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Preface
Hypertension is a major risk factor for coronary heart disease, stroke, and prema-

ture death, and it affects approximately one-third of adults in the United States. 

Approximately, another one-third of the adults in the United States have prehyper-

tension, which is also associated with a graded, increased risk of cardiovascular 

diseases and progression to hypertension. National surveys (NHANES 2007–2008) 

indicate that, despite steady progress, the awareness, detection, and treatment of 

hypertension remain unsatisfactory in the United States, that is, about 20% of all 

hypertensive individuals are unaware of their illness, 28% are not being treated, 

and only 69% of treated patients had controlled hypertension. The direct and indi-

rect costs of hypertension in the United States were $63.5 billion in 2006, refl ect-

ing a public health challenge and a continuing need for effective health policy and 

practice to prevent and manage hypertension. In the face of the aging population 

and the growing epidemic of obesity, the challenges related to hypertension con-

tinue to rise.

Even though enormous advancement has been made in identifying evidence-

based lifestyle strategies for hypertension prevention and management, little prog-

ress has been made in implementing these proven strategies. Accumulating evidence 

supports that hypertension is preventable and that it is closely related to modifi -

able factors such as dietary pattern and other lifestyle factors. The Joint National 

Committee (JNC) on Prevention, Detection, Evaluation and Treatment of High 

Blood Pressure was appointed by the National Heart, Lung, and Blood Institute to 

provide evidenced-based clinical guidelines for the prevention and management of 

hypertension. Current JNC guidelines (JNC7) recommend reduction in salt intake, 

moderate alcohol consumption, weight loss if overweight, aerobic exercise, increase 

in potassium intake, and following the DASH eating pattern to lower blood pres-

sure (BP). JNC8 was in progress at the time this book was written, but it is unlikely 

to change these evidence-based recommendations. These lifestyle modifi cations are 

all recommended as part of the fi rst-line therapy for low-risk individuals defi ned as 

those without diabetes or cardiovascular diseases and with systolic blood pressure or 

diastolic blood pressure < 160/100 mmHg (i.e., stage 1 hypertension). These lifestyle 

modifi cations are also recommended for individuals with prehypertension to prevent 

the development of high BP and for use in combination with pharmacotherapy for 

hypertension more severe than stage 1.

Most of these lifestyle recommendations, however, have fared poorly in the 

United States. Adherence to these recommendations by both the clinicians and the 

public has been less than satisfactory. In most of the cases, clinicians do not even 

mention about lifestyle modifi cations to patients during their clinic visit, perhaps due 

to lack of training and limited resources. At the population level, the amount of salt 

intake continues to stay above the recommended levels, and the obesity epidemic 

remains worrisome; only less than 5% of the adults in the United States meet the 

recommended physical activity level; and fi nally, Americans continue to consume 
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far less than the recommended amounts of fruits, vegetables, fi ber, calcium, magne-

sium, and potassium—all of which are key components of the DASH dietary pattern, 

which lowers BP.

Undoubtedly, implementing dietary and lifestyle modifi cations is challenging, 

and effective strategies for sustainable implementation are urgently needed. Thus, 

the main purpose of this book is to compile science-based practical information for 

health care providers to provide effective lifestyle interventions for controlling BP. 

The book is divided into four sections. Section I provides an overview of the scientifi c 

evidence relating nutrition and lifestyle to BP control and relevant considerations for 

real-life situations. Section II focuses on the different aspects of implementing the 

recommended lifestyle modifi cations. Section III discusses several special consid-

erations in BP control and lifestyle modifi cations among children and adolescents, 

pregnant women, and those with diabetes. Section IV compiles simple practical tools 

that health care providers can put into practice in particular settings. At the end of 

each of the chapters, a summary table with existing key evidences and expert recom-

mendations is also included.

We have collectively conducted many lifestyle intervention trials and observed 

the effect of nutrition and lifestyle interventions on BP and many other health indi-

cators. It is our desire and sincere wish that this book may supplement the existing 

resources and shorten the gap between current understanding of the science about 

the relationship between lifestyle factors and BP and the actual implementation of 

the science. Ultimately, we hope that the trend in lifestyle interventions for hyperten-

sion prevention and treatment may be shifted. We sincerely appreciate all the authors 

for their contribution to this book. Without their help, this book would not have been 

completed.

Pao-Hwa Lin
Duke University Medical Center

Durham, North Carolina

Laura P. Svetkey
Duke Hypertension Center and Sarah W. 

Stedman Center for Nutrition and Metabolism
Duke University Medical Center

Durham, North Carolina
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Section I

Evidence on Lifestyle Factors 
and Blood Pressure

OVERVIEW

Pao-Hwa Lin, Paul Conlin, and Laura P. Svetkey

Nonpharmacological interventions, including dietary modifi cation, weight loss, 

sodium reduction, and physical activity, are a critical part in the prevention of 

high blood pressure (BP), and they serve as a cornerstone of treatment for those 

with hypertension. In individuals without hypertension, adopting a healthy life-

style reduces BP and prevents hypertension. This is directly relevant to clinical 

outcomes as there is a continuum of risk between increases in BP and cardio-

vascular events, and more importantly, no threshold appears in this relationship. 

The risk of death from cardiovascular events increases linearly, beginning at 

BP levels of 115/75 mmHg. Therefore, reducing BP not only prevents or delays 

the incidence of hypertension but also lowers the risk of BP-related cardiovas-

cular complications, producing a signifi cant impact on public health. For those 

with stage 1 hypertension, dietary and lifestyle changes may be suffi cient to 

control hypertension in the absence of medications. For those with higher levels 

of BP, lifestyle modifi cations help to enhance the effi cacy of antihypertensive 

medications.

This section reviews the current evidence on the BP-related effects of dietary 

modifi cations, weight loss, reduction in sodium intake, and physical activity. Chapter 

1 reviews the association of macronutrients and dietary patterns with BP. Many stud-

ies have attempted to disse ct the effects of individual macronutrients or different 
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2 Nutrition, Lifestyle Factors, and Blood Pressure

combinations of macronutrients on BP. However, it is challenging to draw defi ni-

tive conclusions from these studies due to various design diffi culties. The Dietary 

Approaches to Stop Hypertension (DASH) was the fi rst major clinical trial using 

controlled feeding protocol to test the effect of two dietary patterns on BP, with 

rigorous fi ndings. The DASH study and another study with modifi ed DASH dietary 

patterns are reviewed in this chapter.

In addition, many dietary factors including minerals and antioxidants have 

shown BP-lowering potentials. However, these micronutrients coexist in natural 

foods with many other nutrient factors that may also affect BP. Hence, it is impos-

sible to test the effects of individual micronutrients by food or dietary manipulation 

without signifi cant confounding. The contribution of antioxidants, minerals, and 

micronutrients to BP is best tested in the setting of placebo-controlled randomized 

trials because they can be concentrated in pills or capsules. Thus, Chapter 2 reviews 

the evidence on the effects of minerals, antioxidants, and fl avonoid-containing sup-

plements on BP.

Abundant evidences from animal studies, large-scale observational human stud-

ies, and intervention studies in humans have shown that high intake of dietary salt 

(sodium chloride) independently leads to higher BP, hypertension, and cardiovascu-

lar disease. In brief, a median reduction in dietary salt by approximately 4.5–6.9 g/day 

resulted in lowering systolic BP by 3.7–4.9 mmHg in hypertensive patients and by 

1.0–2.0 mmHg in normotensive individuals. Furthermore, a dose–response relation-

ship was reported in a Cochrane review of salt intake and BP. Every 6-g decrease 

in salt intake was associated with 7.1/3.9 mmHg reduction in systolic and diastolic 

BP among hypertensive individuals and 3.6/1.7 mmHg in normotensive individuals. 

Recent evidence also indicates that lower sodium intake reduces the long-term risk 

of cardiovascular disease events.

However, despite repeated campaigns encouraging reduced sodium intake, survey 

data continue to indicate that most people exceed the intake limits and that long-term 

adherence to sodium-restricted diets is low. Indeed, excessive consumption remains 

a major public health problem. Since at least 75% of the dietary salt consumed in the 

United States comes from processed foods, there have been numerous pleas directed 

to the food industry to reduce salt in the food supply. Chapter 3 reviews the existing 

evidence on the effect of sodium intake on BP and discusses the strategies that may 

help in reducing sodium intake at the population level.

Being overweight and obese are established risk factors for hyperten-

sion. Based on data from National Health and Nutrition Examination Survey 

(NHANES) studies conducted between 1988–1994 and 1999–2004, it was found 

that there was 4.5% increase in the age-standardized prevalence of hyperten-

sion, and nearly all of the increased prevalence was explained by increases in 

body mass index. Chapter 4 reviews various clinical trials in which the impact 

of weight loss on BP was examined. Overall, the results of the studies strongly 

support the concept that weight loss interventions are an effective approach to 

both preventing and treating hypertension, even without a signifi cant amount of 

sustained weight loss.

Even though regular physical activity is known to confer a number of health ben-

efi ts, including lower incidence of coronary heart disease, stroke, type 2 diabetes, 
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some types of cancers, and obesity, only less than half of the U.S. population meets 

the federal guidelines for physical activity. Chapter 5 reviews the evidence link-

ing regular physical activity to lowering of BP, provides an overview of potential 

mechanisms for this association, clarifi es recommendations on physical activity to 

control BP, and identifi es physical activity interventions and also policies to increase 

physical activity.
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5

1 Macronutrients, 
Dietary Patterns, and 
Blood Pressure

Pao-Hwa Lin
Duke University Medical Center

Liwei Chen
Louisiana State University Health Sciences Center

1.1 INTRODUCTION

Dietary intake is closely related to blood pressure (BP) control. Besides sodium, 

many nutrients and minerals have been examined for their relationship with BP. In 

this chapter, we review the epidemiologic and clinical trial evidences for the poten-

tial impact of the intake of macronutrients, including protein, fat, carbohydrate, 

fi ber, and alcohol, and of dietary patterns on hypertension and BP control. Data from 

meta-analyses or well-designed randomized trials and prospective studies with a 

large sample size are included in this review. It should be noted that although meta-

analyses are useful for evaluating consistency in the literature, they tend to weigh 

large studies more heavily [1,2], and it is rarely feasible to conduct subanalyses on 

CONTENTS

1.1 Introduction ......................................................................................................5

1.2 Macronutrients and BP .....................................................................................6

1.2.1 Dietary Protein .....................................................................................6

1.2.2 Dietary Fat ............................................................................................7

1.2.3 Dietary Carbohydrates ..........................................................................8

1.2.4 Dietary Fiber ....................................................................................... 11

1.2.5 Alcohol ............................................................................................... 11

1.3 Dietary Patterns and BP ................................................................................. 13

1.3.1 Vegetarian Dietary Pattern ................................................................. 13

1.3.2 The DASH Dietary Pattern ................................................................. 14

1.3.3 Variation of DASH Dietary Pattern—OmniHeart Study ................... 16

1.3.4 The Mediterranean Diet ..................................................................... 17

1.4 Summary ........................................................................................................ 18

References ................................................................................................................ 19

© 2012 by Taylor & Francis Group, LLC



6 Nutrition, Lifestyle Factors, and Blood Pressure

potentially important modifying factors or to account for variable dietary adherence 

among studies.

Studies on macronutrients and BP are often subject to various limitations, and 

thus the interpretation of results is complicated. For example, when a study is 

designed to examine the effect of the amount of fat intake on BP, alteration in fat 

intake under isocaloric conditions will change the amount of intake of protein and/

or carbohydrate inevitably, and it may change the intake of other nutrients as well. 

As a result, it may be diffi cult to attribute the effect on BP to changes in fat intake 

alone. In addition, the effect of macronutrients on BP potentially is due to aspects of 

both absolute quantity and the type of macronutrients consumed. Both aspects can 

affect BP independently, but they are not always distinguishable in research designs.

1.2 MACRONUTRIENTS AND BP

1.2.1 DIETARY PROTEIN

Many observational studies have shown an inverse relationship between total dietary 

protein intake and BP [3]. Nevertheless, results have been mixed when animal and 

plant proteins were examined separately. Cross-sectional studies conducted in rural 

Japanese and Chinese populations found an inverse relationship between animal pro-

tein and BP [4,5]. In contrast, cohort studies conducted in the U.S. populations have 

shown mitigation of the increase in systolic BP (SBP) with aging and higher baseline 

intake of plant protein, but not animal protein [6,7]. Thus, there may be differential 

effects of animal and plant proteins on BP, but the exact relationship is not clear.

Evidence from randomized controlled trials suggests that an increased intake of 

protein, both from plant and animal sources, may lower BP. In a 6-week randomized 

3-period crossover trial of subjects with diagnosed hypertension, substitution of pro-

tein for carbohydrate led to a decrease in SBP of 3.5 mmHg [8]. Recently, Hodgson 

et al. [9] demonstrated that replacing carbohydrate with lean red meat while keeping 

total calorie and fat intake constant reduced SBP by 1.9 mmHg, but not diastolic BP 

(DBP). Some peptides in fermented milk have also been shown to lower BP, prob-

ably through inhibition of the angiotensin-converting enzyme [10]. In contrast, in the 

PREMIER clinical trial of lifestyle intervention for BP lowering, dietary plant pro-

tein intake was inversely associated with both SBP and DBP in cross-sectional anal-

yses at the 6-month follow-up (p = .0009 and .0126 for SBP and DPB, respectively) 

[11]. An increase in plant protein intake from baseline to month 6 was marginally 

associated with a reduction of both SBP and DBP (p = .0516 and .082, respectively), 

independent of the change in body weight. In the PREMIER trial, animal protein 

was not associated with BP or change in BP. Furthermore, among the PREMIER 

participants with prehypertension, increased intake of plant protein was signifi cantly 

associated with a lower risk of developing hypertension at 6 months.

Soy protein has also been hypothesized to reduce BP because it is rich in argi-

nine, a potential vasodilator and a precursor for the vasodilator nitric oxide [12]. 

The results of numerous randomized controlled trials that supplemented soy pro-

tein have been mixed. In a 12-week randomized double-blind controlled trial, He 

et al. [13] demonstrated a decrease in SBP/DBP of 4.31/2.76 mmHg in the soybean 
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protein-supplemented group as compared to the placebo group. Further, Rivas et al. 

[14] demonstrated that soymilk supplement signifi cantly reduced SBP by 18.4 mmHg 

in a 3-month randomized trial. In contrast, three randomized controlled trials [15–17] 

showed that there was no difference in SBP or DBP between the soybean protein–

supplemented group and the placebo group. It should be noted that many interven-

tion trials employ different types or amounts of protein, and the delivery mechanism 

may differ as well, all of which may contribute to variation in results. Most trials 

use protein supplements that include soy, plant protein, or animal protein and do not 

control for other nutrients that may also infl uence BP. Thus, the BP responses cannot 

be attributed to protein alone.

Although the exact mechanism(s) linking the amount or type of protein to BP 

is still unclear, possible explanations exist. First, an increase in protein intake may 

induce increases in renal plasma fl ow, renal size, glomerular fi ltration rate, and 

sodium excretion rate [4,18,19]. Second, certain amino acids such as arginine and 

glutamic acid may act as a vasodilator and have independent BP-lowering effects 

[20,21]. On the contrary, it should be noted that high protein intake might promote 

renal injury, especially in those with existing kidney diseases, which subsequently 

increases BP. A recent animal study showed that a high-protein diet increased 

the number of infi ltrating immune cells in the kidneys, which may contribute to 

increased BP [22]. Further, a very low protein diet, examined during the long-term 

follow-up of the Modifi cation of Diet in Renal Disease study, did not delay pro-

gression to kidney failure but appeared to increase the risk of death [23]. Thus, the 

ideal amount of protein intake for patients with chronic kidney disease is yet to be 

defi ned. Patients with kidney disease should follow protein-intake recommendations 

prescribed by their physicians.

Even though the overall effect of protein on BP may be benefi cial, it is not clear if 

protein from food and from supplements affect BP similarly. In addition, the existing 

evidence does not seem to suggest using protein supplements as a dietary approach 

to treat hypertension. Ensuring an adequate protein intake from natural plant and 

lean animal sources, which is consistent with the current recommendation of 10%–

35% of total calorie intake [24], on the basis of a healthy eating pattern may likely 

be benefi cial for BP control.

1.2.2 DIETARY FAT

Numerous studies have investigated the relationship between dietary fat and BP. 

However, because of differences in the study design, lack of adequate sample size, 

and other limitations, the topic remains controversial. Both the total absolute intake 

of dietary fat and the relative fatty acid composition may independently relate to BP 

control.

Most observational studies have not found an association between total fat intake 

and BP [25–29]. Two large studies [28,29], but not others [26,30], show a positive 

relationship between saturated fatty acids and BP. In addition, Hajjar et al. exam-

ined the National Health and Nutrition Examination Survey (NHANES) III data 

and reported that the south region of the United States, which consumed the high-

est amounts of monounsaturated and polyunsaturated fats, had the highest SBP and 
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DBP when compared with other regions [31]. These fi ndings imply that both the 

quantity and the type of fat intake may affect BP.

As discussed previously in this chapter, any change in the total fat intake often 

introduces changes in other dietary components as well, leading to the issue of con-

founding. Thus, BP responses may not be attributed solely to the change in fat intake. 

Nonetheless, in a crossover randomized study, consumption of a high-fat meal (42-g 

fat) was found to increase both SBP and DBP signifi cantly more than consumption 

of a low-fat meal (1-g fat) did [32]. In a 6-month double-blind randomized crossover 

study on 23 hypertensive individuals, Ferrara et al. [33] found that monounsaturated 

(extra-virgin olive oil) fat diet signifi cantly reduced SBP and DBP more than polyun-

saturated fat (sunfl ower oil) diet did. In another randomized controlled trial, Appel et 

al. [8] reported that substituting monounsaturated fats for saturated fats signifi cantly 

reduced SBP by 2.9 mmHg in a group of 191 participants with prehypertension or 

stage 1 hypertension. This study suggests that high fat intake (37% energy), mainly 

provided as monounsaturated fat, in combination with other benefi cial dietary fac-

tors can lower BP effectively. In other words, this study suggests that a total fat 

intake contributing to as high as 37% energy may not negatively impact BP if the fat 

source is monounsaturated.

Fish oil supplement is a topic of much public interest, but the research on its 

impact on BP is inconclusive. Many short-term intervention trials have been under-

taken to determine if supplementation of either fi sh or fi sh oil lowers BP. Because of 

the variations in the research design, participant criteria, dosage and type of the fi sh 

oil supplements, and the length of intervention, the results have been inconsistent. 

Recently, a meta-analysis of randomized controlled trials (36 of which included fi sh 

oil) explored the impact of fi sh oil intake on prevalence of hypertension in fi ve popu-

lations (Finland, Italy, the Netherlands, the United Kingdom, and the United States) 

[34]. Meta-regression of pooled data from these trials showed that 4.1-g supplement 

of fi sh oil is associated with 2.1/1.6-mmHg decrease in SBP/DBP (both p < .01). 

Long-term studies are required to confi rm the benefi cial effects of fi sh oil on BP. 

Until such information is available, individuals are encouraged to consume fi sh as 

part of a healthy balanced diet rather than taking fi sh oil supplements for BP control. 

Even though the evidence that total fat intake and saturated fat intake negatively 

affect BP is weak, individuals are encouraged to follow the current recommendation 

for total fat intake (20%–35% of total calorie) and saturated fat intake (<10% of total 

calorie) for overall health.

1.2.3 DIETARY CARBOHYDRATES

Although not well understood, carbohydrate may contribute to the development of 

essential hypertension through its glycemic effect. Kopp [35] suggests that consump-

tion of a diet with high glycemic index may create a chronic state of postprandial 

hyperinsulinemia, sympathetic nervous system overactivity, and vascular remodel-

ing of renal vessels, leading to chronic activation of the renin–angiotensin–aldosterone 

system and development of essential hypertension. Although logical, available evi-

dence on the relationship between a high-carbohydrate diet and high BP has been 

controversial and is challenging to interpret. It is possible that both the quantity 
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and quality of carbohydrate will affect BP; however, very few studies have exam-

ined either or both aspects specifi cally. When studying the impact of carbohydrate 

on BP, simultaneous manipulation of fat, protein, and/or calories may confound 

interpretation.

Few observational studies have specifi cally reported the relationship between 

carbohydrate intake and BP. In a cross-sectional analysis using the NHANES III 

data, moderate carbohydrate intake (45.1%–50.7% of total energy intake) was asso-

ciated with a decreased risk for high SBP (≥140 mmHg) after adjustment for poten-

tial confounders, that is, total sugar and fi ber intake. This fi nding suggests that 

the benefi cial effect may come only from nonsugar carbohydrates (i.e., complex 

carbohydrates) [36]. Recently, two cross-sectional studies, using NHANES con-

tinuous survey (1999–2004), reported positive associations between consumption 

of sugary drinks and SBP among adolescents [37,38]. Further, another cross-sec-

tional study also found a positive association between fructose intake from added 

sugars and the odds of a higher BP in adults without a history of hypertension using 

NHANES 2003–2006 data [39]. In line with these cross-sectional studies, in a pro-

spective analysis of the 810 PREMIER study participants, we found that reduction 

of intake of sugary drinks (regular soft drinks, fruit drinks, lemonade, fruit punch, 

and other sweetened beverages) by one serving per day (12 fl uid oz) was associated 

with an average of 1.8/1.1 mmHg reduction in SBP/DBP (95% CI: 1.2–2.4/0.7–1.4, 

respectively) [40]. This effect was independent of age, gender, race, family history 

of hypertension, physical activity, alcohol intake, baseline BMI, and dietary fac-

tors such as sodium intake and consumption of the Dietary Approaches to Stop 

Hypertension (DASH) diet, and it may be attributed to the sugar content of these 

beverages. For every tablespoon per day of sugar intake, there was an association 

of an average of 0.60/0.45 mmHg increase in SBP/DBP (95% CI: 0.32–0.87; p < 

.001 and CI: 0.27–0.63; p < .001, respectively) [40]. In contrast, a prospective study 

by Forman et al. using data from the Nurses’ Health Study I and II and the Health 

Professional Study [41] found no association between dietary fructose intake and 

incidence of hypertension. A possible explanation for the discrepancy between 

these studies could be that a large proportion of fructose intake was from fruits 

in the Forman’s study, and thus high fructose was correlated with high fruit and/

or fi ber intake in that study, whereas in the PREMIER study and NHANES study, 

high intake of fructose was associated with low fruit and fi ber intake, both of which 

may benefi t BP control.

Although studies on the relationship between intake of other types of carbohy-

drate and BP are limited, evidence from a few studies tends to suggest that con-

sumption of whole grain may be protective for hypertension. In the Women’s Health 

Study, high intake of whole grain (≥4 servings/day) was associated with 23% reduced 

risk of hypertension compared with low intake (<0.5 servings/day) in women [42]. In 

this study, intake of refi ned grain was not associated with hypertension. The inverse 

association between intake of whole grain and risk of developing hypertension was 

confi rmed in men in the Health Professionals Follow-up Study [43]. In contrast to 

refi ned grains, whole grains contain bran and germ components, which provide a 

range of nutrients with potential BP-lowering effects, including potassium, magne-

sium, and cereal fi ber.
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Limited research has been designed to specifi cally examine the impact of the 

amount of carbohydrate alone on BP, which is likely due to the diffi culty in manipu-

lating the amount of carbohydrate without changing the intake of other macronutri-

ents if total energy is to be kept constant. In the context of change in whole dietary 

pattern, both low and high carbohydrate intakes in combination with other dietary 

changes have been associated with BP lowering [8,44–46]. In a meta-analysis of 10 

intervention studies that compared high-carbohydrate diets and high–monounsatu-

rated fat diets isocalorically and kept study participants’ weight stable during the 

interventions, it was found that the high-carbohydrate diet resulted in slightly higher 

SBP/DBP (2.6/1.8 mmHg) compared with the diet rich in monounsaturated fat [47]. 

The magnitude of difference in BP between the two diets is small and thus may not 

justify a public health recommendation of altering dietary carbohydrate and mono-

unsaturated fat content to manage BP.

Although it has been well documented that diets high in glucose, fructose, or 

sucrose can induce hypertension in animal models [48–50], studies in humans 

regarding the effects of different types of carbohydrates on BP are limited in num-

ber and inconsistent in results. In the following section, we discuss the acute effects 

of different carbohydrates on BP separately, since acute and chronic effects may 

involve different mechanisms. In a randomized crossover study among 20 healthy 

nonhypertensive men [51], SBP rose signifi cantly (9–10 mmHg) 1 hour after inges-

tion of glucose or sucrose solution (22% weight per volume). This acute BP-elevating 

effect lasted for 2 hours but did not affect DBP and was not observed from ingestion 

of fructose. Interestingly, in a recent study with the same design and in a similar pop-

ulation (15 healthy young men and women), ingestion of a fructose drink (500 ml, 

60 g), but not glucose, signifi cantly increased both SBP and DBP within 2 hours 

[52]. However, in an experiment conducted by Jansen et al., BP did not change after 

ingestion of fructose load (75 g, 300 ml) and even decreased after ingestion of the 

same amount of glucose load in elderly hypertensive and nonhypertensive individu-

als [53]. Two possible pathways have been proposed for the acute BP effect of sugar: 

one is through enhancing activity of the sympathetic nervous system and the other is 

through modifying sodium balance [54,55].

Effects of sugar on BP in interventions lasting from days to months are also mixed. 

In a study on patients with coronary artery disease, both SBP and DBP decreased 

after 4 days of a sucrose and fructose load (4 g/kg/day), but not glucose load [56]. 

However, this result likely does not refl ect the effect of sugar alone since the study 

participants also lost weight (0.2–1.7 lbs) during the interventions. In another study 

designed to compare the metabolic effect between hypocaloric low-fat, high-sucrose 

diets and low-fat, low-sucrose diets (percent of energy from protein, fat, and carbo-

hydrate are comparable in the two diets) in a group of overweight women, BP was 

not changed over 6 weeks and did not differ between low- and high-sucrose diets 

[57]. Again, since weight loss occurred during the intervention, the effects of sugar 

intake and weight loss on BP are not distinguishable. In a 5-week crossover study 

that examined the metabolic effects of high- or low-fructose diets with stable body 

weight [58], DBP was not affected by the diet type, but SBP was 4% greater when 

the participants consumed 0% fructose (starch diet) than when the participants con-

sumed either of the high- or low-fructose diets (5% or 10% energy from fructose). 
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Thus, further research is needed to clarify the acute effect of the types of sugars on 

BP. Even though it is plausible that long-term high-sugar consumption may impact 

BP by promoting insulin resistance and/or hyperinsulinemia, the evidence for an 

effect is inconclusive, and the mechanisms are unclear [49].

Overall, we cannot conclude from existing data if the amount of carbohydrate 

alone or the type of carbohydrate affects BP. Future research designed specifi cally 

to examine these questions is needed to help clarify the role of carbohydrate on 

altering BP. However, the evidence for consuming whole grains for lowering BP and 

improving heart health is strong. In addition, individuals are encouraged to reduce 

the intake of simple sugars and to select whole grains for at least half of the total 

carbohydrate intake as often as possible for achieving weight control and maintain-

ing overall health.

1.2.4 DIETARY FIBER

Dietary fi ber is a special type of carbohydrate that is resistant to hydrolysis by the 

digestive enzymes of humans. It has been referred to as “nonstarch polysaccharides” 

and may indirectly lower BP through reduction of insulin levels, since hyperinsu-

linemia is often associated with obesity and impaired glucose tolerance, and it may 

be in the causal pathway to hypertension [59].

Both cross-sectional [26,59,60] and prospective analyses [61] have demonstrated 

inverse associations between fi ber and BP; however, they have also noted a high 

correlation of fi ber with other nutrients that can affect BP in a benefi cial manner. In 

a prospective study on 12,741 participants followed for 8 years, the highest quintile 

of total dietary fi ber and nonsoluble dietary fi ber intakes was associated with 11.6% 

lower risk of hypertension as compared with the lowest quintile [62]. Among the 

few intervention studies that examined the effect of fi ber on BP, most added cereal 

fi ber to the diet. These studies suggest that an average supplementation of 14 g of 

fi ber reduces SBP/DBP by about 1.6/2.0 mmHg, respectively [59]. Similarly, a meta-

analysis of 25 randomized controlled trials between 1966 and 2003 demonstrates 

that an average of 11.5 g per day fi ber supplementation leads to a reduction of BP by 

1.13/1.26 mmHg (95% CI: −2.49 to 0.23/−2.04 to −0.48) [63].

Thus, available evidence suggests a consistent but small benefi t of fi ber intake on 

BP. Individuals should be encouraged to increase fi ber intake to the currently recom-

mended level (25 g/day for women and 38 g/day for men) not only for BP control but 

possibly for other benefi ts to cardiovascular health. This recommendation should be 

achieved by increasing fi ber-rich fruits, vegetables, whole grains, and nuts/seeds/

legumes based on the foundation of a healthy eating pattern, rather than using a 

supplement.

1.2.5 ALCOHOL

The exact mechanism through which alcohol can raise BP is not clear, but possi-

bilities include stimulation of the sympathetic nervous system, inhibition of vascular 

relaxing substances, calcium or magnesium depletion, and increase of intracellular 

calcium in vascular smooth muscle [64–66].
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While acute alcohol intake has vasodilatory effects, it is clear from observational 

studies that excessive, habitual alcohol consumption is associated with higher BP 

and higher prevalence of hypertension [65]. In addition, men who discontinue alco-

hol intake experience less age-related increase in BP than those who do not [67]. 

Men who consume ≥3 drinks per day [68] and women who consume ≥2 drinks per 

day [69] are at higher risk, but consumption below this level is not associated with 

increased risk of hypertension. There is no consistent relationship between BP and 

the type of alcohol consumed.

Fuchs et al. examined incident hypertension among 8334 participants of the 

Atherosclerosis Risk in Communities cohort study [70]. Participants were free of 

hypertension at baseline and were followed for 6 years. The risk of incident hyper-

tension was increased by 20% (95% CI: 0.85–1.67) to 131% (95% CI: 1.11–4.86) in 

those who consumed greater than or equal to 210 g of alcohol (about 78-oz wine, 

191-oz beer, or 21-oz liquor or 14–16 drinks) per week as compared to that in those 

who did not consume alcohol.

The relatively few intervention studies on alcohol and BP have tended to be 

small and of short duration. In nine of the ten studies examined in a review, SBP 

was signifi cantly reduced after a reduction of 1–6 alcoholic beverages per day [64]. 

The Prevention and Treatment of Hypertension Study (PATHS) [71] was designed 

to evaluate the long-term BP-lowering effect of reducing alcohol consumption in 

nondependent moderate drinkers (those who consumed >3 drinks/day). The goal 

of intervention was either two or fewer drinks daily or a 50% reduction in intake 

(whichever was less). After 6 months, the intervention group experienced 1.2/0.7 

mmHg greater reduction in BP than the control group did (NS), and this reduction 

was more modest among hypertensive individuals. In this study, the intervention 

group reduced their intake by 2 alcoholic drinks per day, but the control group also 

lowered their alcohol intake during the intervention so that the difference in intake 

between the groups was only 1.3 drinks per day. This small difference between the 

two groups may have limited the interpretation of the true effect of the intervention 

on BP. In addition, perhaps a greater reduction in alcohol consumption is necessary 

to see a signifi cant effect on BP. Nevertheless, reduction from an average of 4.4 

drinks per day to an average of 2.0 drinks per day appears realistic in moderate alco-

hol drinkers and is similar to the absolute reduction achieved in an earlier study [72].

In another study [73] of mainly heavier drinkers (>5 drinks/day), replacing alco-

hol with low-alcohol substitutes resulted in a reduction of approximately 5 drinks 

per week and a greater reduction in BP (−4.8/3.3 mmHg; both p < .01). Importantly, 

participants of this intervention also reduced body weight by an average of 2.1 kg, 

which may explain the larger BP reduction than that observed in the PATHS trial. 

However, in a meta-analysis [74] of 15 randomized controlled trials including a total 

of 2234 participants who drank an average of 3–6 drinks per day at baseline, reduc-

ing alcohol by 29%–100% from baseline was associated with a signifi cant mean BP 

reduction of 3.31/2.04 mmHg (95% CI: −2.52 to −4.10/−1.49 to −2.58), while the 

body weight was minimally changed (mean change = −0.56 kg, NS). There was a 

dose–response relationship between the mean percentage of alcohol reduction and 

mean percentage of BP reduction.
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Thus, limiting the alcohol consumption to the current recommendation of ≤2 

drinks per day for men and ≤1 drink for women is supported by most of the research 

evidences and will likely improve BP control. Since moderate alcohol consumption 

(as compared to no alcohol intake) may benefi t by reduction of the overall risk of 

cardiovascular disease (CVD), there is no strong evidence to recommend total absti-

nence [75,76].

1.3 DIETARY PATTERNS AND BP

The previous sections highlight the potential of individual macronutrients or foods/

beverages that affect BP, but extensive confounding clouds the interpretation of stud-

ies targeting a single nutrient or food/beverage. It is diffi cult to control and study one 

component of the diet without affecting others. Thus, it may be more appropriate to 

focus on dietary patterns in which multiple nutrients naturally change together rather 

than focusing on individual macronutrients, and indeed there is extensive evidence 

that dietary patterns affect BP. In the following sections, we review several major 

dietary patterns that have been studied relatively extensively in relationship to BP.

