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Abstract: Hypertension (HTN) is an
extraordinarily common progressive
cardiovascular syndrome in the United
States, afflicting approximately one
third of the adult population. HTN is a
powerful and unequivocal independent
risk factor for cardiovascular and renal
diseases, including coronary heart disease, stroke, and renal failure. Despite
major advances in the understanding
and treatment of HTN over the past several decades, the disease remains the
most common primary diagnosis in
the United States and is a major public health concern. Adoption of healthy
lifestyle modifications has proven to
be highly effective in both the prevention of new-onset HTN and in the treatment of those diagnosed with HTN. In
view of the continuing epidemic of HTN
and blood pressure (BP)–related diseases and the invaluable role of applying nonpharmacological therapy in the
prevention and management of HTN,
a review of current therapeutic lifestyle strategies appears warranted. This
review will define 6 well-established
nonpharmacological lifestyle modifications for preventing and managing HTN in addition to 3 novel lifestyle
interventions that show promise
as effective adjunct strategies for

lowering BP. A healthy lifestyle prescription ideally comprising a number of
these BP-lowering lifestyle intervention
strategies should be dispensed by all primary care physicians for both the prevention and treatment of elevated BP,
an action that would have major, positive public health ramifications.
Keywords: blood pressure; hypertension; health promotion; disease prevention; lifestyle; DASH dietary pattern;
weight loss; sodium reduction

Introduction
According to the most recent
report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (the JNC
7 report) released in 2003, blood
pressure (BP) is classified into 4 categories: normal (<120/80 mm Hg),
prehypertension (120/80-139/89
mm Hg), stage 1 hypertension
(HTN; 140/90-159/99 mm Hg), and

Therapeutic BP-lowering lifestyle
strategies, ideally practiced
simultaneously, are indispensable
in the clinical management
of individuals diagnosed with either
prehypertension or HTN (as an
adjunct to medication) and for the
prevention of new-onset HTN.
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stage 2 HTN (≥160/100 mm Hg).1 The
number of American adults with diagnosed HTN is staggering; 1 in 3 has HTN,
estimated at 74.5 million individuals.2
An additional 25% of the US population
≥20 years of age (~53.6 million men and
women) has prehypertension. The economic burden for HTN in 2010 has been
estimated at $76.6 billion (direct and indirect costs).2 HTN is a critical independent
risk factor for cardiovascular and renal
diseases, including coronary heart disease, stroke, heart, and kidney failure.3
Approximately 69% of people who have
a first heart attack, 77% of those who
have a first stroke, and 74% of those who
have congestive heart failure have HTN.2
In fact, HTN is the number 1 attributable risk for death worldwide.4,5 Overt
HTN shortens life span as revealed in the
Framingham Heart Study, where 50-yearold hypertensive participants showed
a significantly reduced life expectancy
when compared with normotensive participants. Compared with the normotensive participants, total life expectancy
was decreased in hypertensive men and
women by
5.1 years and 4.9 years, respectively.6
Antihypertensive
Pharmacotherapy
There are several major antihypertensive drug classes with excellent trial
outcome data, including angiotensin converting enzyme (ACE) inhibitors, angiotensin II receptor blockers, b-blockers,
calcium channel blockers, and thiazidetype diuretics.1A review of 24 randomized
controlled trials (with an overall sample
size of 58 040 patients) measuring total
cardiovascular events for thiazides, ACE
inhibitors, calcium channel blockers, and
b-blockers found that low-dose thiazides
are most effective as a first-choice drug for
treatment of adult HTN.7 The JNC 7 report
indicates that thiazide-type diuretics should
be used for treating uncomplicated HTN—
either alone or in combination with other
drug classes—whereas high-risk hypertensives would require 2-drug combinations.
(High-risk is defined as HTN in addition
to other compelling antihypertensive drug
therapy indications, such as heart failure,
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postmyocardial infarction, high coronary
disease risk, diabetes, chronic kidney disease, or history of stroke.)1 There are additive effects with different classes of drugs;
the BP-lowering action from combining 2
classes of drugs is approximately 5 times
greater than doubling the dose of a single
drug.8 The BP goal for most hypertensive
patients is <140/90 mm Hg or <130/80 mm
Hg for patients with diabetes or chronic
kidney disease.1
Antihypertensive pharmacotherapy
clearly reduces cardiovascular and renal
morbidity and mortality.9 Clinical trials
have shown that antihypertensive therapy
is associated with a significant reduction
in the incidence of stroke (35%-40%), congestive heart failure (>50%), and coronary
heart disease (20%-25%).9 Prehypertension
should also be treated aggressively
because almost a third of BP-related
deaths from cardiovascular disease occur
in this population.10 Despite these facts,
HTN is still poorly controlled in the United
States,11 with only 53% of people with
diagnosed HTN at goal BP.12
Treatments for all grades of HTN are
classified as either lifestyle or pharmacotherapy.12 The JNC 7 guidelines state that
lifestyle modifications should be adopted
for the treatment of prehypertension,
and in conjunction with drug therapy for
stage 1 and stage 2 HTN, and encouraged among all Americans for the prevention of HTN. Therapeutic BP-lowering
lifestyle strategies, ideally practiced simultaneously, are indispensable in the clinical management of individuals diagnosed
with either prehypertension or HTN (as
an adjunct to medication) and for the
prevention of new-onset HTN.1
This article will therefore present a
summary of well-established lifestyle
strategies in addition to several novel
interventions that have shown promise
in the prevention and treatment of HTN,
and it will offer suggestions for their clinical application.
Established Lifestyle
Modifications Proven to
Lower Blood Pressure
The US government,1,13 the American
Heart Association,3 the Canadian

government,14 and the British
Hypertension Society15 have each defined
a set of independent lifestyle measures
proven to effectively lower BP either
alone or in combination. Table 1 summarizes and compares these BP-lowering
lifestyle modifications. Each of the 6
modifiable lifestyle factors addressed
in Table 1 has substantial scientific evidence supporting its effectiveness, either
alone or in combination, in promoting a significant reduction in BP. Here
is a closer look at these well-established
BP-lowering lifestyle strategies.
Weight Loss

Weight gain increases BP, and weight
loss appears to reduce it.16 A body mass
index (BMI) above 25 is a strong risk factor for HTN and by far the strongest risk
factor for incident HTN.17 There is a positive association between overweight and
BP because overweight is a significant
and independent predictor of the level
of BP.18 Numerous trials have shown that
weight loss is an effective lifestyle intervention for lowering BP in overweight
and obese individuals.19-22 According to
JNC 7, a 10-kg weight loss promotes a
5- to 20-mm-Hg reduction in BP.1
Observational data. The Nurse’s Health
Study II,17 the Physician’s Health Study,23
and the Framingham Heart Study24 are
ongoing landmark prospective cohort
studies that clarify the association
between excess body weight and incident HTN. In the Nurse’s Health Study
II of more than 116 000 women nurses,
those who practiced several healthy lifestyle behaviors (as shown in Table 1)
had an approximately 80% reduction in
risk of developing HTN. BMI alone was
the most powerful predictor of HTN.17
In the Physician’s Health Study of 13 563
men, results showed a positive significant association between BMI and risk
of developing HTN in middle-aged and
older men (4920 men developed HTN).23
The Framingham Heart Study of approximately 10 000 men and women mirrored these findings. A 5% weight gain
on follow-up was associated with a 20%
to 30% increase in the risk of being
hypertensive.24
347

