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Purpose of review

Nonpharmacologic lifestyle modification interventions (LMIs), such as increasing physical activity, dietary
modification, weight-loss, reducing alcohol consumption and smoking cessation, are effective strategies to
lower resting blood pressures (BPs) in prehypertensive or hypertensive patients. However, the limited time
shared between a physician and a patient is not adequate to instill an adoption of LMI. The purpose of this
review is to therefore highlight evidence-based BP lowering, LMI strategies that can feasibly be
implemented in clinical practices.

Recent findings

Interventions focusing on modifying physical activity, diet, weight-loss, drinking and smoking habits have
established greater efficacy in reducing elevated BP compared with providing guideline recommendations
based on national guidelines alone. Greater reductions in BP can be achieved through programmes that
provide frequent contact time with exercise, nutrition and/or wellness professionals. Programmes that
educate individuals to lead peer support groups can be an efficient method of ensuring compliance to LMI.

Summary

Evidence of a multidisciplinary approach to LMI is an effective and attractive model in managing elevated
BP. This strategy is an attractive model that provides the necessary patient attention to confer lifestyle
maintenance.
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INTRODUCTION

It is estimated that 31.5% of the global population or
1.4 billion people are diagnosed with hypertension
(HTN) [1]. Its pervasive nature in the United States
has contributed to the development of debilitating
cardiovascular diseases (CVDs) and has attributed to
an 8.2% increase in HTN-related deaths from 2003
to 2013 [2

&

]. Numerous studies have provided ample
evidence supporting the blood pressure (BP)-low-
ering effects of lifestyle modifications (i.e. increased
physical activity, dietary habits, weight-loss etc.),
suggesting that impactful reductions in its incidence
and prevalence should be achievable. Yet, the global
incidence of HTN is on the rise in conjunction with
increases in sedentary time and consumption of
high caloric foods with low nutritional value,
despite physician-guided recommendations against
these habits [1]. As a result, physicians are left to rely
on pharmacologic management of HTN that sub-
sequently places an unprecedented burden on the
healthcare system [2

&

].
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The successful translation of evidence-based,
lifestyle modification intervention (LMI) strategies
to manage elevated BP in clinics has been challeng-
ing. Physicians are encouraged to outline current
physical activity and nutrition guidelines to patients
in a narrow window of time, which is also needed to
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KEY POINTS

� Untreated HTN is associated with increased risk of
developing CVDs.

� Nonpharmacologic management of patients (i.e.
increased physical activity, dietary habit modification
and weight-loss) with elevated BPs can lower resting
SBP and DBP by roughly 3–4 mmHg.

� Placing individuals with elevated BPs in programmes
designed to promote lifestyle modification and
maintenance by a multidisciplinary team is superior to
making recommendations alone over 3–6-month
period.

� Future directions need to explore the feasibility of
implementing long-term (i.e. beyond 1 year)
multidisciplinary interventions on managing and
maintaining BP reductions.

FIGURE 1. Life’s simple 7 programmes. See TIFF image.
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diagnose and treat relevant symptoms at the time of
the visit. This approach is by no means ideal for
promoting behavior change and therefore new
approaches must be considered and pursued
[3

&

,4]. Adoption of a multidisciplinary team (i.e.
clinical exercise physiologist, nutritionist, wellness
coach etc.) approach is an attractive model that
promotes a culture of health and facilitates patient
compliance to nonpharmacologic methods to con-
trol BP [5

&

]. The aim of this review is to therefore
highlight evidence-based BP lowering, LMI strat-
egies that can feasibly be implemented in a
clinical practice.
Table 1. Lifestyle modifications

Modification Recommendation

Reduce weight Maintain normal body weight (BMI 18.5–2

Adopt DAHSa eating plan Consume a diet rich in fruits, vegetables and
content of saturated and total fat

Lower sodium intake a. Consume no more than 2400mg of sodiu

b. Further reduction of sodium intake to 150
with greater reduction in BP

c. Reduce intake by at least 1000 mg/day
intake is not achieved

Physical activity Engage in regular aerobic physical activity
day, most days of the week)

Moderation of alcohol
consumption

Limit consumption to no more than two drink
proof whiskey) per day in most men, and
and lighter weight persons

aDASH, dietary approaches to stop hypertension.
bThe effects of implementing these modifications are dose-dependent and time-depen
Adapted from [6].
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GUIDELINES AND RECOMMENDATIONS
FOR PURSUING NONPHARMACOLOGIC
MANAGEMENT OF HYPERTENSION