1.3.1 VEGETARIAN DIETARY PATTERN

Vegetarian groups in the United States and other countries have been observed to 

have lower BP compared with their nonvegetarian counterparts in many [77,78], but 

not all, studies [79]. The term “vegetarian” comprises several heterogeneous groups 

[80], but in general, the diet tends to be high in whole grains, beans, vegetables, 

and sometimes fi sh, dairy products, eggs, and fruits [78]. Aspects of the vegetarian 

diet that have been suggested to benefi t BP control include intake of ample amount 

of plant foods; low intake of animal products [78]; high intake of potassium, mag-

nesium, fi ber, and (sometimes) calcium [80,81]; high polyunsaturated fat–saturated 

fat ratio; and, often, low intake of sodium. However, as outlined previously, studies 

on individual nutrients often have shown inconsistent results. Explanations for such 

inconsistencies may include the following: (1) the effect of individual nutrients may 

be too small to be detected, particularly when trials do not contain suffi cient sample 

size and thus statistical power; (2) most intervention studies employed supplements of 

nutrients that may function differently compared with nutrients naturally occurring 

in foods; (3) other dietary factors in foods, which are not hypothesized to affect BP, 

may also have an impact on BP; and (4) nutrients occurring in foods simultaneously 

may exert synergistic or antagonistic effects on BP. Differences in physical activity, 

stress, alcohol consumption, and other unmeasured factors may also contribute to a 

lower BP among vegetarians. But when research participants were counseled to fol-

low the vegetarian diet pattern in intervention studies, signifi cant reductions in BP in 

both nonhypertensive [82] and mildly hypertensive [81] participants were reported.

Despite the clear BP-lowering effect of a vegetarian diet, it is not realistic to 

expect a wide-scale adoption of such a dietary pattern. In addition, vegetarian diet 

does not include all dietary factors associated with lowering of BP. Thus, the DASH 

multicenter trials were designed to test the impact of nonvegetarian whole dietary 
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patterns on BP while simultaneously controlling for multiple nutrients and body 

weight [83,84].

1.3.2 THE DASH DIETARY PATTERN

The original DASH trial [44] was an 11-week randomized controlled feeding trial of 

459 individuals with prehypertension or unmedicated stage-1 hypertension. Three 

dietary patterns varying in amounts of fruits, vegetables, dairy products, meats, 

sweets, and nuts and seeds, and thus fats, cholesterol, fi ber, calcium, potassium, and 

magnesium were tested (Table 1.1). In brief, the three dietary patterns tested in the 

TABLE 1.1
Nutrient Target and the Associated Food Group Servings for 
the Three Dietary Patterns Tested in the DASH Trial

Control Diet
Fruits-and-

Vegetables Diet DASH Diet

Item
Nutrient 
Target

Nutrient       
Target

Nutrient 
Target

Nutrients
Fat (% kcal) 37 37 27

Saturated 16 16 6

Monounsaturated 13 13 13

Polyunsaturated 8 8 8

Carbohydrates (% kcal) 48 48 55

Protein (% kcal) 15 15 18

Cholesterol (mg/day) 300 300 150

Fiber (g/day) 9 31 31

Potassium (mg/day) 1700 4700 4700

Magnesium (mg/day) 165 500 500

Calcium (mg/day) 450 450 1240

Sodium (mg/day) 3000 3000 3000

Food groups (servings/day)
Fruits and juices 1.6 5.2 5.2

Vegetables 2.0 3.3 4.4

Grains 8.2 6.9 7.5

Low-fat dairy 0.1 0.0 2.0

Regular-fat dairy 0.4 0.3 0.7

Nuts, seeds, and legumes 0.0 0.6 0.7

Beef, pork, and ham 1.5 1.8 0.5

Poultry 0.8 0.4 0.6

Fish 0.2 0.3 0.5

Fat, oils, and salad 

dressing

5.8 5.3 2.5

Snacks and sweets 4.1 1.4 0.7
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study included (1) the control diet that mimicked what most Americans were con-

suming at the time of the trial, which was relatively high in total fats, saturated fats, 

and cholesterol and low in fruits, vegetables, and dairy products; (2) the “fruits-

and-vegetables” diet, which contained a similar macronutrient profi le as that of the 

control diet except for a higher amount of fruits and vegetables; and (3) the “DASH 

dietary pattern,” which was higher in fruits, vegetables, and low-fat dairy products; 

lower in total fats, saturated fats, and cholesterol; and rich in fi ber, potassium, mag-

nesium, and calcium. In all three treatment groups, body weight and alcohol con-

sumption were kept constant, and the level of sodium intake was similar to typical 

American intake (3000 mg/2000 kcal/day).

After 8 weeks of intervention, the DASH dietary pattern reduced BP by 5.5/3.0 

mmHg more than the control group (for both SBP and DBP, p < .001). The fruits-and-

vegetables diet reduced BP by 2.8/1.1 mmHg more than the control diet (p < .001 for 

SBP and p = .07 for DBP). The reductions in BP were signifi cant after the partici-

pants consumed the diets for 2 weeks and sustained them for the following 6 weeks. 

These reductions occurred while body weight, alcohol consumption, and exercise 

patterns remained stable, and when there was no restriction in sodium intake. BP 

lowering with DASH was equally effective in men and women and in younger and 

older persons, and it was particularly effective among African Americans and those 

with stage-1 hypertension at baseline. Among the 133 participants with hyperten-

sion at baseline (SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg), the DASH dietary 

pattern lowered BP by 11.4/5.5 mmHg. These effects observed in the hypertensive 

participants are similar to reductions seen with single-drug therapy [85] and are 

more effective than most of the other lifestyle modifi cations for BP reduction [86]. 

Among African Americans with hypertension, DASH lowered BP by an average of 

13.2/6.1 mmHg (95% CI: −18.2 to −8.1/−9.1 to −3.1).

Even though the DASH trial was not designed to identify specifi c nutrient(s) 

responsible for the BP-lowering effect, data from the fruits-and-vegetables diet 

group support the hypothesis that increasing potassium, magnesium, and dietary 

fi ber intake reduces BP. However, these nutrients do not account for the entire DASH 

effect. By further lowering total fat, saturated fat, and cholesterol and by increasing 

low-fat dairy products, BP reduction was nearly double with the DASH dietary pat-

tern compared with the fruits-and-vegetables diet. Since whole food items, rather 

than single nutrients, were manipulated in this trial, other nutrients that were not 

controlled for in the study and other benefi cial factors as yet unrecognized may also 

have contributed to the BP responses. Further research is needed to analyze the spe-

cifi c nutrients or factors responsible for the effect on BP. More details on the DASH 

dietary pattern can be found on the National Heart, Lung, and Blood Institute’s Web 

site: http://www.nhlbi.nih.gov/hbp/prevent/h_eating/h_eating.htm

Other feeding studies have confi rmed the BP-lowering effect of the DASH dietary 

pattern [45,87]. In the DASH-Sodium study on 412 participants [45], reduction in 

sodium intake from high (3.3 g/day) to intermediate (2.5 g/day) while consuming 

the DASH diet further reduced SBP/DBP by 1.3/0.6 mmHg (95% CI: −2.6 to 0.0 and 

−1.5 to 0.2, respectively). Reducing sodium from the intermediate level (2.5 g/day) 

to low (1.5 g/day) level when consuming the DASH diet further decreased SBP/DBP 

by 1.7/1.0 mmHg (95% CI: −3.0 to −0.4 and −1.9 to −0.1, respectively). This study 
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showed that combining sodium reduction and adopting the DASH diet yielded the 

greatest benefi t with respect to BP. In another smaller trial of 55 participants with 

essential hypertension [87], the BP-lowering effect of the DASH diet was recon-

fi rmed, and it was found that the DASH diet enhanced the ambulatory BP response 

to losartan signifi cantly (−11.7/−6.9 mmHg, p < .05). In addition, other trials have 

confi rmed the feasibility of individuals adopting this dietary pattern on their own 

[88,89]. Several behavioral intervention trials ranging from 18 months to 3 years 

have also examined the implementation of the DASH dietary pattern and shown the 

feasibility of adopting this eating pattern [86–88]. In these trials, behavioral lifestyle 

interventions that were designed to implement the DASH dietary pattern resulted in 

increased intake of fruits, vegetables, dairy products, and many vitamins and miner-

als; weight loss; and reduction in BP. Resources to facilitate implementation of the 

DASH dietary pattern are included at the end of this book.

1.3.3 VARIATION OF DASH DIETARY PATTERN—OMNIHEART STUDY

Even though the DASH trial provided strong evidence of the effi cacy of the DASH 

dietary pattern in reducing BP, this trial alone was not able to test all hypotheses 

related to dietary pattern and BP. As discussed in the previous sections, research sug-

gests that high intake of unsaturated fat and protein may benefi t BP control. Thus, the 

OmniHeart study [8] was designed to further understand the impact of macronutri-

ent variations of the DASH dietary pattern on BP, while keeping fi ber, potassium, 

magnesium, calcium, and sodium constant (Table 1.2). The dietary patterns tested 

were (1) carbohydrate diet in which protein energy was reduced from 18% in the 

original DASH dietary pattern to 15% kcal, (2) the unsaturated diet in which 10% of 

the carbohydrate energy in the DASH dietary pattern was replaced with energy from 

TABLE 1.2
Comparison of the Macronutrient Profi les of the Three Dietary Patterns 
Tested in the OmniHeart Study with the DASH Dietary Pattern

DASH Diet Carbohydrate Diet Protein Diet
Unsaturated Fat 

Diet

Item
Nutrient 
Target

Nutrient        
Target

Nutrient            
Target

Nutrient          
Target

Nutrients
Fat (% kcal) 27 27 27 37

Saturated 6 6 6 6

Monounsaturated 13 13 13 21

Polyunsaturated 8 8 8 10

Carbohydrates 

(% kcal)

55 58 48 48

Protein (% kcal) 18 15 25 15

Cholesterol (mg/day) 150 140 140 140

Fiber (g/day) 31 30 30 30
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mainly monounsaturated fats, and (3) the protein diet in which 10% of the carbohy-

drate energy in the DASH dietary pattern was replaced with energy from protein. A 

total of 164 adults with prehypertension or unmedicated stage-1 hypertension were 

randomized into the three diet groups in a crossover fashion for 6 weeks each. All 

three diets lowered BP signifi cantly, but the protein and unsaturated fat diets sig-

nifi cantly reduced SBP by 1.4 and 1.3 mmHg more than the carbohydrate diet did. 

Further reductions in BP were even greater among those who were hypertensive at 

baseline. In addition, the protein diet signifi cantly reduced low-density lipoprotein 

cholesterol by 3.3 mg/dL (0.09 mmol/L; p = .01), high-density lipoprotein cholesterol 

by 1.3 mg/dL (0.03 mmol/L; p = .02), and triglycerides by 15.7 mg/dL (0.18 mmol/L; 

p < .001). The unsaturated fat diet had no signifi cant effect on low-density lipoprotein 

cholesterol, but it increased high-density lipoprotein cholesterol by 1.1 mg/dL (0.03 

mmol/L; p = .03) and lowered triglycerides by 9.6 mg/dL (0.11 mmol/L; p = .02).

Overall, these studies have vigorously and consistently proven that whole 

dietary patterns such as the DASH dietary pattern or the two modifi ed DASH 

patterns in the OmniHeart study are effective strategies for BP control. In addi-

tion, both the DASH and the OmniHeart studies demonstrate that the benefi ts of 

adopting a whole dietary approach extend beyond BP to other health indicators 

such as lipids [8]. A nutritional approach to BP control that involves changes 

in overall dietary pattern appears to be superior to approaches that manipulate 

only a small number of nutritional factors. Thus, the DASH dietary pattern is 

recommended by many national and international organizations including the 

National Institute of Health (it is included in the seventh report of the Joint 

National Committee on Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure—JNC7) [90], the American Heart Association [91], the American 

Dietetic Association [92], the Canadian Hypertension Education Program [93], 

and the British Hypertension Society [94]. It is also recommended by the 2010 

Dietary Guidelines for Americans [95].

1.3.4 THE MEDITERRANEAN DIET

The Mediterranean diet, which is characterized by high intake of fruits, vegetables, 

legumes, nuts, cereals, fi sh, and olive oil, is another dietary pattern that has been 

shown to benefi t BP control and reduction of overall risk of CVD. Adherence to the 

Mediterranean diet has been associated with a reduced risk of CVD and mortality 

[96,97]. In a large prospective cohort that included 9408 men and women enrolled in 

the Seguimiento Universidad de Navarra Study, high adherence to the Mediterranean 

diet was associated with a moderate, but signifi cant, reduction of 3.1/1.9 mmHg in 

SBP/DBP (95% CI: −5.4 to −0.8/−3.6 to −0.1) during a median follow-up of 4.2 years, 

independent of known risk factors for high BP [98]. In a recent randomized con-

trolled trial that compared the Mediterranean diet versus low-fat diet (not particularly 

designed to meet the features of the Mediterranean diet) on coronary heart disease 

(CHD) risk factors among 772 asymptomatic, but at high cardiovascular risk, individu-

als, the Mediterranean diet supplemented with either olive oil (1 L/week) or nuts (30 g/

week) resulted in a lower mean SBP than the low-fat diet did (−5.9 mmHg in the olive 

oil group and −7.1 mmHg in the nuts group) at 3 months [99]. This fi nding is consistent 
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with that of the DASH and OmniHeart trials in suggesting that a plant-based dietary 

pattern that includes fruits, vegetables, and healthy oils benefi ts BP control.

1.4 SUMMARY

The evidence that diet modifi cation involving macronutrients and/or a whole dietary 

pattern can prevent and treat hypertension is strong, and recommendations are sum-

marized in Table 1.3. For some macronutrients, the effective intervention strategy and 

mechanisms involved are still being clarifi ed. Owing to various design limitations, 

inadequate statistical power, and measurement issues, studies on single nutrients gen-

erally provided inconsistent results. However, when multiple nutrients or dietary fac-

tors are combined in a whole dietary strategy, as seen in the DASH and OmniHeart 

studies, BP is signifi cantly and effectively reduced. Nutrients may have additive or 

interactive effects when provided together in whole foods. Thus, the current national 

guideline of lifestyle modifi cation for BP control includes the DASH pattern, sodium 

reduction, weight loss, increased physical activity, and moderation of alcohol consump-

tion. Concurrent adherence to several recommendations is likely to hold the greatest 

TABLE 1.3
Summary: Take-Home Messages

Key Evidences
Recommendation for Health Care 

Providers
• Moderately strong evidence shows that intake of 

protein, particularly from plant or soy sources, 

may benefi t BP control.

• There is weak evidence that total and saturated 

fats may be negatively associated with BP, while 

monounsaturated fat may benefi t BP control.

• The evidence for the impact of the amount and 

type of carbohydrate on BP is weak; however, the 

evidence that whole grains may benefi t BP control 

and improve heart’s health is moderately strong.

• Moderately strong evidence shows that dietary 

fi ber has a small but signifi cant benefi cial impact 

on BP.

• Excessive alcohol is associated with higher BP, 

and there may be a dose–response relationship 

between lowering alcohol and BP reduction.

• Dietary patterns, including the vegetarian, DASH, 

modifi ed DASH, and Mediterranean, have all 

been shown to benefi t BP control effectively. 

Some common features of these dietary patterns 

include intake of high amounts of fruits and 

vegetables, moderate amounts of animal products, 

low amounts of saturated fat, and high amounts of 

fi ber, potassium, magnesium, and calcium.

• Encourage adoption of dietary patterns 

similar to vegetarian, DASH, modifi ed 

DASH, or Mediterranean patterns.

• Increase intake of fruits, vegetables, 

whole grains, lean proteins, and nonfat 

dairy.

• Reduce intake of total and saturated fats.

• Follow moderate alcohol consumption to 

less than 2 drinks per day for men and 1 

drink per day for women.
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promise for preventing and treating hypertension and has been shown to be feasible 

[88,100,101]. Future research should focus on strategies to motivate and maintain life-

style changes for BP control. At both the population and individual levels, success in 

dietary and lifestyle intervention relies on multiple levels of support ranging from cli-

nicians to government agencies to private institutes and the food and beverage industry. 

In particular, partnering with the food industry to improve the nutritional quality of the 

food supply, such as reducing sodium and fat content of processed foods, making fruits 

and vegetables available and affordable, and promoting foods and nutrients consistent 

with the DASH dietary pattern, will play a critical role in implementing dietary and 

lifestyle modifi cations. Consistent efforts to educate and promote adherence to dietary 

and lifestyle guidelines by dietitians and other health care professionals are also instru-

mental to the prevention and management of hypertension.
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2.1 INTRODUCTION

Dietary recommendations for the prevention and treatment of hypertension are based 

on compelling evidence from clinical trials. Notably, the DASH and OmniHeart tri-

als showed impressive blood pressure (BP) reductions with improved quality of diet 

[1,2]. These effects were seen in the setting of isocaloric feeding and fi xed sodium 

intake. Many constituents of diets may account for the BP-lowering effects, yet min-

erals and antioxidants contained in diets high in fruits, vegetables, and low-fat dairy 

seem to be particularly relevant.

These micronutrients coexist in natural foods with many other nutrient factors that 

may also affect BP. Hence, it is impossible to test the effects of individual micronutri-

ents with food or dietary manipulation without signifi cant confounding. The contribu-

tion of antioxidants, minerals, and micronutrients to BP is best tested in the setting 
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of placebo-controlled randomized trials because they can be concentrated in pills 

or capsules. In this chapter, we review the effects of minerals, antioxidants, and fl a-

vonoid-containing supplements on BP, placing the greatest weight on peer-reviewed 

clinical trials, systematic reviews of trials, and meta-analyses of clinical trials.

2.2 MINERALS—CALCIUM, MAGNESIUM, AND POTASSIUM

Population-based epidemiological studies provide evidence that dietary calcium, 

magnesium, and potassium intake lowers the risk for hypertension. Laboratory and 

animal studies have established biological mechanisms and justifi cation for clinical 

trials. These trials have provided the critical evidence for establishing the effects 

of diets on BP. Because of the large number of published trials, there is suffi cient 

evidence to address questions of whether supplementation of diet with calcium, mag-

nesium, or potassium can lower BP, whether there are safety concerns with supple-

mentation, and whether supplementing minerals according to the defi ciencies in diet 

is suffi cient to lower BP or whether supraphysiological doses (i.e., doses greater than 

what can be achieved by dietary sources alone) are needed.

2.2.1 RECOMMENDED INTAKE OF CALCIUM, MAGNESIUM, AND POTASSIUM

Recommendations for dietary intake of calcium, magnesium, and potassium estab-

lished by the Institute of Medicine (IOM) are based on clinical trials and epidemio-

logical evidence [3]. Thresholds of “adequate intake” (AI) to prevent defi ciencies 

and “upper tolerable limits” (UL) of daily mineral intake to avoid toxicities have 

been established. Population-based surveys suggest that dietary defi ciencies of these 

minerals are common in adults, and these defi ciencies may in some way contribute 

to hypertension or poor hypertension control (Table 2.1).

2.2.2 CALCIUM

2.2.2.1 Common Sources of Calcium
Dietary sources rich in calcium include milk, cheese, yogurt, broccoli, and kale [3]. 

The most common forms of dietary calcium supplements are calcium carbonate and 

calcium citrate; the latter is more readily absorbed. Other forms of calcium including 

calcium gluconate, calcium chloride, calcium acetate, and calcium glubionate are 

less commonly used.

2.2.2.2 Mechanism of Action
From epidemiological studies, there is only weak evidence of an association between 

dietary calcium intake and BP [4], yet there are a number of biological mechanisms 

that suggest an important role for calcium in BP regulation. According to Resnick’s 

“Ionic hypothesis of hypertension,” BP is regulated by reciprocating contributions of 

extracellular and intracellular calcium-dependent pressor mechanisms [5]. Reduced 

dietary calcium results in depletion of calcium membrane storage sites and increases 

intracellular free calcium. Elevated intracellular free calcium suppresses parathyroid 
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TABLE 2.1
Recommended Intake/Adequate Intake, Mean or Median Dietary Intake in the United States, Tolerable Upper 
Limit, and Common Dietary Sources of Calcium, Magnesium, and Potassium

Nutrient
Adult Recommended Daily 

Intake/Adequate Intake

U.S. Estimated 
Mean Intake (Diet 

+ Supplement) Upper Tolerable Limit
Common Dietary 

Sources
Typical 

Supplement Dose

Calcium Male and female, 19–50 years: 

1000 mg/day

Male and female, >50 years: 

1200 mg/day

Males, >19 years: 

1087–1260 mg/day

Females, >19 years: 

945–1187 mg/day

Male and female, >19 

years: 2500 mg/day

Milk, cheese, yogurt, 

corn tortillas, 

calcium-set tofu, 

Chinese cabbage, kale, 

and broccoli

500 mg, 600 mg, and 

1000 mg

Magnesium Male, 19–30 years: 400 mg/day

Male, >30 years: 420 mg/day

Female, 19–30 years: 310 mg/day

Female, >30 years: 320 mg/day

Male, >19 years: 

282–343 mg/day

Female, >19 years: 

209–239 mg/day

There is no UL for dietary 

intake of magnesium; 

only for magnesium 

supplements 350 mg/day

Green leafy vegetables, 

unpolished grains, 

nuts, meat, starches, 

milk, fi sh, and oatmeal

250 mg, 400 mg, and 

500 mg

Potassium Male and female, >19 years: 

4.7 g/day

Male, >19 years: 

2.9–3.4 g/day

Female, >19 years: 

2.2–2.5 g/day

No UL for dietary intake Fruits and vegetables, 

dried peas, dairy 

products, meats, and 

nuts

Nonprescription 

supplements can be 

sold at a maximum 

dose of 99 mg/tablet

Source: Adapted from Institute of Medicine, Dietary reference intakes, http://fnic.nal.usda.gov/nal_display/index.php?info_center=4&tax_ 

level=2&tax_subject=256&topic_id=1342.

Note: Conversion of mmol to mg: potassium mmol × 39.1 g/mol = mg; magnesium mmol × 24.31 g/mol = mg.
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hormone (PTH) and production of 1,25 vitamin D hormones. Ultimately, calcium 

depletion will adversely affect vascular smooth muscle cell membranes and vascular 

reactivity, leading to a greater tendency toward vasoconstriction [6,7]. Calcium sup-

plementation lowers serum PTH and 1,25 vitamin D concentrations through a coun-

terregulatory mechanism, which may lower BP through several mechanisms [8–11]. 

It has also been observed that dietary calcium downregulates angiotensin-converting 

enzyme, which would decrease sodium retention and therefore may lower BP [12].

2.2.2.3 Clinical Trials of Calcium Supplementation
Trial of Hypertension Prevention (TOHP) was one of the earliest and largest trials 

that examined the effects of calcium supplementation on BP [13]. TOHP randomized 

471 men and women with prehypertension and stage 1 hypertension to 1000 mg/day 

of calcium for 6 months or to placebo. Average age of the participants, among whom 

68% were men and 86% were whites, was 43 years; their baseline BP was 126/84 

mmHg. Calcium supplementation had the modest and nonsignifi cant effects on sys-

tolic blood pressure (SBP; −0.46 mmHg; 95% CI: −1.77, 0.86) and diastolic blood 

pressure (DBP; 0.20 mmHg; 95% CI: −0.71, 1.11).

A large number of smaller randomized trials have reported the effects of cal-

cium supplementation on BP. Several meta-analyses that combine trials and report 

BP-regulation effects have been published over the past 20 years. A summary of the 

meta-analyses and the pooled effect sizes on BP is given in Table 2.2.

The fi rst meta-analysis of calcium supplement trials on BP included 15 trials, 391 

subjects with a median calcium dose of 1000 mg/day and a median trial duration of 6 

weeks. This meta-analysis found nonsignifi cant reductions in SBP (−0.13 mmHg; 95% 

CI: −0.45, 0.19) and DBP (0.03 mmHg; 95% CI: −0.17, 0.22) [14]. A later meta-analysis 

TABLE 2.2
Summary of Calcium Supplement Meta-analyses

Calcium Meta-analyses
Number 
of Trials

SBP Summary 
Effect (mmHg, 

95% CI)

DBP Summary 
Effect (mmHg, 

95% CI)

Overall Cappuccio et al. [14] 15 −0.13 (−0.45, 0.19)  0.03 (−0.17, 0.22)

Allender et al. [15] 26 −0.89 (−1.74, −0.05)* −0.18 (−0.75, 0.40)

Bucher et al. [16] 33 −1.27 (−2.25, −0.29)* −0.24 (−0.92, 0.44)

Griffi th et al. [17] 42 −1.44 (−2.20, −0.68)* −0.84 (−1.44, −0.24)*

van Mierlo et al. [18] 40 −1.86 (−2.91, −0.81)* −0.99 (−1.61, −0.37)*

Baseline BP Status
Hypertensive Cappuccio et al. [14] 10  0.06 (−0.59, 0.72)  0.03 (−0.21, 0.27)

Allender et al. [15] 13 −1.68 (−3.18, −0.18)*  0.02 (−0.96, 1.00)

Bucher et al. [16] 6 −4.30 (−6.47, −2.13)* −1.50 (−2.77, −0.23)*

Dickinson et al. [19] 14 −3.2 (−6.2, −0.2)* −2.4 (−4.8, 0.0)*

Normotensive Allender et al. [15] 16 −0.53 (−1.56, 0.49) −0.28 (−0.99, 0.42)

Bucher et al. [16] 6 −0.27 (−1.80, 1.27) −0.33 (−1.56, 0.90)

*p < .05
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with additional trials (N = 28) and 1231 subjects reported a smaller pooled effect on 

SBP (−0.89 mmHg; 95% CI: −1.74, −0.05) and DBP (−0.18 mmHg; 95% CI: −0.75, 

0.40) [15]. Trial sizes ranged from 14 to 471 participants, the mean age ranged from 

21 to 48 years, the median duration was 8 weeks, and the median calcium dose was 

1000 mg/day. In the same year, Bucher et al. (1996) reported pooled results from 33 

trials with 2412 patients, showing similar small reduction in SBP (−1.27 mmHg; 95% 

CI: −2.25, −0.29) and DBP (−0.24 mmHg; 95% CI: −0.92, 0.44) [16]. Later, Griffi th 

and colleagues (1999) included 44 trials confi rming earlier fi ndings: small reductions 

in SBP (−1.44 mmHg; 95% CI: −2.20, −0.68) and DBP (−0.84 mmHg; 95% CI: −1.44, 

−0.24) [17]. Then, van Mierlo et al. (2006) excluded several trials of inferior quality, 

yet included 40 trials with 2492 subjects in the meta-analysis [18]. The median dose 

was 1055 mg/day, the median age of participants was 45 years, and the median trial 

duration was 9.5 weeks. Overall, calcium supplementation was reported to reduce SBP 

(−1.86 mmHg; 95% CI: −2.91, −0.81) and DBP (−0.99 mmHg; 95% CI: −1.61, −0.37).

In 2006, the Cochrane Collaboration published a systematic review of calcium 

supplementation and BP, exclusively meta-analyzing trials that enrolled hyperten-

sive participants and that had a minimum duration of 8 weeks [19]. Overall, pooled 

results from 13 randomized controlled trials resulted in a signifi cant reduction in SBP 

(−2.5 mmHg; 95% CI: −4.5, −0.6), but not DBP (−0.8 mmHg; 95% CI: −2.1, 0.4). The 

trial size ranged from 9 to 90 subjects, the median duration was 8 weeks, the mean 

age was 45 years, and the mean dose was 1100 mg/day.

2.2.2.4 Practical Message to Providers
Most meta-analyses show signifi cant heterogeneity across trials. Despite trial dif-

ferences, meta-analyses have presented similar results—calcium supplementation 

only modestly lowers SBP by 1–2 mmHg with <1 mmHg reduction in DBP. Most 

trials examined short-term supplementation rather than long-term supplementation. 

Furthermore, two meta-analyses showed no benefi t of calcium supplementation on 

cardiovascular disease events (relative risk [RR]: 1.14; 95% CI: 0.92–1.41) [20] or on 

clinical cardiovascular end points with or without vitamin D supplementation (haz-

ard ratio [HR]: 1.17; 95% CI: 1.05–1.31; p = .005) [21]. No trials tested the effects 

of calcium on BP using exclusively dietary, as opposed to supplemental, sources 

of calcium, leaving open the possibility of an effect not detectable in the meta-

analyses summarized above. In fact, the Dietary Approaches to Stop Hypertension 

(DASH) dietary pattern [1] described in Chapter 1 of this book includes increased 

dietary calcium compared with the usual U.S. intake, which is considered an inte-

gral component of this BP-lowering dietary pattern. Given the small benefi cial 

effect of calcium on BP, other health benefi ts (e.g., preservation of bone), and the 

wide availability of dietary calcium (see Table 2.1), individuals should be encour-

aged to consume adequate amounts of dietary calcium.

2.2.3 MAGNESIUM

2.2.3.1 Common Sources of Magnesium
Common dietary sources of magnesium include green leafy vegetables, unpol-

ished grains, nuts, meat, starches, milk, fi sh, and oatmeal. The most common 
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forms of magnesium supplements are magnesium oxide and magnesium citrate; 

the latter has better intestinal absorption. Other less common forms include mag-

nesium sulfate, magnesium aspartate, magnesium chloride, magnesium oxide, 

magnesium diglyceride, magnesium lactate, magnesium pidolate, and magnesium 

hydroxide [3].

2.2.3.2 Mechanism of Action
In human observational studies, low dietary magnesium intake is associated with 

incident hypertension among middle-aged and older U.S. women [22]. Laboratory 

and clinical studies have helped defi ne the role of magnesium in vascular function 

and vascular reactivity. Magnesium has been shown to alter permeability of the 

cell membrane to calcium and sodium and important mediators of BP [23]; it can 

induce direct vasodilation of coronary vessels [24]. Another proposed mechanism 

suggests that reduced intracellular magnesium levels due to concomitant elevations 

of cytosolic free calcium cause vasoconstriction, arterial stiffness, and hypertension 

[25]. Similar to calcium-channel blockers, magnesium inhibits calcium depolariz-

ing effects and calcium-dependent excitation–contraction coupling, thus promoting 

vascular relaxation [26,27]. Magnesium may also reduce BP through effects on pros-

taglandin E1 synthesis. Magnesium is an essential cofactor in the rate-limiting step, 

converting linoleic acid to γ-linolenic acid, precursors of prostaglandin E1 [28,29]. 

Prostaglandin E1 is a vasodilator, and low concentrations of it promote vasoconstric-

tion and elevation in BP [29].

2.2.3.3 Magnesium Supplementation Trials
Based on the strong biological plausibility for magnesium’s effect on BP, a num-

ber of magnesium supplement trials have been performed. The largest trial, 

TOHP, was reported in 1992 [13]. In this trial, 461 subjects were randomized to 

360 mg/day of magnesium diglycine or to placebo for 6 months. The mean age of 

participants was 43 years; 68% were men and 85% were whites. Baseline BP was 

125/84 mmHg. The TOHP trial reported nonsignifi cant effects of magnesium 

supplementation on SBP (−0.20 mmHg; 95% CI: −1.47, 1.07) and DBP (−0.05 

mmHg; 95% CI: −0.94, 0.84). Another large, well-conducted trial with 198 par-

ticipants was reported in 1998 [30]. Ninety-fi ve percent of the participants were 

whites; the participants had the mean age of 38 years and the mean BMI of 23 

kg/m2. The participants were randomized to 336 mg/day of magnesium lactate 

for 16 weeks or to placebo. Despite signifi cant increases in urinary magnesium 

excretion (4.1–6.2 mmol/24 hours, p <  .01), the effects on SBP (−0.9 mmHg; 

95% CI: −2.6, 0.8) and DBP (−0.7 mmHg; 95% CI: −2.2, 0.8) were modest and 

nonsignifi cant.

These and other small trials were included in a meta-analysis to determine pooled 

trial effects. This meta-analysis included 20 trials of magnesium supplementation, 

14 trials of hypertensive adults, and 6 trials of normotensive adults [31]. There were 

a total of 1220 participants, with the mean age ranging from 23 to 65 years, the 

median duration of 8.5 weeks, and the median dose of 365 mg (15 mmol)/day. The 

overall pooled effects showed nonsignifi cant effects on SBP (−0.6 mmHg; 95% CI: 

−2.2, 1.0) and DBP (−0.8 mmHg; 95% CI: −1.9, 0.4). However, a dose–response 
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relationship was noted, such that with each increase in 240 mg (10 mmol)/day of 

magnesium, there was a reduction of 4.3 mmHg SBP (p < .001) and 2.3 mmHg DBP 

(p = .09; Figure 2.1).

A subsequent meta-analysis conducted by a Cochrane review group utilized 

more stringent inclusion criteria, requiring an intervention period of at least 8 

weeks and restricting the study population of the trials to hypertensive adults [32]. 