Downloaded from ajl.sagepub.com at UNIV OF MIAMI on July 29, 2011

348

Downloaded from ajl.sagepub.com at UNIV OF MIAMI on July 29, 2011

Consume a diet rich in fruits,
vegetables, and low-fat dairy
products, with a reduced content
of saturated fat and total fat

Reduce dietary sodium intake to
no more than 2.4 g/d

—

Limit consumption to no more
than 2 drinks per day (1 oz or 30
mL ethanol [eg, 24 oz beer, 10 oz
wine, or 3 oz 80-proof whiskey]
in most men and no more than
1 drink per day in women and
lighter-weight persons

Regular aerobic physical activity
such as brisk walking (at least
30 minutes per day, most days of
the week)

Adopt a DASH-type
dietary pattern

Reduce sodium
intake

Increase potassium
intake

Limit alcohol intake

Engage in regular
aerobic exercise

Engage in regular aerobic physical
activity such as brisk walking (at
least 30 minutes per day, most
days of the week)

Limit alcohol consumption to no
more than 1 oz (30 mL) ethanol
(eg, 24 oz beer, 10 oz wine, or 2
oz 100-proof whiskey) per day in
most men and to no more than 0.5
oz ethanol per day in women and
lighter-weight persons

Maintain adequate intake of dietary
potassium (>3500 mg/d)

Reduce dietary sodium intake to no
more than 2.4 g/d

Consume a diet rich in fruits,
vegetables, and low-fat dairy
products, with a reduced content
of saturated and total fat (DASH
eating plan)

Maintain normal body weight for
adults (BMI 18.5-24.9 kg/m2)

NHLBI13

—

For those who drink,
consume ≤2 alcoholic
drinks per day (men) and
≤1 alcoholic drink per day
(women)

Increase potassium intake
to 4.7 g/d, which is also the
amount provided in DASHtype diets

Lower salt (sodium
chloride) intake as much as
possible, ideally to 1.5 g/d
of sodium

Perform 30 to 60 minutes of
aerobic exercise 4 to 7 days per
week

Limit alcohol consumption to no
more than 14 units per week
in men or 9 units per week in
women

—

Restrict dietary sodium to less
than 2300 mg (100 mmol) per
day (and 1500-2300 mg [65-100
mmol] per day in hypertensive
patients)

Follow a diet that is reduced in
saturated fat and cholesterol, one
that emphasizes fruits, vegetables,
and low-fat dairy products, dietary
and soluble fiber, whole grains,
and protein from plant sources

Maintain a healthy body weight
(BMI 18.5 kg/m2 to 24.9 kg/m2)
and waist circumference (smaller
than 102 cm for men and smaller
than 88 cm for women)

For overweight and obese
individuals, lose weight,
aiming for a BMI < 25 kg/
m2; for nonoverweight
individuals, maintain a
desirable body weight
Consume a diet rich in
fruits, vegetables (8-10
servings per day), low-fat
dairy products (2-3 servings
per day), and reduced in
saturated fat and cholesterol

CHEP14

AHA3

Engage in regular aerobic
physical activity, such as
brisk walking, for at least
30 minutes most days

Men ≤21 units per week;
women ≤14 units per
week ethanol; in the
UK, a unit of alcohol is
defined as 10 mL (or
~8 g ethanol

—

Reduce dietary sodium
intake to <2.4 g/d

Consume a diet rich in
fruits, vegetables, and
low-fat dairy products,
with reduced content of
saturated and total fat

Maintain ideal BMI
(20-25 kg/m2)

BHS IV15

Abbreviations: BP, blood pressure; JNC 7, Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (the JNC 7 report); NHLBI, National High Blood Pressure Education Program (NHBPEP)
Coordinating Committee’s Primary Prevention of Hypertension: Clinical and Public Health Advisory from the National High Blood Pressure Education Program; AHA, Dietary Approaches to Prevent and Treat Hypertension: A Scientific
Statement from the American Heart Association; CHEP, 2009 Canadian Hypertension Education Program recommendations; BHS IV, 2004 report of the British Hypertension Society; BMI, body mass index; DASH, Dietary Approaches to
Stop Hypertension.

Maintain normal body weight
(BMI 18.5-24.9)

JNC 71

Lose weight

Recommendation

A Comparison of Lifestyle Recommendations Proven to Effectively Lower BP

Table 1.
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Meta-analyses. Two meta-analyses of
clinical trials on the effects of weight
reduction on lowering BP support the
efficacy of weight loss intervention for
both the prevention and treatment of
HTN, particularly in the short term.25,26
The Aucott et al25 analysis reviewed 8
clinical trials and 8 cohort studies to
determine the impact of weight loss on
long-term (≥2 years) BP control. Results
showed that for adults with a mean baseline BMI of <35 kg/m2, predicting the
impact of weight loss on diastolic blood
pressure (DBP) was not possible; however, for systolic blood pressure (SBP),
an individual with a 5-kg weight loss
may expect an average
5.6 mm Hg reduction.
The other meta-analysis examining the effect of weight reduction on
HTN was published in 2003 in the journal Hypertension, where 25 randomized
controlled clinical trials were evaluated.
In this analysis, half of the 4874 participants were hypertensive (defined as a
BP of ≥140/90), 24% were taking antihypertensive medication, and an undefined percentage was classified as “mildly
hypertensive.” The results indicated that
a 1-kg weight loss was associated with an
approximate 1 mm Hg reduction in both
SBP and DBP. Larger BP reductions were
observed in populations taking antihypertensive medications. The authors thus
recommended that lifestyle modifications
promoting weight loss become a major
component in both the treatment and
prevention of HTN.26
It should be noted, though, that several of the studies showed that weight
loss was rarely sustained over the long
term and that BP tended to revert back
to initial levels with weight regain.
Evidence exists that the suppression of
sympathetic nervous system activity that
accompanies a reduced calorie intake—
and not the weight loss per se—is
responsible for the reduction in BP and
subsequent BP recidivism once dietary
restrictions are lifted.27
Longer term clinical trials. The
Hypertension Prevention Trial (HPT) was
a randomized, controlled, primary prevention trial of 841 healthy men and
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women conducted over 9 months in 1983
and followed up for 3 years.28 The study
was designed to assess the effect of 2
different dietary interventions (sodium
reduction with calorie control and calorie counseling alone) on the primary
prevention of HTN. Participants were
randomly assigned to 1 of 4 dietary treatment groups: reduced calories, reduced
sodium, reduced sodium and calories,
and reduced sodium and increased potassium. At 3 years, both SBP and DBP,
relative to baseline, decreased in all treatment groups, but the authors found that
sodium reduction with calorie control
was a less effective intervention than calorie counseling alone because weight
loss from calorie control gave better BP
reduction.
The Trials of Hypertension Prevention
(TOHP) was a long-term, large-scale
study conducted during the 1990s,
designed to assess the feasibility and efficacy of 7 nonpharmacological interventions (weight loss, sodium reduction,
and stress management as well as nutritional supplement interventions of calcium, magnesium, potassium, and fish
oil) in the primary prevention of HTN
among individuals with high-normal BP
(prehypertension).
The initial phase (TOHP I) examined
the 3 lifestyle interventions (weight loss,
dietary sodium reduction, and stress management) for 18 months in 2182 men
and women with high-normal DBP.29 At
6 months, the mean weight loss was 5.7
kg with a corresponding BP reduction of
-3.8/-2.5 mm Hg. At 18 months, both the
weight loss and sodium reduction groups
showed significant reductions in BP,
albeit less than at 6 months. The sodium
reduction group exhibited a BP reduction of -1.7/-0.9 mm Hg; the weight
reduction group regained some weight,
with a corresponding lessening of the
BP decline to -2.9/-2.3 mm Hg. Thus,
the authors’ conclusion was that weight
reduction is the most effective of the 3
BP-lowering lifestyle strategies tested
among individuals with prehypertension.
The second phase of TOHP (TOHP II)
tested 3 similar interventions (weight loss,
sodium reduction, and a combination
of the two) over a longer time,—a 3- to