According to recent Guideline documents, all indi-
viduals should be following the American Heart
Association life’s simple 7 (LS7) programme
(Fig. 1) for the prevention of CVD and HTN and
to prevent borderline BP levels from progressing
into established essential HTN. In patients without
CVD and with SBP 140–159 mmHg and DBP 90–
99 mmHg, 3 months of vigorous nonphamacologic
therapy with LMI, with the five-step approach of
lifestyle modifications (Table 1) [6], including
weight reduction, healthy dietary choices (Dietary
Approaches to Stop Hypertension/DASH diet recom-
mended, although other factors discussed below
could be considered), lowering sodium intake (some
evidence discussed below suggests that white sugar
crystals may be even more toxic than the white salt
crystals) and reducing alcohol intake into the low or
Approximate SBP
reduction (range)b

4.9 kg/m2) 5–20mmHg/10 kg

low-fat dairy products with a reduced 8–14mmHg

m/day 2–8mmHg

0 mg/day is desirable as it is associated

as that will lower BP, even if the desired daily

such as brisk walking (at least 30 min per 4–9mmHg

s (e.g. 24 oz beer, 10 oz wine or 3 oz 80-
to no more than one drink per day in women

2–4mmHg

dent, and could be grater for some individuals.
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at least moderate dose levels. In patients with estab-
lished CVD or those with higher levels of SBP/DBP
greater than 160/100 mmHg, vigorous LMI should
be combined with immediate recommendations for
pharmacologic intervention.
PHYSICAL ACTIVITY PROMOTION

An extensive body of literature has demonstrated
the BP-lowering effects of physical activity interven-
tions (i.e. 30–40 min of moderate to vigorous
physical activity, �3 days per week) [7

&

,8–11].
Roughly, 3 months of regular exercise training
can contribute to a 3–5 mmHg decline in SBP and
2–4 mmHg decline in DBP [12], although some
reports suggest greater effects (6–10 mmHg). These
seemingly minimal changes can translate to as
much as 7–10% reductions in stroke and ischemic
CVD events [13]. Furthermore, the BP-lowering
effects of routine exercise can be more pronounced
in HTN (6–8 mmHg and 5–6 mmHg reductions in
SBP and DBP, respectively) and less in normoten-
sives (2–3 mmHg and 1–2 mmHg reductions in SBP
and DBP, respectively) [14]. Interventions that are
initiated in early adulthood and are maintained
throughout aging can significantly reduce the
CVD burden in later life [13,15–17].

Much of the available data presenting the effi-
cacy of lowering BP through physical activity inter-
ventions have been performed in highly controlled
settings with regular and free access to exercise
facilities, along with support and guidance from
research assistants. Having access to similar pro-
grammes in a real-world setting may not be a finan-
cially feasible option for most patients, emphasizing
the need for affordable and effective alternatives
[18]. Initial evidence supports the concept of devel-
oping programmes that assist in forming social sup-
port networks, composed of groups with 6–7
participants [19]. Within each group, a volunteer
is identified to stay in weekly contact with other
group members to provide support and remind
them to participate in upcoming community exer-
cise sessions (40 min of walking). As compared to
providing standard physical activity recommen-
dations, community-based social support networks
demonstrate 11 and 5 mmHg reductions in SBP and
DBP, respectively, after 6 months of participation.
What is not known is that if the improvements can
be maintained for an extended period and if
participation in a community support network is
necessary to do so. A 16-month home-based exercise
intervention [60–85% of age predicted (220-age)
maximal heart rate, performed for 30 min, three
times per week], with 2-month follow-up visits,
has demonstrated a plateau in the reduction of
0268-4705 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
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SBP (7 mmHg) starting between 6 and 8 months
of intervention [20]. Indicating that reductions in
resting BP in response to exercise may follow a dose–
response relation, with greater intensity and/or
duration of exercise needed to further reduce BP
in those with elevated resting BP. However, it should
be noted that the lack of a rise in BP during the
intervention period is a favorable outcome that
reaffirms home-based exercise, as an effective means
of reducing and maintaining resting BP. As long as
participants are held accountable by having fre-
quent (i.e. 2 months) contact with clinical exercise
physiologists (or like professionals) to monitor BP
responses to the home-based exercise programme.