This meta-analysis included 12 randomized controlled trials with a total of 545 

participants. The median duration of follow-up was 11 weeks, the mean age of par-

ticipants was 54 years, and the mean dose of magnesium was 413 mg (17 mmol)/

day. The summary effects were a nonsignifi cant reduction in SBP (−1.3 mmHg; 

95% CI: −4.0, 1.5) but a signifi cant reduction in DBP (−2.2 mmHg; 95% CI: −3.4, 

−0.9). This meta-analysis did not fi nd a dose-dependent relationship between mag-

nesium and BP.

2.2.3.4 Practical Message to Healthcare Providers
Meta-analyses have reported modest (1–2 mmHg) and mostly nonsignifi cant effects 

of magnesium supplementation on BP. One meta-analysis found a dose relation-

ship between magnesium and SBP, but this association was not replicated in a sec-

ond meta-analysis. At present, there are insuffi cient data to support clinical use of 

magnesium supplementation for the treatment of hypertension. However, as with 

calcium (see above), there are no trials testing the effect of dietary magnesium on 

BP. The DASH dietary pattern is rich in magnesium, and it is possible that this 

micronutrient contributes to the BP-lowering effect of DASH. Therefore, individu-

als should be encouraged to consume adequate magnesium (see Table 2.1) from 

dietary sources.
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2.2.4 POTASSIUM

2.2.4.1 Common Sources of Potassium
Potassium exists at signifi cant concentrations in fruits, green vegetables, and oil 

seeds [33]. One serving of tomatoes, potatoes, mango, black-eyed peas, or almonds, 

for example, contains more than 400 mg potassium. Supplements are available and 

are composed of a number of common salt forms, including potassium chloride, 

potassium gluconate, potassium acetate, potassium phosphate, potassium citrate, 

and potassium bicarbonate. The maximum dose of potassium allowed in over-the-

counter supplements is 99 mg (~2.5 mmol) per dose, whereas prescription potassium 

doses are typically 390 mg (10 mmol) or 720 mg (20 mmol) [3].

2.2.4.2 Mechanism of Action
The effects of potassium on BP and cardiovascular disease risk may be mediated 

through BP-dependent and BP-independent pathways. Prospective studies have 

shown that high dietary potassium intake is associated with reduced risk of stroke 

mortality after adjustment for BP [34]. It has also been proposed that potassium 

inhibits proliferation of vascular arteriosclerosis and reduces vascular resistance 

through effects on endothelial function [33]. The endothelial effects of potassium 

may be mediated through hyperpolarization of vascular smooth muscle cells by 

stimulating electrogenic potassium pumps or potassium-rectifying channels. This 

hyperpolarization results in vasodilation [10,35]. It is also believed that potassium 

is one of the factors regulating synthesis of prostaglandin, a vasodilator, and plate-

let antiaggregator [29]. Other proposed mechanisms include natriuresis, reduced 

vascular responsiveness to norepinephrine and angiotensin II, blunted barorecep-

tor responsiveness, and increased sodium/potassium ATPase activity [10]. With 

regard to hypertensive patients, there is evidence that potassium supplementation 

promotes release of endothelial nitric oxide (NO) by inducing endogenous musca-

rinic agonists [36].

2.2.4.3 Potassium Supplement Trails
Because of strong biological plausibility of potassium as a mediator of BP regulation, 

a large number of clinical trials have been published. Several meta-analyses have 

been published, which report consistent, albeit modest, BP-lowering effects. The fi rst 

meta-analysis, published in 1991, summarized 19 clinical trials of 586 patients, with 

the median age of 41 years, the median dose of 3.7 g/day (96 mmol), and the median 

trial duration of 28 days [37]. Potassium chloride was the predominant supplement 

formulation. Pooled trial effects of potassium supplementation showed signifi cant 

reductions in SBP (−5.9 mmHg; 95% CI: −6.6, −5.2) and DBP (−3.4 mmHg; 95% 

CI: −4.0, 2.8). Larger effect sizes were reported in trials that enrolled hypertensive 

participants.

A subsequent meta-analysis by Whelton et al. (1997) pooled results from 32 ran-

domized controlled trials with a total of 2661 participants: ages ranged from 18 to 

79 years, the median dose was 2.9 g/day (75 mmol), and the median treatment dura-

tion was 5 weeks [38]. The most common formulation was potassium chloride. This 

meta-analysis reported a smaller, yet signifi cant, effect size for SBP (−3.11 mmHg; 
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95% CI: −4.31, −1.91) and DBP (−1.97 mmHg; 95% CI: −3.42, −0.52). Results were 

greater in trials that enrolled African Americans and in subjects whose sodium 

intake was higher at baseline.

These fi ndings were confi rmed by a third meta-analysis of 27 trials that excluded 

trials lasting less than 2 weeks and trials that included participants with chronic dis-

eases (renal disease, diabetes, etc.) [39]. The median duration of trials was 6 weeks 

and the mean age was 45 years. Potassium supplementation (trial doses unspecifi ed) 

resulted in a mean increase in 24-hour urinary potassium excretion of 51 mmol. 

Overall, potassium supplementation signifi cantly lowered both SBP (−2.42 mmHg; 

95% CI: −3.75, −1.08) and DBP (−1.57 mmHg; 95% CI: −2.65, −0.50). BP-regulation 

effects were greater in trials of hypertensive participants compared with trials of 

normotensive participants (SBP/DBP: −3.20/−2.18 mmHg and −1.38/−0.78 mmHg, 

respectively; see Table 2.3).

The latest meta-analysis on potassium supplementation and BP was restricted 

to trials of hypertensive participants (SBP ≥ 140 mmHg or DBP ≥ 85 mmHg) [40]. 

This analysis included only fi ve trials with a total of 425 participants, the potassium 

dose ranging from 1.9 (48 mmol) to 4.7 g (120 mmol)/day, and the median dura-

tion of 12 weeks. This analysis showed large yet nonsignifi cant reductions in SBP 

(−11.2 mmHg; 95% CI: −25.2, 2.7) and DBP (−5.0 mmHg; 95% CI: −12.5, 2.4).

In contrast to other micronutrients, there are randomized trials of potassium from 

dietary sources. A representative example is the DASH feeding trial [1] in which one 

treatment group received a diet that resembled a typical American diet except for 

increased intake of fruits and vegetables, which led to the average potassium intake of 

4700 mg/2100 kcal/day. Although the BP-lowering effect of this intermediate diet was 

less than that of the DASH dietary pattern, its effects on BP were signifi cant (2.8/1.1 

mmHg) compared with a typical American diet. The fruits and vegetables added other 

nutrients (e.g., fi ber and vitamin C), but the epidemiological and supplement data above 

suggest that the BP-lowering effect was at least in part due to increased potassium intake.

TABLE 2.3
Summary of Potassium Supplement Meta-analyses

Potassium Meta-analysis
Number 
of Trials

SBP Summary Effect 
(mmHg, 95% CI)

DBP Summary Effect 
(mmHg, 95% CI)

Overall Cappuccio et al. [37] 19 −5.9 (−6.6, −5.2)* −3.4 (−4.0, 2.8)

Whelton et al. [38] 32 −3.11 (−4.31, −1.91)* −1.97 (−3.42, −0.52)*

Baseline BP Status
Hypertensive Cappuccio et al. [37] 13 −8.2 (−9.1, −7.3)* −4.5 (−5.2, −3.8)*

Whelton et al. [38] 20 −4.4 (−6.6, −2.2)* −2.5 (−4.9, −0.1)*

Geleijnse et al. [39] 19 −3.20 (−4.81, −1.60)* −2.18 (−3.46, −0.90)*

Dickinson et al. [40] 5 −11.2 (−25.2, 2.7) −5.0 (−12.5, 2.4)

Normotensive Whelton et al. [38] 12 −1.8 (−2.9, −0.6)* −1.0 (−2.1, 0.0)*

Geleijnse et al. [39] 11 −1.38 (−3.22, 0.46) −0.78 (−2.25, 0.69)

*p < .05
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2.2.4.4 Practical Message to Providers
There is a substantial heterogeneity among trials examining oral potassium sup-

plementation and BP. Meta-analyses suggest that short-term, high-dose oral potas-

sium supplementation results in signifi cant SBP reduction in the 3–5 mmHg range. 

Greater effects were noted in trials that enrolled hypertensive participants. Long-

term effects on clinical endpoints have not been established. Effects of supplements 

at lower doses typically consumed as a component of over-the-counter supplements 

have not been established. Other than to treat diuretic-induced hypokalemia, potas-

sium supplements are not recommended for BP control. In contrast, several national 

guidelines (JNC-7, Dietary Guidelines for Americans, etc.) indicate that healthcare 

providers should encourage their patients to strive for adequate intake of potas-

sium through consumption of fruits, vegetables, and other potassium-rich foods 

(see Table 2.1).

2.3  ANTIOXIDANTS, VITAMINS, AND OTHER 
DIETARY MICRONUTRIENTS

Although minerals contained in dietary patterns may account for much of the 

BP-lowering effects of diet, antioxidants, vitamins, and other micronutrients with 

biological activity contained in these diets may also have a role. Vitamin C, vitamin 

D, folate, vitamin B6, and vitamin B12 may affect biological mediators of BP regula-

tion and are discussed in detail in the following section. Recommended intake, ade-

quate intake, mean or median dietary intake, tolerable upper limit, common dietary 

sources, and typical supplement dose of vitamin C, vitamin D, folate, vitamin B6, 

and vitamin B12 are presented in Table 2.4. In this section, we review the evidence 

for the results of effi cacy trials of these supplements and other dietary micronutrients 

on BP.

2.3.1 VITAMIN C

2.3.1.1 Common Sources of Vitamin C
Foods rich in vitamin C include citrus fruits, tomatoes, tomato juice, potatoes, brussel 

sprouts, caulifl ower, broccoli, strawberries, cabbage, and spinach [3]. Supplements 

are available predominantly as ascorbic acid. Less common forms of vitamin C 

include ferrous ascorbate, dehydroascorbic acid, hybrin, l-ascorbic acid, magnesium 

ascorbicum, magnorbin, and sodium ascorbate.

2.3.1.2 Mechanism of Action
Vitamin C (ascorbic acid) is an essential micronutrient acquired primarily through 

the consumption of fruits, vegetables, and supplements. Vitamin C is a powerful 

aqueous-phase antioxidant that reduces oxidative stress [41] and enhances endo-

thelial function through effects on NO production [42]. Antihypertensive effects 

of vitamin C were hypothesized as early as 1946 [43], and many laboratory [44,45] 

and human studies [46,47] have established biological plausibility. A number of 

mechanisms are believed to contribute to the antihypertensive effects of vitamin C. 
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TABLE 2.4
Recommended Intake/Adequate Intake, Mean or Median Dietary Intake, 
Tolerable Upper Limit, Common Dietary Sources, and Typical Supplement 
Dose of Vitamin C, Vitamin D, Folate, Vitamin B6, and Vitamin B12

Supplement

Adult 
Recommended 
Daily Intake/

Adequate Intake

U.S. Estimated 
Mean (Diet + 
Supplement) 

Intake
Tolerable 

Upper Limit
Common 

Dietary Sources

Typical 
Supplement 

Dose

Vitamin C Male, >19 years: 

90 mg/day

Female, >19 years: 

75 mg/day

Male, >19 years: 

173–199 mg/day

Female, >19 

years: 122–202 

mg/day

Male and 

female, >19 

years: 2000 

mg/day

Citrus fruits, 

tomatoes, tomato 

juice, potatoes, 

brussel sprouts, 

caulifl ower, 

broccoli, 

strawberries, 

cabbage, and 

spinach

100 mg, 250 

mg, 500 mg, 

and 1000 mg

Vitamin D Male and female, 

19–50 years: 5 

μg/day

Male and female, 

50–70 years: 10 

μg/day

Male and female, 

>70 years: 15 

μg/day

Males, >19 years: 

6.6–10.7 μg/day

Females, >19 

years: 5.8–10 

μg/day

Male and 

female, >19 

years: 50 

μg/day

Fish liver oils, 

fl esh of fatty 

fi sh, liver, 

fortifi ed milk 

products, and 

fortifi ed cereals

10 mg (400 

IU), 20 mg 

(800 IU), and 

25 mg (1000 

IU)

Folic acid Male and female, 

>19 years: 400 

μg/day

Male, > 19 years: 

387–429 μg/day

Female, >19 

years: 369–413 

μg/day

Male and 

female, >19 

years: 1000 

μg/day

Enriched cereal 

grains, dark 

leafy vegetables, 

enriched and 

whole-grain 

breads and 

bread products, 

and fortifi ed 

ready-to-eat 

cereals

0.4 mg, 0.8 

mg, 1 mg

Vitamin B6 Male, 19–50 

years: 1.3 mg/

day

Male, >50 years: 

1.7 mg/day

Female, 19–50 

years: 1.3 mg/day

Female, >50 years: 

1.5 mg/day

Male, >19 years: 

3.8–6.9 mg/day

Female, > 19 

years: 4.3–5.2 

mg/day

Male and 

female, >19 

years: 100 

mg/day

Fortifi ed cereals, 

organ meats, 

and fortifi ed 

soy-based meat 

substitutes

25 mg, 50 mg, 

100 mg, 

250 mg, and 

500 mg

Vitamin B12 Male and female, 

>19 years: 

2.4 μg/day

Male, >19 years: 

10.5–17.0 μg/day

Female, >19 years: 

9.6–14.4 μg/day

Not 

Determined

Fortifi ed cereals, 

meat, fi sh, and 

poultry

50 μg, 100 μg, 

250 μg, 

500 μg, and 

1000 μg

Source: Adapted from Institute of Medicine, Dietary reference intakes, http://fnic.nal.usda.gov/nal_ 

display/index.php?info_center=4&tax_level=2&tax_subject=256&topic_id=1342.
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Vitamin C is reported to have a mild diuretic effect. There is also some evidence 

that vitamin C has a uricosuric effect, that is, lowering serum uric acid, [48] which 

has been associated with hypertension risk [49]. In human studies, vitamin C can 

prevent endothelial dysfunction and reduce the vasoconstriction associated with 

consumption of a fatty meal by enhanced NO-mediated pathways [41,50–54]. 

Population-based observational studies have shown an inverse association between 

plasma vitamin C concentrations [55] and vitamin C intake, with BP levels [56] 

providing justifi cation for trials evaluating vitamin C supplementation and BP 

reduction.

2.3.1.3 Vitamin C Supplement Trials
A large number of small, randomized controlled trials have evaluated the effect 

of vitamin C supplementation on BP, but the results are inconsistent, possibly 

because of heterogeneous methods and the small sample size of individual tri-

als. Two reviews reported inconclusive results regarding vitamin C’s ability to 

reduce BP [57–59]. A recent meta-analysis of the effects of vitamin C supplemen-

tations on BP included 29 trials [60] (see Table 2.5). Among the trials included 

in the meta-analysis, the median dose of vitamin C was 500 mg/day, the median 

duration was 6 weeks, and the trial size ranged from 10 to 111 participants. The 

authors concluded that oral vitamin C supplementation reduced SBP (−3.8 mmHg; 

95% CI: −5.3, −2.4) and DBP (−1.5 mmHg; 95% CI: −2.9, −0.1). In a subgroup 

analysis, greater reductions in SBP were noted in trials with younger (<60 years 

old) participants.

2.3.1.4 Practical Message to Providers
Vitamin C is a supplement consumed by many adults despite little evidence to sup-

port its effects on BP or clinical end points. A large number of trials that report the 

effects of vitamin C supplementation on BP have been published, and pooled effects 

suggest that vitamin C supplementation may result in modest BP reduction (3.5–5 

mmHg). Despite the BP-lowering effects demonstrated by the meta-analysis above, 

large long-term trials in which BP is a risk factor (e.g., stroke, heart failure, and 

cardiovascular events) do not provide evidence supporting benefi t from vitamin C 

TABLE 2.5
Vitamin C Supplement Trials by Hypertensive Status

  Systolic Blood Pressure  Diastolic Blood Pressure

Na Mean (95% CI) Mean (95% CI)

Primary analysis trials 29 −3.8 (−5.3, −2.4)* −1.5 (−2.9, −0.1)*

Hypertensive 13 −4.9 (−7.5, −2.2)* −1.7 (−4.1, 0.7)

Nonhypertensive 18 −3.1 (−4.5, −1.7)* −1.4 (−3.1, 0.4)

a N is the number of trials. If a trial reported effects in two distinct subgroups, it was counted twice. As a 

result, the total number exceeds the 29 trials included in the primary analysis.

*p < .05
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supplementation. A meta-analysis of 34 trials with 70,456 participants examining 

the pooled effect of vitamin C supplementation reported no benefi t on mortality 

(RR: 0.97; 95% CI: 0.88, 1.06) [61]. Furthermore, two large trials, The Woman’s 

Antioxidant Cardiovascular Study (WACS) and the Physicians Health Study II 

(PHS  II) [62,63], corroborate no benefi t of long-term vitamin C supplementation 

at reducing cardiovascular events, stroke, or mortality. Existing evidence does not 

support the recommendation to supplement vitamin C for BP control. However, 

consumption of recommended levels of fruits and vegetables will generally lead to 

adequate intake of vitamin C.

2.3.2 VITAMIN D SUPPLEMENTATION

2.3.2.1 Common Sources of Vitamin D
Vitamin D is primarily made during exposure to solar ultraviolet B radiation, where 

7-deoxycholesterol in the skin is concerted to vitamin D3. However, dietary sources 

of vitamin D are important, and common sources of foods with high amounts of 

vitamin D include salmon, tuna, eggs, and fortifi ed milk. Supplements are avail-

able as alphacalcidol, cholecalciferol (vitamin D3), ergocalciferol (vitamin D2), and 

1,25-dihydroxycholecalciferol (active form) [64].

2.3.2.2 Mechanism of Action
Vitamin D status and supplementation are believed to contribute to a number of 

positive health effects [65]. Vitamin D3 (cholecalciferol), the most powerful form 

of vitamin D, is synthesized in the skin from 7-dehydrocholesterol by the action 

of sunlight (ultraviolet B radiation) [3]. Another major source of vitamin D is 

diet. Vitamin D is biologically inert and must be converted to the active hormone 

1,25-dihydroxy vitamin D [1,25(OH)2D] (calcitriol). Vitamin D’s pivotal role in 

regulating calcium homeostasis and bone metabolism has been long recognized 

[66,67]; however, mounting evidence suggests that vitamin D may also infl uence 

various nonskeletal medical conditions, including cardiovascular disease and 

hypertension [68–71]. There are several mechanisms that may explain vitamin D’s 

effects on BP. Small clinical trials have demonstrated that vitamin D downregulates 

renin expression, leading to suppression of the renin–angiotensin system [72,73]. 

Vitamin D increases serum calcium concentration, suppresses PTH secretion, plays a 

role in calcium-phosphate metabolism [74], and improves endothelial cell–dependent 

vasodilatation [75,76].

2.3.2.3 Vitamin D Supplement Trials
In spite of broad enthusiasm for vitamin D supplementation, there is a relative 

paucity of trials examining vitamin D supplementation effects on BP. Two meta-

analyses have reported pooled effects. Witham et al. (2009) pooled results from 

eight trials of hypertensive adults comprising 545 individuals. Trials lasted from 

5 weeks to 12 months. The most common source of Vitamin D was alphacalcidol 

[77]. Overall, pooled results of vitamin D supplementation trials demonstrated 

a reduction in SBP (−3.6 mmHg; 95% CI −8.0, 0.7) and DBP (−3.1 mmHg; 95% 
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CI: −5.5, −0.6). One limitation of this meta-analysis, however, is its exclusion of 

trials that enrolled nonhypertensive participants. A second meta-analysis pooled 

results from 10 randomized clinical trials, which also included trials with nonhy-

pertensive participants [78]. Doses of vitamin D ranged from 400 to 8571 IU/day, 

and the duration varied from 5 to 52 weeks. Pooled effects showed no signifi cant 

effect of vitamin D on SBP (−1.9 mmHg; 95% CI: −4.2, 0.4) or DBP (−0.1 mmHg; 

95% CI: −0.7, 0.5).

Two trials are noteworthy for reporting BP-lowering effects. The fi rst trial ran-

domized 148 ambulatory women aged 70 or older [76] to either 1200 mg cal-

cium and 800 IU vitamin D3 or 1200 mg calcium/day for 8 weeks. Mean baseline 

SBP/DBP was 142/84 mmHg. This trial reported a signifi cant decrease in SBP 

of 9.3% (p = .02). Furthermore, the trial compared vitamin D and calcium group 

with calcium-alone group and found that vitamin D and calcium in combination 

reduced SBP by 5 mmHg more than calcium alone did. The second trial reported 

BP-lowering effects in 34 patients with type 2 diabetes, mean age 64, who received 

100,000 IU of ergocalciferol or placebo during winter. After 8 weeks, it was found 

that vitamin D signifi cantly decreased SBP (−7.3 mmHg) when compared with 

placebo (p = .001) [75].

2.3.2.4 Practical Message to Providers
Results of meta-analyses of vitamin D supplementation on BP show inconsistent and 

modest effects in the 2–3 mmHg range. It is worth noting that a meta-analysis of 

four long-term trials examining vitamin D supplementation on clinical events found 

a nonsignifi cant risk reduction in cardiovascular events within trials of vitamin D 

alone (RR: 0.90; 95% CI: 0.77, 1.05) and in trials of vitamin D coadministered with 

calcium (RR: 1.04; 95% CI: 0.92, 1.18) [20]. In summary, there is only weak evi-

dence from clinical trials for BP-regulation effects with vitamin D supplementation. 

In addition, no trials directly tested the effect of increasing vitamin D intake from 

dietary sources on BP. Providers should recommend adherence to recommended 

intake of vitamin D from dietary sources (see Table 2.4) for reasons unrelated to BP 

control (i.e., bone health).

2.3.3 FOLIC ACID, VITAMIN B6, AND VITAMIN B12

2.3.3.1 Common Sources of Folic Acid, Vitamin B6, and Vitamin B12
Folate, B12, and B6 are water-soluble vitamins important for normal cell metabo-

lism—particularly during periods of rapid cell division. Leafy green vegetables 

(e.g., spinach and turnip greens), fruits (e.g., citrus fruits and juices), and dried 

beans and peas are all natural sources of folate [3]. Common forms of the folate 

include folic acid, folacin, folvite, pteroylglutamic acid, and vitamin M. Typically, 

folate supplements are in the form of folic acid—a synthetic form that is also used 

as an additive to fortify foods such as grains and breads. Vitamin B6 is a combi-

nation of six related compounds: pyridoxal, pyridoxine, pyridoxamine, pyridoxal 

5′-phosphate, pyridoxine 5′-phosphate, and pyridoxamine 5′-phosphate; vitamin 

B12 is also referred to as cobalamin, cyanocobalamin, or eritron.
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2.3.3.2 Mechanism of Action
There is reasonable biological plausibility for an antihypertensive effect of vita-

min B supplementation (folic acid, B6, and B12) mediated through both homocys-

teine and homocysteine-independent effects. A number of epidemiological studies 

have described an association between hyperhomocysteinemia and elevated BP. 

Mechanisms suggested in support of a causal relationship between homocysteine 

and hypertension include increased arteriolar constriction, greater renal sodium 

reabsorption, overactive sympathetic nervous system, increased renin–angiotensin–

aldosterone system activity, and reduced vascular compliance [79,80]. It is also 

believed that homocysteine lowers the bioactivity of NO and reduces the antioxi-

dant enzymes responsible for detoxifying endothelial hydrogen peroxide [81] effects, 

which could promote lower BP. Supplementation with folic acid, B12, or B6 lowers 

homocysteine, which has made folic acid trials with clinical end points plentiful. 

Active folate (i.e., 5-methyltetrahydrofolate), converted in the liver from folic acid, 

functions with vitamin B12 as a cofactor to donate a methyl group for the conversion 

of homocysteine into methionine [81]. In an alternative pathway, vitamin B6 func-

tions in the degradation to cysteine via cystathionine. Of these two pathways, serum 

folate shows a greater negative correlation with homocysteine than serum levels of 

either vitamin B12 or vitamin B6 [79]. Small clinical studies have demonstrated 

that in subjects with endothelial dysfunction, high dose of folic acid or its main cir-

culating metabolite, 5-methyltetrahydrofolate (5-MTHF), can improve endothelial 

function independent of changes in homocysteine [82]. In vitro evidence suggests 

that stimulation of 5-MTHF can directly increase NO production, reduce superoxide 

production via endothelial NO synthase, and scavenge superoxide, all of which are 

potentially antiatherogenic processes and with BP-lowering effects.

In addition to its role in homocysteine metabolism, folic acid is reported to lower 

BP through other distinct mechanisms. Laboratory data suggest that circulating 

5-methyltetrahydrofolate improves NO-mediated endothelial vasomotor response 

and reduces superoxides [83]. It has also been found that folic acid reduces genera-

tion of reactive oxygen species [84], thus having vasculoprotective effects [85].

2.3.3.3 Clinical Trials of B Vitamin Supplementation
There are a number of large clinical trials powered to detect the effects on clinical 

end points. There are very few trials of B vitamin supplementation on BP. One meta-

analysis pooled results from eight small BP trials (N = 293 participants, total) [86]. 

The participants ranged in age from 32 to 59 years, the duration of trials ranged from 

2 to 16 weeks, and the folic acid dose ranged from 5000 to 10,000 μg/day. Folic acid 

was not administered with other B vitamins in this meta-analysis. Pooled results 

showed that high dose of folic acid supplementation reduced SBP (−2.03 mmHg; 

95% CI: −3.63, −0.43; p = .04) and had nonsignifi cant effects on DBP (0.01 mmHg; 

95% CI: −1.12, 1.13).

Unlike the folic acid trials pooled in the meta-analysis above, vitamins B6 and 

B12 are rarely evaluated as individual interventions, but more often they are admin-

istered with folic acid to serve as cofactors in homocysteine metabolism. One trial 

evaluated the effect of 250 mg of vitamin B6 and 5 mg of folic acid on 130 patients 
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with premature atherosclerosis or hyperhomocysteinemia over the course of 2 years. 

Utilizing a number of different models to adjust for various baseline characteristics 

(age, gender, serum homocysteine concentrations, cholesterol, etc.), the investigators 

reported signifi cant reductions in BP. Depending on the adjustment model used, SBP 

reductions ranged from −3.7 to −6.6 mmHg (95% CI: −11.1, −2.1) and DBP ranged 

from −1.9 (95% CI: −3.7, −0.02) to −2.5 (95% CI: −5.4, 0.4) [87].

The Vitamin Intervention for Stroke Prevention study was one of the largest B 

vitamin supplement trials examining BP [88]. In this trial, investigators compared 

a high-dose formulation of B vitamins, containing 25 mg of vitamin B6, 0.4 mg 

of vitamin B12, and 2.5 mg of folic acid, with a low-dose formulation, containing 

200 μg of vitamin B6, 6 μg of vitamin B12, and 20 μg of folic acid. The trial included 

3689 adults with nondisabling cerebral infarction, who were recruited from hospitals 

throughout the United States. After 1 year, despite a signifi cant mean reduction in 

total homocysteine (2 μmol/L greater in the high-dose group), there was no differ-

ence in SBP (p = 0.91) or in DBP (p = 0.87) between the groups.

2.3.3.4 Practical Message to Providers
There is mixed evidence from trials, suggesting BP-lowering effects of B vitamin 

supplementation in the 2–3 mmHg range. However, one meta-analysis of folic acid 

supplementation showed no benefi t on clinical cardiovascular disease end points. 

Furthermore, there was a suggestion of a possible increase in the risk of cardio-

vascular events among individuals with elevated serum homocysteine levels before 

treatment [89]. Therefore, individuals are not advised to take vitamin B supplement 

for BP control.

2.3.4 FLAVONOID-RICH SUBSTANCES

2.3.4.1 Common Sources of Flavonoid-Rich Substances
Flavonoids are a class of plant metabolites that are proposed to have salutatory effects 

on human health, mediated through antioxidant and anti-infl ammatory properties. 

There are a number of fl avonoid classes including fl avonols, fl avones, fl avanones, fl a-

van-3-ols (also called fl avanols, proanthocyanidins, and catechins), anthocyanidins 

(also called anthocyanins), and isofl avones. Signifi cant food sources of fl avonoids 

are cocoa or dark chocolate, black or green tea, soy products, and red wine [90]. 

Flavonoid supplements are available as concentrated extracts.

2.3.4.2 Mechanism of Action
Flavonoids are the largest group of plant polyphenols [91] that are common in many 

forms and in varying amounts depending on plant-based food sources. There are a 

number of proposed mechanisms by which fl avonoids may lower BP. Laboratory 

data suggest that fl avonoids have strong antioxidant properties that reduce reactive 

oxygen species and promote endogenous free radical scavenging processes [92]. 

Clinical trial evidence demonstrates that polyphenols promote NO-mediated endo-

thelial relaxation and increase endothelial NO synthase activity by increasing free 

cytosolic calcium concentrations in endothelial cells, activating the PI3-kinase/Akt 
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pathway, and enhancing NO synthase expression [93]. Another mechanism entails 

endothelium-derived hyperpolarizing factor, which causes endothelial relaxation 

independently of NO and is activated by fl avonoids contained in red wine [93].

In addition to the shared polyphenol class mechanisms, common sources of 

dietary fl avonoids express unique mechanisms of action on BP. It has been hypoth-

esized that cocoa or chocolate may reduce BP through effects on NO production 

via stimulation of NO synthase, which enhances vasodilation, or through inhibition 

of angiotensin-converting enzyme activity [94]. Grape products (wines, juices, and 

extracts) are described as inhibitors of not only angiotensin-converting enzymes but 

also angiotensin II [95,96]. Black tea and wine polyphenols interact with estrogen 

receptors, activating endothelial NO synthase and promoting vasorelaxation [93]. 

Both green and black teas seem to increase aortic concentrations of catalase, which 

inhibits arterial smooth muscle contraction [97,98]. Green tea, different from black 

tea, is believed to downregulate caveolin-1, a protein that inhibits endothelial NO 

synthase expression [93]. Finally, soy products or phytoestrogens, with their similar-

ity to mammalian estrogens, may evoke endogenous estrogen-derived responses by 

interacting with estrogen receptors [99].

2.3.4.3 Flavonoid Supplement Trials
Several meta-analyses of trials of fl avonoid-containing products have been reported. 

The largest meta-analysis by Hooper et al. (2008) pooled together clinical trials 

on the effect of fl avonoids and fl avonoid-rich foods on BP [90]. This meta-analysis 

included 43 trials comprising 2804 participants. Overall, pooled results showed a 

nonsignifi cant reduction in SBP (−1.15 mmHg; 95% CI: −2.57, 0.28) and DBP (−0.90 

mmHg; 95% CI: −1.84, 0.03). Subgroup analyses were performed to determine 

BP-regulation effects of common fl avonoid-rich foods including red wine and grape, 

black tea, chocolate and cocoa, soy foods, soy protein isolates, and isofl avone (soy 

products) extract. A summary of these subgroup analyses is presented in Table 2.6.

There were three trials on 162 participants who received red wine or grape extract, 

which showed nonsignifi cant effects on SBP (0.59 mmHg; 95% CI: −0.88, 2.06) and 

DBP (0.38 mmHg; 95% CI: −0.71, 1.47). Similarly, black tea consumption did not 

have an effect on BP after pooling four trials that randomized 300 participants: SBP 

effects of −0.03 mmHg (95% CI: −2.78, 2.72) and DBP effects −0.57 mmHg (95% 

CI: −2.03, 0.89). Four trials with 194 participants tested the effects of cocoa and 

chocolate and reported signifi cant reductions in SBP (−5.88 mmHg; 95% CI: −9.55, 

−2.21) and DBP (−3.30 mmHg; 95% CI: −5.77, −0.83). Signifi cant heterogeneity was 

observed across cocoa and chocolate trials, which was associated with trial dura-

tion and cocoa dose. Trials of higher dose and shorter duration were associated with 

greater BP reductions. There appeared to be publication bias present in that small 

trials with large effects were seemingly overrepresented.

Two other meta-analyses pooled randomized trials examining cocoa supplements 

and BP. Taubert et al. (2007) pooled results from fi ve trials that enrolled 173 subjects 

with the median duration of 2 weeks [100]. Cocoa was administered most commonly 

as dark chocolate with the median dose of 100 g/day. Compared with cocoa-free 

controls, cocoa signifi cantly reduced SBP (−4.7 mmHg; 95% CI: −7.6, −1.8) and 

DBP (−2.8 mmHg; 95% CI: −4.8, −0.8). In a later meta-analysis of 10 trials with 
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297 participants, the effect size remained signifi cant [94]. Treatment duration ranged 

from 2 to 18 weeks, and dose ranged from 5 to 174 mg/day. In order to be included 

in the meta-analysis, trials needed to use a cocoa intervention that was rich in fl avo-

noid, that is, either dark chocolate or cocoa beverages. The pooled effects across all 

trials resulted in a signifi cant reduction in SBP (−4.5 mmHg; 95% CI: −5.9, −3.2) and 

DBP (−2.5 mmHg; 95% CI: −3.9, −1.2).

