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Hypertension in Athletes

John J. Leddy, MD;1 Joseph Izzo, MD2

Regular physical activity and training are
associated with reductions in blood pressure
(BP), yet elevated BP is one of the most common
abnormalities found during the pre-participation
physical evaluation of athletes. Hypertension
(HTN) remains the most common cardiovascular
condition encountered in athletic populations,
therefore all athletes require screening for HTN.
Because athletes often have white coat HTN, BP
recordings outside the office are also necessary.
The 36th Bethesda Conference classified sports
according to their varying physiologic demands
and provided specific recommendations for the
evaluation, treatment, and sport participation of
athletes with HTN. In general, angiotensin-
converting enzyme inhibitors and other vasodila-
tors are the medications of choice for active and
athletic patients because of their limited interfer-
ence with cardiovascular conditioning. Other
agents can be used but some sports governing
bodies proscribe the use of certain antihyperten-
sive medications such as b-blockers for elite
athletes. J Clin Hypertens (Greenwich).
2009;11:226–233. ª2009 Wiley Periodicals, Inc.

Aerobic exercise, defined as rhythmic contrac-
tion of large muscle groups (eg, running,

walking, cycling, swimming, rowing) increases

respiratory and heart rates and oxygen consump-
tion.1,2 Aerobic exercise tends to increase heart
rate and venous return (cardiac preload), while
resistance exercises such as power lifting increase
peripheral vascular resistance (PVR) and left ven-
tricular afterload. Exercise training affects blood
pressure (BP) via chronic effects on autonomic
control mechanisms and vascular remodeling.2

Cardiorespiratory fitness, a physiologic attribute
related to the efficiency of the oxygenation during
sustained physical activity, is also increased by
progressive aerobic exercise training.1

Epidemiologic studies have shown that physical
activity3 and cardiorespiratory fitness4 are inversely
related to BP and the prevalence of hypertension
(HTN). These trends have been corroborated by
randomized trials showing that physical activity
can reduce BP in normotensive, prehypertensive,
and hypertensive persons.5 In general, aerobic exer-
cise training reduces mean systolic BP (SBP) by
about 2 mm Hg to 7 mm Hg, with the greatest
reduction in hypertensive patients.5 Moderate
intensity resistance training with lower weights and
higher repetition regimens can also lower mean
SBP by about 3 mm Hg to 6 mm Hg.6

BP PATTERNS IN ATHLETES AND
PHYSICALLY ACTIVE PERSONS
Sustained HTN
While the overall prevalence of HTN in the physi-
cally active is approximately 50% lower than in
the general population,7 athletes who are black,
elderly, obese, diabetic, or who have chronic kidney
disease develop essential HTN more frequently
than those who don’t have these conditions. Almost
80% of adolescent athletes with an elevated BP of
>142 ⁄92 mm Hg during a sports preseason screen-
ing examination were found in one study to eventu-
ally develop sustained HTN,8 so BP should be
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closely monitored irrespective of the level of physi-
cal fitness. The prevalence of secondary HTN is the
same as in the general population,9 with the excep-
tion that wheelchair athletes with spinal cord inju-
ries may have severe episodic HTN related to
autonomic or bladder dysfunction.10

White Coat HTN
Out-of-office BP recordings (home BP in the morn-
ing and evening or 24-hour ambulatory BP moni-
toring [ABPM]) should be obtained in anyone with
elevated office readings because of the high preva-
lence of the white coat effect (marked home-office
BP difference). In a study of 410 athletes (aged
16.4�2.6 years),11 18 had elevated office BP read-
ings but 16 of these ‘‘office hypertensives’’ (88%)
had normal ABPM (24-hour average, daytime and
nocturnal BP). White coat HTN (WCH) was
defined, however, as 24-hour SBP <140 mm Hg
and 24-hour diastolic BP (DBP) <90 mm Hg.
These threshold values are higher than are cur-
rently recommended for adults. This study also did
not compare patient ABPM data against normative
ABPM data. The only study to use normative
ABPM data to investigate WCH in children (not
specifically athletes)12 defined WCH as mean 24-
hour BP <95th percentile in the Second Task Force
on Blood Pressure Control in Children and Adoles-
cents.13 WCH was also defined as 24-hour mean
BP <95th percentile using normative ambulatory
BP (ABP) data.14 The prevalence of WCH in all
evaluated children was 62% by Task Force criteria
and 56% by normative ABP criteria. The preva-
lence of WCH in the patients with documented
clinic HTN was 53% by Task Force criteria and
45% by normative ABP criteria. These results con-
firm that WCH is as prevalent in children as in
adults but there is insufficient evidence to suggest
that WCH is more prevalent in young athletes than
in nonathletes. The prognostic significance of
WCH is not certain. Evidence of an exaggerated
exercise BP response and ⁄or increased left ventricu-
lar mass index in 62% of (nonathlete) patients
with WCH suggest that this diagnosis in children
may represent a prehypertensive state.15 Prospective
data suggest that there are no differences in cardio-
vascular (CV) disease risk between normotensives
and those with WCH defined by an average day-
time ABP <130 ⁄80 mm Hg, whereas the risk
increases and is not different from those with
ambulatory HTN in the WCH group with mean
daily BP between 130 ⁄80 mm Hg and
135 ⁄85 mm Hg.16 Thus, athletes with WCH
whose mean daily BP is <130 ⁄80 mm Hg should