The clinical application of wearable technol-
ogies, aimed to mitigate sedentary time and increase
time spent in moderate-to-vigorous physical activity
intensities, has been gaining much attention [21].
Common pedometer feedback interventions aim to
promote an increase in daily steps by 10% of base-
line step values, each week step goals are achieved
on 4 or more days of the week [22,23

&

]. This strategy
may be cumbersome for patients to follow and a
labor-intensive task for clinical staff to manage
multiple patients. Alternatively, the use of an inter-
active website, designed to provide feedback, edu-
cational material, strategies to set and meet physical
activity goals, and rewards, can facilitate the adop-
tion of a physically active lifestyle. Implementation
of a 12-week pedometer feedback and an interactive
website intervention has been shown to reduce BP
and improve vascular function in older adults with
elevated BP [23

&

] However, to our knowledge, there
has not been a study that has examined this strat-
egy’s effects on long-term BP management and
would require future studies to do so.
WEIGHT MANAGEMENT

Despite the evidence of an obesity paradox in CVD
[24,25],weight-loss is a vital strategy to lower BP in
patients with HTN [26–28], as it may reduce the
reliance on BP-lowering drugs [29] and confer favor-
able effects on metabolic risk profile [30] and lower
the risk of CVD-related deaths [26,27]. Although
exact body composition levels have been debated
[24,25], recent European and American clinical
guidelines emphasize that the lowest all-cause
mortality rates are of those with a BMI between
20 and 25 kg/m2 [26,27]. In clinical practice,
measuring a patient’s BMI, while being mindful of
the limitations of not being able to quantify the
distribution of fat and muscle mass, can be used as
an efficient method to identify patients who would
benefit from a weight-loss programme. A goal of
achieving a loss of 6–8% of one’s body weight can
rved. www.co-cardiology.com 3
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lead to a 5 and 4 mmHg decrease in SBP and DBP,
respectively [31], and losses of approximately 10 kg
may lower SBP by 5–20 mmHg [27].

There are many habitual behaviors (i.e. seden-
tary leisure and/or work lifestyle, frequent consump-
tion of large portions of high calorie foods etc.) that
can disrupt the balance between caloric expenditure
and intake that favors caloric excess; making it
difficult for patients to either maintain or lose
weight. For many overweight or obese patients,
losing weight without a personal or professional
support group may be perceived as an unattainable
task when receiving advice to lose weight from their
physicians. There is currently limited evidence that
commercial weight-loss programmes (i.e. Weight
Watchers, Atkins Diet, Jenny Craig, SlimFast etc.)
are effective in reducing BP [32,33]. However, there
are little to no studies that have tested the BP-low-
ering effects of these programmes in overweight
and/or obese hypertensive individuals. This brings
attention to the need for future studies to further
investigate this area research. Alternatively, refer-
ring patients to a structured lifestyle intervention
programme, directed by health professionals (i.e.
registered dietitians, wellness coaches etc.), may
empower patients to adopt the skills and knowledge
to balance meal plans, become physically active and
achieve long-term weight-loss success [26,27,30].

Although short-term caloric restriction and
exercise programmes [34] are generally effective at
reducing weight and BP, greater attention should be
given to developing and enrolling patients into
long-term interventions. One such community-
based weight-loss programme consists of three
phases over a 2-year period. The first phase (1–6
months) had overweight, hypertensive patients
who follow the ‘Med-South Diet’ (a modified ver-
sion of the Mediterranean Diet) with regular ses-
sions (four per month) with trained counselors
[35

&&

]. Much of the emphasis was placed on dietary
consultation, whereas the remaining time was spent
developing goals and strategies to achieve at least
7500 steps/day or at least 30 min of walking at least
5 days/week. A telephone counseling option was
also provided for participants who were unable to
attend in person. Phase II (months 7–12) and phase
III [14–22,23

&

,24,25] consisted of continuing in per-
son and phone contact with participants to provide
resources and strategies to lose weight and maintain
LMI changes. At 12 months, the intervention group
lowered their SBP and DBP by 9 and 7 mmHg,
respectively, and 34% of the participants had a
weight-loss of at least 5% body weight. At 24
months, participants were able to preserve declines
in BP and generally maintained dietary behaviors
and weight-loss.
4 www.co-cardiology.com
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DIETARY MODIFICATION
Excess sodium intake is purported to be a key driver
of high BP, across all age, sex and ethnic groups
[36

&

,37–40], although some have debated that sugar
intake may be even more toxic on CVD and increas-
ing BP than is salt [41]. Current clinical guidelines
emphasize sodium intakes of no more than 2400 mg
per day as initial treatment in prehypertensive indi-
viduals, and as a complementary aspect of pharma-
cological therapy in HTN adults [36