Hooper et al. (2008) pooled results from soy trials (soy foods, soy protein iso-

late, and isofl avone extract) [90]. In fi ve trials with 299 participants that measured 

the effects of soy food (tofu) on BP, they reported signifi cant reductions in SBP 

(−5.76 mmHg; 95% CI: −12.3, 0.77) and DBP (−4.04 mmHg; 95% CI: −8.30, 0.22). 

In contrast, they reported nonsignifi cant effects of soy protein isolate on SBP (−1.60 

mmHg; 95% CI: −3.62, 0.42) and DBP (−1.99 mmHg; 95% CI: −2.86, −1.12) from 

nine trials with 962 participants.

Isofl avone extract was examined in seven trials with 401 participants, which 

reported small effects on SBP (−2.60 mmHg; 95% CI: −5.20, 0.00) and DBP (0.05 

mmHg; 95% CI: −1.66, 1.76) [90]. A later meta-analysis pooled the trial results 

of soy isofl avone extract supplements [99]. Fourteen trials with 789 participants 

were identifi ed for analysis. The study durations ranged from 2 to 24 weeks, and 

the soy isofl avone dose ranged from 25 to 375 mg/day. Signifi cant reductions in 

SBP (−2.02  mmHg; 95% CI: −3.65, −0.39) and nonsignifi cant effects on DBP 

(−0.13 mmHg; 95% CI: −1.21, 0.96) were observed. Another meta-analysis of soy 

isofl avone supplementation [101] pooled 11 trials that ranged in size from 18 to 302 

participants, with the mean age ranging from 49 to 67 years, and BMI ranging from 

TABLE 2.6
Summary of Meta-analyses of BP Trials of Flavonoid-Rich Foods

Supplement Meta-analysis
Number of Trials 

(SBP/DBP)
SBP (Effect mmHg; 

95% CI)
DBP (Effect 

mmHg; 95% CI)

All fl avonoids Hooper et al. [90] 44/43 −1.15 (−2.57, 0.28) −0.90 (−1.84, 0.03)

Black tea Hooper et al. [90] 4 −0.03 (−2.78, 2.72) −0.57 (−2.03, 0.89)

Cocoa or 

chocolate

Taubert et al. [100] 5 −4.7 (−7.6, −1.8)* −2.8 (−4.8, −0.8)*

Hooper et al. [90] 5/4 −5.88 (−9.55, −2.21)* −3.30 (−5.77, −0.83)*

Desch et al. [94] 10 −4.5 (−5.9, −3.2)* −2.5 (−3.9, −1.2)*

Red wine Hooper et al. [90] 3 0.59 (−0.88, 2.06) 0.38 (−0.71, 1.47)

Soy foods Hooper et al. [90] 5 −5.76 (−12.3, 0.77) −4.04 (−8.30, 0.22)

Isofl avone 

extract

Hooper et al. [90] 7/8 −2.60 (−5.20, 0.00)* 0.05 (−1.66, 1.76)

Soy isofl avones Liu et al. [101] 11 −2.5 (−5.35, 0,34) −1.5 (−3.09, 0.17)

Soy isofl avones Taku et al. [99] 14 −2.02 (−3.65, −0.39)* −0.13 (−1.21, 0.96)

Soy protein 

isolate

Hooper et al. [90] 9 −1.60 (−3.62, 0.42) −1.99 (−2.86, −1.12)*

Soy protein Dong et al. [102] 27 −2.21 (−4.10, −0.33)* −1.44 (−2.56, −0.31)*

*p < .05
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25.5 to 32.2 kg/m2. Isofl avone dosage ranged from 65 to 153 mg/day, and the inter-

vention duration ranged from 1 to 12 months. The soy isofl avone group reportedly 

reduced SBP (−2.5 mmHg; 95% CI: −5.35, 0.34) and DBP (−1.5; 95% CI: −3.09, 

0.17). When stratifying by hypertensive status, it was found that BP reductions were 

greater among hypertensive participants.

Finally, one meta-analysis did not differentiate trials by soy type, and it pooled 

27 randomized controlled trials of soy protein. This meta-analysis showed a mean 

reduction in SBP (−2.21 mmHg; 95% CI: −4.10, −0.33) and DBP (−1.44 mmHg; 95% 

CI: −2.56, −0.31) [102]. Included studies comprised 1608 participants aged 18–75 

years with baseline SBP ranging from 110 to 153 mmHg and baseline DBP ranging 

from 69 to 100 mmHg. The dose of soy ranged from 18 to 66 g/day, and the interven-

tions lasted from 4 to 52 weeks.

Aside from evidence from these sources of flavonoids, there is insufficient 

evidence from human studies to report on the BP-regulation effects of flavo-

noid-rich fruits including pomegranate, cranberry, grapefruit, chokeberry, and 

marula [103].

2.3.4.4 Practical Message to Providers
Based on current evidence, it is inferred that pooled trials of fl avonoid-containing 

foods or supplements were not associated with signifi cant BP reduction. There is 

some suggestion that cocoa and chocolate could lower BP, but at high daily doses. 

There is substantial variation in terms of the form and the dosing of cocoa sup-

plements, as well as evidence of publication bias. Additional trials are required to 

defi nitively guide regarding the clinical use of cocoa. In addition, it is necessary 

to consider possible weight gain from additional chocolate calories, which could 

offset BP lowering by chocolate itself. Similar to chocolate, trials of soy products 

provide inconclusive evidence of antihypertensive action. Individual trial results and 

the pooled effects from meta-analyses vary by the form of soy product and do not 

show consistent effects across types. Additional well-designed trials are necessary 

to elucidate whether fl avonoids in foods or in supplements can result in meaningful 

effects on BP.

2.3.5 COENZYME Q10

2.3.5.1 Common Sources of Coenzyme Q10
Coenzyme Q10 is an oil-soluble, vitamin-like substance present in most eukary-

otic cells, primarily in the mitochondria. It is a component of the electron trans-

port chain and participates in aerobic cellular respiration. Rich sources of dietary 

coenzyme Q10 mainly include meat, poultry, and fi sh. Other relatively rich sources 

include soybean, canola oils, and nuts. Coenzyme Q10 supplements are known as 

ubiquinone, Bio-Quinone Q10, ubidecarenone, ubiquinone 50, ubisemiquinone, and 

2,3-dimethoxy-5-methyl-6-decaprenylenzoquinone.

2.3.5.2 Mechanism of Action
Interest in coenzyme Q10 (CoQ) is based on well-described biological functions 

as a component of the electron transport system and in aerobic cellular respiration. 
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There is both diet-derived and endogenous synthesis of CoQ. Its primary function 

is in generating energy (ATP); CoQ has been shown to reduce markers of oxida-

tive stress [104,105]. CoQ may act as a free radical scavenger preventing depletion 

of NO directly [106,107] or by increasing endogenous antioxidant stores [23] and 

correcting provitamin defi ciencies [108,109]. Coenzyme Q10 may also enhance 

prostacyclin (PGI2) production or increase arterial smooth muscle sensitivity to 

PGI2, both of which promote vasodilation [110]. Furthermore, it is believed that 

coenzyme Q10 reduces peripheral resistance by increasing endothelial concentra-

tions of NO [111].

2.3.5.3 Coenzyme Q10 Supplement Trials
Observational studies suggest that coenzyme Q10 defi ciency is associated with 

hypertension [112]. In spite of strong biological plausibility of benefi t, only three ran-

domized trials with clinical outcomes including BP have been reported. Two meta-

analyses pooling results from these three trials comprising 120 participants have 

been published [105,113]. Trial lengths ranged from 8 to 12 weeks, and coenzyme 

Q10 dose ranged from 100 to 120 mg/day. Overall, it was found that compared with 

placebo, Q10 supplementation signifi cantly reduced SBP (−10.72 mmHg; 95% CI: 

−13.77, −7.67) and DBP (−6.64 mmHg; 95% CI: −6.64, −5.17) [105].

2.3.5.4 Practical Message to Providers
Although meta-analyses of these three small trials report significant BP-lowering 

effects of coenzyme Q10 supplementation, these trials are of low methodologi-

cal and reporting quality. Larger trials with longer duration and better assess-

ment of the BP-regulation outcome are needed. Without additional clinical trial 

data, we do not currently recommend that individuals take coenzyme Q10 for 

BP control.

2.3.6 GARLIC

2.3.6.1 Common Sources of Garlic
Garlic is a plant in the onion family that has been shown to have antiviral, anti-cho-

lesterol, and antibacterial activity, with suggested effects on vascular activity. Garlic 

(Allium sativum or allicin) has been concentrated into pill or tablet form.

2.3.6.2 Mechanism of Action
Garlic is derived from the root of Allium sativum, which belongs to the onion fam-

ily of plants. Garlic is believed to lower BP through several mechanisms [114]. Red 

blood cells catabolize garlic-derived organic polysulfi des and produce hydrogen sul-

fi de—a potent vasodilator [115]. Furthermore, garlic may activate kidney sodium–

potassium pumps through unknown mechanisms and reduce BP through a sodium 

excretion pathway [116]. There is also laboratory evidence suggesting that garlic 

enhances endogenous production of antioxidants [114], promotes free-radical scav-

enging [117], and induces NO synthesis [118]. Other investigators posit that garlic’s 

antihypertensive effect is through one of its constituents, allicin, which has angioten-

sin II inhibitory effects [119].
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2.3.6.3 Garlic Supplement Trials
Based on biological plausibility, many trials testing the effects of garlic on BP have 

been conducted. There are a number of methodological challenges in designing tri-

als of the effects of garlic on BP, for example, preparation, dose, and masking par-

ticipants and investigators to treatment assignment. As such, there have been many 

trials, but only a handful of randomized controlled blind trials. Three meta-analyses 

of clinical trials studying the effect of garlic on BP report mixed fi ndings. The earli-

est, published by Silagy et al. (1994), pooled 10 trials that enrolled 415 participants 

[120]. The trial duration ranged from 4 to 16 weeks with doses ranging from 600 

to 900 mg/day of dried garlic powder, which is equivalent to 1.8–2.7 g/day of fresh 

garlic. Overall, it was reported that compared with placebo, garlic supplementation 

signifi cantly lowered SBP (−7.7 mmHg; 95% CI: −11.0, −4.3) and DBP (−5.0 mmHg; 

95% CI: −7.1, −2.9). However, the quality of the trials was considered methodologi-

cally poor. A later meta-analysis, published by Ried et al. (2008), pooled 11 tri-

als that enrolled 565 participants for studying the effects on SBP and DBP [121]. 

Garlic powder dosage ranged from 600 to 900 mg/day, and the duration of the trials 

ranged from 12 to 23 weeks. In this meta-analysis, garlic supplementation lowered 

SBP (−4.6 mmHg; 95% CI: −7.4, −1.8) and DBP (−2.4 mmHg; 95% CI: −5.0, 0.1). 

A subgroup analysis in pooled trials that enrolled participants with hypertension 

showed greater effects on both SBP (−8.4 mmHg; 95% CI: −11.1, −5.6) and DBP 

(−7.3 mmHg; 95% CI: −8.8, −5.8). A third meta-analysis by Reinhart et al. (2008), 

including many of the same trials, reported similar effects [122].

The inconsistencies in the magnitude of BP-regulation effects of these meta-anal-

yses (Sigaly and Ried) were examined in a systematic review that graded trial quality 

and methods as confounders in determining effect sizes [123]. In their review, Simons 

et al. found 32 trials that tested the effects of garlic on BP, of which only 14 had been 

included in meta-analyses by Sigaly or Ried. Of these 32 trials, they evaluated the 

quality of the trials’ methodology and BP measurements. Of the fi ve trials with the 

highest methodological quality, none concluded that garlic signifi cantly reduced BP 

and only three of them had been included in the three meta-analyses above, suggesting 

that the large effect sizes reported may be biased by inclusion of trials of poor quality.

2.3.6.4 Practical Message to Providers
The results of these meta-analyses have important methodological limitations in 

terms of trial quality, thereby calling into question the pooled BP-regulation effects 

of garlic. Individual trials of the highest quality report null effects on BP. The fact 

that BP-lowering effects become apparent only with the inclusion of poor-quality 

trials suggests the need for additional high-quality trials. Currently, we do not rec-

ommend garlic for BP control.

2.3.7 L-ARGININE

2.3.7.1 Common Sources of Arginine
Arginine is a nonessential amino acid that can be made by humans from common 

precursors, but it is mostly derived from diet. Dietary sources include dairy products, 
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seafood, wheat germ, and nuts. l-arginine (isomer) has been synthesized and con-

centrated in the form of pills.

2.3.7.2 Mechanism of Action
Arginine is an amino acid that is classifi ed as a semiessential or conditionally 

essential amino acid. The l-form of arginine (l-arginine) is a common natural 

amino acid found in a variety of food sources including dairy products, whole 

grains, and nuts, and it is a direct precursor of NO synthesis. l-arginine is believed 

to lower BP primarily through NO synthesis pathways that have direct effects on 

endothelial vasomotor function [124]. Furthermore, l-arginine has been shown 

to reduce angiotensin II synthesis [125,126] and modulate renal hemodynamics 

[124,126,127], and it has antioxidant properties, lowering the markers of oxidative 

stress [128].

2.3.7.3 Arginine Supplement Trials
In spite of well-established effects of arginine on NO pathways, few trials test-

ing the effects on BP have been reported. One trial randomized 54 hypertensive 

and nonhypertensive outpatients in a double-blind trial to receive 2-g l-arginine, 

4-g l-arginine, or placebo three times a day for 4 weeks [129]. Average ages 

ranged from 36 to 41 years, and BMI ranged from 23 to 28 kg/m2. Twenty-four-

hour ambulatory BP was recorded at baseline and at the end of follow-up. By the 

end of the trial, signifi cant reductions in BP were noted among those given 4-g 

l-arginine supplement in both hypertensive and nonhypertensive groups. Within 

the hypertensive group, SBP lowered −5.6 mmHg (SD, 5.1) and DBP lowered −3.8 

mmHg (SD, 3.4). Within the nonhypertensive group, SBP lowered −1.8 mmHg 

(SD, 1.7) and DBP lowered −1.8 mmHg (SD, 2.1). Signifi cant reductions were not 

observed among the hypertensive and nonhypertensive patients treated with 2 g of 

l-arginine.

Another single-blind crossover trial evaluated the BP-regulation effects of 

l-arginine-enriched diet and l-arginine supplementation against a control group 

in six healthy volunteers [130]. The mean age of subjects was 39 years (SD, 

10), and the mean BMI was 26 kg/m2 (SD, 2). In both l-arginine interventions, 

decrease in BP was observed. Compared with the control group, the diet-based 

intervention resulted in a SBP reduction of −6.2 mmHg (95% CI: −11.8, −0.5) and 

a DBP reduction of −5.0 mmHg (95% CI: −7.2, −2.8). It should be noted that this 

intervention may be confounded by other dietary components that may lower BP. 

There was a similar magnitude of reductions noted in the l-arginine supplement 

group for both SBP (−6.2 mmHg; 95% CI: −10.5, −1.8) and DBP (−6.8 mmHg; 

95% CI: −10.6, −3.0).

2.3.7.4 Practical Message to Providers
Evidence has been emerging that l-arginine plays a role in the reduction of human 

BP [131]. Furthermore, l-arginine, a substrate in NO synthesis, has well-established 

biologic plausibility. Despite promising results from several small trials, further trials 

of l-arginine supplementation are required to establish safety and effi cacy. Increased 

dietary intake of l-arginine is consistent with current recommendations to consume 
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dairy products, whole grains, and nuts—as in the DASH dietary pattern—but isolated 

effects of dietary l-arginine are unclear. At this time, healthcare providers should 

make no specifi c recommendations about l-arginine intake or supplementation for 

BP control.

2.4  SUPPLEMENTS WITH LIMITED OR NO 
EVIDENCE FOR BP REDUCTION

We performed a systematic review of the literature on a broad range of popular nutra-

ceutical supplements to look for trials that examined BP-regulation effects. There 

were several supplements, with at least one clinical trial examining their effect on 

BP: bitter orange, carnitine, carotenoids (retinol, vitamin A, and beta carotene), chro-

mium, cranberry, echinacea, ephedra/Ephedra sinica/Ma Huang, ginkgo, ginseng, 

grape seed extract, green tea, hawthorn or Crataegus berries, kava, lavender, melato-

nin, parsley (petroselinum), red clover, stevia (steviol, glycosides, and Rebaudisoside 

A), St. John’s wort, saw palmetto, turmeric, valerian, vitamin E (alpha-tocopherol, 

beta-tocopherol, gamma-tocopherol, and tocotrienol), and zinc.

At this point, there is insuffi cient data to suggest that these nutrients should be 

recommended to lower BP. Literature review revealed no clinical trials examin-

ing the effects of the following agents on BP: aloe vera, astragalus, bilberry, black 

cohosh, black currant seed oil, bovine cartilage, bromelain, cat’s claw, cayenne, 

chamomile, chasteberry, choline, chondroitin/structum, colloidal silver products, 

dandelion, dehydroepiandrosterone, Essiac/Flor-Essence, European elder, eve-

ning primrose oil, fennel, fenugreek, feverfew, ginger, glucosamine, goldenseal, 

Hoodia, hops, horse chestnut, inositol, inulin, iron, l-glutamic acid/l-glutamine, 

Lachesis, lecithin, milk thistle, mistletoe, noni, parsley (petroselinum), Passifl ora 
incarnata, PC-SPES, peppermint oil, primrose oil, rosemary (aroma therapy), 

SAMe (S-adenosyl-l-methionine), selenium, Suma tea, thunder god vine, and 

yohimbe.

2.5 SUMMARY

In this chapter, we have summarized the evidence for the BP-lowering effects of 

mineral, antioxidant, and micronutrient supplements (Table 2.7).  Overall, the BP 

effects examined in the setting of randomized trials and summarized by system-

atic reviews and meta-analyses, show, at best, modest effects of some supplements 

on BP.  Oral potassium supplementation has the largest BP-lowering effect in the 

3–5 mmHg range. Supplements of magnesium, vitamin D, or folic acid/B vitamins 

have minimal effects (1–2 mmHg range), whereas there was no clear and consistent 

evidence on BP reductions with the other supplements. The BP-lowering effects 

of supplements is far lower than those achieved with the whole dietary interven-

tion or antihypertensive medication therapy. Adequate intake of these minerals, 

antioxidants, and micronutrients is best achieved by adoption of a dietary plan, for 

example, the DASH diet that contains suffi cient amounts of these essential nutrients 

in combination.
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3 Sodium and Blood 
Pressure

Cheryl A.M. Anderson
Johns Hopkins Medical Institutions

3.1 INTRODUCTION

A substantial body of research has been conducted to examine the relationship 

between dietary sodium intake and blood pressure (BP). These research studies 

have employed various study designs and approaches including animal studies [1–3], 

human genetic studies [4,5], observational epidemiologic studies [6–14], controlled 

interventions [15–24], and meta-analyses [25–27]. The resulting evidence largely sup-

ports the conclusion that excessive sodium intake increases BP in human populations.

In this chapter, we review published literature on the relationship between dietary 

sodium intake and BP and provide recommendations for practitioners. In making 

recommendations, we consider the strength of the evidence, giving greater emphasis 

to results from data generated in prospective studies or controlled interventions in 

which there is little evidence to the contrary.
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3.2 DIETARY SODIUM INTAKE

3.2.1 INTAKE OF SODIUM IS REQUIRED FOR PHYSIOLOGIC FUNCTIONS

Sodium has important physiologic roles in mammals, including determination of 

the membrane potential of cells and active transport of molecules across cell mem-

branes. As the principal cation of the extracellular fl uid, sodium is important in 

the regulation of extracellular fl uid volume and, as a result, is also important in the 

regulation of plasma volume. Of the total sodium content of the body, about 95% 

is found in the extracellular fl uid. The concentration of sodium within the cell is 

usually less than 10% of that found outside cell membranes. To maintain this con-

centration gradient, an active energy-dependent process is required. In association 

with sodium, chloride is the principal osmotically active anion in the extracellu-

lar fl uid (sodium chloride). Sodium chloride is important for maintaining fl uid and 

electrolyte balance.

Although sodium is required for physiologic functions, the amount of dietary 

sodium needed for growth and for adult humans is low: estimated at 500 mg/day 

[28]. In fact, human populations have survived with sodium intakes as low as 

200  mg/day (10 mmol/day) as observed in Yanomamo Indians in Brazil, whose 

exposure to sodium comes mostly from that occurring naturally in foods and 

water [29]. In contrast, human populations have also survived with intakes as high 

as 10,300 mg/day (450 mmol/day) as observed in populations in northern Japan, 

whose exposure to sodium comes mostly from salting of meats, fi sh, vegetables, and 

dairy products [30,31]. It has been suggested that the adverse effects of high dietary 

sodium intake result from human kidneys not being adapted to excrete excessively 

large quantities of sodium [31,32].

3.2.2 SOURCES OF DIETARY SODIUM

Very little sodium occurs naturally in foods comprising human diets. It has been 

estimated that approximately 90% of dietary sodium, in contemporary diets of 

developed and urban populations, is consumed as salt (sodium chloride) that is 

largely added in commercially processed foods [33–38]. Processed foods also pro-

vide sodium in forms such as sodium bicarbonate, monosodium glutamate, sodium 

phosphate, sodium carbonate, and sodium benzoate. Data relevant to the twenty-fi rst 

century suggest that foods and food groups supplying the most dietary sodium in 

the diets of populations in Japan, United Kingdom, and the United States are com-

mercially processed foods such as breads, grains, cereals, soups, sauces, and cured 

meats [33]. Discretionary sodium intake, that is, sodium chloride added to foods dur-

ing home preparation or at the table, is a modest contributor to overall intake. These 

fi ndings are similar to earlier reports showing that excessive salt intake in modern 

diets in these countries is mainly a result of salting in commercial food processing 

[34–38].

In contrast, data from rural population samples from the People’s Republic of 

China (PRC) suggest that discretionary sodium use accounts for most sodium intake. 

Only a small proportion of sodium in foods consumed in PRC population samples 
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is intrinsic (e.g., sodium in milk), and the majority is added by individuals while 

cooking or at the table [33]. This observation has been reported in other studies as 

well [9].

3.2.3 SODIUM INTAKE LEVELS IN DIFFERENT POPULATIONS

There are striking differences among populations across the world regarding dietary 

sodium intake. One of the most recognizable early reports of the differences in 

sodium intake across populations was published by Louis Dahl in 1960 [13]. Daily 

sodium intake was reported to be as high as 10,600 mg/day (460 mmol/day) in Akita 

prefecture in northeast Japan and as low as 1560 mg/day (68 mmol/day) in Alaskan 

Eskimos. As populations become more industrialized, their dietary sodium intake 

increases [33]. Moreover, there is evidence that the current average sodium intake, 

for many countries, is well above the current World Health Organization recommen-

dation of <2000 mg/day [39]. Still notably high, sodium intake in northern Japan 

approaches 5000 mg/day [33,40–43]. While data suggest that sodium intake of 

Japanese declined from the 1950s to the 1980s [44], data from International Study of 

Salt and Blood Pressure (INTERSALT) (1980s) and International Population Study 

on Macronutrients and BP (INTERMAP) (1990s) show only small differences in 

intakes [10,33], suggesting that the decline has stopped and that intake levels remain 

in excess of recommendations.

In the United States and other developed countries, high sodium intake is evident 

from contemporary surveillance systems [40–48]. Several authoritative medical bod-

ies in the United States recommend sodium intakes that are lower than the current 

levels being consumed. The U.S. Department of Agriculture’s Dietary Guidelines 

for Americans recommends sodium intake of <2300 mg/day for persons 2 years of 

age or older and <1500 mg/day for persons who have hypertension or prehyperten-

sion, diabetes, or kidney disease; adults over age 50; and African Americans of any 

age—groups that account for 69% of the total U.S. population [49]. The recommen-

dation of <1500 mg/day is also supported by the Institute of Medicine [50] and the 

American Heart Association [51].

U.S. adults exceed recommended intake levels regardless of sex, age, race/ethnic-

ity, income, or health conditions. The mean dietary sodium intake of the U.S. popula-

tion has been estimated to be over 3600 mg/day [52,53]. These estimates are derived 

from 24-h urinary sodium excretion data, as well as self-reported dietary intake data. 

An analysis of 38 studies conducted in the United States between 1957 and 2003 sug-

gested that the mean 24-h urinary sodium excretion per person was 3526 mg (95% 

CI: 3380, 3672 mg). When accounting for the fact that 95% of daily dietary sodium 

intake is excreted in the urine [54], this excretion amount corresponds to an intake 

of 3712 mg/day. The National Health and Nutrition Examination Survey regularly 

estimates the sodium intake of the U.S. population by using 24-h dietary recalls, 

which requires individuals to report intake over the past 24-h period. A challenge in 

the assessment of sodium intake is measurement errors. Dietary recall data may be 

biased because of errors in self-reporting and inaccurate or incomplete food data-

bases [54]. Also, 24-h collections of urinary sodium excretions are subject to error 

and bias because of individual sodium losses through sweat and feces, as well as 
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potential laboratory errors [54]. However, national estimates derived from both meth-

ods align and indicate that the consumption of sodium exceeds recommendations.

In the United States, sodium intake has been in excess of what is recommended, 

as per fi ndings in the 40 years that sodium intake has been monitored, and trends 

persist across age and gender groups [53,55]. The general pattern of increased intake 

of sodium over time resembles the general pattern of increased intake of total kilo-

calories over the same period of time [56]. When kilocalorie intake is taken into 

account, the differences seen among children and adult men and women disappear 

to a large degree, suggesting that on a calorie-per-calorie basis, children, men, and 

women in the United States are eating equivalent amounts of sodium [57]. More 

specifi cally, higher intake of sodium in men than in women is primarily a function 

of consuming more food, not necessarily different foods. Sodium intake in the U.S. 

adult population appears to be well above current guidelines and does not appear to 

have decreased with time [53].

Given the excessive consumption of sodium in most populations, efforts to bet-

ter understand the role of sodium in health, particularly in BP regulation, have been 

taken.

3.3 RELATIONSHIP BETWEEN SODIUM AND BLOOD PRESSURE

Extensive concordant research evidence from every research method is the foun-

dation for the repeated conclusion by independent expert groups that high dietary 

sodium intake is etiologically related to the worldwide epidemics of prehyperten-

sion and hypertension and other cardiovascular diseases (CVDs) [21,31,33,58–66]. 

A large number of studies have been done in basic science laboratories, in observa-

tional epidemiologic settings, and with controlled intervention designs.

Excess sodium intake is one of several etiologic factors important in the develop-

ment of hypertension. It has been suggested that the largest population-attributable 

risks for hypertension are due to overweight and obesity, regular nonnarcotic analge-

sic use, physical inactivity, poor dietary pattern, and nonadherence to a low-sodium 

diet [67]. However, others argue that the evidence for sodium’s role in high BP, par-

ticularly in the age-related rise in BP, is much greater than that for other lifestyle 

factors such as overweight, low consumption of fruits and vegetables, and physical 

inactivity [68,69].

3.3.1 KEY EVIDENCE FROM ANIMAL RESEARCH

The role of sodium in regulating BP has been studied in numerous animal models, 

including rats, dogs, chickens, rabbits, baboons, and chimpanzees [1–3,70]. Notably, 

in all forms of animal models, a high intake of sodium chloride is essential for BP 

to rise. Meneely et al. conducted a study in rats by varying the dietary sodium chlo-

ride given to rats for 9 months and observed its effect on BP [3]. Data suggested that 

increase in salt intake in rats was associated with an increase in the systolic BP. A 

study by Denton et al. investigated the long-term effect of adding sodium chloride 

supplements to the usual diet of chimpanzees [1]. Although the systolic BP of the two 

groups of chimpanzees, that is, the group on a diet with increased sodium chloride 
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and the group on normal diet, was comparable at baseline, the BP of the chimpan-

zees on the diet with increased sodium chloride was signifi cantly higher at 14 and 

20 months, compared with the group on normal diet. The investigators stopped the 

intervention at 20 months and noticed that BP in both groups returned to baseline 

after 3–6 months. Chimpanzees have over 98% genetic homology with humans, and 

studies by Denton et al. suggest that there is a direct and progressive rise in the BP of 

chimpanzees with gradual increases in sodium chloride intake on levels comparable 

to levels of human sodium chloride intake (500 to over 10,000 mg/day).

3.3.2 KEY EVIDENCE IN HUMAN RESEARCH

3.3.2.1 Human Genetic Studies
There are several rare genetic causes of both high BP and low BP. Researchers have 

identifi ed genetic variants in novel pathways that infl uence BP, pulse pressure, and 

mean arterial pressure [71,72]. Studies that have examined the rare genetic syn-

dromes, such as glucocorticoid-remediable aldosteronism and Gitelman’s syndrome 

that cause high BP, suggest that sodium chloride intake is important in regulating 

BP in humans. Furthermore, these genetic conditions all result in interference with 

the kidney’s ability to excrete sodium chloride, thereby leading to high BP [4,5]. 

In genetic hypertension, BP is considerably affected if sodium chloride intake is 

altered, and there is evidence that genetic factors infl uence BP response to sodium 

intake in essential hypertension. However, to date, evidence of the genetic infl uence 

on sodium needs has been limited, and sodium intake guidelines do not take geno-

type into account [50].

3.3.2.2 Epidemiologic Studies
3.3.2.2.1 Ecologic Studies of Isolated Populations, Regions, and Migration
Isolated populations: There have been studies on isolated populations where cir-

cumstances have exposed specifi c communities to increased sodium chloride while 

others in the population remain unexposed. One such example is a rural community 

in Nigeria, which used a salt lake as its primary source of water. It was noted that the 

BP of those drinking the salt water was higher than the BP of those who had other 

sources of water [6]. A similar observation was made in the Solomon Islands where 

islanders using seawater as a source of water had signifi cantly higher BP than those 

using fresh water [7]. Additionally, the Qash’qai tribe in Iran, which had access to 

salt deposits on the ground, developed high BP and an age-related rise in BP similar 

to that seen in Western populations, although all other aspects of their lifestyle were 

similar to those of other underdeveloped communities that did not have access to 

salt [8]. These three examples illustrate the possible association between increased 

salt intake and BP. Though the communities being compared were similar in other 

aspects of lifestyle and diet, it cannot be ruled out that other factors might possibly 

account for the observed association.

Regional studies: Observational studies have been conducted within populations 

of similar ancestry, aiming to compare whether groups with higher average sodium 
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intake have greater prevalence of high BP. For example, studies comparing northern 

Chinese populations with southern Chinese populations [9] and northern Japanese 

populations with southern Japanese populations [10,13,73] have been conducted. In 

these studies, a twofold or greater difference in sodium intake correlated with simi-

lar differences in hypertension prevalence. The infl uence of high potassium intake 

in those populations with low sodium intake and low BP was not evaluated in these 

studies.

Migration studies: There have been two well-documented migration studies on BP. 

Jiang He et al. studied the effect of rural–urban migration among a remote Chinese 

tribe, Yi [11]. The Yi people had been isolated for many generations due to political 

and geographical reasons. In recent times, some of the Yi people migrated to urban 

areas. He et al. observed that the prevalence of high BP was low among the older rural 

Yi population. In contrast, the Yi migrants had a BP distribution similar to that in the 

Han population in the urban areas. Among the many contributing factors, a difference 

in diet intake has been proposed to explain BP differences. It has been postulated that 

the Yi rural people consumed a diet low in sodium and high in potassium, whereas 

urban populations consumed a diet high in sodium and low in potassium.

A similar conclusion was drawn by a study on rural tribes in Kenya [12]. 

Members of the tribe who migrated to urban centers had a right shift in the BP dis-

tribution compared with those practicing a native lifestyle. The specifi c relation-

ship between sodium intake and BP in both of these studies is speculative, but the 

observations suggest that environmental factors may be important determinants of 

BP levels.

Other population studies: Population studies among various ethnic groups have 

been informative about the relationship between dietary sodium intake and BP. In 

the 1950s and 1960s, Louis Dahl conducted a cross-sectional study on daily salt 

intake and the prevalence of hypertension among four distinct ethnic groups. Dahl 

explored differences in populations with different hypertension rates and included 

Alaskan Eskimos, Marshall Islanders, Americans from Brookhaven, and Japanese 

from Hiroshima (South) and Akita (North). Large differences in the average daily 

salt intake between populations and within populations were reported. Communities 

with higher daily sodium chloride intakes had higher levels of BP. Dahl also noted 

that the populations of southern Japan had lower salt intakes and lower prevalence of 

hypertension than the populations of northern Japan.

Early observations of the relationship between sodium intake in humans and BP 

suggested that the age-related rise in BP is generally observed among populations 

in which the average sodium intake is greater than 2300 mg/day (100 mmol/day) 

and not among populations with lower sodium intake. These fi ndings challenged the 

notion that BP inevitably rose with age as a function of normal physiologic occur-

rence. However, the fi ndings of these early studies were challenged by some in the 

scientifi c community with counterarguments being based on the possibility that 

measurement error in BP or sodium intake accounted for the observed relationships. 