not require drug therapy but should be monitored
on a yearly basis. Athletes with mean daily BP
>130 ⁄80 mm Hg but �135 ⁄85 mm Hg may or
may not require drug therapy but should be coun-
seled on lifestyle modifications to reduce BP (see
below) and should be monitored more frequently,
with appropriate steps taken if greater home BP
elevation occurs.

Isolated Systolic HTN
Many conditioned athletes (particularly young
men) have ‘‘athlete’s heart’’: very high resting
stroke volume and cardiac output with low
PVR and heart rate.17 Pulse pressure and SBP are
high in these individuals, very often in the range
of pre-HTN and occasionally in the range of stage
1 HTN, because cardiac stroke volume is
increased.18,19 DBP is usually normal.

Another anomaly of SBP in athletes is ‘‘spurious
systolic HTN (SSH),’’ which occurs as a result of
exaggerated pulse pressure amplification (PPA) in
the arm. PPA occurs as a result of the progressive
decrease in arterial diameter from the heart to the
arm and the corresponding increase in arterial
impedance. In affected individuals, central (aortic)
SBP is much less (up to 30–40 mm Hg less) than
brachial SBP and central pressure contours are nor-
mal. SSH can be detected clinically by radial arte-
rial tonometry, but the long-term significance of
this condition is unknown. Using a definition for
SSH as a brachial SBP >140 mm Hg with a central
SBP <125 mm Hg, Hulsen and colleagues20 found
57 cases in young men and 3 cases in young
women among the 750 participants in the Athero-
sclerosis Risk in Young Adults study. The central
aortic pressure in athletes was still approximately
20 mm Hg greater than in young normotensive
persons (who typically have central aortic pressures
<100 mm Hg).21 This may reflect the greater
stroke volume of athletes.17 The reported 20-year
Framingham risk scores in the SSH group were ele-
vated but not statistically different from those in
the normotensive group. SSH may represent an
intermediate form between normotension and sus-
tained HTN. Since, however, the brachial DBP cor-
relates better than SBP with central pressures in
youth,22 further study is required. As central aortic
BP is not routinely measured, the concept of SSH is
not yet ready to be applied in the clinical realm.

EVALUATION OF HTN IN ATHLETES
History
Family history of HTN and premature CV disease
as well as behavioral factors including high intake
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of sodium and saturated fats (especially in pro-
cessed and ‘‘fast’’ foods), alcohol, drugs (specifi-
cally, stimulants and cocaine), tobacco, human
growth hormone, or anabolic steroids (Table I)
should be elicited. Alcohol consumption is particu-
larly frequent in scholastic athletes23 and may lead
to increased early morning BP readings. Other sub-
stances that increase BP include nonsteroidal anti-
inflammatory drugs (NSAIDs), caffeine, diet pills,
decongestants, and herbal and dietary supplements,
which often contain ‘‘natural’’ stimulants such as
guarana, ma huang, or ephedra. Women should be
questioned about oral contraceptives since about
5% develop elevated BP during a 5-year period.24

Symptoms related to BP elevation should also be
identified, particularly in older athletes, including
unusual exertional chest pain, dyspnea, or declining
performance.

