCRIPTION

Beta blockers — Caffeine effect is similar with and
(atenol, propanol) without β blockers. Caffeine reduces

the antihypertensive effect of these 
drugs

Cimetidine ↑ Caffeine hepatic metabolism may be
(Tagamet®, Zantac®) impaired, increasing caffeine 

half-life and caffeine effect
Disulfiram ↑

(Antabuse®)
Fluoroquinolones ↑

(Cipro®, norfloxacin)
Terbinafine ↑

(Lamisil®)
Contraceptives, oral ↑

(Ortho-Cyclen®, Alesse™, Triphasil®)
Mexiletine ↑ Caffeine elimination may be reduced

(Mexitil®) 30%–50% (effect may be greater)

Phenylpropanolamine ↑ Serum caffeine levels may be increased
(Accutrim®, Dexatrim®) Caffeine effects are enhanced
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Although evidence is limited, particularly in cer-
tain groups, caffeine abstinence may be a useful, safe,
and easily implemented component of the spectrum
of lifestyle modifications now in use for hypertension
prevention and nonpharmacologic treatment. Table
II summarizes these recommendations.

Additional Clinical Considerations
Caffeine-induced BP elevation may interact with
several conditions that alter the regulation of BP. In
postprandial hypotension, caffeine may actually be
of benefit through modest BP elevation.95 However,
caffeine’s pressor effects may be undesirable in a
number of age-related conditions. The loss of estro-
gen at menopause lowers the compliance of the
blood vessel wall, causing caffeine to have larger
pressor effects in postmenopausal women not re-
ceiving hormone replacement.96 Arteriosclerosis
and isolated systolic hypertension, two conditions
common among the elderly, both elevate cardiac af-
terload and increase the risk of left ventricular hy-
pertrophy. Because caffeine raises systolic BP, it
may potentially compound the increased afterload.
Evaluation of chronic congestive heart failure some-
times involves the use of elevated catecholamine
levels as a prognostic guide,97 and caffeine’s tenden-
cy to increase circulating epinephrine may compli-
cate these assessments.13 Sleep apnea is considered a
risk factor for hypertension, possibly resulting from
an endogenous digitalis-like factor that can increase
vascular resistance.98 Therefore, caffeine’s ability to
interfere with sound sleep and to raise vascular re-

sistance may potentially contribute to hypertension
in sleep apnea, although controlled trials have not
yet been performed.

SUMMARY
Caffeine elevates BP and stress hormone secretion.
These effects are larger and more prolonged in prima-
ry hypertension in persons at high risk of developing
hypertension. Stress combined with caffeine exerts ad-
ditive effects on BP and stress hormones. The combi-
nation of caffeine and stress in the workplace can
cause elevated BP over a period of hours, with greater
effects on persons at risk for hypertension. The combi-
nation of caffeine and stress may result in undesirably
high BPs during the 2–4-hour acute phase of the caf-
feine response, and this effect is not entirely eliminated
in regular consumers of caffeine.

An influence of caffeine on the development or pro-
gression of hypertension, or its end points, has not yet
been established, although some clinical considera-
tions seem reasonable. Because caffeine is a pressor
agent, its daily use may be undesirable in persons like-
ly to develop hypertension. In patients undergoing
evaluation for hypertension, unmonitored use of caf-
feine may have variable effects on BP and compromise
the reliability of BP readings in the clinic or home, or
on ambulatory monitoring. In persons being treated
for hypertension, whether by pharmacologic or non-
pharmacologic means, caffeine may elevate blood
pressure during a portion of the day, potentially reduc-
ing the effectiveness of therapy. Caffeine may also
have undesirable BP effects in persons at elevated risk

Table II. Considerations for Evaluation and Management of Hypertension in Caffeine Consumers

HYPERTENSION EVALUATION IN CAFFEINE CONSUMERS STRENGTH OF EVIDENCE

Caffeine raises blood pressure acutely: ++++
For 3–4 hours after intake +++
After repeated doses +++
Even in habitual users +++
During mental and exercise stress ++
To a larger degree in hypertensives ++
For a more prolonged time in hypertensives ++
For a longer time in persons with altered liver metabolism +
Additively with “white coat” blood pressure responses in the clinic +
During home monitoring or 24-hour ambulatory monitoring +

HYPERTENSION MANAGEMENT IN CAFFEINE CONSUMERS

Caffeine may increase blood pressure:
Differently from clinic visit to clinic visit +
During antihypertensive treatment ++
During lifestyle interventions, such as exercise ++

++++ Strong evidence consistent over a range of studies
+++ Consistent evidence over a number of studies
++ Evidence from a limited number of studies or from single sources
+ Indirect evidence from related studies
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for secondary hypertension, including the elderly, per-
sons with arteriosclerosis, postmenopausal women,
and those with sleep apnea. These considerations may
call for dietary restriction of caffeine in patients who
are under evaluation for hypertension or who are
being managed for the disorder.
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