Counterarguments were also based on the notion that the populations studied were 

culturally isolated, had key lifestyle differences, were genetically homogeneous and 

that the studies did not adequately address the infl uence of high potassium intake in 

those groups with lower levels of BP.
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In 1996, the design details and implications of the International Study of Salt 

and Blood Pressure (INTERSALT) were published [14]. INTERSALT was an eco-

logical study that included over 10,000 study participants in 52 population samples 

and used more precise measurements of BP and sodium intake than those used in 

earlier human studies. Data from INTERSALT suggested a very signifi cant rela-

tionship between sodium intake and BP (r = 0.57, p < .001), and an age-related rise 

in BP [69]. Adjusted for age and sex, every 100-mmol/dL increase in salt intake 

resulted in a 7-mmHg increase in the median systolic BP. INTERSALT and other 

ecological studies have limited utility in drawing causal inferences. However, since 

the INTERSALT data were published, there has been extensive concordant epide-

miologic evidence that high dietary sodium intake is related to the epidemics of 

prehypertension and hypertension and to CVDs.

3.3.2.3 Intervention Studies
Metabolic balance to evaluate salt sensitivity: Since the 1970s, there has been evi-

dence suggesting a difference in susceptibility to the BP-raising effects of sodium 

on the basis of ancestry [15]. This evidence comes from a series of metabolic ward 

studies including men of African American ancestry and white men. Participants in 

these controlled studies on dietary sodium, potassium, and calcium were healthy and 

young, with normal BP. BP and 24-h urinary excretion of electrolytes were measured 

before and after intervention. The protocol provided diets of 300 mmol/day sodium 

for 3 days, followed by 600–800 mmol/day for another 3 days, and then 1200–1500 

mmol/day for fi nal 3 days. After ingestion of these diets, a progressive and signifi cant 

drop in BP was seen in comparison to the BPs observed before the intervention. The 

rise in BP was statistically signifi cant in all participants, but the range was wide, 

with change in mean arterial pressure being as small as 5 mmHg or as large as 35 

mmHg in some individuals. In African American participants, a signifi cant rise in BP 

occurred at lower levels of sodium intake, whereas white participants demonstrated a 

signifi cant rise in BP only at the highest level of sodium intake [15].

To further investigate and refi ne the concept of “salt sensitivity,” studies have 

used protocols designed to evaluate BP responses to intravenous administration of 2 

L of normal saline, sodium and volume depletion by a low-salt diet, and oral doses 

of furosemide in individuals who have high BP or normal BP [16,17]. In studies by 

Weinberger et al., salt sensitivity has been shown to be infl uenced by baseline BP, 

age, ancestry, and the renin and aldosterone response to sodium or volume depletion. 

Although salt sensitivity can occur in those with normal BP, individuals with high BP 

are signifi cantly more salt sensitive than those with normal BP [16]. The long-term 

effects on mortality for individuals who are salt sensitive do not depend on whether 

salt sensitivity occurs in the context of normal BP or in the context of high BP. In 

terms of age, the magnitude of salt sensitivity of BP has been shown to increase pro-

gressively with decades of age among individuals with high BP. In individuals with 

normal BP, salt sensitivity was only observed in those older than 59 years [17]. In 

terms of ancestry, it has been observed that people with high BP who are of African 

American ancestry are often more salt sensitive than whites. However, the frequen-

cies of salt sensitivity are same in those with normal BP, regardless of whether they 

are African Americans or whites. Lastly, salt sensitivity is enhanced by the failure 
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of renin to respond to sodium or volume depletion, and response of renin affects the 

magnitude of decline in BP in response to low-sodium diets.

It has been suggested that the benefi ts of sodium reduction will be greater in indi-

viduals who are salt sensitive than in those who are not salt sensitive. However, there 

is a common misperception that only certain people should reduce their salt intake 

and that for the vast majority of the population salt reduction is unnecessary [74]. 

We believe that the opposite is true. Elevated BP is a huge public health problem. 

Approximately, one-third of adults have hypertension, and another third have prehy-

pertension. For adults who reach the age of 50 years, the lifetime risk that hyperten-

sion will develop is 90% [75].

Population-based interventions worldwide: Numerous population-based inter-

ventions (not controlled trials) have aimed at reducing the salt intake of popula-

tions worldwide. One such effort was by the Japanese government in the 1950s in 

response to high incidence of stroke mortality [13]. Data suggested that the variation 

within the country was ecologically linked to local salt consumption. The Japanese 

government targeted a reduction in salt intake within a larger campaign promoting 

a healthier lifestyle. The population’s sodium intake lowered from 13.5 to 12.1 g/day 

and was associated with BP reduction and 80% reduction in stroke mortality [13].

Similarly, Finland had high incidence of stroke and coronary heart disease in the 

1970s. This led the Finnish government to implement broad interventions aimed at 

promoting healthy lifestyles. Laatikainen et al. analyzed Finnish data over 20 years 

and noted that salt intake had reduced by approximately 20%–30% during this period 

[18]. At the same time, the mean systolic and diastolic BP decreased by 10 mmHg. 

The causal inferences that can be made about the role of reduced sodium intake in 

lowering BP and stroke incidence are limited as other lifestyle behaviors were also 

modifi ed and could have played a role in the observed health changes.

There have also been efforts in the United Kingdom to reduce sodium intake 

on a population level [19]. The goal of the current government-supported effort is 

to reduce salt consumption by 40% over 5 years. Sodium chloride in processed 

foods is being gradually reduced to achieve this result. Thus far, most manufactur-

ers have reduced their salt usage by 10%–15% with no adverse complaints by the 

consumers [76].

Controlled trials and intervention studies: The magnitude of decrease in BP 

seen across controlled intervention studies varies according to the level of baseline 

sodium intake of the population studied, amount of reduction of sodium in the study, 

degree of adherence to sodium-reduction intervention, and length of the study.

Although there are several well-designed trials, particularly strong evidence of the 

effects of sodium on BP comes from the Dietary Approaches to Stop Hypertension—

Sodium (DASH-sodium) study [21]. DASH-Sodium study tested the effect on BP of 

three levels of sodium intake in the context of either a typical American diet or the 

DASH dietary pattern on BP. As noted in Chapter 1, DASH emphasizes intake of 

fruits, vegetables, low-fat dairy foods; inclusion of whole grains, nuts, poultry, and 

fi sh; and reduction of fats, red meats, sugars, and sugar-sweetened beverages; it low-

ers BP at typical American levels of sodium intake [20].

The DASH-Sodium study [21] was a randomized controlled feeding study conducted 

in the United States in adult African Americans and whites with prehypertension or 
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unmedicated stage 1 hypertension. All foods and beverages were prepared in a meta-

bolic kitchen; participants ate only foods provided in the study, and the nutrient content 

of foods was confi rmed by chemical analysis, thus allowing for precise determination of 

dietary sodium intake. In addition, weight was monitored daily and kept stable by adjust-

ing energy intake, thus eliminating the potential confounding effect of weight change.

Over 400 participants were randomly assigned to the DASH or typical American 

dietary pattern for 3 months. Within this parallel design was a randomized cross-

over design in which each participant consumed sodium of three different levels 

for 30  days. The sodium levels tested were high (150 mmol/day), intermediate 

(100 mmol/day), and low (50 mmol/day).

The DASH-Sodium trial [21] demonstrated conclusively that reduced sodium intake 

lowers BP, but the effects were modest. In the context of a typical American diet, without 

concomitant weight loss, reducing sodium intake from the high to the intermediate level 

reduced systolic BP by an average of 2.1 mmHg (p < .001 compared with high sodium 

intake). Reducing sodium intake from the intermediate to the low level reduced SBP by 

4.6 mmHg more (p < .001 intermediate vs. low). The effect of reducing sodium intake 

from high to low levels was a decrease in BP level of 6.7 mmHg Reduced sodium intake 

lowered BP more at each level when consumed in the context of the DASH dietary pat-

tern, reducing BP by 7.2/3.5 mmHg with DASH and 100 mmol/day sodium intake and 

by 8.9/4.5 mmHg with DASH and 50 mmol/day sodium intake. Signifi cant effects were 

seen in both prehypertension and hypertension, with greater effects in those with hyper-

tension, approaching levels that might be anticipated with the use of one pharmacologic 

agent (i.e., mean reduction of 11.5 mmHg systolic BP) [21].

There have been other studies focused on sodium as a part of lifestyle approaches 

to preventing and treating hypertension. One such study was the Trials of 

Hypertension Prevention (TOHP) [22]. TOHP was a multicenter study with a Phase 

I component that tested seven different nonpharmacologic interventions for prevent-

ing high BP. Only weight and sodium were effective and were further tested in Phase 

II of the study. Participants were aged 30–54 years, had prehypertension, and were 

overweight. Two interventions were weight loss using group counseling sessions and 

sodium reduction using education and behavioral counseling. Participants were fol-

lowed up for 3 years for the primary outcome of BP. These interventions were suc-

cessful in reducing the incidence of hypertension. TOHP participants underwent 

additional observational follow-up for 10–15 years after the trial ended [24]. The 

goal of follow-up was to determine the long-term effect of sodium reduction (which 

was achieved by education and behavioral counseling) on cardiovascular events. The 

hazard of developing a CVD event in the intervention group was 0.75 (95% CI: 0.57, 

0.99) times that of the control group after stratifying by trial and adjusting for clinic, 

age, race, sex, and weight loss intervention. The authors concluded that there was a 

possible “memory effect” of sodium reduction and that there were long-term benefi ts 

associated with an intervention to reduce sodium intake. Two published computer 

simulation models support the role of sodium reduction in CVD reduction and sug-

gest that even modest population-wide reduction in sodium intake would decrease 

CVD and death and associated healthcare costs [9,11].

The trials of nonpharmacologic interventions in the elderly (TONE) also exam-

ined the role of sodium reduction in hypertension and CVD. An important result 
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from the TONE study was that the percent of TONE participants with controlled BP 

after withdrawal of an antihypertensive medication was higher in those practicing 

sodium reduction than in those who did not.

Although sodium is one of several etiologic factors important in the development 

of high BP, the reduction in systolic BP that can be expected when following the 

DASH diet with sodium reduction is between 8 and 14 mmHg [77].

3.3.2.4 Meta-analyses, Systematic Reviews, and Pooled Analyses
There are published meta-analyses on the effects of salt reduction on BP [25–27]. 

The effects of drastic salt reduction have shown ambiguous or even harmful results 

in these analyses. However, population interventions aim at modest reductions, and 

as such, the meta-analysis of randomized trials by He et al. shows that modest reduc-

tions in sodium intake are associated with a decrease in BP [26]. The benefi ts of 

modest sodium reduction were more pronounced among those with hypertension 

than among those without hypertension. The pooled analysis of individuals without 

hypertension included 11 trials with a total of 2220 study participants. There was 

a median net reduction in 24-h urinary sodium of 74 mmol corresponding to 4.4 g 

of sodium chloride/day. The pooled estimates of systolic BP reduced by 2.0 mmHg 

(95% CI: 1.5, 2.6) and diastolic BP decreased by 1.0 mmHg (95% CI: 0.6, 1.4). In 

a weighted linear regression analysis, a reduction in sodium chloride intake of 100 

mmol/day predicted a decrease in systolic BP of 3.6 mmHg and a decrease in dia-

stolic BP of 1.7 mmHg. The analysis of individuals with hypertension included 17 

trials with a total of 734 study participants. There was a median net reduction in 24-h 

urinary sodium excretion of 78 mmol corresponding to 4.6 g of sodium chloride/

day. The pooled estimates of systolic BP decreased by 5.0 mmHg (4.2, 5.8) and of 

diastolic BP decreased by 2.7 mm Hg (95% CI: 2.2, 3.2). Assuming a linear relation-

ship, a reduction of 100 mmol/day predicted a reduction in systolic BP of 7.1 mmHg 

and in diastolic BP of 3.9 mmHg.

In a systematic review by Hooper et al., advice to reduce dietary salt in adults 

produced larger short-term effects that became attenuated as the trials became lon-

ger [27]. The pooled estimates of urinary sodium excretion in these studies showed a 

reduction of 48.9 mmol/day (32.5, 65.4) at 6–12 months. For trials of 13–60 months 

duration, the net reduction was 35.5 mmol/day (23.8, 47.2), suggesting that reduced 

sodium intake may be diffi cult to sustain.

3.4 STRATEGIES TO DECREASE POPULATION SODIUM INTAKE

Lowering sodium intake can reduce BP and prevent hypertension, which is a major 

risk factor for heart disease and stroke. However, achieving success with sodium 

reduction is not straightforward due to the unique challenges associated with sodium 

use in the food supply. Under ideal circumstances, sodium in the food supply could 

be immediately reduced to levels that would translate to diets that meet recom-

mended sodium intake for the average American. However, it is recommended that 

a gradual process be used, given the ubiquity of sodium in the food supply and its 

varied functions including improving food taste and fl avor, maintaining food safety 

and shelf life, and impacting the texture of food [57].
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In an effort to create a viable population strategy to reduce sodium intake in the 

United States, in 2010, a committee of the Institute of Medicine made the primary 

recommendation for the establishment of a coordinated approach to set standards 

for safe levels of sodium in foods [57]. The committee recommended that standards 

be set using existing U.S. Food and Drug Administration authorities to modify the 

“generally recognized as safe” (GRAS) status of salt and other sodium-containing 

compounds. GRAS status and food additive approvals are the two ways in which 

substances can gain approval for addition to food. Sodium chloride, commonly 

known as salt and the greatest contributor to sodium intake in the American diet, is 

currently considered GRAS at any level of use. In the report, the committee recom-

mended that maximum levels be established for salt and other sodium-containing 

compounds so as to allow persons to consume a normal diet with a reasonable likeli-

hood of keeping their sodium intake to recommended levels.

Population sodium intake will not be affected for some years by this recom-

mendation as the implementation of proposed GRAS modifi cations will take 

time. For this reason, the committee also recommended that voluntary approaches 

aimed at population sodium reduction be implemented or continued until GRAS 

modifi cations can be completed. Examples of voluntary approaches include ini-

tiatives by food companies to reduce the sodium in their individual products and 

the well-known National Salt Reduction Initiative developed initially by the New 

York City Health Department. The recommended approach to gradually reduce 

sodium creates a level playing fi eld for food manufacturers and restaurant and 

foodservice operations. This should lead to more successful adoption of products 

that are reformulated to help consumers meet current sodium intake recommen-

dations. A summary of the key evidence on sodium and blood pressure and rec-

ommendations for health care providers are provided in Table 3.1.

3.5 SUMMARY

Excessive sodium intake in the American population has been long recognized as 

directly related to high BP. Risks for developing high BP can begin in early child-

hood. Once Americans reach their fi fties, the risk of developing high BP over the 

remainder of the lifespan is estimated to be 90% even for those with normal BPs. It 

has been estimated that reducing sodium intakes could prevent more than 100,000 

deaths annually and save billions in medical costs. Given the large excess of usual 

sodium intake above physiologic needs among individuals living in industrialized 

societies across the world, numerous agencies and policy-making bodies have issued 

guidelines that address sodium reduction. A population-wide reduction in sodium 

intake could be predicted to produce a signifi cant BP reduction, which would result 

in a decreased risk for CVD in populations where CVD is likely [78]. It is generally 

agreed that even small, sustained reductions in population-wide BP can result in dra-

matic health benefi ts [79]. Achieving and maintaining a low-sodium diet is challeng-

ing in today’s food environment. If populations are to follow guidelines of choosing 

and preparing foods that are low in sodium, there must be extensive efforts to educate 

the consumer as well as efforts to decrease sodium in the food supply. These steps are 

critical to the prevention and control of prehypertension and hypertension.
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4.1 OVERVIEW

Overweight is an increasingly prevalent condition throughout the world. Recent, 

probably conservative, estimates indicate that at least 500,000,000 people worldwide 

are overweight as defi ned by a body mass index (BMI) between 25.0 and 29.9 kg/m2, 

and an additional 250,000,000 are obese with a BMI of 30.0 kg/m2 or higher [1]. In 

the United States, current indications are that as much as 66% of the adult population 

is overweight or obese [2,3].

Overweight and obesity are established risk factors for cardiovascular disease 

(CVD), stroke, non-insulin-dependent diabetes, certain cancers, and numerous other 

disorders [4–8]. They are also major risk factors for hypertension [9]. Hypertension, 

defi ned as a systolic blood pressure (SBP) in excess of 140 mmHg or a diastolic blood 

pressure (DBP) higher than 90 mmHg, is also an increasing public health issue inter-

nationally. Approximately one billion individuals worldwide are thought to exhibit 

medically important elevated blood pressure (BP), with about 50 million of those 

residing in the United States [8]. Hypertension itself is associated with increased risk 

for CVD, stroke, renal disease, and mortality from all causes [10–13].

The seventh report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure (JNC VII) defi nes stage 1 hyper-

tension as the condition in which BP levels are between 140 and 159 mmHg systolic 
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or 90 and 99 mmHg diastolic. Additionally, the report establishes a category of pre-

hypertension (SBP between 120 and 139 mmHg or DBP between 80 and 89 mmHg). 

Both stage 1 hypertension and prehypertension are deemed appropriate primary 

targets for lifestyle modifi cation interventions, including weight loss. Although 

higher levels of BP or stage 1 hypertension, which persists despite efforts at lifestyle 

modifi cation, should be treated with medications, lifestyle modifi cation, including 

weight loss, remains relevant for BP control with or without concomitant medication 

treatment.

4.2 WEIGHT AND BP

Overweight and obesity are associated with higher BP and increased risk of hyper-

tension. As early as the 1920s, a noteworthy association between body weight and 

BP was noted in men [14,15]. More recent epidemiological studies have confi rmed 

this association. The Framingham Study found that hypertension is roughly twice 

more prevalent in obese individuals than in nonobese individuals of both sexes [16]. 

Stamler and colleagues [17] reported an odds ratio for hypertension of obese indi-

viduals relative to nonobese individuals (BMI < 25 kg/m2) of 2.42 for younger adults 

and 1.54 for older ones. The Nurses Health Study [18] compared women with BMI 

less than 22 kg/m2 and those with BMI above 29 kg/m2 and found twofold to sixfold 

greater prevalence of hypertension among those in the higher BMI category.

More recent data from the Framingham Study further corroborated this relation-

ship. After division into BMI quintiles, participants of both sexes in the Framingham 

study showed increasing BP with increasing overweight. In this instance, those in the 

highest BMI quintile exhibited 16 mmHg higher SBP and 9 mmHg higher DBP than 

those in the lowest quintile. This translates into an increase in SBP of 4 mmHg for 

each 4.5-kg increased weight [19]. In young Canadian adults, Rabkin et al. [20] noted 

a fi vefold greater incidence of hypertension in both men and women with BMI more 

than 30 kg/m2 relative to those with BMI less than 20 kg/m2.

4.3 WEIGHT LOSS AND BP CONTROL

BP lowering with antihypertensive medication results in reduced cardiovascular risk 

[21]. Although there have been no weight-loss trials with hard clinical outcomes to 

date, it is reasonable to expect similar reductions in cardiovascular risk when BP is 

lowered through weight loss. In addition, it is known that weight loss prevents the 

onset of hypertension in individuals with prehypertension [22–24].

Numerous clinical interventions in humans have examined the relationship of 

weight loss and change in BP. Although weight-loss studies do not uniformly dem-

onstrate a BP-lowering effect [25], a meta-analysis of 25 studies suggested a fairly 

consistent effect [24]. In this meta-analysis, Neter et al. estimated that 1-kg loss of 

body weight was associated with approximately 1-mmHg drop in BP [26]. A system-

atic review reached similar conclusions [27].

Importantly, this BP reduction was accomplished without the necessity to attain 

normal body weight. The Trial of Hypertension Prevention (TOHP), one of the larg-

est of these studies, included a weight-loss intervention arm [28]. Here, 2-kg loss in 
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weight over a 6-month period resulted in 3.7-mmHg decline in SBP and 2.7-mmHg 

decline in DBP. Moreover, 4.4-kg and 2-kg weight losses were associated with 42% 

and 20% decline in incident hypertension at 6 and 18 months, respectively [24].

Given such an association between weight change and BP levels, the question 

arises as to how this interaction functions physiologically. Rocchini [29] identifi ed 

numerous potential biological mechanisms by which weight loss or fat loss might 

lead to a decline in BP. Among them are reduction in insulin resistance [30] and its 

effects on enhanced sodium retention [31,32], alterations in vascular structure and 

function [33], changes in ion transport [34], enhanced stimulation of the renin–aldo-

sterone–angiotensin system [32], increased activation of the sympathetic nervous 

system [35], and changes in natriuretic peptide [32]. This wide range of potential 

mechanisms may also be a major factor in accounting for the apparent heterogeneity 

in BP response to any one treatment. Weight loss may variably and simultaneously 

affect several of these proposed routes of action. Since weight status itself is a result 

of multiple causes, the fashion in which it induces BP change would not surprisingly 

be variable.

Studies demonstrating the effect of weight loss on BP often involve other dietary 

changes that affect BP. In an early study, Dahl et al. [36] found that sodium restric-

tion in low-calorie diets was the primary cause for BP reduction. This is also the 

fi nding of Fagerberg et al. [37]. However, a number of more recent studies have sided 

with the view that weight loss has an independent effect on BP reduction. Reisen 

et al. [38] found BP reductions in the order of 3 mmHg for each kilogram of weight 

loss in a sample of hypertensive men with no sodium restriction. Others have also 

reported independent effects of weight loss on BP [39,40].

Similarly, since weight loss cannot be accomplished in the absence of some 

combination of change in dietary pattern or physical activity behaviors, separating 

independent effects of each component on BP is extremely challenging. It is clear, 

however, that weight loss, regardless of how it is achieved, is associated with clini-

cally signifi cant reductions in BP.

A related issue is the extent to which maintained weight loss continues to infl u-

ence BP status. The vast majority of studies that link weight loss to BP reduction do 

so only in the short term, usually examining the impact of weight loss on BP over 

less than a year. The effect of long-term weight loss has predictably been much less 

examined. Nevertheless, a small number of clinical trials have examined the issue 

for more than 1 year of follow-up time.

The PREMIER clinical trial evaluated BP-regulation effects for 18 months. In this 

study, 810 individuals who had prehypertension or unmedicated stage 1 hypertension 

were randomized to a control group or to either of the two putatively heart-healthy 

active interventions [41]. Both the active interventions counseled the participants 

for an increase in physical activity and either a reduced fat and calorie diet or a diet 

high in fruits, vegetables, and low-fat dairy servings using the Dietary Approaches 

to Stop Hypertension (DASH) dietary pattern [23]. These active interventions also 

counseled a reduction in sodium intake and weight loss for the vast majority of par-

ticipants who were overweight or obese. Weight and BP were monitored at baseline, 

at interim periods, and at the end of 18 months of intervention. At the end of the 

trial, both the active interventions resulted in sustained weight loss and BP reduction. 
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The active intervention without the DASH diet resulted in an average weight loss of 

3.8 kg and that with the DASH diet, 4.3 kg. Mean BP reductions (systolic/diastolic) 

were 8.6/6.0 and 9.5/6.2 mmHg for the same intervention arms, respectively. Urinary 

sodium reductions were 18.4 and 24.5 mmol/day, respectively, for each arm. In sum, 

the PREMIER study demonstrated that free-living populations can make multiple 

lifestyle changes in physical activity and dietary patterns. Improvements in BP and 

body-weight profi les occurred simultaneously as did reduction in sodium intake. It 

appears that these lifestyle alterations mutually reinforced benefi cial changes in both 

BP and body weight.

The TOHP reported 7 years of follow-up in 181 prehypertensive participants 

divided into three groups, that is, a group treated for weight loss, a group treated 

with sodium reduction, or a group that received no treatment [42]. The active 

phase of the intervention lasted for 18 months, but individuals were further moni-

tored for BP, weight, and dietary status for 7 years. Incident hypertension was the 

outcome variable of interest. The group treated for weight loss in the absence of 

sodium restriction, which had an average weight reduction of 5 kg at 18 months 

[28], demonstrated after 7 years the incidence of new hypertension of 18.9% 

compared with that of 40.5% in the control group. This contrasts with the group 

treated with sodium reduction in the absence of weight loss, which had an inci-

dence of hypertension of 22.4% compared with that of 32.9% in the control group 

over the same period. The impressive reduction in the incidence of hypertension 

with weight loss occurred in spite of the fact that much of the weight had been 

regained at year 7.

The Hypertension Prevention Trial followed up 841 prehypertensive individuals 

for up to 3 years after randomization to four intervention groups: caloric restric-

tion/weight loss, sodium reduction, caloric restriction and sodium reduction, and 

sodium reduction with increased potassium intake [43]. At 3 years of follow-up, 

it was found that the caloric restriction group had maintained weight loss at about 

4% of baseline and demonstrated 5.1/2.4 mmHg reduction in BP. The other dietary 

interventions resulted in less BP reduction relative to controls. The authors recom-

mend caloric restriction and accompanying weight loss as the strategy of choice in 

regulating BP.

In the Weight Loss Maintenance trial [44], 1032 participants who had previously 

lost 4 kg or more were randomized to one of three weight-maintenance strategies: a 

self-directed control group, monthly personal contact, or an internet-based interven-

tion. The maintenance phase lasted for 30 months. Although all three groups exhib-

ited some regain of weight over this time, all maintained an average of at least 3 kg 

of weight loss, with the greatest weight loss maintenance (4.2 kg, p < .001 compared 

with that in the control group) in the monthly personal contact group. Three or more 

kilograms of maintained weight loss would result in signifi cant reduction of BP in 

the general population.

A few other small-scale studies have documented a positive association between 

weight loss maintained for periods of up to 2 years and reduction in BP [45–47]. 

In sum, it is clear that nonsurgical intentional weight loss reduces BP and that the 

BP-lowering benefi ts are retained over at least the short- to mid-term, particularly in 

those who maintain the weight loss [24].
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4.4 BARIATRIC SURGERY AND BP CONTROL

In the more specialized arena of bariatric surgery, the effects of this surgery on BP 

in the short- to mid-term are clear. Buchwald et al. [48] conducted a meta-analysis 

of the effect of bariatric surgery on CVD risk factors. An overall reduction of 61.2% 

in excess weight was associated with resolution of hypertension in 61.7% and sig-

nifi cant improvement of the BP status in 78.5% of individuals treated with bariatric 

surgery.

The effects of surgery over longer periods are less clear. Sjostrom et al. [49] 

reported 8 years of follow-up on the relationship of weight loss and BP in a group of 

1157 obese participants who underwent bariatric surgery. Initial weight losses of 38% 

of presurgical body weight were associated with a decline in BP of about 12 mmHg 

systolic and 8 mmHg diastolic. Over a 6- to 8-year period, weights increased only 

very slightly in this group, while BP levels rebounded and, at the end of the study, 

were similar to or higher than that in untreated control groups. The authors were 

unable to explain this phenomenon but were skeptical that this is a generalizable 

fi nding pointing to methodological and analytic inconsistencies in their sample 

[50]. However, Sjostrom and colleagues [51] suggest that surgically induced weight 

loss maintained over 10 years has a more complicated effect on BP, with mean SBP 

increasing by 2.5 mmHg and mean DBP decreasing by 2.4 mmHg. Even nonsurgical 

approaches to weight control may have mixed effects on BP over the long term: at 5 

years of follow-up in the Weight Loss Maintenance study, there was a suggestion that 

BP-regulation effects were not sustained despite sustained weight loss [52]. Clearly, 

this is an area for further investigation.

4.5  CHALLENGES TO ACHIEVING WEIGHT 
LOSS AND BP CONTROL

Overall, it is clear that weight loss is associated with a decline in BP, at least in 

the short- and mid-term. These fi ndings extend even to those who are initially in 

the nonhypertensive range and hold for both genders and virtually all racial/ethnic 

groups [29]. This conclusion was endorsed by the JNC VII expert panel and has 

become a part of the suggested lifestyle armamentarium in combating hypertension 

[9]. Undoubtedly, much of the attractiveness of weight loss stems from its multiple 

health benefi ts. Weight reduction is not only associated with lowering of BP but also 

confers benefi ts in the prevention and treatment of many other disorders including 

type 2 diabetes and musculoskeletal disorders. Although outcomes in trials are lack-

ing, epidemiologic evidence suggests that weight loss may also prevent some cancers 

and CVD events and may reduce CVD and all-cause mortality [4–8].

Nevertheless, pursuing weight loss as the sole means to accomplish BP control 

is not without challenges. Chief among these is the diffi culty involved in achiev-

ing and maintaining weight loss. Many who attempt weight loss achieve little in 

this regard, and many who are initially successful rebound to their earlier status or 

higher [53–55]. In the grimmest scenarios, the net result is not only a population that 

is at increased biomedical risk but also that suffers from a number of psychosocial 

insults that result from these failures [56]. Nevertheless, weight loss is successfully 
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accomplished by many and is maintained by a signifi cant percentage of those who 

are initially successful [44,57]. The methods and strategies employed for achieving 

sustained weight loss are still developing, and if careful attention is paid to refi ning 

them, the result will undoubtedly be improvement in those achieving weight loss and 

a decline in recidivism [58].

Maintenance of weight loss remains the challenge. Wing and Phelan [57] report 

that approximately 20% of those attempting weight reduction via lifestyle modifi ca-

tion are successful at long-term weight control. Research into the mechanisms by 

which these results are obtained should increase these success rates. It appears that 

the strongest predictor of long-term weight loss maintenance is the amount of weight 

that was initially lost [59].

It should be noted that the impact of weight loss on BP does not require that 

optimal weight should be achieved (BMI 18.5–24.9 kg/m2). Smaller decrements of 

weight loss clearly are of clinical signifi cance in infl uencing BP levels. Likewise, 

maintenance of all of the lost weight is not necessary. Some recidivism in weight loss 

is common, but as long as the weight is at least 5%–10% below the baseline level, 

there is likely to be an impact on BP [60,61]. Nevertheless, greater initial weight 

losses would perforce result in larger BP declines and greater weight loss main-

tenance; therefore, we believe that achievement and maintenance of ideal weight 

would be an appropriate goal.

4.6 CONCLUSION

Current guidelines recommend weight loss intervention in overweight/obese individ-

uals with prehypertension and all stages of hypertension [9]. In those with prehyper-

tension, weight loss may prevent hypertension. In those with stage 1 hypertension, it 

may preclude the need for antihypertensive medications. In those with hypertension 

at any stage who are taking antihypertensive medication, weight loss may reduce 

medication needs and increase the chance of achieving BP control. Thus, weight loss 

may be appropriate for lowering of BP in the vast majority of adult Americans (i.e., 

TABLE 4.1
Summary: Take-Home Messages

Key Evidences Recommendations for Health Care  Providers

 1. In most studies, it has been found that 

weight loss reduces BP

 2. Maintaining a lower weight can 

facilitate maintaining a lower BP

 3. Lifestyle modifi cation is the preferred 

strategy for weight loss and should be 

included in all BP treatment plans

 1. Evaluate your patient for body mass index and 

weight status. If these are found abnormal, advise 

them on the benefi ts of weight loss to improving 

health

 2. Provide in-offi ce or referral options for patients 

who are ready to lose weight

 3. Encourage sustainable lifestyle modifi cation for 

weight loss and overall BP management

 4. Educate that weight loss may be appropriate for BP 

control in those with prehypertension and all stages 

of hypertension
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about 40% of the adult population with hypertension and 31% with prehypertension) 

[62,63]. This very large target for weight loss intervention has the potential for con-

siderable impact on public health.

In conclusion, weight loss is clearly associated with a decrease in BP and numer-

ous other improvements in biomedical status. For most people, weight loss is best 

achieved through appropriate lifestyle modifi cation. Strategies for achieving long-

term weight loss are emerging, and the proportion of those who are successful is 

growing. As a major public health issue, the management of overweight is of the 

highest priority and is receiving major support from the federal government and 

other institutions. Successfully accomplishing national goals for weight management 

can provide additional benefi ts in the reduction of BP and the associated biomedical 

burden of risk for CVD and stroke (Table 4.1).
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5 Physical Activity and 
Blood Pressure Control

Deborah Rohm Young
University of Maryland School of Public Health

Regular physical activity confers a number of health benefi ts. Physically active 

individuals have lower incidence of coronary heart disease, stroke, type 2 diabetes, 

some types of cancers, and obesity. Physical activity is known to reduce the inci-

dence and prevalence of hypertension and to lower systolic blood pressure (SBP) 

and diastolic blood pressure (DBP). Given that only less than half of the U.S. popu-

lation meets the federal guidelines for physical activity [1], it is no surprise that 

approximately 30% of the U.S. population has high BP [2]. This chapter reviews 

the evidence linking regular physical activity and lowering of BP, provides an 

overview of potential mechanisms for the association, clarifi es recommendations 

on physical activity for controlling BP, and identifi es interventions and policies 
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to increase physical activity. The American College of Sports Medicine (ACSM) 

Position Stand “Exercise and Hypertension” is an excellent review document on 

this topic [3].