4-year follow-up period—in 2382 overweight men and women (110%-165% of
desirable body weight) with high-normal
BP.30 The short-term weight loss and BP
responses were similar to TOHP I. As in
TOHP I, the BP-reduction effect declined
over time, mirroring weight regain. At
36 months, the average BP effects were
as follows: weight loss group (average 2-kg weight loss), -1.3/-0.9 mm Hg;
sodium reduction group, -1.2/-0.7 mm
Hg; and combined intervention group,
-1.1/-0.6 mm Hg. As in the Hypertension
Prevention Trial, TOHP II did not show
an additive effect of BP reduction by
combining lifestyle interventions.
The DASH Diet

In 1995, the NHLBI funded the landmark diet and BP study named simply the Dietary Approaches to Stop
Hypertension, or DASH trial.31 In 1997,
the main results of the DASH diet trial
were published,32 illustrating for the first
time that dietary intervention alone (holding body weight and sodium intake [3
g/d] constant) significantly lowers systolic
and diastolic BP by an average of 11.4
and 5.5 mm Hg in hypertensives and by
3.5 and 2.1 mm Hg in nonhypertensive
study participants, respectively. The magnitude of BP reduction is similar to that
achieved by BP-lowering drug monotherapy for mild HTN.33
The DASH diet is rich in fruits, vegetables, and whole grains, with the additional
inclusion of legumes, nuts, lean poultry, fish, and low-fat or fat-free dairy products (Table 2). The diet allows only a small
amount of red meat, sweets, and added
sugars. The DASH diet is exceptionally
high in potassium, calcium, magnesium,
and fiber, particularly when compared
with the typical American diet. In the following section, we take a closer look at
each individual mineral, keeping in mind
that it is consumption of the whole DASH
dietary pattern that is most effective for
reducing BP.
Potassium, calcium, and magnesium.
Studies have shown that a high dietary
intake of the minerals potassium, calcium, and magnesium has a BP-lowering
effect. (Note: the scientific evidence
349
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Table 2.
Dietary Approaches to Stop Hypertension (DASH) Dieta
Number of Servings
1200-Calorie
Diet

2000-Calorie
Diet

2600-Calorie
Diet

Grains
and grain
products

6 per day

6-8 per day

10-11 per
day

• 1 slice bread
• ½ cup dry cereal
• ½ cup cooked pasta

Vegetables

3-4 per day

4-5 per day

5-6 per day

• 1 cup raw green leafy vegetables
• ½ cup cooked vegetables
• ½ cup vegetable juice

Fruit

4 per day

4-5 per day

5-6 per day

• 1 medium fruit
• ¼ cup dried fruit
• ½ cup fruit juice

Fat-free or
low-fat dairy

2-3 per day

2-3 per day

3 per day

• 1 cup fat-free milk
• 1½ oz reduced-fat cheese

Meat,
poultry, fish

3-6 per day

6 or less per
day

6 per day

• 1 oz broiled or baked lean meats, skinless poultry, or
fish
• 1 egg

Nuts, seeds,
beans

3 per week

4-5 per week

1 per day

• 1½ oz nuts
• ½ cup cooked beans
• 2 tbsp peanut butter

Added fats
and oils

2 per day

2-3 per day

3 per day

• 1 tsp oil
• 1 tbsp regular salad dressing
• 2 tbsp light salad dressing

Sweets
and added
sugars

0

5 or less per
week

2 or less per
day

• 1 tbsp sugar
• 1 tbsp jelly or jam
• ½ cup sorbet

Food Group

Sample Servings of Food

The DASH diet can be accessed at http://www.nhlbi.nih.gov/health/public/heart/hbp/dash/new_dash.pdf.

a

supporting the BP-regulating benefit of
these minerals comes primarily from
those obtaining the minerals from food
rather than from supplements.)
According to the Third National
Health and Nutrition Examination
Survey (NHANES III), individuals with
high dietary potassium intakes exhibit
significantly lower BP.34 As noted
previously, the DASH trial data further support the beneficial effects of
a potassium-rich diet on BP.32 In the
American Heart Association scientific statement on dietary approaches
to prevent and treat HTN, the strength

of the scientific evidence in support of
the BP-lowering effect of dietary potassium is extensive.3 Conversely, dietary
potassium restriction increases both
SBP and DBP in hypertensive and normotensive individuals.35 It should also
be noted that although the BP-lowering
evidence for a high dietary intake of
potassium is robust, data from individual trials examining the influence of
supplemental potassium chloride on
BP in hypertensive patients has been
inconsistent.36
Just how much potassium does
one need to consume to achieve BP
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reduction benefits? Original DASH diet
participants consumed approximately
4400 mg/d of potassium, which lowered
BP by an average of -2.8/-1.1 mm Hg in
people with normal BP and by an average of -7.2/-2.8 mm Hg in people with
HTN. However, the current recommendation is 4.7 g/d of potassium, a value
based on data derived from more recent
clinical trials.3 There are caveats regarding potassium consumption: If an individual has a medical condition that impairs
kidney function and/or is on certain medications that hinder potassium excretion,
intake of potassium must be restricted