&

,38,40]. The
preponderance of evidence that merits sodium
reduction for HTN prevention was provided from
the landmark DASH Sodium trial [38]. A feeding
study involving three levels of sodium intake,
3600, 2300 and 1200 mg per day, reports increas-
ingly lower BP results at each level [38]. Among
various diet subtypes, the DASH diet, which empha-
sizes fruits, vegetables, fiber and low-fat dairy prod-
ucts, has shown to be associated with significant and
greater reductions in SBP (–8 mmHg) and DBP (–
4 mmHg), with magnitudes similar to earlier
pharmacological monotherapy trials for mild HTN
[40]. Despite the limited evidence demonstrating
long-term concordance of a DASH diet for BP con-
trol, clinical guidelines recommend that adherence
to a DASH diet-pattern is imperative (along with
weight-loss and physical activity) for primordial
prevention and management of BP [38,40]. Alter-
natively, DASH-style diets that resemble a Mediter-
ranean diet including a 10% substitution of
carbohydrates with unsaturated (primarily mono-
unsaturated) fat, or protein [42], such as lean pork or
chicken and fish [43], have also been investigated,
yielding similar [43] or greater reductions in BP
versus the conventional DASH diet [40, 42]. Such
modifications may offer flexibility in food choices,
and thus, greater adherence to effectively reduce
sodium consumption.

Low compliance to a sodium-reduced diet has
consistently been seen as a rate-limiting step in
evaluating dietary effectiveness on BP control
[44–46]. Partly explained by the fact that patients
are insufficiently or not informed at all about dietary
guidelines [45]; whereas, physicians have limited
time during office visits to provide clinical nutrition
counseling. Integrating nutritional counseling by
registered dietician nutritionists (RDNs) into
primary care environments is one solution that
may present an earlier opportunity to intervene in
HTN and at-risk individuals. Recent evidence has
shown that RDN-administered nutrition education
during office visits or hospital stay significantly
improved patient provision of nutrition density
and quality and reduced complications associated
with HTN [47,48]. RDNs are also able to assist physi-
cians in regular BP monitoring and HTN risk
Volume 32 � Number 00 � Month 2017
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screening, and evaluate the effectiveness of evi-
dence-based sodium reduction approaches in at-risk
and HTN patients [47]. Partnerships between
physicians and RDNs also appear to be essential in
assisting patients with various levels of health and
nutrition literacy levels, and increasing adherence
to a tailored HTN prevention prescription [36

&

,48].
Leveraging interdisciplinary collaborations between
physicians, RDNs and other health providers to
implement quality improvement in nutrition sup-
port may strengthen the current continuum care
model, by delivering a more efficient, population-
wide approach for HTN prevention and mainten-
ance.
ALCOHOL CONSUMPTION

Alcohol consumption and its relation to a number
of CVDs follows a J-shaped curve [49]. Light-to-
moderate consumption of alcohol can confer CVD
protection compared with nondrinkers, whereas
chronic overconsumption exponentially increases
risk of CVD and CVD events [49]. The acute, excess
consumption of alcohol, or ‘binge drinking’, is
associated with vascular oxidative stress, changes
in endothelial and smooth cell function, and vas-
cular reactivity [50]. Men and women reporting one
or more episodes of binge drinking per week have
been reported to have a prevalence ratio for pre-HTN
of 1.26 [95% confidence interval (CI) 1.08–1.53]
and 1.49 (95% CI 0.87–2.56), respectively [51]. This
is particularly troubling considering that roughly
38 million US adults binge drink on four occasions
per month [52] and those between the ages of 40 and
60 years with history of binge drinking have an
elevated risk of stroke and myocardial infarction
(MI) [53–55]. Furthermore, chronic excess con-
sumption of alcohol increases the risk of HTN in a
dose-dependent manner [49]. Analysis of alcohol
consumption patterns and its relation to BP over
time from the Women’s Health Study and Phys-
icians’ Health Study identified four or more drinks
per day for women and one or more drinks per day in
men to significantly increase the risk of HTN [56]
[with ‘a drink’ defined as a 12 oz of beer (�5%
ethanol), 5 oz of table wine (�12% ethanol) or 1.5
oz of hard liquor or distilled spirits (about 40%
ethanol)].