5.1 DEFINITIONS OF PHYSICAL ACTIVITY

Precisely, physical activity is any muscular contraction that results in bodily move-

ment. Thus, typing this sentence is technically a physical activity. In more useful 

terms, we defi ne physical activity as movement of large skeletal muscles (legs, arms), 

which requires energy expenditure substantially greater than that required during 

the resting state. Energy expended during physical activity can be conceptualized as 

multiples of resting metabolic rate, in which the resting metabolic rate is equal to 1 

metabolic equivalent (MET). Physical activities are commonly categorized as light 

(1.5–2.9 METs), moderate (3.0–5.9 METs), and vigorous (≥6 METs) [4]. For example, 

brisk walking at 4 mph is defi ned as a 5-MET activity or an activity in which the 

energy expended is fi ve times the energy expended at rest [5]. The term “exercise” is 

a subset of physical activity that is planned, structured, and goal-oriented to increase 

or maintain one or more types of physical fi tness (aerobic fi tness, muscular strength, 

muscular endurance, fl exibility, body composition, etc.) [6].

Physical activity can also be defi ned as aerobic or nonaerobic. Aerobic physical 

activity uses the large muscle groups, uses oxygen as its primary source of energy, 

and can be carried out for relatively long periods. Walking, bicycling, kayaking, 

and raking leaves exemplify aerobic physical activity. In contrast, nonaerobic 

physical activity comprises short, high-intensity bursts of movement that cannot 

be sustained over time. During nonaerobic activities, the energy that is stored in 

muscles is rapidly depleted. Examples are heavy lifting and sprint running. Most 

of the health benefi ts associated with regular physical activity are from aerobic 

types of physical activity; they can occur from leisure, transportation, household, 

and work sources.

Individuals can be categorized in a variety of ways depending on how they engage 

in physical activities. Individuals who do not engage in moderate to vigorous physical 

activities are often defi ned as sedentary. Those who meet current federal guidelines 

are defi ned as physically active. However, federal guidelines have been in place since 

2008 only, and physical activity assessment tools do not always result in data that can 

classify individuals as meeting guidelines. Further, it is often unclear how to defi ne 

individuals who are neither sedentary nor active enough to meet the guidelines. They 

are sometimes termed inactive, insuffi ciently active, or moderately active. Because 

physical activity can be assessed by many ways (self-report instruments, interviews, 

objective measures), epidemiological studies often cannot be directly compared 

regarding the amounts and types of physical activity that are associated with health 

outcomes.

Physical activities can also be acute or chronic; health benefi ts confer from 

both. For example, the feeling of relaxation after completing a jogging session is 

the result of an acute bout of physical activity. In contrast, reduced risk of stroke 

results from numerous weekly sessions of physical activity carried out over months 

or years.
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The above defi nitions can be summarized by the acronym FITT, which stands 

for frequency, intensity, time, and type. Frequency is the number of times per week 

or month that physical activity occurs (e.g., three times per week). Intensity is the 

amount of energy expended during a bout of physical activity (e.g., moderate to vig-

orous activity or a 5-MET activity). Time is the length of a particular bout of physi-

cal activity (e.g., 30 min of walking). Type is the kind of physical activity. This can 

include aerobic and nonaerobic activities or a particular type of these categories (e.g., 

walking, jogging).

5.2  CURRENT PHYSICAL ACTIVITY GUIDELINES 
AND RECOMMENDATIONS

5.2.1 NATIONAL GUIDELINES FOR AMERICANS

In October 2008, the U.S. Department of Health and Human Services published 

national guidelines for physical activity for all Americans. Those specifi c to adults 

are displayed in Table 5.1. More information and guidelines for youth, older adults, 

and adults needing special consideration (e.g., pregnancy, disabilities) can be found 

at http://www.health.gov/paguidelines/default.aspx. The guidelines are applicable 

for BP control; no specifi c alterations in recommendations are noted. While the U.S. 

Surgeon General published evidence-based recommendations for physical activity in 

1996 to improve and maintain health of Americans [4], the 2008 national guidelines 

represent a major breakthrough that allows federal, state, and local policies and pro-

grams to support the guidelines. Of note, recommendations for physical activity and 

health have remained mostly consistent over this period, giving health professionals 

TABLE 5.1
National (U.S.) Physical Activity Guidelines for Adults

Recommendation

General All adults should avoid inactivity. Some physical activity is better than none, 

and adults who participate in any amount of physical activity gain some 

health benefi ts.

Aerobic activity For substantial health benefi ts, adults should do at least 150 min (2 h and 30 

min) a week of moderate-intensity aerobic physical activity, or 75 min (1 h 

and 15 min) a week of vigorous-intensity aerobic physical activity, or an 

equivalent combination of moderate- and vigorous-intensity aerobic 

activity. Aerobic activity should be performed in episodes of at least 10 

min, and preferably, it should be spread throughout the week.

Resistance activity Adults should also do muscle-strengthening activities that are moderate or 

high intensity and involve all major muscle groups on 2 or more days a 

week, as these activities provide additional health benefi ts.

Source: Department of Health and Human Services, Physical Activity Guidelines for Americans, U.S. 

Department of Health and Human Services, Washington, DC, 2008. http://www.health.gov/

paguidelines (accessed December 12, 2010).
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and the public the confi dence that the guidelines are stable and based on the best 

scientifi c evidence available.

5.2.2 PHYSICAL ACTIVITY AND BP CONTROL

Based on an evidence-based review of the literature on physical activity and BP, 

the 2004 position statement of the ACSM concludes that the optimal frequency, 

intensity, time, and type of physical activity for BP reduction are unclear [3]. 

Nevertheless, there are overwhelming data from randomized controlled trials for 

the position statement to conclude that aerobic physical activity reduces resting BP 

in persons with normal BP and in those with hypertension and that the response is 

greater in hypertensive persons. The position statement recommends that individu-

als with high BP follow the recommendations for the general population, which at 

that time was to accumulate at least 30 min of moderate-intensity physical activity 

on most, if not all, days of the week [7]. Although the benefi ts of strength exer-

cise for BP control are thought to be modest, resistance or weight-lifting exercises 

(to enhance muscular strength and endurance) 2–3 days per week are also rec-

ommended as supplemental exercise to ensure a well-rounded physical activity 

program [8].

5.3  HIGHLIGHTS OF EVIDENCE SUPPORTING 
GUIDELINES OR RECOMMENDATIONS

5.3.1 EPIDEMIOLOGICAL EVIDENCE

Large, prospective cohort studies provide evidence of associations between physical 

activity and prevention of hypertension. One of the fi rst studies to report this associa-

tion was conducted by Paffenbarger et al. Results from the Harvard Alumni Study 

indicated that men who reported vigorous physical activity had lower incidence 

of physician-diagnosed hypertension than men who reported no vigorous physical 

activity, after 6–10 years of follow-up [9]. Because of the nature of the cohort, the 

men were mostly whites and well educated. Pereira et al. used the Atherosclerosis 

Risk in Communities Study data set (n = 7459) to determine if the study results 

could be extended to women and blacks [10]. Over 6 years of follow-up, white men 

in the highest quartile of leisure-time physical activity had 34% reduced odds (95% 

CI: 0.47, 0.94) of incident hypertension compared with white men in the lowest quar-

tile. The odds ratios for hypertension associated with a sport-activity index and a 

work-activity index (subscales of the study’s physical activity instrument) for white 

men and all physical activity indices for white women, black men, and black women 

were not statistically signifi cant. In the Coronary Artery Risk Development in Young 

Adults study on 3993 blacks and whites initially between 18 and 30 years of age, 

there were 634 cases of incidence of hypertension over 15 years of follow-up [11]. 

In the combined cohort analysis, the hazard rate ratio of physical activity was 0.83 

(95% CI: 0.73, 0.93). When analyses were stratifi ed by sex and race, the magnitude 

of the results was similar for all groups except for white women, although statistical 

signifi cance was not attained. The lack of statistical signifi cance for the subgroups is 
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likely due to insuffi cient cases of incidence of hypertension, especially for the white 

women. These are merely some examples of the many published epidemiological 

studies examining physical activity and hypertension. Although the epidemiological 

evidence is less strong for the various population subgroups, there is no scientifi c 

reason to presume that the benefi ts of physical activity for reducing the risk of hyper-

tension would not confer to all adults.

5.3.2 RANDOMIZED CONTROLLED TRIALS

5.3.2.1 Aerobic Physical Activity
Published meta-analyses review the evidence supporting the role of physical activ-

ity interventions for reducing BP. Cornelissen and Fagard conducted the most 

recent meta-analysis of randomized controlled trials of aerobic exercise on resting 

BP among normotensive and hypertensive adults [12]. Fifteen trials included only 

nonhypertensive adults, 33 trials included participants with prehypertension, and 

28 trials included participants with hypertension. The exercise interventions lasted 

between 4 and 52 weeks (median 16 weeks), with frequency ranging from 1 to 7 days 

per week (median 16 weeks), intensity ranging from moderate to vigorous intensity, 

and duration ranging from 15 to 63 min per session (median 40 min). As seen in 

Table 5.2, the meta-analysis demonstrates that physical activity signifi cantly low-

ers SBP in those with and without hypertension and DBP in all but normotensive 

individuals. The effect is greatest in those with hypertension: mean reduction in 

SBP of 6.9 (95% CI: 9.1–4.6) and DBP of 4.9 (95% CI: 6.5–3.3) mmHg. However, 

the response is variable: across the individual trials, net mean change (control minus 

intervention) ranged from −20.0 to 9.0 mmHg in SBP and from −11.0 to 11.3 mmHg 

in DBP. Nonetheless, the results from the meta-analysis suggest that small effects on 

BP result from aerobic exercise training.

Although combining studies through meta-analytic techniques demonstrates the 

benefi cial effects of physical activity for reducing BP, not all trials exhibit positive 

results. Investigators tend to discount unexpected or nonsignifi cant fi ndings as a 

result of poor design or implementation. This is not always the case however, and 

TABLE 5.2
Meta-analysis Results of the Effects of Aerobic Exercise 
on BP, Stratifi ed by Baseline BP Status

Systolic BP Change Diastolic BP Change

Mean 
(mmHg) 95% CI

Mean 
(mmHg) 95% CI

Normal BP −2.4 −4.2, −0.6 −1.6 −2.4, 0.7

Prehypertension −1.7 −3.1, −0.3 −1.7 −2.6, −0.8

Hypertension −6.9 −9.1, −4.6 −4.9 −6.5, −3.3

Source: Cornelissen, V.A. and Fagard, R.H., J. Hypertens., 46, 667–75, 2005.
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occasionally, well-designed trials do not yield BP-lowering benefi ts. For instance, 

Church et al. randomized postmenopausal women with prehypertension or stage 

1 hypertension to four conditions: 50%, 100%, or 150% of recommended physical 

activity or control condition [13]. Supervised exercise training was conducted for 

6 months at a similar frequency (3–4 times per week) and intensity (approximately 

three METs), but varying in duration from a mean of 72, 136, and 192 min per 

week for the 50%, 100%, and 150% groups, respectively. At follow-up, there were 

no differences in mean SBP or DBP change for any of the physical activity doses, 

compared with the control group. BP of the control group did decline, however, 

and regression to the mean that can occur without obtaining a stable measure of BP 

over a number of weeks both at baseline and follow-up may have contributed to the 

nonsignifi cant results.

5.3.2.2 Resistance Training
In addition to aerobic physical activity, a number of studies have investigated the 

effects of resistance training on BP control. The ACSM Position Stand in 2004 con-

cluded that resistance training consistent with current physical activity recommenda-

tions reduces BP in normotensive and hypertensive individuals [3]. A meta-analysis 

report, published in 2005, was conducted on nine randomized controlled trials that 

included 12 study groups (three studies included hypertensive participants and nine 

included nonhypertensive participants; total N = 341) [14]. The exercise regimens 

varied: average frequency was 3 times per week, intensity was a mean of 61% of 

one repetition maximum (i.e., the heaviest weight that can be lifted one time) with a 

range 30%–90%, the number of exercises (e.g., bench press, lat pull) ranged from 1 

to 14 (mean 9.9), and the number of sets ranged from 1 to 4 (mean 1.8), with the num-

ber of repetitions per set from 1 to 25. In 10 of the study groups, exercises included 

exercises for arms, trunk, and legs. The net response of resistance training was a 

pooled mean change of −3.2 (95% CI: −7.1 to 0.7) mmHg for SBP and −3.5 (95% 

CI: −6.1 to −0.9) mmHg for DBP. The meta-analysis found smaller reductions in BP 

in the hypertensive individuals than in nonhypertensive individuals, although there 

were only three trials with hypertensive individuals. Clearly, more well-designed 

trials are needed to determine the effects of resistance training on BP in individuals 

with hypertension.

The recommendation to include resistance training in regular physical activity 

routines for BP control is important, especially for older adults—the population 

subgroup that is most likely to have hypertension. Prior to the research on resis-

tance training and BP, it was thought that resistance training would result in left 

ventricular hypertrophy and hypertension. It is well known that there is a transient 

but substantial increase in BP during resistance training, and there was concern 

that this would result in chronic elevated resting BP. Results from studies indicate 

that this concern was unfounded, and the limited evidence available suggests that 

there is little effect on BP after an acute resistance exercise bout [3]. Given that 

aging results in muscle atrophy, which can lead to loss of physical function and 

disability, and resistance training can maintain muscular strength, the added ben-

efi t of resistance training, that is, modest decline in BP can doubly benefi t older 

adults [15].
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5.4  POTENTIAL MECHANISMS EXPLAINING HOW 
AEROBIC EXERCISE REDUCES BP

The mechanisms by which regular aerobic exercise reduces BP are not defi ni-

tive, but studies point to alterations in the sympathetic nervous system, the renin–

angiotensin system, changes in vascular responsiveness, and structural adaptations 

[16,17]. These potential mechanisms may work independently or in concert. 

Animal and human studies together provide the body of evidence linking physi-

ological and/or structural changes to lowering of BP after a period of physical 

activity training.

Two well-known physiological changes resulting from regular moderate to vig-

orous physical activity are reduction in vasomotor tone and decrease in activity of 

the sympathetic nervous system [16,17]. Given that activation of the sympathetic 

nervous system results in norepinephrine output and subsequent vasoconstric-

tion and increased vascular resistance, which results in increased BP, most of the 

scientifi c evidence indicates that the chronic effects of physical activity modulate 

this response. Most studies demonstrate that exercise training reduces activity of 

the sympathetic nervous system and norepinephrine release in individuals with 

hypertension [16]. The effect of exercise on sympathetic tone may be mediated 

through insulin’s effects on the sympathetic nervous system. Regular physical 

activity enhances uptake of glucose in muscles and improves insulin sensitiv-

ity [18], which may reduce activity of the sympathetic nervous system and thus 

reduce BP.

Endothelial dysfunction can also result in higher vascular resistance and 

increased BP [19]. Regular physical activity improves endothelial-dependent 

vasodilation through enhancement of nitric oxide release [20] and a number of 

other mechanisms [16,17]. This enhanced endothelial function may contribute to 

lower vascular resistance and reduce BP. Though the evidence is not consistent, 

it is also possible that effects on the renin–angiotensin system following exercise 

training will contribute to reduction in BP by affecting blood volume and vaso-

motor tone [16].

5.5 EFFECTS OF ACUTE PHYSICAL ACTIVITY ON BP

In addition to BP being infl uenced by regular physical activity, BP is also infl u-

enced by a single bout, or a session, of physical activity. After aerobic exercise, 

there is a reduction in resting BP. This phenomenon, fi rst identifi ed in the 1960s, is 

called postexercise hypotension, which occurs in nonhypertensive and hyperten-

sive individuals [3]. This phenomenon appears to result from aerobic [21], but not 

resistance exercise [22]; at least for older adults with hypertension, it may persist 

for almost 24 h after a bout of physical activity [21]. The reduction in SBP is about 

5 mmHg, as measured from ambulatory BP monitoring. While the actual FITT 

equation needed to produce this response is not known, the scientifi c evidence is 

suffi cient for the ACSM Position Stand to state that there is a known BP-reducing 

benefi t resulting from acute aerobic physical activity, especially for those with 

hypertension [3].
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5.6  INCREASING PHYSICAL ACTIVITY: THE 
NATIONAL PHYSICAL ACTIVITY PLAN

In response to the 2008 physical activity guidelines for all Americans [23], the U.S. 

Government launched the National Physical Activity Plan in 2010. Based on the 

current evidence, if more Americans were physically active, the prevalence of high 

BP would be reduced. From Dr. Geoffrey Rose’s population strategy for prevention, 

which states that a small reduction in risk in the entire population has greater societal 

benefi ts on morbidity and mortality compared with treating only a small number of 

individuals with a particular risk factor [24], it is clear that implementing a national 

physical activity plan can be of enormous benefi t. The National Physical Activity 

plan can be found in its entirety at http://www.physicalactivityplan.org.

The plan is designed to be implemented across eight societal sectors: business 

and industry; education; health care; mass media; parks, recreation, fi tness, and 

sports; public health; transportation, land use, and community design; and volun-

teer and nonprofi t sectors. There are also fi ve overarching strategies: (1) launch 

a grassroots advocacy effort to mobilize public support for the plan, (2) create a 

national physical activity education program, (3) disseminate best practice models 

of physical activity programs and policies, (4) create a national resource center to 

disseminate effective tools and strategies, and (5) establish a center for physical 

activity policy development and research that can be accessed across all the eight 

societal sectors.

The health care industry is identifi ed as an important sector for implementing 

the plan. Using the “prevention” strategy, rather than the “high-risk” strategy, all 

patients should be assessed and counseled by health care providers to increase their 

physical activity, regardless of their individual risk status. Additional strategies for 

the health care sector include classifying physical inactivity as a treatable and pre-

ventable condition that is diagnosable, and hence can be covered as a fee-for-service 

condition, and providing medical coverage for physical activity programs for indi-

viduals. There are unique strategies identifi ed for each of the societal sectors that can 

contribute to the plan.

There is no doubt that implementing a national physical activity plan that can 

change societal norms toward physical activity can have an impact on BP. One of 

the plan’s societal sectors, transportation/land use/community design, is associ-

ated with physical activity and obesity [25,26], which may also influence BP. A 

recent study conducted in Portland, OR, found that individuals living in highly 

walkable neighborhoods had a decline in BP over a 1-year period, whereas those 

in low walkabiltity neighborhoods had BP increases [27]. After controlling for 

potential confounders, results indicated that high neighborhood walkability and 

residents’ use of fast-food restaurants was associated with increased BP in low 

but not highly walkable neighborhoods. Evaluating the effects of community 

design and land-use patterns on the health status and health behaviors of resi-

dents is a complex undertaking, but data suggesting that the health status is 

improved when residents have access to walkable environments are beginning 

to emerge.
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5.7  HEALTH CARE PROFESSIONALS AND 
PHYSICAL ACTIVITY COUNSELING

Prevention and early intervention counseling by health care professionals is recog-

nized as an effective strategy to increase physical activity among patients at high 

risk for developing hypertension and among the general population (http://www.

physicalactivityplan.org). A 12-month, group-randomized trial involving counsel-

ing on physical activity given by the general practitioners of New Zealand to their 

patients resulted in increased physical activity among the patients compared with 

the patients who received usual health care advice [28]. There also was a reduction 

in SBP and DBP among those in the intervention group (SBP: −2.58, 95% CI: −4.02 

to −1.13; DBP: −2.62, 95% CI: −3.62 to −1.61). However, there was a modest decline 

in BP among the control group, and thus, data were insuffi cient to detect between-

group differences. Nonetheless, the results are encouraging and confi rm the power 

of the messages health care providers can deliver to their patients. The intervention 

consisted of brief, individualized counseling by either the patient’s primary care 

physician or a practice nurse using motivational interviewing techniques followed 

by telephone and mail support from individuals working at regional sports foun-

dations. When health care providers are equipped with counseling techniques and 

facilitated with additional supports, physical activity can be increased, leading to 

potential BP-lowering benefi ts.

Physician advice/counseling is considered such an important recommen-

dation that it is being monitored as part of the U.S. health surveillance system 

through both the National Health and Nutrition Examination (NHANES) and 

the Behavioral Risk Factor Surveillance System (BRFSS). Lopez et al., using 

NHANES data from 1999 to 2004, examined prevalence of counseling on lifestyle 

modifi cation reported by almost 3500 hypertensive adults [29]. They reported that 

79% of the participants received advice to exercise more and that 59% of the par-

ticipants reported adhering to that advice. These results are remarkably similar 

to that reported by the BRFSS in which 76% of hypertensive individuals reported 

ever receiving advice from a health care professional to exercise to improve BP 

[30]. The data from the BRFSS suggested that those who were overweight or 

obese were more likely to receive advice than those who were of normal weight. 

These estimates of prevalence are encouraging and are higher than what has been 

reported for patients without chronic conditions [31,32]. As primary prevention 

guidelines are disseminated and implemented by primary care physicians, advice 

and counseling by health care professionals can extend beyond adults with hyper-

tension to reach all of the population.

5.8 THE RISKS OF PHYSICAL ACTIVITY

The risk of musculoskeletal injuries from physical activity varies depending 

on the type and dose of the activity performed, personal characteristics of the 

individual, and environmental conditions. Noncontact activities (e.g., walking, 

swimming, playing tennis) have the lowest rates of injuries. A Finnish study 
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reported that dancing, swimming, playing golf, and walking or cycling for trans-

portation had the lowest report of injuries per 1000 hours of participation (<1 

injury per 1000 hours) [33]. In contrast, contact sports such as karate, soccer, and 

basketball had higher rates of injuries (6.7, 7.8, and 9.1 per 1000 hours of partici-

pation, respectively). The same study found that 3.6 injuries were reported per 

1000 hours of running. As running mileage increases, so does the risk of injury: 

Those who ran 40 miles per week were more than twice as likely to become 

injured compared with those who ran less than 10 miles per week [34]. It must be 

noted, however, that greater dose of physical activity is associated with greater 

health benefi ts.

The risk of developing injuries is increased from environmental factors. Proper-

fi tting protective gear such as bicycle helmets, knee pads, and elbow pads are essen-

tial to reduce injuries. Wearing bicycle helmets may reduce the risk of death from 

a crash by almost 75% [35]. Risks of heat and cold injuries from extreme inclement 

weather are rare and are reduced by wearing proper clothing and getting adequate 

hydration.

Of greatest clinical concern, there is an increased risk of adverse cardiovascu-

lar events during a bout of acute physical activity. This risk is most pronounced 

in high-intensity activity in which the cardiovascular system is taxed. Compared 

with sedentary activity, during vigorous activity, the relative risk is 2.4 (95% CI: 

1.4–4.2) for experiencing a subarachnoid hemorrhage [36] and 2.1 (95% CI: 1.1–

3.6) for myocardial infarction [37]. One study found that for a person who is usu-

ally sedentary, the relative risk of having an acute cardiac event while engaging 

in vigorous activity is 107 (95% CI: 67–171), whereas a peer who is regularly vig-

orously active had a relative risk of 2.4 for an acute event while being physically 

active (95% CI: 1.5–3.7) [38]. It is clear that the relative risks of having a cardiac 

event while exercising are dramatically lowered for persons with regular physical 

activity. The national recommendation for those with chronic conditions, and for 

all apparently healthy men of age 40 and above and women of age 50 and above, is 

to consult with a physician before starting a vigorous exercise program. Similarly, 

individuals with severe or uncontrolled hypertension should not start any physical 

activity program before being evaluated by a physician [3]. When resting BP is 

greater than 200 mmHg systolic or 115 mmHg diastolic, physical activity should 

be avoided [39].

Despite these precautions, the benefi ts of being regularly active outweigh the risks 

(http://www.physicalactivityplan.org). Those who are regularly active and/or highly 

fi t have lower risks of both musculoskeletal [40] and cardiac injury [37,38,41]. In 

addition, regular physical activity is recommended for individuals with uncontrolled 

hypertension [42,43]. For persons starting a physical activity program, most mus-

culoskeletal injuries can be minimized by slowly progressing the frequency, dura-

tion, and intensity of the activity until weekly volume goals are reached. Table 5.3 

displays a progression plan for a walking program that minimizes the risk of injury. 

The program provides a plan for reaching the U.S. guidelines of aerobic activity, that 

is, 2.5 h a week.
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5.9  INTERNATIONAL ISSUES REGARDING 
BP AND PHYSICAL ACTIVITY

The dual public health problem of elevated BP and physical inactivity is not unique to 

the United States. The World Health Organization estimated that 60% of all deaths in 

2005 were due to chronic diseases, of which 80% occurred in low- and middle-income 

countries [44]. A Disease Control Priorities Project report states that high BP is the rea-

son behind 9.3% of all deaths in high-income countries and 5.6% of deaths in low- and 

middle-income countries [45]. A surveillance program of chronic-disease risk factors 

in fi ve Asian countries (nine survey sites in Bangladesh, India, Indonesia, Thailand, 

and Vietnam) reported the prevalence of elevated BP ranging from 9.3% in Bangladesh 

to 27.7% in Thailand [46]. Prevalence of low physical activity was approximately 50% 

in four of the nine sites. Worldwide, physical inactivity is estimated to account for 

1.9 million deaths per year [47]. The World Health Organization recommendations 

include interventions to reduce the prevalence of physical inactivity as one of its major 

objectives in its 2008–2013 Action Plan for the Global Strategy for the Prevention and 

Control of Non-communicable Diseases [48]. The action plan includes a recommenda-

tion for all countries to establish a national physical activity plan, as the plan that has 

already been accomplished in Australia, France, Kuwait, Switzerland, Sweden, and 

the United States. Many other countries have physical activity policies and action plans 

that are not yet at the national level of implementation.

5.10 CONCLUSION

Key messages from this chapter are illustrated in Table 5.4. The benefi ts of regu-

lar physical activity are numerous and include reduction in the risk for developing 

hypertension, as well as modest lowering of both SBP and DBP. Moderate-intensity 

aerobic exercise, such as brisk walking for 30 min per day, on most days of the week 

is a physical activity that is suffi cient to lower BP. Compelling data exist to suggest 

TABLE 5.3
Example Walking Plan to Minimize Musculoskeletal Injuries

Week
Frequency 
(per week) Intensity Time (in minutes)

1 2 Comfortable pace (3 mph) 20

2 3 Comfortable pace (3 mph) 20

3 3 Comfortable pace (3 mph) 30

4 4 Brisk pace (3.5–4 mph) 20

5 4 Brisk pace (3.5–4 mph) 30

6 5 Brisk pace (3.5–4 mph) 30

Note: Generally, for a healthy 60-year-old woman who is currently sedentary with 

no walking for transportation or leisure, the goal is to meet the physical 

activity recommendations of walking 150 min/week.
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that resistance training also may contribute to lowering of BP; therefore, resistance 

training also should be included in a well-rounded physical activity program. In 

today’s society that is highly mechanized and replete with an abundance of attrac-

tive and entertaining sedentary leisure options, the challenge is to provide environ-

ments, policies, and programs that encourage greater physical activity. The National 

Physical Activity Plan provides a framework for comprehensive physical activity 

policies that integrate across all the U.S. societal sectors. Physicians and other health 

care professionals can play an important role in implementing the plan, which can 

help millions of Americans prevent or control hypertension.
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Section II

Implementation of Lifestyle 
Intervention for Blood 
Pressure Control

OVERVIEW 

Laura P. Svetkey

In order for effi cacious nutritional or lifestyle interventions to improve BP control, 

these behaviors must be adopted in the real world. In this book, we deliberately refer 

to “lifestyle change” rather than “going on a diet” or “starting an ex ercise program” 

to indicate that we are promoting sustained change in how one lives. It is diffi cult to 

change behavior, particularly when there are pressures against change. In the United 

States, and increasingly in the global society, the pressures against healthy dietary 

pattern, weight control, and physical activity are formidable. Nonetheless, there is 

ample evidence that sustained behavior change is achievable. Successful behavior 

change can be promoted by interventions that are grounded in behavioral theory, 

that use established behavior-change strategies, and that are provided at both the 

individual and the system levels.

Behavioral theory suggests that people change when they are ready and when 

they have the appropriate tools. Tools that promote behavior change go beyond infor-

mation. For example, many people understand that overweight is unhealthy and that 

reducing energy balance leads to weight loss. However, that knowledge is gener-

ally insuffi cient for achieving successful weight control. Behavioral tools include 
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concrete strategies for making change, such as goal setting, action planning, and 

relapse prevention. Motivation is the key, and it can be strengthened through tech-

niques of motivational interviewing. Chapter 6 introduces behavioral theory and 

practices and explains how motivational interviewing techniques apply this theory 

to successful lifestyle change.

Behavioral interventions make use of behavioral theory and behavior-change 

tools in various ways, but most involve strategies to increase awareness and under-

standing, helping people adopt behavior-change tools and enhancing motivation, 

social support, monitoring of progress, and feedback. These strategies can be 

applied to improve lifestyles for BP control at the individual level (i.e., behavioral 

intervention directed at hypertensive or prehypertensive patients) or at the system 

level (i.e., behavioral intervention directed at a health system or a health care team 

that is providing treatment for hypertension). Chapter 7 reviews evidence concern-

ing strategies for implementing behavior change for BP control at the individual 

level, and Chapter 8 provides evidence concerning implementation at the provider 

level.

Thus, in this section, we review the evidence and make recommendations related 

to promoting successful lifestyle change to improve BP control using behavioral 

theory and practice, applied at both the individual and the health-provider levels.
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6.1 INTRODUCTION

Lifestyle changes are keys to managing chronic health conditions such as hyper-

tension. These changes often include modifying dietary intake, increasing physical 

activity, controlling or losing weight, and adhering to prescribed medications. All 

of these changes require daily motivation and self-monitoring to be successful. In 

the absence of symptoms, many patients with conditions such as hypertension drift 

back to old habits, and nonadherence is a major factor inhibiting optimal disease 

management [1]. As health professionals, we may fi nd nonadherence to be extremely 

frustrating as we may feel that our expert health advice is having little or no effect 

on patients’ behavior.

Motivating people to adopt healthier patterns requires an understanding of 

human behavior and how people actually change. Effective health communication 

6
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can facilitate behavior change, particularly by providing powerful, positive messages 

that speak to the interests, desires, and concerns of community members. Programs 

and messages that are based on an understanding of health behavior and that use 

effective communication strategies have a much greater traction in producing posi-

tive change. However, ultimately, it is the patient’s choice as to whether he or she 

will initiate or maintain recommended changes. Free choice and self-motivation are 

key elements of human behavior. Strategies that encourage patients to realize and 

express their own motivations and commitments to change will be more effective 

than those that persuade or scare people into changing.

One promising strategy that can address patient motivation and treatment effi cacy 

is motivational interviewing (MI). Originally developed for treating substance abuse 

[2], MI’s success in changing seemingly intractable behaviors in this arena fostered 

its expansion to many other health-related fi elds, including health behavior, thera-

peutic adherence, and mental health [3–5]. The evidence for the effi cacy of MI in 

these fi elds continues to build from many clinical trials, other research efforts, and 

practice-based studies [3–4].

This chapter reviews the evidence on the application of MI to the management 

of chronic diseases such as hypertension and diabetes, which require adherence to 

medication and behavior regimens. The chapter also discusses the theoretical under-

pinnings of MI techniques in infl uencing behaviors, provides concrete steps for 

practitioners to incorporate MI skills in their encounters with patients, and outlines 

specifi c recommendations for using MI with hypertensive patients.

6.2 WHAT IS MI?

MI is a collaborative, person-centered form of guiding to elicit and strengthen moti-

vation for change [6]. It was developed in the early 1980s; its brief and effective 

method can be learned and used by a wide variety of health professionals to help 

patients tackle complex health issues and concerns [2]. The traditional approach to 

behavior change, often practiced in health care settings, involves providers deliver-

ing brief advice and giving explicit recommendations to patients [7]. MI, on the 

other hand, operates from the viewpoint that the patient has a central role in deter-

mining his or her own behavior change and has freedom of choice in his or her 

treatment. The clinician collaborates with the patient to determine which behavior 

change approach would be most suitable. Thus, orientation of MI is interpersonal, 

egalitarian, and empathic. It is a client-centered “way of being” that manifests 

through specifi c techniques and strategies, such as refl ective listening and agenda 

setting. MI helps individuals to work through their ambivalence about behavior 

change, surmount their own barriers, and explore potential untapped sources of 

motivation [2]. In MI, the patient is expected to do much of the psychological work, 

although the counselor facilitates and guides the process. Counselors establish a 

safe, nonconfrontational, and supportive climate, where clients feel comfortable 

expressing both positive and negative aspects of their current behavior, as well as 

the pros and cons for change. To achieve these ends, MI counselors rely heavily on 

refl ective listening and positive affi rmations rather than on persuasion or advice 

giving.
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Two major components of MI are (1) the underlying spirit and style of the 

 interaction between the provider and the patient and (2) technical focus on stra-

tegically infl uencing the patient’s talk in the direction of change. Miller and Rose 

[8] hypothesize that both these elements—the relational (MI spirit) and the tech-

nical (infl uencing change talk)—determine MI’s effi cacy. Evidence indicates that 

both the components contribute to the method’s effectiveness and that they operate 

 synergistically [8].