vol. 5 • no. 4

because of the potential for adverse cardiac effects from hyperkalemia.3
African Americans have a higher prevalence of HTN and poorer cardiovascular and renal outcomes than white
Americans.37 It has been hypothesized
that blacks may be more salt sensitive
and may consume less potassium than
white Americans—as such, the DASH diet
was shown to be particularly beneficial
among this segment of the population.37
Potassium has a greater BP-lowering
effect in blacks compared with whites,38
making the DASH diet an exceptionally
attractive option for African Americans.
The earlier DASH diet also showed that
consuming calcium-rich low-fat or fatfree dairy foods in addition to a diet high
in fruits and vegetables lowers SBP and
DBP further than a diet high in fruits
and vegetables alone (the combination
group increased dietary calcium intake
to approximately 1265 mg/d). Metaanalyses of clinical trials on ingesting
calcium in the form of supplements
(400-2000 mg/d) also provide evidence
of a modest BP-lowering effect: -0.9 to
1.4 mm Hg SBP and -0.2 to 0.8 mm Hg
DBP, respectively.39-41
What is less well known is the joint role
that calcium and vitamin D play in controlling BP. The Women’s Health Study
followed a large (28 886) prospective
cohort of middle-aged and older women
for 10 years.42 Intake of low-fat dairy
products, calcium, and vitamin D from
food had an independent, inverse association with risk of HTN. As with calcium, the risk of HTN was reduced in
the higher quintiles of dietary vitamin D
(but did not change with supplemental
vitamin D). The results of the Women’s
Health Study are observational; therefore,
it may be the overall healthy diet that
results in BP reduction rather than the
vitamin D itself.
Results from the Women’s Health
Initiative, a randomized trial of more than
36 000 healthy postmenopausal women,
support the advice to encourage consumption of calcium and vitamin D–rich
foods as opposed to supplements. In the
Women’s Health Initiative, supplemental
calcium (1000 mg) plus vitamin D3
(400 IU) were taken daily. Results
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showed that the supplements did not
reduce BP over 7 years of follow-up or
attenuate the risk of developing prehypertension or HTN.43 Therefore, it
appears prudent to suggest the inclusion
of nutritious calcium-rich foods that also
include vitamin D, such as low-fat or fatfree dairy products or dairy substitutes,
as the ideal complementary strategy to a
diet rich in fruits, vegetables, and fiber,
for BP regulation.
Magnesium is the third mineral that
the most successful group in the original
DASH trial consumed in high amounts,
averaging approximately 480 mg/d. The
science supporting the BP-lowering
effect of dietary magnesium is inconsistent. Observational studies show an
inverse relationship between dietary magnesium intake and BP,44 whereas a metaanalysis of 20 randomized clinical trials
found no effect of dietary magnesium on
BP.45 However, it should be noted that
the studies in the later meta-analysis used
magnesium supplementation (at a median
dosage of 15.4 mmol/d) as opposed to
boosting dietary intake of magnesium
from food—which appears to be the preferred method. Nevertheless, considering the distinct BP-lowering effect of the
DASH diet as a whole, it is of interest to
identify the original DASH average daily
mineral intakes and a list of foods rich in
each (Table 3).
Despite the benefit of using a DASHtype diet as adjunctive lifestyle therapy in
the treatment of HTN, the dietary profile
of Americans diagnosed with HTN has
deteriorated since the results of the DASH
trial were first disseminated, and the original DASH message has faded among this
population.46 Given that healthy dietary
choices are a highly effective means of
attenuating the disease, efforts to promote the DASH-type eating pattern to
patients must be reestablished among
practicing clinicians and the nation as a
whole.
Sodium Restriction

Salt (sodium chloride) saturates the
American food supply, with the average man in the United States consuming
10.4 g of salt/d and the average woman
consuming 7.3 g/d.47 This amount vastly

exceeds the maximum daily amount
of 3.7 g of salt (2300 mg of sodium)
currently recommended by the US
Departments of Agriculture and Health
and Human Services for maintaining
good health. It should be noted that most
of the sodium in our diet does not come
from the salt shaker; approximately 80%
comes from daily intake of processed and
restaurant foods.48
According to a report of the Council
on Science and Public Health regarding
sodium and cardiovascular disease,48 the
rise in BP with age and the prevalence of
HTN are directly related to sodium intake.
The Intersalt study,49 a large population
study, showed that populations with low
intakes of sodium (less than 1265 mg/d)
have low BP and exhibit a blunted agerelated rise in BP with age. In fact, considerable scientific evidence exists linking
excess salt ingestion to HTN, in addition to the data from observational studies linking high salt intake with increased
cardiovascular events.50
Despite this evidence, dietary salt
intake in the US is on the rise, posing a
population problem of great magnitude.
This disturbing situation prompted scientists to postulate projected health benefits of instituting a population-wide
reduction of salt intake. In a study published recently in The New England
Journal of Medicine, Bibbins-Domingo et
al47 used a computer model to forecast
potentially achievable health benefits
of reducing salt intake population-wide
by up to 3 g/d (1200 mg of sodium/d).
The results revealed that a relatively
small reduction in salt intake could drastically improve public health. The projected decline in the annual number
of new cases of coronary heart disease
was 60 000 to 120 000; stroke, 32 000
to 66 000; and myocardial infarction,
54 000 to 99 000; also there was a reduction in the number of all-cause mortality by 44 000 to 92 000. These findings
emphatically support a call to action for
the federal government to regulate salt
concentrations in processed, prepared,
and restaurant foods and for the Food
and Drug Administration to educate consumers by requiring warning labels to be
placed on high-sodium foods.
351
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Table 3.
Original DASH Diet Minerals Related to BP Regulation and Suggested Amounts

Mineral

Recommended
Amount (mg/d)a

Calcium

1260

Sample Foods (mg)b
• Tofu, prepared with calcium sulfate (½ cup),
861
• Calcium-enriched orange juice (1 cup), 500
• Sardines (3-oz can with bones), 351
• Ricotta cheese, part skim (½ cup), 337
• Calcium-fortified soy milk (1 cup), 300
• 1 cup fat-free milk, 300
• 1 cup fat-free yogurt, 300
• Canned salmon with bones, 180
• Frozen yogurt (1 cup), 174
• Grated parmesan cheese (2 Tbsp), 138
• Artichoke, boiled (1 medium), 135

Magnesium

480

•
•
•
•
•
•
•
•
•
•
•

Spinach (1 cup, steamed), 157
Swiss chard (1 cup, chopped), 150
Beet greens (1 cup, steamed), 98
Ready-to-eat, high-fiber cereal (½ cup), 89
Lentils (1 cup, cooked), 71
Beans, black (½ cup), 60
Wild rice (1 cup, cooked), 53
Walnuts (1 oz, 14 halves), 45
Sesame seeds (1 Tbsp.), 32
Cocoa powder (1 Tbsp.), 26
Coffee, brewed, decaffeinated, espresso
(1 fl oz), 24
• Whole-grain bread (1 slice), 20

Potassium

4400

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Beet greens (1 cup, steamed), 1309
Baked potato (1 medium with skin), 926
Spinach (1 cup steamed), 840
Avocado (half), 487
Banana (1 medium), 422
Orange juice (¾ cup), 357
Tomatoes (1 cup cherry tomatoes), 353
Apricots (1 oz dried), 325
Beans, black, cooked without salt (½ cup),
305
Kale (1 cup steamed), 296
Cantaloupe (1 large wedge, 1/8 melon), 272
Kiwi (1 medium), 237
Figs (1 oz dried), 190
Watermelon (1 cup), 173
Grapefruit (½ fruit), 156
Low-sodium V8 (1 cup), 820
Raisins (½ cup), 543
Brussels sprouts (1 cup steamed), 496