Physical Examination
At least 2 pressures should be recorded for each
visit according to standardized guidelines: undis-
turbed in a quiet room after at least 5 minutes,
back supported in a chair, feet on the floor, arm
supported at the level of the heart, and without
talking. Proper cuff size (bladder encircles at least
80% of arm circumference24; large cuff when mid-
arm circumference >33 cm, small cuff for mid-arm
circumference <23 cm25,26). The cuff must be
inflated to at least 20 mm greater than disappear-
ance of the radial pulse to avoid the ‘‘auscultatory

gap’’ and so potentially underestimate BP.25,26 BP
in both arms should be recorded prominently in the
chart at the initial visit with follow-up based on
values from the higher arm. If the initial values are
elevated, at least one other set of values should be
recorded at least 1 week later.27

In adolescents, BP varies by age, sex, and height28

according to easily accessible tables (http://www.
nhlbi.nih.gov/guidelines/hypertension/child_tbl.htm).
Normal BP is defined as <90th percentile; BP
between the 90th and 95th percentile is pre-HTN. In
adolescents, BP �120 ⁄80 mm Hg is pre-HTN, as in
adults, even if this figure is <90th percentile; HTN is
�95th percentile. Stage 1 HTN is 95th to 99th
percentile +5 mm Hg and stage 2 HTN is >99th
percentile +5 mm Hg for age, sex, and height,
respectively (Table II). These categories correspond
to the adult categories of normal (BP <120 ⁄80 mm
Hg), pre-HTN (SBP 120–139 mm Hg or DBP 80–89
mm Hg), stage I (SBP 140–159 mm Hg or DBP 90–
99 mm Hg), and stage II (SBP �160 mm Hg or DBP
�100 mm Hg) HTN.

If the arm pressure is elevated, palpitation of the
femoral pulses and a measurement in one leg
(particularly in patients older than 30 years) is
indicated using a thigh cuff with popliteal ausculta-
tion.29 Leg SBP is often 10% to 20% greater than
the brachial SBP.30 If the leg SBP is less than the
brachial SBP, peripheral arterial disease (older
patients) or coarctation of the aorta (younger
patients) may be present. If an elevated BP is found,
a funduscopic examination, thyroid gland palpation,
cardiac auscultation, and abdominal auscultation
(for a renal bruit) are indicated. Because of the prev-
alence of the white coat effect in athletes, elevated
office readings should be confirmed by ABPM.

Additional Assessment
Once a diagnosis of HTN has been established in
athletes or nonathletes, either in adults or children,
further assessment of target organs should be con-
sidered. Athletes with pre-HTN (90–95th percentile
in adolescents) or stage I HTN (95–99th percentile
+5 mm Hg in adolescents) should have blood
chemistries and a lipid profile, hematocrit, urinaly-
sis, and electrocardiography performed. Athletes
with stage 2 HTN (>99th percentile +5 mm Hg in
adolescents), abnormal laboratory results, or a
possible secondary cause of HTN should be
referred for additional study, often including echo-
cardiography.27,31 Since secondary HTN is present
in only a few percent of cases,9 workup is not
always required and most physicians will employ
an observation period before initiating additional

Table I. Behaviors That Can Increase Blood Pressure

Sodium and saturated fat intake (fast foods)

Alcohol
Tobacco (any form)
Over-the-counter medications

Cold remedies, decongestants

‘‘Diet pills’’
Ergogenic aides

Caffeine

Sudafed
Cocaine
Human growth hormone

Anabolic steroids
Prescription medications

Non-steroidal anti-inflammatory drugs
Oral contraceptives

Dietary supplements
Guarana
Ephedra (banned)

Ma huang
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studies. Secondary HTN tends to occur somewhat
more frequently in younger patients; for example,
fibromuscular hyperplasia of one or both renal
arteries should be suspected in young sedentary as
well as athletic women with HTN who are not tak-
ing oral contraceptives.32

It is reasonable to recommend that any athlete
with sustained HTN have an echocardiogram per-
formed,27 which must be interpreted by an expert.
Hypertensive athletes with ambiguous findings on
echocardiography require cardiology consultation.
In general, athletes develop a pattern of physio-
logic ‘‘eccentric hypertrophy’’ in which increased
left ventricular (LV) mass is associated with nor-
mal or increased fractional mid-wall shortening,
high LV volume, and normal or minimally
increased LV wall thickness. At the extremes, this
pattern is easily differentiated from the pathologic
‘‘concentric hypertrophy’’ of HTN, where the LV
chamber size is normal or reduced and the LV
wall thickness is increased.33 Concentric hypertro-
phy is also found in bodybuilders. LV hypertrophy
(LVH) beyond the ‘‘athlete’s heart’’ should limit
participation until the BP is normalized27 and the
possibility of hypertrophic cardiomyopathy has
been fully assessed.17,31

PARTICIPATION RECOMMENDATIONS
FOR ATHLETES WITH HTN
The 36th Bethesda Conference provided recommen-
dations for athletes with CV or structural abnor-
malities to prevent sudden cardiac death or disease
progression (Table III).27 Sports were categorized
into 2 general types: dynamic (producing a volume
load on the left ventricle) or static (producing a
pressure load on the left ventricle),34 and further
classified according to level of intensity (low, med-
ium, and high) and presence or absence of a con-
tact ⁄collision component (Figure). This system
allows recommendations for participation in com-
petitive sports for athletes with HTN and suggests
activities suitable for cross-training, but such deci-
sions must be individualized.