Much of our current understanding of the link
between alcohol consumption and CVD risks/
benefits has been derived from large-scale observa-
tional studies. The few investigations that examined
the effects of alcohol reduction on BP have been
limited by small sample sizes and/or short inter-
vention durations [57]. A meta-analysis in this
area of study noted significant decreases in SBP
0268-4705 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
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(–3.3 mmHg) and DBP (–2.0 mmHg) in response
to counseling programmes or low-alcohol beer sub-
stitution interventions [58]. These observations
emphasize the potential BP-lowering effects of
alcohol consumption interventions lead by LMI
experts. What is less known, however, is the
relation between elevated BP and its response to
the start of light-to-moderate drinking habits (up
to one drink per day for women and up to two
drinks per day for men). Although there is obser-
vational evidence to support the cardioprotective
effects of light-to-moderate drinking, the implica-
tions of recommending alcohol consumption with
the purpose of lowering BP among nondrinkers
on future drinking habits are unknown. Therefore,
patients with elevated BP who drink above the
recommended level should be referred to LMI
programmes aimed at decreasing consumption,
whereas nondrinkers pursue other LMIs discussed
in this review [49].
SMOKING CESSATION AND BLOOD
PRESSURE MANAGEMENT

Tobacco use is a leading preventable cause of pre-
ventable death in the United States [59]. Although
today’s smoking rate is lower than years past, prog-
ress may have reached a plateau. Furthermore, the
increased use of noncigarette tobacco products
and the introduction of new smoking products
(e.g. e-cigarettes) maintain tobacco use as a strong
lifestyle risk factor that impacts BP management
[60]. Attempts to make the general public aware
of the well-documented correlation between
cigarette consumption has with cancer and CVD
are still ongoing [61]. The Surgeon General’s 1990
report showed a 50% reduction in death from CVD
with complete cessation from smoking after 1 year
[62] yet as of 2013, the Centers of Disease Control
estimates that almost 18% of Americans remain
chronic smokers [60]. Therefore, smoking is a com-
plicated lifestyle risk factor in the sense that knowl-
edge and awareness alone may not be enough to
implement cessation as an LMI change. According
to recent data from the Centers of Disease Control
(2012–2013), over 60% of tobacco users are every-
day users [63]. Cigarette smoke contains approxi-
mately 7000 various chemical substances, many of
which are risk factors for CVD [59].

The INTERHEART study found that smoking
even at relatively low doses 1–4 cigarettes per day
had a 40% increased risk of MI compared with those
who do not smoke [64]. Traditional cardiac rehabil-
itation programmes and healthy lifestyle promotion
programmes (i.e. communities and workplaces)
include smoking cessation components to reduce
rved. www.co-cardiology.com 5
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and eliminate smoking for secondary prevention
[65,66]. Obviously, public health messages and cam-
paigns about the health dangers of smoking are also
critical to implementation of BP control. However,
recent work has found that novel uses of health
education, mobile health and electronic communi-
cation strategies may be important in effective
modern era smoking cessation programmes. For
example, a recent meta-analysis found that compre-
hensive telephone interventions that included exer-
cise education and smoking cession, and dietary
advice demonstrated reduced risk for hospitaliz-
ation following MI and demonstrated more effective
rates of smoking cessation [67]. Interestingly, there
did not seem to be an effect on lipids [67]. In a recent
clinical trial incorporating text messaging with
health advice into a primary care-implemented
smoking cessation programme, there was a benefit
(24%) on effective 6-month cessation rates over
those who received health information alone
(11%) [68]. Another recent trial found that exercise
interventions combined with smoking cessation
counseling were more effective than health infor-
mation and counseling alone after 52 weeks of
follow-up following the intervention [69]. The
addition of exercise may be critical to the imple-
mentation of comprehensive BP management pro-
grammes that include smoking cessation given the
risks of weight gain that may mask some of the CVD
risk reductions afforded by the reduction in tobacco
use [69]. Interestingly, another study focusing on
community health worker-implemented inter-
vention for LMI change and CV risk reduction fol-
lowing MI found that the intervention which
consisted of two in home visits focusing on patient
diaries and health education was more effective for
smoking cessation adherence compared with stand-
ard of care (85 versus 50%) [70]. Other lifestyle
change outcomes such as exercise and drug adher-
ence were improved in the intervention over the
standard of care. After 1 year, the intervention group
demonstrated lower BP and a significant reduction
in body weight at the end of the study period [70].
There is very little known about the exact mecha-
nism linking smoking cessation, the mode of
smoking cessation and the benefits on BP reduction.
Understanding the optimal mode of smoking
reduction for the BP management across diverse
populations will be an important area of clinical
investigation.
CONCLUSION

In summary, LMI that promotes increases in
physical activity, weight-loss, low sodium and
low sugar diets, low or moderate alcohol and/or
6 www.co-cardiology.com
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smoking cessation can help manage elevated BP
in most individuals. An effective method of imple-
menting these changes can be achieved through
forming multidisciplinary teams that can provide
individual or group care, as well as help formulate
community support networks that empower
patients to adopt LMI changes that positively
impact health.
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