Abbreviations: DASH, Dietary Approaches to Stop Hypertension; BP, blood pressure.
a
Recommended mineral amounts are the average amount consumed by participants in the original
DASH combination diet26 because no value for magnesium is available under current recommendations.
b
Nutrition analysis was taken from the USDA National Nutrient Database, http://www.nal.usda.gov/
fnic/foodcomp/search/.
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Randomized controlled clinical trials
have collectively demonstrated the benefits of sodium reduction for BP control
in both normotensive and hypertensive individuals.51-54 A meta-analysis by
Feng and MacGregor55 published in the
Journal of Human Hypertension was
based on 17 trials involving modest salt
reduction in hypertensive patients and
11 similar trials in normotensive people. Salt intake was reduced by an average of 5 g/d, resulting in a mean drop
in SBP/DBP of -4.96/-2.73 in hypertensive and -2.03/-0.97 mm Hg in normotensive people.
The BP response to dietary sodium
restriction varies: blacks, middle-aged
and older people, and individuals with
chronic diseases such as diabetes, HTN,
and kidney disease tend to exhibit a
greater response.3 In the TOHP II lifestyle intervention trial of prehypertensive
overweight men and women discussed
previously, the sodium reduction group
exhibited a significant SBP decline over
36 months, which led to a decrease in
HTN through the 48-month follow-up
when compared with the usual-care
group. A cross-sectional dose–response
relationship between sodium intake and
BP change was demonstrated, with larger
BP reductions corresponding to lower
levels of dietary sodium. Furthermore, a
long-term follow-up of the sodium reduction interventions in 2 completed lifestyle
intervention trials, TOHP I and TOHP II
(assessed 10-15 years after the original
trial), showed a 25% to 30% lower risk of
cardiovascular events.56
Combining sodium reduction with
other lifestyle modifications has an additive BP-lowering effect. For example,
the addition of sodium restriction to the
original DASH diet illustrated the greater
BP-lowering response.57 The DASH–
Sodium trial involved completion of a
12-week feeding intervention by 390 multiracial participants with high-normal BP.
Participants were randomized to 3 consecutive 30-day intervention feeding periods where the original DASH diet or
the control diet (typical American diet)
was combined with 3 levels of sodium
intake: 50 mmol/d (1.2 g), 100 mmol/d
(2.3 g), and 150 mmol/d (3.5 g) for a
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2100-kCal diet.53 Results showed that the
DASH diet lowered BP in all 3 sodiumrestricted groups, reinforcing the notion
that the DASH diet alone is effective lifestyle therapy for reducing BP. A second
finding was that restricting sodium lowers SBP and DBP at all 3 sodium levels in both the control diet and the
DASH diet groups. Sequential reductions in BP corresponding to sodium
level among patients following either
diet illustrated that the lowest sodium
intake produced the greatest reduction.
A third finding was that the combined
effect of the DASH diet with the greatest sodium restriction produced greater
BP-lowering results than either intervention alone. In fact, the largest decrease
in BP was observed between the highsodium control diet group and the lowsodium DASH diet group (-8.9/-4.5 mm
Hg, respectively).
Therefore, the optimal dietary plan
appears to be a DASH diet combined
with a sodium restriction of 1.2 g/d,
as even greater reductions in BP are
observed when compared with the
DASH diet alone or sodium restriction
alone. And finally, the DASH–Sodium
trial also demonstrated that the findings
of a BP-lowering benefit of the DASH
diet and sodium restriction are applicable
to several subgroups: men and women,
blacks and those of other races, and individuals with HTN or without.57
Reduced Sodiumto-Potassium Ratio

Early research demonstrating that both
dietary sodium and potassium intake
are related to BP appeared in 1988 in
the American Heart Association journal Circulation.58 In this study, the relationship between BP and dietary intake
of sodium and potassium was estimated
from a 24-hour diet recall in an older
group of 584 men and 718 women living in southern California. The investigators found that in both men and women,
every unit ratio increase in sodium/
potassium ratio reflected a SBP/DBP
increase of +2.4/+1.7 and +2.2/+1.0 mm
Hg, respectively.
A meta-analysis of 67 randomized
sodium or potassium trials by Danish
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researchers revealed that a reduced
intake of sodium and an increased intake
of potassium independently have a positive effect on BP. The average pooled
data for unweighted SBP/DBP changes
for the sodium and potassium trials was
-4.1/-2.5 mm Hg and -3.3/-2.1 mm Hg,
respectively.59
The large Intersalt study examined the
relationship between BP and 24-hour urinary excretion of sodium and potassium
in more than 10 000 men and women,
aged 20 to 59, from 52 centers around
the world.49 (Sodium/potassium urinary
excretion is a surrogate measure for the
amounts typically consumed in the diet.)
Results showed a clear, positive correlation between sodium intake and BP and
an inverse relationship between dietary
potassium and BP. The authors suggest
that a high ratio of potassium to sodium
intake could potentially blunt the rise in
BP that often accompanies aging.
During phase II of the TOHP,60 repeated
measures of participants’ 24-hour urinary
sodium and potassium excretion were
collected and analyzed over the 4-year
follow-up period in 2275 middle-aged
overweight men and women (110%-165%
of desirable body weight) with highnormal BP. Results showed that over the
10 to 15 years of follow-up, the sodiumto-potassium excretion ratio exhibited a
direct linear relationship with a risk of
having a heart attack or stroke, with a
24% increased risk per unit of the ratio
elevation. According to the authors, monitoring intake of both minerals together
is the most effective strategy for fighting HTN and heart disease. (The extent
of BP lowering from potassium depends
on levels of salt intake, and the effect is
subadditive when simultaneously reducing sodium intake and increasing potassium intake).3
Moderate Alcohol
Consumption

A direct dose–response relationship
between alcohol intake and risk of HTN
exists, particularly when alcohol intake
exceeds 2 drinks per day.61 The alcohol
mortality risk is a J-shaped curve, with
heavy drinkers exhibiting the greatest
risk, light-to-moderate drinkers exhibiting