There are intrinsic limitations to the Bethesda
classification system because most physical activities
involve a spectrum of static and dynamic compo-
nents. For example, distance running has low static
and high dynamic demands, water skiing has high
static and low dynamic demands, and rowing has
both high static and dynamic demands.34 This
necessitates a somewhat more complex nomencla-
ture such as IIIC (high static, high dynamic), IIB
(moderate static, moderate dynamic), and IA (low
static, low dynamic). For example, an athlete with

stage II HTN would be advised to avoid sports
classified as IIIA, IIIB, and IIIC but may be able to
participate in IA sports until evaluation is complete
and the BP is under control. Hypertensive athletes
in sports that do not impose heavy static demands
(eg, tennis, basketball)34 who use heavy resistance
weight training (high static and low dynamic
demand) may be advised to modify such training
regimens. During the evaluation and management
phase, it is reasonable for the majority of patients
to begin moderate intensity exercise (40%–60%
maximum oxygen consumption) such as walking or
other ‘‘talk exercise.’’2

Asymptomatic individuals with controlled HTN
and no CV disease or renal complications may par-
ticipate in exercise or competitive athletics but
should be closely monitored.2 Preliminary peak or
symptom-limited exercise testing may be warranted,
especially for men older than 45 and women older
than 55 years who are planning a vigorous exercise
program (ie, �60% maximum oxygen consump-
tion or, to make it more clinically relevant, exercise
that produces breathlessness so that patients cannot
carry on a conversation: ‘‘can’t talk exercise’’). Fur-
ther stress imaging is appropriate in higher-risk
individuals who are symptomatic (ie, exertional
chest pain or dyspnea), whose BP exceeds 180 ⁄90
mm Hg, or who are diabetic.

With respect to youth athletes, the American
Academy of Pediatrics recommends that children
and adolescents who have systemic HTN be
allowed to participate in competitive athletics pro-
vided that there is no evidence of target organ dam-
age or concomitant heart disease and that BP is
measured every 2 months in the physician’s office
to monitor the impact of exercise on BP.35 Young
persons with severe HTN should be restricted from
competitive sport and highly static (isometric) activ-
ities until the BP is under control and there is no
evidence of target organ damage. The guidelines
allow, however, for modest CV conditioning during
evaluation and treatment in these athletes.

TREATMENT OF THE HYPERTENSIVE
ATHLETE
Health care providers should be aware that
recreational, scholastic, and professional athletes
have unique physiologic and psychological attri-
butes and that one of their goals should be to keep
athletes as active as possible. Nevertheless, athletes
can still have HTN and must be periodically moni-
tored. Untreated HTN in athletes may be accompa-
nied by a varying degree of limitation in exercise
performance.36
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Nonpharmacologic Therapy
Healthy lifestyle behaviors may not eliminate the
need for antihypertensive agents but may reduce
the amount of medication needed (Table IV). The
most effective dietary and lifestyle changes in
athletes include losing weight and decreasing
sodium intake,37 especially by reducing processed

food intake. These lifestyle changes are particularly
important for high-risk individuals such as blacks,
the elderly, and people with diabetes. Also of
potential importance are increased potassium
intake, decreased alcohol consumption, avoidance
of tobacco (in any form) and drugs of abuse (espe-
cially sympathomimetics such as cocaine or ephe-
dra). Other drugs to avoid include androgens,
anabolic steroids, growth hormone, and NSAIDs.
For athletes in static sports, performing regular aer-
obic exercise is desirable.

Antihypertensive Drugs
The most common and best tolerated medications
used for the treatment of HTN in athletes are vaso-
dilators,38 especially angiotensin-converting enzyme
(ACE) inhibitors and angiotensin receptor blockers
(ARBs). These agents have no major adverse effects
on energy metabolism and do not impair maximum
oxygen uptake.39 ARBs produce similar BP-lower-
ing and hemodynamic patterns as ACE inhibitors
but have fewer side effects, especially cough and

Table III. Recommendations of the 36th Bethesda Conference for Hypertension in Athletes