The spirit of MI has clearly evolved from the client-centered approach of Carl 

Rogers [9]. It draws heavily on the role of empathy and acceptance. In addition, 

MI focuses on actively collaborating with the patient on the agenda, goals, plans, 

and actions to be taken. MI attempts to elicit or evoke from the patient his or her 

ideas, values, strengths, knowledge, suggestions, concerns, reasons for change, and 

commitment. Lastly, the deep valuing of the patient’s autonomy, decision-making 

capacity, and responsibility for his or her choices is central to MI’s spirit. Miller and 

Rose [8] state that the MI spirit as exhibited by the counselor has a direct relation-

ship to patient outcomes. Findings from several studies support the hypothesis that 

the therapeutic conditions created by the counselor promote positive change [10–14].

The second component of MI that contributes to its effi cacy is its technical focus, 

which, Miller and Rose [8] state, serves to increase the patient’s change talk during 

the counseling session and decrease talk in favor of continuing the negative behav-

ior/resistance against change. This improved change talk predicts patient behavior. 

The strategic focus on patient speech involves how the conversation is structured, 

what the provider asks for and responds to, the strategies that are employed, and how 

the provider guides the patient in the direction of change. Several studies [15–17] 

have shown that the counselor’s use of MI’s consistent style elicits change talk and 

reduces resistance. Further evidence suggests that change talk predicts behavior 

change [18–22]. Using MI techniques, the provider elicits patients’ statements about 

their desire, ability, reasons, and need for change. As commitment language is drawn 

out, behavior change is more likely. Both relational and technical components are 

important to the provider’s delivery of effective MI and the subsequent changes in 

patient behavior.

6.3 MI AS A STRATEGY FOR AIDING IN BEHAVIOR CHANGE

Consolidated evidence supports the effectiveness of MI for addressing many health 

behaviors including diet [5,23], physical activity [24,25], weight loss [26], and condi-

tions requiring adherence [27–30], such as hypertension and diabetes.

Unhealthy dietary intake and a sedentary lifestyle are risky behaviors that often 

lead to diseases or health conditions such as diabetes, high blood pressure, obe-

sity, heart disease, and some cancers. When addressing diet and physical activity 

behaviors, the intent is generally to modify, rather than eliminate, and to reshape, 

rather than abstain, untoward behaviors [31]. The goal is often tangible, such as eat-

ing the recommended daily servings of fruits and vegetables, reducing fat intake, 

and engaging in physical activity for a specifi ed number of days/minutes per week. 

Changes to improve physical activity and dietary behaviors may be viewed as prob-

lematic for individuals in two realms. First, engaging in physical activity and having 
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a healthy diet for chronic disease prevention often require long-term changes that 

may be viewed as burdensome and thus increase individuals’ ambivalence about 

making healthy changes [5]. Second, modifying one’s diet or physical activity may 

require giving up or reducing favorite foods or sedentary behaviors, which may be 

perceived as an unpleasant sacrifi ce.

MI can serve as a way to help individuals work through their ambivalence by 

reframing the need for change in positive terms (what is to be gained vs. what is to be 

lost), coming to terms about the chronic nature of changes required, and identifying 

ways to reduce perceptions of change as burdensome [5].

Several reviews and meta-analyses examine the evidence for using MI to change 

diet and physical activity behaviors. Dunn et al. [32] reviewed 29 studies that deliv-

ered MI face-to-face and involved MI monitoring, random assignment, inclusion of 

a control group, and measurement of behavioral and health outcomes in the areas of 

substance abuse, smoking, HIV risk behaviors, and diet and exercise. They reported 

that diet and physical activity interventions demonstrated the most signifi cant effects, 

whereas the most modest effects were found for smoking.

VanWormer et al. [33] conducted a meta-analysis (four studies) on the effective-

ness of MI in diet modifi cation. Signifi cant effects were found in three of the four 

studies. The review pointed out that MI can be effective even in small doses. It 

also encouraged more frequent contacts between providers and patients as a way to 

enhance behavior change.

Rubak et al. [34] conducted a meta-analysis to examine the effectiveness of MI 

across 72 randomized controlled trials. In 74% of the 72 studies reviewed, there was 

demonstrated effectiveness for using MI. The analysis included 13 studies target-

ing physiological problems such as weight loss, decreasing blood lipids, increasing 

physical activity, and managing diabetes and asthma. In 77% of these studies, an 

effect was reported. In addition, MI outperforms some of the traditional approaches 

such as giving advice, is effective in brief doses, and may be conducted by a variety 

of practitioners.

Martins and McNeil [4] discuss 24 published studies that used MI intervention 

to modify diet and/or physical activity. Overall, the studies showed support for MI’s 

effectiveness in diet and physical activity behaviors both as a single strategy and 

in combination with other interventions. Patients receiving the MI intervention 

reported increased self-effi cacy related to diet and exercise, reduced caloric intake, 

and increased consumption of fruits and vegetables. Additionally, patients who 

received MI showed decreases in BMI.

In a recent review and meta-analysis of the effectiveness of MI in weight-loss 

interventions, Armstrong et al. [26] identifi ed 12 studies that met the strict inclusion 

criteria. Compared with controls, the MI group was associated with a greater loss of 

weight and reduction in BMI. The authors report that increased effect size was found 

if weight loss was the primary goal, when the MI was an adjunct to a behavioral 

weight-loss program, if the duration of treatment was longer than 6 months and if a 

good treatment fi delity measure was used to ensure quality.

Patients who have chronic diseases such as diabetes and hypertension are 

expected to manage such conditions by adhering to particular diets, incorporat-

ing exercise into their routines, taking medications as prescribed, and undertaking 

© 2012 by Taylor & Francis Group, LLC



103Motivational Interviewing in Hypertension Management

other self-care regimens. A departure from any of the prescribed regimens may lead 

to poor patient-health outcomes. For example, poor medication adherence can be 

a costly and troublesome issue for health providers and a serious health risk for 

patients. Forgetfulness is often cited as a major reason for poor adherence. Remedies 

to counteract forgetfulness (e.g., pillboxes, timers, beepers, and similar strategies) 

may still fail when there are underlying reasons that relate to side effects of the 

medication, ambivalence about the disease or treatment, and fear of or harm from 

the treatment. On the one hand, individuals may recognize the benefi ts of taking 

medication, but on the other hand, they may want to avoid side effects and associated 

inconveniences or to deny their illness. MI may be effective for those whose adher-

ence is related to ambivalence about the value or utility of taking their medications 

or for those who have not come to terms with the implications of their condition.

Evidence suggests that MI-based treatment is indeed promising for diabetes and 

hypertension control. Woollard et al. [35] reported signifi cant decreases in both 

weight and blood pressure of hypertensive patients receiving the high (6 in-person 

appointments) intervention treatment compared with those in the low (1 in-person 

appointment and 5 telephone appointments) intervention and control arms. Similarly, 

others have shown that MI counseling have led to maintenance of medication adher-

ence [28,36], lowering of blood pressure [28], improved glycemic control [37], 

improved knowledge of diabetes, beliefs about treatment, motivation for behavior 

change [38], and short-term weight loss [39,40].

6.4 THEORY AND BEHAVIOR CHANGE

A number of social psychological theories address key constructs in promoting 

effective behavior change. MI is a counseling technique that draws from multiple 

theoretical and practical sources in order to create a patient-centered, empathic style 

of communication. MI encourages individuals to voice their concerns and motiva-

tions; to consider issues such as values, barriers, and competing demands; and to 

ultimately come up with their own reasons and commitments for changing behav-

ior. This type of communication style has proven effective for promoting behavioral 

adherence [5,23–25] in several areas such as substance abuse, obesity prevention and 

treatment, dietary change, and chronic disease management.

What is a theory anyway? A theory is a set of interrelated concepts, defi nitions, 

and propositions that presents a systemic view of events or situations in order to 

explain and predict future events or situations. Behavioral theories attempt to explain 

behavior and suggest ways to achieve desired changes. In other words, theories should 

help us to understand why people behave the way they do now, and by knowing this, 

we should be able to predict whether they are likely to change. It is particularly 

important that theories are generalizable; that is, they are broadly applicable across 

populations and certain kinds of health behaviors. Some theories can help explain 

the dynamics of the behavior, the internal processes people often use to facilitate 

changing the behavior, and the effects of external infl uences on the behavior, such as 

social and environmental determinants.

As noted above, Miller and Rose [8] hypothesize the underlying processes of MI 

that are said to infl uence and predict behavior change. However, other theories are 
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also relevant to MI. The following section provides an overview of some of the theo-

ries and constructs that underpin key elements of MI as it may apply to behavioral 

adherence to lifestyle change.

Health Belief model [41]: What makes people decide to engage in a healthy behav-

ior change? Knowledge is necessary, but not suffi cient, for helping people to follow 

guidelines for medication adherence. People must have the motivation to change. If 

they believe that they are at increased risk for a particular health problem, that life-

style change will decrease their risk, and that the benefi ts of changing outweigh the 

costs or barriers, then this theory posits that people are more likely to change. The 

Health Belief model examines many of these issues and provides some important 

concepts for conveying health information effectively [41]. Through specifi c tech-

niques and strategies, MI allows health care providers to engage in conversations in 

which information regarding knowledge, individual perception of risk, and benefi ts 

and barriers to engaging in a particular behavior can be elicited and discussed.

Perceived susceptibility to a health problem and perceived severity or serious-

ness of the condition and its consequences combine to form the perception of threat. 
Effective health communications should assess the patient’s current perceptions 

about these factors and present feedback or information to help the patient compare 

their perception with actual risk along with a strategy to reduce the sense of threat 

by taking the recommended action. Too high a level of perceived threat, induced 

by fear messages or “over the top” kinds of communications, can actually backfi re 

and result in inaction and fatalism [42]. In addition to considering risk and severity, 

individuals weigh the perceived benefi ts of the advised action (what will I gain?) 

against the barriers and costs of change (what makes it hard and/or what will I lose?) 

before deciding to act. Barriers can be very important inhibitors of behavior change. 

Examples of barriers to healthy eating behavior include the perceived fi nancial cost 

of purchasing healthier foods, taste preferences for high-sodium or high-fat choices, 

and lack of support from family members or friends to eat healthy foods. It is impor-

tant to try to elicit the relevant barriers and the importance of those barriers for each 

individual, rather than to make assumptions or try to advise people about how to 

remove them. Often, people express barriers but can also come up with their own 

solutions to overcoming those barriers. MI provides some ways to help facilitate this 

process based on the realization that when people come up with their own solutions, 

they are more likely to follow through with the change compared with that when a 

professional tries to solve the problems for them. People often (rightly) feel that pro-

fessionals cannot know what it is like to walk in their shoes and that their lives are so 

different that a professional’s advice may be discounted or even resented. Unwanted 

or personally irrelevant advice typically leads to greater resistance to change, which 

is not the desired outcome of counseling.

Self-effi cacy (confi dence) regarding one’s ability to perform the behavior is some-

times considered part of the Health Belief model. Self-effi cacy is defi ned as an indi-

vidual’s degree of confi dence in his or her ability to perform a specifi c behavior. 

Self-effi cacy is not the same thing as self-confi dence, which is more of a global sense 

of effi cacy, whereas behavioral self-effi cacy is specifi c to the behavior of interest. So, 

for example, one might be very confi dent in one’s ability to take medication daily but 

© 2012 by Taylor & Francis Group, LLC



105Motivational Interviewing in Hypertension Management

not very confi dent about one’s ability to be physically active fi ve or more days per 

week for 30 min at a time. Self-effi cacy includes degree of confi dence, strength of 

persistence in the face of obstacles, and commitment to continuing the behavior in 

different situations and over time.

Behavioral and cognitive strategies to increase self-effi cacy include setting small 

goals at fi rst and gradually increasing the challenge, modeling behavior changes, 

offering opportunities to practice the behavior, giving constructive feedback, and 

encouraging positive “self-talk.” In individual-level interventions, self-help and com-

puter-interactive strategies can be designed to increase self-effi cacy by allowing indi-

viduals to select goals, obtain feedback on their progress, and learn concrete skills 

that are needed to succeed with the behavior change. MI practitioners use importance 

and confi dence rulers as tools to gauge a client’s level of confi dence for making a 

behavior change. However, taking the fi rst steps toward a change in behavior depends 

on a combination of both importance and confi dence. Thus, practitioners ask clients 

to rate both importance of making the change and their confi dence that they could 

follow through with particular plans for achieving their goals. Importance means not 

only how important it is to a person to make a particular change but also the personal 

benefi ts they see to making this change. Often, people understand the benefi ts of 

making a particular change, but they may have other pressing needs or priorities in 

their lives. Confi dence means how confi dent or sure a person is about his or her abil-

ity to do something different in life. Confi dence is a key factor in making changes. A 

person may understand that a change is important but may not have the confi dence to 

proceed. People sometimes feel less confi dent because they had tried to make a simi-

lar change before and had been less than successful or there were barriers, such as not 

knowing what to do fi rst or how to fi t this change into their already overloaded life.

MI practitioners fi rst ask clients to rate the importance of the change, and then 

using the same scale, they ask about confi dence. For example, “How confi dent are 
you that you could monitor your blood pressure daily if you decided to? On a scale 
of 0 to 10, with 0 being not confi dent at all, and 10 being very confi dent, where 
would you place yourself?” Then the practitioner asks, “Why did you choose __, 
and not a lower number like 1 or 2?” Clients’ answers to this question tell what 

helps them to feel confi dent. Finally, the practitioners ask, “What would it take to 
move your number a little higher?” The answers tell you what would increase their 

confi dence.

Stages of change [43]: Changing lifestyle behaviors to control conditions such as 

hypertension is more or less diffi cult depending on where the person is in the deci-

sion process to attempt a specifi c change at a given time. For example, even though 

someone may be aware that eating high-sodium foods can contribute to elevated 

blood pressure levels, he or she may not be ready or willing to switch to low-sodium 

alternatives. This may be true for many reasons. It may be that because of compet-

ing demands and the need to set priorities, the person has decided (perhaps reason-

ably) that other health actions, such as quitting smoking, are more important. The 

person may have ingrained habits, possibly since childhood or culturally based, 

that he or she does not believe are changeable, such as traditions of eating salted or 

cured meats on certain occasions or having a “taste” for salty snacks. Perhaps, the 

individual is ready to change but lacks knowledge or skills to behave differently. 
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The Stages-of-Change transtheoretical model was developed by Prochaska and 

DiClemente in the context of smoking cessation behavior; it has its roots in ear-

lier stage models of health behavior [43]. The model’s central assumption is that 

behavior change is a dynamic process involving several cognitively distinct stages. 

According to the stages-of-change approach, people can be categorized according 

to their readiness to change. The stages constitute a cycle rather than a linear pro-

gression, and people can enter or exit at any point. For example, individuals may 

progress to action but then relapse and go through some of the stages several times 

before succeeding in maintenance. The stages include precontemplation (unaware, 

not interested in change), contemplation (thinking about changing, usually within 

6 months), preparation (ready to change soon, e.g., in the next 30 days), action (cur-

rently trying to change), and maintenance (maintaining the new, healthier habits for 

at least 6 months). Some model iterations include the stages of relapse (returning 

to the old behavior) and termination (new behavior is so established that relapse is 

not an issue).

MI as a client-centered, directive approach used as a means for enhancing a 

patient’s intrinsic motivation to change is a natural complement with the transtheo-

retical model. MI seeks to explore motivation required to move a patient through the 

different stages of change. MI is a useful application at any time regardless of the 

stages. However, MI is thought to be especially applicable to individuals who are 

in the precontemplation and contemplation stages [44]. Individuals in the precon-

templation stage may not want specifi c action techniques when they are not ready 

or thinking about change. Similarly, those who are contemplating change but have 

not yet decided to change are more resistant to traditional approaches that force 

change when they are not ready. The guiding principles of MI encourage counselors 

to express empathy and to accept (i.e., “roll with”) resistance to allow the patient to 

determine the best course of action.

The literature on health education indicates that “one-size-fi ts-all” programs may 

fail to motivate large segments of the population who are at different stages of readi-

ness [45]. By applying this idea to the issue of hypertension management, interven-

tions can be tailored to the needs and concerns of individuals at each stage of the 

change process. MI uses the stages as one element of assessing clients’ motivational 

readiness, realizing that people must feel ready, as well as willing and able, if they 

are going to seriously address the health issue and modify behavioral choices.

Self-determination theory [46]: Another theory that merits discussion in the con-

text of MI is self-determination theory (SDT) [46]. SDT focuses on human motivation 

and as such is informative particularly for interventions where enhancing motivation 

is the key. SDT bases its assumptions on three main human values that underlie 

behavior: desire for autonomy, competence, and relatedness. SDT interventions often 

assess the roles of two kinds of motivation in determining behavior change: intrin-
sic or motivation coming from within the individual to perform a behavior “for its 

own sake” and extrinsic or motivation applied from external sources to perform the 

behavior “for the sake of others.” Examples of intrinsic motivation include desire 

for more control over one’s health, wanting to feel better about oneself, and want-

ing to be a good role model. Examples of extrinsic motivation include exhortations 

from family members to change behavior, feeling guilty or ashamed about what 
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others think, and feeling pressured by the health provider to change. In general, 

extrinsic motivation may change behavior in the short term, but this change tends 

to be less lasting compared with the behavior change coming from intrinsic motiva-

tion. Therefore, interventions tend to focus on building intrinsic motivation through 

actions such as self-assessment, refl ection, exercising volitional control over change, 

and helping people commit to changes they want to make for themselves. These 

types of strategies are core elements of MI counseling.

6.5 PRACTICAL APPLICATION

Our premise in promoting provider–patient interactions grounded in MI is that any 

amount of time that is available for the conversation can be used to strengthen the 

patient’s motivation to change. In current medical practice, prolonged counseling by 

the primary provider is generally not feasible, and trained counseling staff are often 

not available. In this section, we provide guidelines for MI counseling under optimal 

circumstances, recognizing that these techniques can be useful to whatever extent it 

is feasible to provide them [34].

In Motivational Interviewing in Health Care: Helping Patients Change Behavior, 
Rollnick and colleagues [7] identify three core skills used in these conversations: 

asking, listening, and informing. MI involves specifi c and strategic use of these 

skills to guide the conversation toward the negotiated behavioral goal (e.g., increas-

ing exercise, taking medication regularly, and adopting the DASH diet) and to shape 

the conversation in a way that the patient “talks himself or herself into change.” 

Table 6.1 provides detail and examples of these skills. In general, the provider should 

move away from reliance on closed-ended questions (“How many pounds do you 

want to lose?”) to the use of open-ended questions (“What concerns have you had 

about your weight?”) that prompt the patient to talk more. The provider then uses 

listening skills such as refl ecting and then summarizing what the patient has said in 

order to reinforce the patient’s reasons to change and to convey empathy and under-

standing. Lastly, the act of informing the patient, a routine act in any medical care 

encounter, is done in a way that promotes the patient’s sense of choice and autonomy, 

minimizes the chance of resistance, and encourages the patient to actively engage 

the information.

The strategic use of the skills discussed in Table 6.1 can increase the likelihood 

of change even if delivered in small, short doses. Miller and Rose [8] hypothesize 

that the behavior change is mediated through “change talk” or the patient’s voicing 

the arguments and reasons for change. The technical components of MI are used 

to facilitate an increase in “change talk.” In the dialogue below (Table 6.2), you 

will see that the providers do this by choosing carefully what questions they ask 

and what they respond to. Both theory and research suggest that the patient arguing 

against change or expressing “resistance” to change is associated with a decreased 

likelihood of behavior change [47]. So the MI provider also uses the skills to avoid 

arguing with the patient, to roll with the resistance rather than confront it, and to 

minimally respond to (not completely ignore) the patient’s reasons to keep the status 
quo. This guides the conversation toward the behavior change in a collaborative and 

patient-centered manner, drawing on the patient’s motivation.
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TABLE 6.1
Core Motivational Interviewing Skills, Examples, and Goals of the Encounter

Key Provider Skills Example MI Responses

Goals of Encounters: What 
You Want the Patient to Do in 

the Conversation

Ask open-ended questions 

that encourage the patient to

• Think broadly and deeply 

about their situation

• Tell their story

• Elaborate on their own 

hopes, goals, desires, and 

motivation

• Stay focused in the 

current effort to change, 

not simply reporting the 

past

• Develop their own plan 

for change and process 

for monitoring

• State their intention to 

change explicitly

• What are your reasons for 

wanting to keep your blood 

pressure in the normal range?

• What concerns do you have 

about your health?

• Where would you like to be 

with your health in the next 

year?

• What are some of the specifi c 

benefi ts you are experiencing 

(or hope to experience) from 

exercising more or following 

a healthy eating pattern?

• To be successful, how would 

you go about making this 

change?

• What is your fi rst step?

• What are you going to do?

• Elaborate on their own 

personal reasons to get or 

stay healthy/change their 

lifestyle/develop positive 

habits

• Connect the current change 

to their overall goals and 

hopes

• Articulate their strengths 

and confi dence

• Develop a plan that will be 

their own and is likely to 

succeed

• State their intention to 

change

Listen to the patient and 
refl ect:
• Respond in an empathic, 

nonjudgmental, and 

supportive manner

• Refl ect back to the patient 

what you hear and 

understand

• Refl ective responses can 

(1) validate their struggle, 

emotions, and concerns; 

(2) affi rm their strengths, 

hope, and goals; and 

(3) reinforce their 

reasons, plans, and 

intentions for change

• You have been having a hard 

time juggling a lot of personal 

responsibilities and having to 

deal with managing your high 

blood pressure makes your 

life seem more complicated

• On the one hand, taking care 

of your health feels 

overwhelming at times, and on 

the other hand, it is important 

to you to fi nd a way to manage 

your blood pressure

• You have already made 

changes to your diet and you 

feel ready to think about other 

ways to help you manage your 

weight

• It is important to you to get 

your blood pressure under 

control so that you can (refl ect 

the patient’s reason) and you 

plan to ( refl ect the patient’s 

plan)

• Experience being heard and 

understood by the provider

• Utilize the created safe 

environment to explore the 

change

• See themselves from 

another perspective

• Tap into their inner 

motivation for health
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Working with motivation requires a shift in thinking and focus from just providing 

information or advice to actively eliciting the patient’s knowledge, ability, strengths, 

and internal motivation. This shift changes the overall dynamics in the conversation 

such that it is more collaborative, bidirectional, and engaging. This may be a very 

different way of interacting with patients than the provider was trained to do, and the 

ability to shift takes effort and practice. With practice, the shift can be incorporated 

into routine visits, preventive care, educational visits, or even urgent care.

The dialogue in Tables 6.2 and 6.3 provides a glimpse into the use of MI skills 

and strategies in a provider–patient conversation about blood pressure. The intention 

TABLE 6.1 (continued)
Core Motivational Interviewing Skills, Examples, and Goals of the Encounter

Key Provider Skills  Example MI Responses

Goals of Encounters: What 
You Want the Patient to Do in 

the Conversation

Provide information/

suggestions/ advice to the 

patient:

• Ask permission to share 

your opinion

• Offer information in a 

neutral tone; avoid using 

words like “you should” 

or “you must”

• Prioritize the information 

and give only the most 

important

• Avoid telling the patient 

what they already know

• Ask the patient about 

their thoughts on the 

information/suggestion/

advice

• Affi rm the patient’s 

choice to act or not to act 

on that information

• Would you mind if I share my 

thoughts about some things 

that might be appropriate in 

this case?

• Can I tell you what some 

other patients have found 

helpful to them?

• As your provider, I think the 

most important thing in terms 

of managing your blood 

pressure is to fi nd a way for you 

to take the medication regularly. 

What do think about that?

• What do you already know 

about how to keep your blood 

pressure in the normal range?

• It seems like you have a pretty 

good handle on knowing 

when and how to check your 

blood pressure but you are 

unsure of the side effect of the 

medications. Would you like 

some information about that?

• We have discussed three 

different options to help you 

manage your weight. What do 

you think might work for 

you?

• It is really up to you what you 

choose to start with. You are 

the only one who can know 

what will work in your life.

• Not respond with resistance 

that is normal when being 

told what to do

• Willingly hear the 

information

• Actively process or “chew” 

on the information

• Ask for more details, 

specifi cs, follow-up

• Determine the relevance of 

the information to their own 

life

• Begin the process of 

choosing to act on the 

information
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TABLE 6.2
A Dialogue about Blood Pressure: Motivational Interviewing in Action

MI Techniques and Theoretical 
Constructs Addressed

Provider: We briefl y discussed the fact that your 

blood pressure seems to be going up a little 

each time you come back for a check up. You 

seem concerned about that. What concerns 
you?

Ask an open-ended question to encourage the 

patient to express change talk (their concerns 

about their condition, risk factors, health in 

general).

Patient: Well, both my grandmas died of a stroke. 

It was awful. I know they struggled with high 

blood pressure. It scares me.

This is an example of patient change talk and also 

perceived susceptibility, one good reason to keep 

blood pressure in control.

Provider: You saw what they went through and 
you would like to avoid having a stroke if 
possible. What else concerns you?

Refl ect the change talk and acknowledge the 

patient’s concerns by refl ecting the underlying 

meaning.

Ask for more information and seek elaboration.

Patient: I really don’t want to have to take 

medication. Do you think I will have to?

This is change talk and another reason to control 

blood pressure. It is also an indication of the 

patient’s ambivalence about medication, a 

possible barrier to treatment.

Provider: You’d like to keep your blood pressure 
in the normal range without medication. There 

are a lot of other strategies that can be explored. 

Many people are able to keep their blood 

pressure at normal levels without medication. 

What have you heard about what you can do 
to keep it down?

Refl ect the change talk. You do not have to 

immediately answer the question; you can refl ect 

the meaning of the question.

Avoid resistance; provide information in a 

neutral manner without telling them what they 

should do.

Ask the patient what they already know about 

changing the condition or risk factor.

Patient: I know that salt was banned from the 

house when my grandma had her fi rst stroke. 

Everyone pitched a fi t. I’ve also heard that 

losing weight can help. I’ve been working on 

that for years and as you can see, I haven’t had 

much success in the long run.

The patient has fi rst-hand knowledge about blood 

pressure. Voicing that knowledge serves to 

enhance self-effi cacy and be a cue to action.

Provider: It is important to you to do what you 
can to stay healthy. And you are right, both the 

reduction (not necessarily banning altogether) of 

salt and weight loss are common strategies that 

can be effective at keeping the blood pressure in 

a good range. In addition, certain other dietary 

changes such as increasing fruits and vegetables 

or low-fat dairy products can be helpful. And, of 

course, adding in more physical activity on a 

regular basis helps not only to lower your blood 

pressure but also to lower other risk factors of 

heart disease. What do you think about those 
things?

Refl ect the underlying value in a positive way.

You do not have to respond immediately to the 

sense of failure.

Validate the patient’s knowledge.

Provide information that adds to their knowledge 

and avoid educating them about what they 

already know.

Ask for their thoughts about these and encourage 

them to actively process the new information.
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TABLE 6.2 (continued)
A Dialogue about Blood Pressure: Motivational Interviewing in Action

MI Techniques and Theoretical 
Constructs Addressed

Patient: It is funny. I just joined an exercise class 

with a friend. I love it. I never minded exercising 

but always found it diffi cult to fi t in to my life 

with everything else I had to do. This class is 

something new for me and I love doing it with 

my friend. I think we can keep it up. Maybe it 

will help with my blood pressure too.

This is patient change talk about physical activity 

and blood pressure. She is expressing the benefi ts 

of exercise. The statement also provides evidence 

of the patient’s deeper values and self-effi cacy for 

exercise.

Provider: That is great. For you, the class ties into 
at least two things you really value; your health 
and your friendship. Doing that regularly should 

help with the blood pressure. I also wanted to 

say that your decision several years ago to quit 

smoking was very signifi cant. You might well be 

on medication already if you hadn’t done that. I 
know it was tough but you did it. You stuck with 
it. You might be able to use some of what you 

learned in that effort to help you make any 

changes now that you would like to make. How 
do you think your success with quitting 
smoking might help you now?

Refl ect and affi rm the patient’s efforts, both past 

and present, highlighting strengths such as 

perseverance, personal decisions to change, and 

the possibilities to learn from those efforts.

Ask about the patient’s successful efforts in the 

past and link them with the current change effort. 

This builds confi dence and self-effi cacy.

Patient: I’d almost forgotten about that! It was 

hard but I kept thinking about my kids. I could 

see the disappointment in their faces every time 

I lit up. I couldn’t stand it. I had to show myself 

that I could be in charge and not let the nicotine 

be in charge. I do feel a little bit like that with 

the exercise. My kids are grown now and they 

are active and healthy. I want to keep up. I want 

to be a hip grandma when the time comes. My 

poor grandma never really got to enjoy having 

grandchildren. It was sad. I really want to stay 

healthy.

The patient refl ects on the past effort and her 

motivation at the time. She then brings it into the 

current effort to keep exercising. She gives four 

more reasons to change. She also takes what 

sounds like extrinsic motivation and internalizes it.

Provider: You want to be in charge of your life 
because your family is important to you. You 
want to be an active part of their lives for a long 
time.

Refl ect the important personal values that underlie 

the desire to stay healthy.

Patient: Yep, nothing is more important to me 

than my family. Hey, I have a friend whose 

doctor told her to drink a glass of red wine 

everyday with dinner for her heart. What do you 

think about that?

(continued)
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TABLE 6.2 (continued)
A Dialogue about Blood Pressure: Motivational Interviewing in Action

MI Techniques and Theoretical 
Constructs Addressed

Provider: I’m glad that you brought up the 

alcohol. There is a lot of confl icting information 

out there about how alcohol affects your heart 

and your blood pressure. For people who don’t 

have other problems with alcohol, drinking a 

glass a day can be benefi cial for one’s health. It 

is important to remember that a glass of wine is 

5 ounces. If a person increases the amount, the 

benefi ts begin to go away and the risks increase. 

Higher levels of drinking are associated with 

elevated blood pressure. So, a little is good for 

your heart, but more is not. How do you see 
your alcohol use fi tting in with this?

Affi rm the patient’s engagement and questions.

Provide information in a way that the patient can 

easily understand and respond to.

Patient: Well, I have never been a big drinker. 

Except maybe in college. But I have started to 

enjoy a glass of good wine once in a while. I 

don’t let myself have too much because of the 

calories. I’d rather have the dessert than the 

second glass of wine. I have always been 

concerned about calories. Lot of good it did me.

The patient once again brings up the issue of 

unsuccessful weight loss efforts.

Provider: On the one hand, it sounds like you feel 
a bit hopeless about the weight and on the other 
hand, you are determined to keep trying to fi nd a 
way to stay healthy.

Refl ect on the patient’s feelings about their 

situation.

Patient: Well I do keep trying, that’s for sure. I 

have spent so much money, so much time, and 

so much energy on trying to lose these 30 

pounds. I have lost it a few times and then back 

it comes. I’ve tried lots of diets; they all work 

for a while, then life takes over.

These are all reasons to maintain the status quo or 

not to change (sustain talk). It provides evidence 

for a lack of self-effi cacy to lose weight and 

potential barriers to success.

Provider: I do have a little different perspective 

on the weight issue. Would it be OK if I share it?

The provider chooses not to focus on the sense of 

failure directly but to offer an alternative 

perspective. Ask permission to share your 

opinion, thoughts, and suggestions.

Patient: Sure

Provider: Well, achieving and maintaining a 

healthy weight is a good goal. However, the 

things we have been talking about such as 

increasing physical activity and eating a healthy 

diet can have a positive impact on your health 

even if there isn’t weight loss. Really, a person 

can be healthier, more fi t, and feel better even

Avoid giving suggestions as a directive or as the 

only way a patient can proceed.

Ask the patient to refl ect on the opinion/advice/

suggestion.
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TABLE 6.2 (continued)
A Dialogue about Blood Pressure: Motivational Interviewing in Action

MI Techniques and Theoretical 
Constructs Addressed

 with that extra 30 pounds. For some people, 

focusing less on the weight and more on getting 

healthy leads to more success. What do you 
think?

Patient: I do think that is probably true for me. When 

I joined this exercise class, I wasn’t really thinking 

about the weight. I was just thinking about being 

active and having fun with my friend. It is just so 

easy to get down on yourself about packing around 

the extra weight. It seems like it should be easy to 

control and people are always telling you that.

Provider: For you, the exercise has a lot of 
benefi ts even without weight loss. I would 

encourage you to think about all of your 

successes and all of the positive things that you 

are doing for your health. And we can work 

together to develop a plan for keeping your 

blood pressure in the normal range. How’s that?

Encourage the patient to remember their success.

Offer to collaborate and work together to support 

the patient’s goals.

Patient: Sounds good to me. Where should I start?

Provider: We should start with what you feel is 

most likely to be successful. We have talked about 

a lot of things. You are most interested in keeping 
the blood pressure under control so that you can 
possibly avoid taking medication and suffering the 
consequences of hypertension. You have already 
accomplished some signifi cant gains by quitting 
smoking. You have some knowledge about the 
dietary issues involved and in the past have 
focused on weight loss. You have recently started 
an exercise class that you are very excited about 
and feel may be a good fi t for your lifestyle at this 
time. You are already on your way. What other 
things would you like to consider at this time?

Emphasize that the patient is in the driver’s seat 

for any change; they can chose where to start.

Summarize the patient’s story with an emphasis on 

their strength, success, desire to change, and 

reasons for moving forward.