the lowest risk, and an intermediate risk
for abstainers.62 The relationship between
heavy alcohol drinking and an increase
in BP is also well documented.63,64
According to the US Department of
Agriculture 2005 dietary guidelines,
1 drink is defined as 12 oz of beer, 5 oz
of wine, or 1.5 oz of spirits, with moderate alcohol consumption defined as
1 drink/d for women and up to 2
for men. Heavy drinking has been
defined as exceeding this amount. 65
In a population-based study, Stranges
et al64 confirmed that heavy alcohol consumption (≥2 drinks/d) is associated with
a higher risk for HTN.
The Atherosclerosis Risk in Communities
Study was a longitudinal cohort study of
8334 free-living, healthy, middle-aged participants followed for 6 years.66 Results
showed an increased risk of incident HTN
in those who consumed large amounts of
ethanol, defined as ≥210 g/wk. The consumption of low-to-moderate amounts of
alcohol was found to be a risk factor for
HTN only in black men.
A combined analysis of data derived
from 2 large prospective cohorts—28 848
women from the all-female Women’s
Health Study and 13 455 men from the
all-male Physicians’ Health Study—
showed that alcohol affects men and
women differently. Light-to-moderate
alcohol intake decreased the risk of
HTN in women (a J-shaped association)
but increased the risk in men in a linear fashion with no BP benefits for lightto-moderate consumption. Consistent
between genders was the tendency for
heavier alcohol consumption—more
than 2 drinks a day—to increase the risk
of developing HTN in both men and
women.63
The scientific consensus appears to be
that moderating excessive alcohol intake
can lower BP by up to 4 mm Hg on average.65 A meta-analysis of 15 randomized
controlled clinical trials showed that in
heavy drinkers (defined as a mean baseline alcohol consumption of 3-6 drinks/d),
reducing intake is associated with significant BP reduction.61 An average of a 67%
reduction in alcohol intake reduced SBP/
DBP by a net change of -3.31/-2.04 mm
Hg, respectively. The rise in BP as a result
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of excess alcohol intake is largely reversible within 2 to 4 weeks of abstinence or
extreme moderation.67
Regular Aerobic Exercise

Ample research demonstrates that
physical activity lowers the risk of
developing HTN and is an effective
BP-lowering treatment for diagnosed
HTN.68,69 Epidemiological studies clearly
show an inverse relationship between
physical activity level and BP,70 with
higher physical activity levels reducing risk of incident HTN by approximately 15%.71,72 Several meta-analyses
of randomized clinical trials demonstrate that chronic dynamic aerobic
endurance training lowers both resting BP and ambulatory BP in prehypertensive, hypertensive, and normotensive
people.70-72
Whelton et al71 conducted a metaanalysis of 54 randomized clinical trials (2419 participants) to determine the
effects of aerobic exercise on BP. Results
showed that a regular aerobic exercise
program had an impressive BP lowering effect in previously sedentary individuals, with reductions in SBP and DBP
of -3.84/-2.58 mm Hg, respectively. BP
was lowered in hypertensive, normotensive, overweight, normal weight, black,
white, or Asian people. It was also
shown that BP was reduced by aerobic exercise in hypertensive people who
had a normal body mass, hence the conclusion that exercise results in BP reductions independent of weight loss.
In a more recent meta-analysis of 44
randomized controlled intervention trials
(2674 participants) studying the effects of
aerobic exercise training on resting BP,
average SBP and DBP declined by
-2.6/-1.8 mm Hg in normotensive participants and -7.4/-5.8 mm Hg in hypertensives.70 Another comprehensive
meta-analysis (72 trials) reported the
effects of aerobic exercise training on
both resting BP and ambulatory BP in
some 4000 normotensive or hypertensive
participants.72 Training induced significant
net reductions in both resting and ambulatory SBP and DBP of -3.0/-2.4 mm Hg
and -3.3/-3.5 mm Hg, respectively. The
reduction in BP was more pronounced
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in the 30 hypertensive study groups
(-6.9/-4.9 mm Hg) compared with the
normotensive groups (-1.9/-1.6 mm
Hg), illustrating the effectiveness of using
exercise as means to both treat and prevent HTN. The authors concluded that
chronic aerobic endurance exercise training induces an adaptive reduction in BP
partially by decreasing systemic vascular
resistance involving the sympathetic nervous system and the renin–angiotensin
system.
What is the optimal exercise prescription for treating HTN? The
American College of Sports Medicine
(ACSM) Position Stand on Exercise and
Hypertension recommends a program
of primarily aerobic endurance exercise as an integral component of the
lifestyle prescription for the prevention, treatment, and control of HTN.68
The ACSM suggests the following
guidelines for individuals with diagnosed HTN:
Frequency: on most, preferably all, days
of the week
Intensity: moderate
Time: ≥30 minutes of continuous or accumulated physical activity per day
Type: primarily endurance physical
activity supplemented by resistance
exercise
The more recent 2008 Department of
Health and Human Services (DHHS)
Physical Activity Guidelines Advisory
Committee Report’s conclusion on frequency, intensity, and mode of exercise that yields important reductions in
both SBP and DBP is consistent with the
ACSM guidelines.69 Both aerobic exercise
and resistance exercise reduce BP, but
the evidence backing aerobic exercise is
more substantial. According to the DHHS
advisory report, the following exercise
prescription yields reproducible effects
on BP reduction in hypertensives:
Frequency: performed 3 to 5 times per
week
Intensity: moderate- to high-intensity
exercise
Time: 40 minutes of aerobic exercise
training
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Type: aerobic exercise involving more
than 800 MET (metabolic equivalent) minutes per week (or 12 miles
per week moderate and/or vigorous). (Note: For weight loss of 5%
or more, the DHHS recommends a
greater volume of physical activity,
or 1560 MET minutes or more per
week—equivalent to walking about
45 minutes per day at 4 miles per
hour or about 70 minutes per day at
3 miles per hour, or jogging 22 minutes per day at 6 miles per hour.)
Regarding the ideal exercise prescription intensity, Cornelissen et al73 demonstrated that 10 weeks of aerobic
endurance training at either a high or
low intensity reduced SBP at rest, during
exercise, and during recovery in a similar manner. Exercise training programs
involved walking/jogging/running for
23 minutes, cycling for 23 minutes, and
stepping for 5 minutes for a total of 51
minutes per session 3 days per week at
either 33% or 66% of heart rate reserve.
The findings suggest that frequency,
time, and mode are more important components of the exercise prescription than
intensity when it comes to eliciting BP
reduction.
Combination Lifestyle
Therapy for Optimal
BP Management
Evidence supporting the contention that a combination of multiple
lifestyle strategies simultaneously is beneficial for maximizing BP reduction
comes from numerous randomized clinical trials.18,52,74-76 The NHLBI-sponsored
PREMIER trial, for example, was a
6-month multicenter trial investigating the effects of a combination of wellestablished lifestyle interventions on BP
of prehypertensive and stage-1 hypertensive, free-living individuals.52,77
Participants (810 men and women) were
randomly assigned to 1 of 3 groups: (1) a
composite of established lifestyle recommendations (weight loss, sodium restriction, exercise, and moderation of alcohol
consumption), (2) DASH diet plus established lifestyle recommendations, and
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(3) an “advice-only” comparison group
consisting of diet and lifestyle advice
given in a single 30-minute session. After
the treatment period, the “established
plus DASH” group showed an absolute
mean decrease in BP of -11.1/-6.4 mm
Hg from baseline to 6 months; the “established” group showed an absolute mean
decrease in BP of -10.5/-5.5 mm Hg;
and the “advice-only” group showed an
absolute decline of -6.6/-3.8 mm Hg.
The PREMIER study illustrates that a multifaceted combination of BP-lowering lifestyle strategies is well tolerated among
free-living individuals. Yet the study did
not show a strong additive effect of combining lifestyle treatments, which may be
partly because of the relatively low baseline BP of participants.78
Several additional randomized controlled studies have, however, demonstrated a powerful additive effect of
combination therapy.18,74,75 Cox et al18
showed that in sedentary overweight
men, combining calorie reduction with
a program of regular vigorous exercise
exhibited a synergistic effect on reducing
BP. Another study, a large, randomized,
multicenter controlled trial of nonpharmacological interventions in older people
(TONE), used a combination of sodium
reduction with weight loss to treat HTN.79
Participants (975 men and women aged
60-80 years, overweight and nonoverweight) were randomized to 1 of 3 lifestyle interventions (sodium reduction,
weight loss, or combined) or to a usualcare group (control). After 29 months,
results revealed that the sodiumreduction group lowered the need for
antihypertensive medications by 31%, the
weight loss group by 36%, and the combination by 53% when compared with
the usual-care group; hence, the authors’
conclusion that a combination of modest
lifestyle changes (such as losing weight
and cutting salt intake) is a safe and feasible method for eliminating or lessening
the need for hypertensive medication in
elderly Americans.
The Diet, Exercise, and Weight Loss
Intervention Trial (DEW-IT) was a comprehensive lifestyle modification study
demonstrating that combination adjuvant
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BP-lowering lifestyle therapy (a low-calorie,
sodium-restricted DASH diet combined
with a moderate-intensity exercise program) can substantially reduce BP and
improve BP control in overweight hypertensive individuals on antihypertensive
medication.74 In DEW-IT, 44 hypertensive
overweight adults on a single BP medication were randomized to either a lifestyle or a control group. At the end of the
9-week intervention, mean weight loss in
the lifestyle group was 5.5 kg, with a corresponding mean reduction in 24-hour
ambulatory SBP and DBP of -10.5 mm
Hg and -5.9 mm Hg, respectively.
The ENCORE study showed that adding
exercise and weight loss lifestyle interventions boost the BP-lowering effect of
the DASH diet.76 In this clinical trial, 144
overweight and obese unmedicated outpatients with prehypertension or stage
1 HTN were randomized to the DASH
diet alone, to DASH combined with a
weight management program (a weekly
cognitive-behavioral therapy session
combined with aerobic exercise 3 times a
week), or to the usual diet for 4 months.
The main outcome was a significant
reduction in clinic-measured SBP/DBP
by -16.1/-9.9 mm Hg in the DASH
plus weight management group, by
-11.2/-7.5 mm Hg in the DASH alone
group, and by -3.4/-3.8 mm Hg in the
usual-care group. This recent landmark
study confirms the beneficial BP-lowering
effect of the DASH diet compared with
the typical American diet in unmedicated hypertensive overweight men and
women. The study also highlights the
added value of combining exercise and
weight loss with the DASH diet for maximizing BP reduction in this population.76
Novel BP-Lowering
Lifestyle Interventions
Several less-well-established lifestyle modifications are gathering scientific backing in support of their potential
ability to reduce BP. Although promising, the research on these novel therapies
is preliminary at best and far from conclusive. Many more published trials will
be needed before definitive conclusions