Before individuals commence training for competitive athletics, they should undergo careful assessment of blood pressure (BP),

and those with initially high levels (>140 ⁄ 90 mm Hg) should have out-of-office measurements to exclude isolated office white
coat hypertension. Those with prehypertension (120 ⁄ 80 mm Hg–139 ⁄ 89 mm Hg) should be encouraged to modify lifestyle
but should not be restricted from physical activity. Those with sustained hypertension should have echocardiography. Left
ventricular hypertrophy (LVH) beyond that seen with ‘‘athletes’ heart’’ should limit participation until BP is normalized by

appropriate drug therapy.
The presence of stage 1 hypertension in the absence of target organ damage including LVH or concomitant heart disease should
not limit the eligibility for any competitive sport. Once having begun a training program, the hypertensive athlete should have

BP remeasured every 2–4 months (or more frequently, if indicated) to monitor the impact of exercise.
Athletes with more severe hypertension (stage 2), even without evidence of target organ damage such as LVH, should be
restricted, particularly from high static sports (classes IIIA–IIIC), until their hypertension is controlled by either lifestyle

modification or drug therapy.
All drugs being taken must be registered with appropriate governing bodies to obtain a therapeutic exemption.
When hypertension coexists with another cardiovascular disease, eligibility for participation in competitive athletics is usually
based on the type and severity of the associated condition.

Reprinted with permission from Kaplan et al.27

Figure. Classification of sports. This classification is
based on peak static and dynamic components achieved
during competition. It should be noted, however, that
higher values may be reached during training. The
increasing dynamic component is defined in terms of
the estimated percent of maximal oxygen uptake (Max
O2) achieved and results in an increasing cardiac
output. The increasing static component is related to
the estimated percent of maximal voluntary contraction
(MVC) reached and results in an increasing blood
pressure load. The lowest total cardiovascular demands
(cardiac output and blood pressure) are shown in green
and the highest in red. Blue, yellow, and orange depict
low moderate, moderate, and high moderate total
cardiovascular demands, respectively. *Danger of
bodily collision. �Increased risk if syncope occurs.
Reprinted with permission from Mitchell et al.34

Table IV. Lifestyle Modifications to Reduce Blood

Pressure in Athletes

Reduce sodium intake: blacks, elderly, diabetics
Increase potassium intake: endurance athletes
Weight loss
Reduce alcohol intake

No tobacco (any form)
Avoid non-steroidal anti-inflammatory drugs, herbals,
sympathomimetics, human growth hormone, anabolic

steroids
Relaxation techniques: meditation, yoga, Tai Chi
Light aerobic exercise
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angioedema. In older athletes and black athletes,
calcium channel blockers or thiazide diuretics are
useful alternatives. Combination drug therapy may
be needed, preferably with a combination of ACE
inhibitor or ARB with thiazide diuretic or calcium
channel blocker. Some athletes benefit from b-
blockade, but these agents are banned in certain
precision sports. Older agents such as alpha-methyl-
dopa are rarely needed.40,41

Drug side effects in athletes are generally simi-
lar to those seen in nonathletes, with the excep-
tion anecdotally that the common side effect of
pedal edema appears to be far less frequent in
endurance athletes than sedentary individuals.
ACE inhibitors and ARBs carry the risk of fetal
injury if used during pregnancy.42 The standard of
care among experts in pediatric HTN is not to
avoid these agents but to prescribe them if indi-
cated to women of child-bearing potential and
counsel them regarding pregnancy avoidance ⁄con-
traception. If stopped immediately upon confirma-
tion of pregnancy, there appears to be little risk
to the fetus from these agents.42 There have been
anecdotal reports of postural hypotension after
intense exercise in patients taking ACE inhibitors,
so an adequate cool-down period is recom-
mended.38 Both antihypertensive potency and
potassium-sparing effect of ACE inhibitors may be
increased when they are taken concomitantly with
NSAIDs.43 Possible side effects of thiazides within
the first month include increased urinary loss of
potassium and magnesium that can lead to muscle
cramps and cardiac arrhythmias, particularly in
warm weather. Initial hypovolemia and orthostatic
hypotension can occur with thiazides but beyond
the first week of treatment, plasma and extracellu-
lar volume tend to return to pretreatment levels
and the sustained BP-lowering effects are attribut-
able to systemic arteriolar dilation.44

Banned Agents
The World Anti-Doping Agency, the US Olympic
Committee, and the National Collegiate Athletic
Association have banned the use of some antihyper-
tensive medications.45 The only drug therapy rec-
ommendation that differs from recommendations
for nonathletes is that youth and adult athletes with
HTN should avoid diuretics and b-blockers because
these agents are proscribed by certain sports gov-
erning bodies. b-Blockers are banned in precision
sports such as archery, shooting, diving, and figure
skating.45 All diuretics are banned because they
can mask the presence of anabolic steroids; thus,

thiazides cannot be used by elite athletes who must
undergo drug testing.45
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