can be drawn regarding the BP-lowering
effectiveness of the treatments.
Dark Chocolate

Cocoa is a rich source of the main subclass of polyphenols, the flavanols. Data
are starting to accumulate suggesting that
consumption of flavanol-rich cocoa products, such as dark chocolate and cocoa
beverages, has a measurable BP-lowering
effect. A recent systematic review and
meta-analysis of 10 randomized clinical trials comprising 297 participants80
showed that SBP and DBP were lowered by -4.5 and -2.5 mm Hg, respectively, following daily cocoa ingestion (of
varying amounts) for periods of 2 to 18
weeks. In 2007, a smaller meta-analysis
(5 randomized clinical trials with 173 normotensive and hypotensive participants)
examined the effect of flavonol-rich dark
chocolate and cocoa on BP and also
reported beneficial hypotensive effects.81
Mean SBP and DBP were -4.7 and -2.8
mm Hg lower compared with cocoa-free
controls. Flavanols have been shown to
induce arterial vasodilation by increasing
the endothelial production of nitric oxide,
which the authors state is the likely
mechanism for the reduction in BP from
consuming flavanol-rich cocoa products.
A randomized clinical trial tested the
effects of ingesting a daily dose of dark
chocolate on BP in 44 men and women
with prehypertension or stage 1 HTN
(not taking medication) over 18 weeks.82
Participants were divided into 2 groups.
One group consumed a 30-calorie piece
of dark chocolate (6.3 g)—high in flavonoid polyphenols—and the other a
matching 5.6-g dose of polyphenol-free
white chocolate daily. Patients who ate
the dark chocolate exhibited a mean
reduction in SBP/DBP of -2.9/-1.9 mm
Hg without any accompanying drop in
body weight. In contrast, the white chocolate eaters had no change in BP from
baseline values.
New research in animals supports the
potential for cocoa fiber to reduce BP
in hypertensive rats. Sánchez and colleagues83 randomly divided 20 male rats
into 2 groups, 1 receiving tap water (control) and the other a solution of water
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with added cocoa fiber extract for a
period of 17 weeks. The cocoa-fed group
exhibited a reduction in SBP by 10 to
15 mm Hg. Another rodent study examining the acute BP-lowering effects of
cocoa compared with a common antihypertensive medication had similar findings. Hypertensive rats fed 300 mg/kg
body weight of a high-polyphenol cocoa
powder had SBP lowered to the same
degree as a 50-mg/kg dose of captopril.84
Thus, preliminary data derived from both
animal and human studies suggest that
ingesting flavanols may have promise as
an effective lifestyle strategy in the treatment of HTN.
Soy

Epidemiological data suggest that longterm usual intake of soy foods has a
small but beneficial effect on BP. The
Shanghai Women’s Health Study is a large
population-based longitudinal study of
healthy middle-aged and elderly Chinese
women. Soy food intake was significantly
and inversely related to both SBP and
DBP measured 2 to 3 years after baseline assessment, particularly among the
older women. The adjusted mean SBP
for elderly women was 4.9 mm Hg lower,
and the DBP was 2.2 mm Hg lower
in women who consumed ≥25 g soy
protein/d compared with those consuming <2.5 g/d.85
Randomized clinical trials also support the BP-lowering effect of eating soy
foods, especially when substituting vegetable protein in place of animal protein in postmenopausal normotensive
and hypertensive women, according to
research published in the Archives of
Internal Medicine.86 A randomized, controlled crossover study investigated the
effects of applying a National Cholesterol
Education Program Therapeutic Lifestyle
Changes diet with or without 25 g of soy
protein daily (in the form of ½ cup of
unsalted soy nuts) for two 8-week periods. Results showed that the hypertensive women had a mean decrease in SBP
of 9.9% and a 6.8% decrease in DBP on
the soy diet (-15.0/-6.0 mm Hg, respectively) compared with the control diet.
Normotensive women exhibited a 5.2%
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decrease in SBP and a 2.9% decrease in
DBP on the soy diet -6.0/-2.0 mm Hg,
respectively, compared with the control
diet, with no change in BMI or exercise
in either group. The BP-lowering effect
of soy, according to the researchers, was
comparable with those seen with antihypertensive medications.
Several additional randomized clinical trials have shown that short-term soy
intake significantly reduces both SBP and
DBP,87-90 with substantially greater reductions noted in hypertensive compared
with normotensive participants.89 A randomized, controlled, double-blind multicenter trial conducted in the People’s
Republic of China further supports the
potential BP-lowering effect of soy.87
More than 300 men and women with
prehypertension or stage 1 HTN were
randomly assigned either 40 g of soybean
protein per day or a placebo for
12 weeks. The net decrease in SBP/DBP
for hypertensive and normotensive participants was -8.0/-5.0 mm Hg and
-2.0/-1.0 mm Hg, respectively.
It should be noted that other small clinical trials have reported no statistically
significant findings.91 Therefore, despite
the promising results, the data on the
BP-lowering effect of soy is still preliminary, and much more research is needed
to confirm the positive BP effects of
replacing some animal protein with soy
protein.
Relaxation Therapy

Chronic emotional and psychological
stress has been implicated as a causal
element in the development of sustained HTN.92 Therefore, a variety of
stress-reduction lifestyle therapies have
been proposed as methods to ameliorate the harmful effects of stress. In fact,
the Canadian government has suggested
stress management as part of its lifestyle
therapeutic approach for select individuals with HTN.14 Relaxation lifestyle treatments fall under 4 general categories:
(1) physical techniques such as yoga,
breathing exercises, and progressive
muscle relaxation; (2) biofeedback;
(3) autogenic training relaxation techniques; and (4) cognitive-behavioral
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therapy such as guided imagery, talk
therapy, and meditation.
A recent Cochrane review of 25 randomized controlled trials (1198 participants) using different types of relaxation
therapies for the management of primary
HTN in adults93 showed that a regular
program of relaxation therapy results
in a small yet statistically significant
reduction in SBP and DBP compared
with controls (mean SBP difference of
-5.5 and -3.5 mm Hg, respectively).
The review concluded that progressive
muscle relaxation, biofeedback, and
cognitive-behavioral therapies were the
types of relaxation treatments most likely
to be effective. The author did note that
many of the studies were of poor quality with unexplained variation between
trials, suggesting that the causal association between relaxation techniques and
BP reduction is weak. These conclusions
concurred with older analyses that also
failed to find statistically significant BP
effects with stress reduction programs.94,95
Those analyses cautioned that many of
the stress reduction BP trials were not
well designed and tended to overestimate
the treatment effect, and therefore, much
more research is needed.
Nevertheless, research on individual
stress reduction modalities continues to
surface, suggesting the potential effectiveness of these techniques on BP. Slow
breathing exercises (6 cycles/min) have
been shown to result in an acute decrease
in BP in hypertensive patients—with an
accompanying increase in baroreflex sensitivity.96 The authors suggest that this
technique appears to be potentially beneficial in the management of HTN. A randomized controlled observer-blind pilot
trial aimed at determining the effect of
contemplative meditation combined with
breathing exercises supports meditation as
an antihypertensive strategy.92 Participants
included 52 people with pharmacologically untreated HTN randomly assigned to
8 weeks of meditation/breathing exercise
treatment or no intervention under both
resting conditions and mental stress. The
results showed that the average BP during mental stress at follow-up was a substantial 11 mm Hg lower in the treatment
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group compared with controls. Hence,
preliminary research indicates that meditation and breathing exercises can be
effective antihypertensive therapy in individuals with HTN exposed to mental
stress.
A recent meta-analysis of well-designed
randomized controlled clinical trials
on stress reduction and BP calculated
the effects of various stress reduction
approaches: biofeedback, relaxationassisted biofeedback, progressive muscle
relaxation, stress management training,
and transcendental meditation. Results
showed that only the transcendental
mediation program showed statistically
significant effects, with reductions in
SBP and DBP of -5.0 and -2.8 mm Hg,
respectively.97
Summary and Application
The epidemic of HTN in the United
States and the associated adverse health
consequences necessitates a population strategy emphasizing the practice
of healthy lifestyle measures among all
Americans for the primary prevention and
clinical management of HTN. The best
approach to employing therapeutic lifestyle changes is to prescribe them in combination. Alone or ideally in concert,
these lifestyle strategies have the potential
to lower BP and/or enhance the effectiveness of hypertensive medications.
A summary of the 6 established lifestyle interventions for the prevention and
treatment of HTN are listed here followed
by the 3 novel interventions with less
proven efficacy:
1. Maintain and/or achieve a normal body
weight for adults aiming for a BMI <25.
2. Reduce sodium intake to <2.5 g/d
and ideally 1.5 g/d.
3. Follow a DASH-type dietary pattern, consuming at least 4700 mg/d of
potassium (from food).
4. Follow a DASH-type dietary pattern,
including daily intake of vitamin D–
fortified low-fat or fat-free dairy products (providing at least 1200 mg/d of
calcium) and foods rich in magnesium (providing at least 480 mg/d).
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5. For those who drink, moderate alcohol consumption should be limited to
≤2 alcoholic drinks/d (men) and ≤1
alcoholic drink/d (women).
6. Engage in regular aerobic exercise
such as brisk walking (≥40 minutes
on most and preferably all days of
the week).
7. Eat a small amount of dark chocolate
daily.
8. Include 25 g of soy protein/d in place
of animal protein.
9. Practice healthful stress management
techniques daily such as meditation
or slow breathing exercises.
It should be noted that the last 3 recommendations are novel BP-lowering
lifestyle strategies with preliminary and
far from conclusive supporting scientific
evidence.
A silent killer, HTN remains the most
common primary diagnosis in the United
States and is a significant public health
concern as it is a major risk factor for
coronary heart disease, our nation’s leading cause of death. Irrefutable scientific
evidence supports adoption of healthful lifestyle intervention strategies as a
highly effective tactic in preventing newonset HTN and as valuable adjunctive
therapy in treating diagnosed HTN. In
light of these findings, it would appear
prudent to answer the World Health
Organization’s4 call to action to reduce
the sodium intake of all Americans to a
reasonable level by having our government institute regulations for food manufacturers and restaurateurs, requiring
them to reduce the salt content of our
food. In addition, as recommended by
JNC 7,1 a combination of the BP-lowering
lifestyle intervention strategies described
in this article should be recommended
as the first line of therapy for the prevention of HTN and in combination
with medication for the optimal management of high BP and its sequelae to
reduce the burden of the most preventable cause of premature morbidity and
mortality in developed and developing
countries.15 Health professionals should
actively promote BP-lowering lifestyle
strategies that will help control the mass

public health problem of rampant HTN.
Instituting population-wide modest lifestyle changes is a cost-effective, practical
approach to addressing the BP problem
and will contribute greatly to improving
the health and longevity of our nation’s
citizens. AJLM
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