Ask for the patient’s plans and goals.

Patient: Defi nitely keep up the exercise class. I have 

also been thinking about seeing if my daughter 

would be interested in walking with me on the 

weekends. I don’t get to see her much and it could 

be fun. I’m a little hesitant to focus too much on 

the diet stuff but I would like some information 

about what kind of diet helps with blood pressure. 

That way I can start thinking about.

(continued)

© 2012 by Taylor & Francis Group, LLC



114 Nutrition, Lifestyle Factors, and Blood Pressure

is not to suggest that a provider would use all of these in one visit but to illustrate 

the method. The dialogue is set in the context of an ongoing provider–patient rela-

tionship. From an MI standpoint, the relationship is a critical component and the 

skills can be used to build that relationship and maintain it. The skills identifi ed in 

Table 6.1 are also highlighted (open-ended questions in bold, refl ections and sum-
maries in italic, and informing responses in underlined) in the dialogue, and com-

mentary is included to the right. In addition, the patient’s comments, in particular, 

change talk, that are relevant to the change effort are also highlighted in gray. In 

MI, the strategic use of the skills to elicit very specifi c types of patient comments is 

thought to build motivation for change.

6.6 SUMMARY

Health care providers understand the critical role that patients play when it comes to 

managing and optimizing their health. Patients’ choices about their level of physical 

activity, dietary habits, adherence to treatments, and behavioral habits are strong 

determinants of their overall health, well-being, and ability to manage chronic con-

ditions. Providers are often frustrated by the fact that many patients do not follow 

through with the recommendations they make about these choices. Many factors, 

supported by multiple theoretical models (i.e., Health Belief model, Transtheoretical 

model or Stages of Change, and SDT), are involved in patient decisions, and the 

research indicates that providers can exert infl uence on those decisions and on the 

subsequent behavioral choices (Table 6.4).

TABLE 6.2 (continued)
A Dialogue about Blood Pressure: Motivational Interviewing in Action

MI Techniques and Theoretical 
Constructs Addressed

Provider: Sounds like a good plan. I have some 

information to give you. We can talk about it at 

your next visit if you want. I have a question for 

you. You sound confi dent that you can continue 
the exercise class and possibly add the walking. 
What gives you confi dence?

Affi rm the patient’s plans.

Offer support and information.

Ask the patient about their confi dence.

Patient: Because I have paid for it! We had to pay 

for 10 classes in advance. No way I cannot go. 

Plus, I always loved to dance and this class has a 

lot of dance. I enjoy it. I get excited thinking 

about it. And my friend and I made a pact. Gotta 

do what you make a pact about, right?

Provider: You are committed and determined. You 
follow through with what you say you are going 
to do. I also have confi dence that you will be 

able to fi nd a way to keep that physical activity 

in your life. I’ll look forward to the update when 

you come back next time.

Affi rm the patient’s strengths and qualities that 

will help them accomplish their goals.

Express confi dence and hope in the patient.

Offer to follow-up with the patient.
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TABLE 6.3
Sample Dialogue with an “Unsuccessful” Patient

Dialogue MI Techniques and Commentary

Provider: OK Jim, here is your prescription for 

the antibiotic. That should take care of you 

within a couple of days. If it is all right with 

you, I’d like to check in with you about your 

blood pressure and the goals you set the last 

time you were here. OK?

Provide transition from the clinical conversation to 

the focus on goals and lifestyle change

Ask permission to talk about the new topic. The 

patient most likely did not come in to talk about 

his lifestyle

Patient: I guess. I don’t remember what I was 

going to do but I’m pretty sure that I haven’t 

done anything. There has just been too much 

going on

The patient is expressing his sense of failure that is 

seen as a reason not to change

Provider: My notes say that you were going to 

try to fi gure out how to eat better when you 

travel. You were travelling a lot for work at that 

time

Remind the patient about his goals in a neutral, 

nonjudgmental, and objective way. This should be 

delivered as a statement (refl ection) as opposed to 

a question

Patient: Oh right. I still am travelling almost 

every week for a couple of days. So it is hotel 

food, lots of business meetings, and fast food at 

the airport. Hasn’t changed

The patient is giving more reasons to keep the status 

quo

Provider: So the plan for making changes when 
travelling hasn’t worked so well. We can get 

back to that but fi rst tell me what has been 
going well for you in terms of your health

Acknowledge that the plan as opposed to the person 

has not worked

Give an opportunity to come up with something that 

has worked

Patient: Well, I did take that information on the 

blood pressure diet home and talk about it with 

my wife. Come to think of it, we have made 

some changes at home. We switched to low-fat 

milk. That was really hard at fi rst but I’m 

getting used to it. And we started 

experimenting with different fruits and 

vegetables. That has been kind of fun. I’ve tried 

a lot of funny looking things!

This whole passage is the reporting of past success. 

While technically not “change talk,” it gives the 

provider great information to draw from later in 

the conversation

Provider: You have been successful in making 
some small but important changes in your diet

Acknowledge the change efforts stressing the value 

of the effort and naming it as a success

Patient: Yeah but is my blood pressure any 

better? No. And I have put on a couple of 

pounds. Probably the cheese sauce on those 

vegetables. I don’t think change is possible 

with my job the way it is

The patient persists at focusing on the lack of 

progress and failure

Provider: You kinda feel like nothing can change 
right now

Acknowledge the patient’s frustrations about 

change

Patient: Well, there has to be a way. I can’t just 

give up. I know where that leads

The patient responds by turning and moving toward 

change

(continued)
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TABLE 6.3 (continued)
Sample Dialogue with an “Unsuccessful” Patient

Dialogue MI Techniques and Commentary

Provider: You are determined to fi nd a way to keep 
that blood pressure in control. Let me ask you 

this. On a scale from 0 to 10 with 0 being not at 

all important and 10 being the most important 

thing, how important is it to you right now to get 

your blood pressure under better control?

Refl ect the personal strengths that are evident. This 

builds on his motivation to make another attempt.

The MI strategy using the ruler is a useful tool for 

eliciting change talk and getting a deeper 

understanding of the dilemma that the patient faces

Patient: Well, it should be a 10 but I’d say it is a 

6. There are just too many other things

Patient is still expressing failure

Provider: So what makes it a 6 and not a 0? This is a direct request for change talk; the question 

asks for reasons that it are important

Patient: When I am home and my wife is 

reminding me, it seems to be important. She is 

always talking to me about this and that thing 

to stay healthy. But when I am on the road, it is 

out of sight, out of mind and I just don’t like to 

think about it

Patient talks mostly about the importance of 

extrinsic motivation, in this case, his wife to 

making an effort

Provider: Your wife’s concern makes it important 
for you. Why is it so important to her?

Refl ection reframes the wife’s talking as concern 

and asks for elaboration

Patient: She is making big plans to travel when 

we retire in a couple of years. She is really 

healthy, exercises all the time. She wants me to 

be able to keep up with her. Sometimes she 

threatens to go without me if I can’t. That 

would be a bummer!

Patient continues to talk about his wife but at this 

point, he turns it around and indicates that he 

wants to be able to keep up, to go with her. It 

becomes internalized

Provider: Sounds like you’d like to enjoy your 
retirement with your wife and to keep up! 
What else makes it important?

Refl ection reinforces the internalization

Patient: Well, I just know that my friends who 

take the medication have problems that I don’t 

want to have if you know what I mean

Patient gives another reason to deal with the blood 

pressure

Provider: I do. And I would like to work with 

you to fi nd a way to do this without the 

medication. Let me ask you this, what do you 
think would have to change or be different 
for this to become an 8 or 9 in importance?

Provider offers collaboration

This question asks the patient to think forward and 

to look at the possibility of this becoming more 

important

Patient: I hate to say it, but if something scares 

me, I usually respond. I mean I don’t want to 

have a stroke or anything but that would 

probably do it. That sounds pretty bad doesn’t it?

Patient expresses distress with his own response to 

the question. It doesn’t sit well with him

Provider: You’re concerned that something 
really bad would have to happen for you to 
make big changes

Provider refl ects that discomfort

Patient: Ouch! I know I’m not a wimp. I should 

do something now

Patient expresses strength and a need to take action
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TABLE 6.3 (continued)
Sample Dialogue with an “Unsuccessful” Patient

Dialogue MI Techniques and Commentary

Provider: It might be the time to start. So, 

another question. On that same scale of 0–10, 

with 0 being no confi dence and 10 being totally 

confi dent, how confi dent are you that you could 

make changes to control your blood pressure if 

you did decide that now was the right time?

Provider refl ects that action with a slightly tentative 

“might” to avoid pushing the patient

The ruler is being used here to actively assess and 

build confi dence

Patient: Well, an 8 at home and probably a 4 or 5 

on the road

Patient continues to express ambivalence about the 

change and his confi dence

Provider: What makes up that confi dence? 
Why are you as high as you are?

Provider asks directly for the patient’s statement of 

confi dence, ignoring the discrepancy for now

Patient: When I am at home, my wife really 

helps me with that. She supports me and works 

with me. She makes it easy to eat differently 

and even to get some exercise. We have already 

done a lot as I said before

Patient indicates that his wife’s support is a primary 

contributor to his confi dence

Provider: Well what about that 4 or 5 on the 

road. What gives you confi dence then?
Provider asks for more about the confi dence, particularly 

when his wife isn’t there to provide support

Patient: Well, I have been able to take some 

control over the travel time. Last week, I 

checked out the hotel ahead of time for the 

dining options and exercise facilities. Didn’t 

use it but I know what’s there for next time

This change talk is called “taking steps,” actions 

that have occurred in the last week to support the 

change effort. The patient sees this as a confi dence 

booster

Provider: So you know that you do have some 
control over your travel time. What would 
help you to be more confi dent on the road?

Provider refl ects the meaning of the change talk and 

asks for the patient to think ahead to what it takes 

for him to build confi dence

Patient: Probably just trying one thing Change talk, a possible solution

Provider. You have made some good fi rst steps with 
the changes at home and working closely with 
your wife. How can you build on that success?

Provider reinforces earlier success and asks the 

patient to build on it

Patient: I tell you what. I’ll talk with her again, go 

over the information, and see what more we can 

do at home. But I spend so much time on the 

road and she isn’t there to be the food police!

This change talk is commitment language, a 

statement about what the patient is actually going 

to do. Change talk is frequently surrounded by 

reasons not to change, as is the case here

Provider: What is important for you is to fi nd 
something that you have control over, that you 
are willing to do, and you feel confi dent about 
doing? Probably something small to start with. 
What do you think would work for you?

Provider gives a brief summary of what the patient 

has said will work

The question asks for the patient to begin problem 

solving and generating solutions

Patient: Well I wonder if I could get her to help 

me take food with me when I travel. I always 

end up grabbing something fast and full of fat 

at the airport. With some planning I could see 

having my own food. I really don’t even like 

most of the fast foods that much

Patient is actively voicing the solutions, what it will 

take to do them, and how to go about it

(continued)
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TABLE 6.3 (continued)
Sample Dialogue with an “Unsuccessful” Patient

Dialogue MI Techniques and Commentary

Provider: Sounds like a good thing to work on. 

What seems reasonable to you to start with?
Provider affi rms the patient’s plan and asks for next/

fi rst steps

Patient: I travel this week. I have a long fl ight 

out. I will try taking something for that. I don’t 

know what but I’m sure we can come up with 

something

This is commitment language again, a statement of 

what the patient will do, even if it is “trying”

Provider: Good plan. Let me see if I got it all. 
You came in feeling like you hadn’t 
accomplished any of your goals related to 
managing your blood pressure. This is mostly 
due to your very busy travel schedule at work 
and the diffi culties of trying to control that. 
You have made some signifi cant changes at 
home with the help of your wife and she is an 
important part of your success and 
confi dence. You are hoping for a long, healthy 
retirement with her with some pleasure travel. 
You also want to avoid the medication if 
possible. You see yourself as capable of 
making changes and taking control even in 
diffi cult situations and you’d like to do that 
before anything bad happens. And you are 
planning to enlist the help of your wife with 
even more changes at home and starting to 
explore carrying food with you when you 
travel. Did I get it all?

Provider affi rms the plan again. Then he 

summarizes the conversation, being sure to include 

the change talk that the patient has given along the 

way. The provider does not ignore the patient’s 

failure to reach his goals or his reasons for that. 

However, the emphasis in on the reasons to change 

and the plans made

Patient: Yes and you know what else? My son 

has been asking me to hike the Pacifi c Trail 

with him. I want to do that too!

Patient adds to the change talk with another reason 

to manage his blood pressure, something that is 

important to him

Provider: Lots of good reasons to get that blood 
pressure in line. Since I probably won’t see you 

for a while, I’d like to encourage you to 

continue building on your successes. It is easy 

to get all over ourselves for what we see as 

failure. That is where you started today. Yes, 

our plans don’t always work out the way we 

want, we don’t always make all the changes we 

think we should. And, there are almost always 

seeds of hope and success in there too. Pay 

attention to those and keep them growing 

What do you think about that?

Provider reinforces the patient’s desire to change

Provider offers encouragement, support, and 

confi dence to the patient. He asks the patient to 

consider changing what he pays attention to. He 

then asks what the patient thinks about that

Patient: It’s true. It is easy to overlook or even 

forget what I do right. I’ll work on that. 

Thanks Doc

Patient agrees with commitment language and 

appreciation
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MI is a method of communication that effectively facilitates behavior change 

with a wide variety of behaviors, in many different settings, and is used by all types 

of providers. MI draws on an underlying spirit of collaboration, empathy, and sup-

port for patient autonomy. MI is effective in small doses and is easily adapted to 

most health care settings. The basic skills are straightforward and simple: asking, 

listening, and informing. These skills are used strategically and deliberately to help 

the patient explore their own reasons, motivation, confi dence, plans, and commit-

ment to change. The MI provider guides the conversation toward behavior change. 

Although learning MI and integrating it into practice is not easy, it is doable and 

worthwhile.

TABLE 6.4
Summary: Take-Home Messages

Key Evidences Recommendation for Health Care Providers

• Motivational interviewing is a 

collaborative, person-centered form 

of guiding to elicit and strengthen 

motivation for change

• MI is founded on behavioral 

theories including the Health Belief 

theory, Stages of Change, and 

self-determination model

• Research has shown the effi cacy of 

applying MI in changing lifestyle 

behaviors

• Research indicates that practicing 

MI does not require a specifi c 

professional background [34]. It 

requires a desire to learn it, a 

willingness to practice, and a 

commitment to make the effort

• All providers are encouraged to consider taking steps 

to learn and apply MI. It will benefi t patients’ health by 

improving lifestyle behaviors and is a very useful tool 

in all health providers’ toolbox. The following steps are 

suggested for providers to learn more about MI and to 

practice this method:

• Read MI in Health Care [7]. Practice the skills and 

strategies detailed in this book

• Pursue training, feedback, and coaching in MI. A list of 

MI trainers (organized by country and state) can be 

found on the Web site www.motivationalinterviewing.

org. This combination of learning strategies can 

produce long-term changes in provider behaviors [12]

• If formal training is not available and you are interested in 

taking small steps to improve your practice, you can 

utilize the strategies and skills demonstrated in the sample 

dialogue in this chapter. We suggest the following:

  a.  Develop a list of good open-ended questions (those 

designed to encourage the patient to give you 

change talk) that can be used in your conversations 

with patients

  b.  Try out the strategies such as the importance and 

confi dence rulers with patients

  c.  Practice your listening skills and develop your 

capacity to convey empathy to your patients

  d. Practice the Ask–Provide–Ask strategy

 i. What do you already know about . . . ?

 ii.  Ask permission to provide information or give 

advice

 iii.  Provide tailored information in a neutral, 

nonjudgmental manner

 iv. What do you make of that?
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7.1 INTRODUCTION

Chronic diseases such as hypertension have become the leading cause of death and 

disability in most countries of the world [1]. Hypertension is the major modifi able 

risk factor for cardiovascular disease, stroke, chronic heart failure, and renal diseases 

[2–4]. The prevalence of hypertension is increasing, which will likely lead to an even 

greater burden of these secondary diseases [5]. Unhealthy behaviors, including those 

that lead to hypertension (poor dietary pattern and sedentary lifestyle), account for as 

much as 40% of premature deaths in the United States, whereas defi ciencies in health 

care delivery account for only 10% [6]. Thus, the anticipated increase in health care 

expenses due to rising rates of hypertension has called for a burning platform for 

prevention of hypertension. Hence, clinical and public health interventions must aim 

at reducing the burden of hypertension, at least in part, through self-management by 

those affected or at risk.

Managing a chronic illness, such as hypertension, is a time-consuming and com-

plex process. Yet, often chronically ill patients themselves are called on to man-

age the broad array of factors that contribute to their health. Programs that provide 

patient support for chronic diseases—so-called self-management support—have 
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been developed in recognition that treating chronic illnesses requires a unique 

model of care. In 2003, the Institute of Medicine defi ned self-management support 

as “the systematic provision of education and supportive interventions by health care 

staff to increase patients’ skills and confi dence in managing their health problems, 

including regular assessment of progress and problems, goal setting, and problem-

solving support.” Engaging patients in their own care (patient activation) is a widely 

agreed-upon self-management goal for chronic diseases. Enhancing patient activa-

tion can lead to positive self-management behavior changes in patients with chronic 

conditions [7].

Addressing the increased incidence of chronic diseases is one of the most impor-

tant challenges for health systems. In contrast to the traditional management of acute 

conditions, often characterized by a short period of patient adherence to following 

the doctor’s orders, management of a chronic disease requires that patients take a 

more active role in the day-to-day decisions about the management of their illness 

[8]. This disease paradigm requires that there be a working patient–provider “part-

nership” that involves effective treatment within an integrated system of collabora-

tive care, which includes self-management education and follow-up [9]. Thus, both 

patient and provider have important roles in the treatment of chronic conditions. 

Patients are expected to do what is needed to manage the condition on a daily basis; 

health care providers act as consultants, interpreters of symptoms, and resource per-

sons, and they offer treatment suggestions [10,11].

The Chronic Care model developed by Wagner et al. [12] (Table 7.1) and 

the Innovative Care for Chronic Conditions [13], edited by the World Health 

Organization, propose that ideal care for chronic conditions is achieved when health 

TABLE 7.1
Components of the Chronic Care Model

• The Chronic Care model identifi es the elements of a health care system that encourage high-quality 

chronic disease care.

• Community—Mobilize community resources to meet needs of patients.

• Example: A health system forms a partnership with a local senior center that provides exercise 

classes as an option for older patients.

• Health System—Create a culture, organization, and mechanisms that promote safe, high-quality care.

• Example: Healthcare Effectiveness Data and Information Set measures (HEDIS) and other quality 

measures.

• Self-management Support—Empower and prepare patients to manage their health and health care.

• Using a collaborative approach, providers and patients work together to defi ne problems, set 

priorities, establish goals, create treatment plans, and solve problems along the way.

• Delivery System Design—Assure the delivery of effective, effi cient clinical care and self-

management support.

• The delivery of effective, effi cient clinical care through appropriate use of all team members, 

planned patient interactions, regular follow-up, and case management are all important parts of 

delivery system design (e.g., primary medical center home) [12].

• Decision Support—Promote clinical care that is consistent with scientifi c evidence and patient 

preferences.

• Clinical Information Systems—Organize patient and population data to facilitate effi cient and effective care.
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care providers interact with informed patients. An essential ingredient of effective 

treatment for chronic conditions is the partnership between patients and health pro-

fessionals because it offers the opportunity to empower patients to become more 

active in managing their health. When patients are more informed, involved, and 

empowered, they interact more effectively with health care providers and strive to 

take actions that will promote healthier outcomes [9,14]. In addition, the partnership 

between the patient and the health professional allows for the care plan to be individ-

ualized and to address the specifi c knowledge patients must have and the behaviors 

they must change to manage the condition effectively. Patients are supported in self-

management education that is focused on providing them with the skills to live as 

active and meaningful a life as possible with their chronic conditions. The patient is 

central to defi ning the “disease-related problems” and the self-management program 

assists them with problem solving and in gaining the self-effi cacy and confi dence to 

deal with these problems [11]. Evidence suggests that when self-management pro-

grams support the patient’s assessment of their condition, there is greater patient 

satisfaction with care, better patient adherence with treatment, and higher likelihood 

that health care relationships will be continuously maintained [15].

Self-management education programs are distinct from simple patient education 

or skills training in that they are designed to allow people with chronic conditions 

to take an active part in the management of their own condition. Quality improve-

ment interventions that have attempted to improve outcomes of chronic care without 

a component that supports patient self-management have not been found to affect 

patient outcomes [16]. The inclusion of recommendations for self-management sup-

port in a number of guidelines solidifi es self-management support as a key dimen-

sion of the quality of care for chronic conditions. Self-management programs are 

expected to reduce costly health crises and improve outcomes for chronically ill 

patients, including those with hypertension.

7.2  REVIEW OF SELF-MANAGEMENT PROGRAMS IN 
HYPERTENSION AND RELATED CONDITIONS

It is predicted that by 2025, more than 1.5 billion individuals worldwide will have 

hypertension, accounting for up to 50% of the risk for heart diseases and 75% of the 

risk for stroke [17]. For several decades, it has been well known that lowering blood 

pressure (BP) with lifestyle modifi cation, medications, or both can substantially 

reduce a patient’s subsequent risk for diseases [18]. For each 10-mmHg decrease in 

systolic blood pressure (SBP), the average risk of mortality due to heart diseases and 

stroke decreases by 30% and 40%, respectively [19]. Meta-analyses have shown that 

weight loss [20], following the Dietary Approaches to Stop Hypertension (DASH) 

diet (a diet that is low in saturated fat and total fat and rich in low-fat dairy products, 

fruits, vegetables, calcium, potassium, and fi ber [21]), reduced sodium intake [22], 

and aerobic exercise [23] signifi cantly lower BP [21,24,25]. Despite the clear benefi ts 

of treatment, only half of those with hypertension have adequate BP control [26–28].

During the past several decades, patient self-management programs have been 

developed to foster self-care among patients with chronic diseases [9,29,30]. In gen-

eral, however, self-management interventions have achieved modest successes in 
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trials with control groups. In the most recent Cochrane review of interventions used 

to improve control of BP in patients with hypertension [31], 72 randomized clinical 

trials were identifi ed representing the following 6 intervention types: (1) self-mon-

itoring, (2) educational interventions directed to the patient, (3) educational inter-

ventions directed to the health professional, (4) health professional–led care (from 

nurse or pharmacist), (5) organizational interventions that aimed to improve the 

delivery of care, and (6) appointment reminder systems. In this review of the evi-

dence, self-monitoring was associated with modest, but statistically signifi cant, net 

reduction in SBP [weighted mean difference (WMD): −2.5 mmHg; 95% CI: −3.7 to 

−1.3 mmHg] and diastolic blood pressure (DBP) (WMD: −1.8 mmHg; 95% CI: −2.4 

to −1.2  mmHg). Trials of educational interventions directed at patients or health 

professionals appeared unlikely to be associated with large net reductions in BP by 

themselves [31]. Nurse- or pharmacist-led care may be a promising way forward, 

with the majority of randomized controlled trials being associated with improved 

BP control and reduction in mean SBP and DBP [31,32]. Results of studies examin-

ing appointment reminder systems were heterogeneous and hence were not clear, but 

the majority of trials increased the proportion of individuals who attended follow-up 

visits, and in two small trials, this also led to improved BP control [31]. Fahey et al. 

conclude that an organized system of registration, recall, and regular review allied 

to a vigorous stepped care approach to antihypertensive drug treatment appears the 

most likely way to improve the control of high BP [33].

Health professional–led care appears to be a promising way of delivering care but 

requires further evaluation. A recent meta-analysis identifi ed 298 clinical trials in 

the United States that evaluated pharmacist-provided direct patient care for hyper-

tension and various other chronic conditions and that showed signifi cant improve-

ments in BP, as well as in hemoglobin A1c and LDL-cholesterol levels, adverse drug 

events, medication adherence, quality of life, and patient knowledge [34]. This meta-

analysis found a mean reduction in SBP of 9.3 mmHg when pharmacists managed 

therapy or recommended medications to the physicians compared with a reduction 

of 4.8 mmHg when nurses conducted the interventions [34].

Lay-led self-management education programs may lead to small, short-term 

improvements in participants’ self-effi cacy, self-rated health, cognitive symptom 

management, and frequency of aerobic exercise within the context of hyperten-

sion. In a Cochrane review of lay-led self-management programs for people with 

chronic conditions, seven studies showed a small, statistically signifi cant increase 

in self-reported aerobic exercise. Results are based on 17 studies that involved 

over 7442 people with chronic conditions, including hypertension [35]. There were 

no statistically signifi cant differences between groups in physicians’ or general 

practitioners’ encounters (9 studies). There were also no statistically signifi cant 

differences between groups for hospital visits (6 studies). There was a small sta-

tistically signifi cant improvement in self-effi cacy (e.g., confi dence to manage the 

condition) (10 studies). Thus, there is currently no evidence to suggest that such 

programs improve psychological health and symptoms of health-related quality of 

life or that they signifi cantly alter health care use. In general, at this time, we lack 

conclusive data to suggest that lay-led interventions signifi cantly and clinically 

result in improved BP.
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7.3  DEVELOPING OR IMPLEMENTING A SELF-
MANAGEMENT PROGRAM

An initial step in choosing or building a self-management program is to decide where 

in the health care system the program will be positioned. Variation exists in terms 

of the program components, location of the program within the health care system, 

and staff involvement [36]. A key question is, “Will it be managed and administered 

within the patient’s primary care setting or external to it?” The answer to this ques-

tion often has important ramifi cations for the degree to which self-management sup-

port is integrated with other aspects of the patient’s chronic care and thus who the 

players are, the quantity and kind of data available to support it, and the nature of the 

administrative oversight and support.

Patients play a fundamental role in public health as they ultimately make deci-

sions regarding how to lead their own lives; the important choices they make have 

an impact on their health, the effectiveness of prescribed treatments, and their use 

of medical resources. Health care providers also play a critical role in patients’ deci-

sion-making; most patients with chronic diseases such as hypertension receive the 

majority of the information about their disease and all of their treatment in primary 

care offi ce settings. Therefore, in order to improve the health of patients, the role of 

health care professionals will likely need to be extended beyond practicing evidence-

based medicine in a typical clinical setting. This extension will require providing 

patients with easy-to-understand assessment of their hypertension risk and means 

to modify their risks in a more convenient environment, such as one’s home, that 

potentially improves access to care.

Other reasons why the offi ce setting may not be ideal for managing hyper-

tension and promoting self-management may be due to competing issues that 

arise during routine offi ce visits or due to lack of accessibility to primary care. 

Limitations include clinical inertia in part because of excessive workloads on 

the part of physicians [37–40]; unmet information needs and poor adherence to 

hypertension treatment [41]; and differing thresholds at which health profession-

als and patients would choose to start or intensify treatment [42]. Moreover, the 

primary care offi ce visit is often devoted to multiple tasks, including guideline-

directed screening (e.g., for cancer), medication refi ll, adult vaccination, and pay-

ment issues, making it even more diffi cult to concentrate on any given disease. 

In addition, solely focusing on patients receiving treatment in health care settings 

may lead to underrepresentation of patients with chronic diseases, who are disen-

franchised from the health care system. To improve hypertension control through 

the primary care setting, testing novel approaches to treatment interventions for 

enhancing self-management, with assessment of effects on quality indicators and 

costs, needs to be considered.

Alternative methods of service delivery are needed to improve outcomes for 

patients with chronic disease such as hypertension [43]. The use of nonphysicians to 

implement interventions may enhance our ability to achieve high-quality, guideline-

concordant care. In general, while pharmacists, particularly community pharmacists, 

have been found to be the most effective in improving BP [44], both pharmacists and 

nurses, for example, are effective at bringing hypertensive individuals in concordance 
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with national guideline goals [45–50] and can improve patient adherence to BP med-

ications and improve BP control [51–54]. Case management by nurse-led teams has 

been shown to be an effi cacious strategy to improve management of cardiovascular 

risk factors, including management of hypertension, in many studies [55,56]. Nurses, 

for example, have demonstrated successful strategies for improving BP [56–60] by 

serving as a bridge to physician care and by adhering more strictly to management 

algorithms, including many counseling features that may not necessarily be feasible 

within the time frame of a busy physician in practice [61].

In general, there is growing evidence that intensive programs improve hyperten-

sion control, yet earlier lifestyle-intervention trials have generally relied on initial 

intensive intervention for all individuals and have gradually decreased in intensity 

over time irrespective of improvements [62,63], raising concerns about the poten-

tial for widespread dissemination and sustainability of intensive intervention effects. 

More contacts and longer intervention duration are usually better than fewer contacts 

and shorter intervention duration; however, these average effects obscure the widely 

varying experiences of individuals. Some individuals respond quickly and require 

little additional support, while others benefi t from more intensive and/or more pro-

longed intervention. Hypertension management strategies that involve progressively 

more intense intervention have several potential advantages, including the fact that 

a larger number of patients can be targeted than if a “one-size-fi ts-all” paradigm is 

used. That is, a low-intensity fi rst step can be widely delivered as a fi rst-line offering 

at scale with very low fi xed costs. Only those individuals with inadequate BP control 

would progress to more intensive intervention components. Second, the progressive 

intensity approach is potentially cost-effective as technology and human capital are 

utilized optimally. Thus, given the increasing prevalence of hypertension and lim-

ited resources, it is becoming more important to provide the right level of hyperten-

sion care at the right place if we are to improve the quality of hypertension control. 

However, the use of a step-care approach that involves increasing treatment intensity 

has not been effectively evaluated and would require further examination before 

implementation could be recommended.

7.4  COMPONENTS OF A SELF-MANAGEMENT 
PROGRAM TO CONSIDER

Factors to consider in implementing a self-management program include staffi ng, 

content of the program, patient population served, supporting material, protocols 

for how staff members are to provide support, staff training, communication with 

patients, communication between health care providers, and self-management 

support (Table 7.2). For a program that seeks to change patient behavior, such as 

nutrition or exercise, a key underlying consideration is the need to include both 

supportive coaching interventions and educational interventions as part of the pro-

gram content. Although patient education is necessary, it alone is not suffi cient. 

Rather than being prescriptive or hierarchical, self-management programs should 

be patient-centered and tailored to the needs and concerns defi ned by patients and 

their situations. An enhanced level of physician trust has been documented as a 
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contributing factor to pharmacological and nonpharmacological adherence, making 

the strengthening of patient–provider relationships a priority [64,65].

Basic components of self-management programs that rely on nonclinical provid-

ers consist of closely monitoring symptoms; knowing what symptoms may require 

action and when to respond with appropriate actions (e.g., adjust medications, initi-

ate call to a health care provider); promoting major lifestyle changes (e.g., modify 

diet, lose weight, increase exercise, stop smoking, and consume alcohol moderately); 

promoting adherence to medication regimens, some of which may be inconvenient 

or produce side effects; and facilitating and encouraging regular offi ce visits for lab 

tests and clinician consultations.

Another goal of self-management support programs is to reduce health care costs 

and workplace costs related to the reduced productivity of chronically ill workers. 

Offering patients better support is hypothesized to help them stay healthier, prevent 

expensive exacerbations and complications, and decrease utilization of health care 

services, thereby reducing costs for providers, insurers, employers, and other large 

purchasers of health care services, as well as for the patients themselves.

Empowerment strategies for patients address the complex interaction of motiva-

tions, cues, perceptions, consequences, expectations, and environmental and cultural 

infl uences inherent in patients to effectively motivate them to change their behav-

iors. One such patient empowerment intervention, motivational interviewing (MI), 

has been demonstrated to be an effective tool for improving patient self-manage-

ment and lifestyle modifi cation [66]. MI, discussed in more detail in Chapter 6, is a 

client-centered, goal-oriented method for enhancing intrinsic motivation to change 

by exploring and resolving ambivalence [66]. This method avoids well-intentioned 

advice or scare tactics, and it allows patients to play a central role in their treat-

ment [66]. Furthermore, MI is not based on the information model but is rather 

shaped by an understanding of what triggers change. In the primary care setting, 

interventions should be brief and emphasize the three underlying assumptions of 

MI: collaboration, evocation, and autonomy. Collaboration refers to the creation of 

a partnership that creates the space for change to occur by honoring the client’s 

expertise and perspective. Evocation means that the collaborative process allows the 

resources for change that reside within the client to emerge; thus, the intervention-

ist’s task is to focus on eliciting the client’s rationale for seeking behavioral change. 

Autonomy means that the responsibility for behavior change lies with the individual. 

TABLE 7.2
Factors to Consider in Hypertension Self-Management Programs

• Staffi ng

• Content of the program

• Patient population served

• Supporting material

• Protocols for how staff members are to provide support

• Emphasis and training staff to interact with patients (e.g., MI)

• Facilitate communication between self-management staff and health care providers (e.g., closing 

the clinical loop—ensuring all parties are up to date with ongoing treatments)
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Although these techniques differ in style and application in the clinical setting, they 

are all based on the premise of enhancing intrinsic motivation to behavior change by 

exploring and resolving ambivalence.

Integrated communications channels involve multiprovider-level communication 

with patients regarding the importance of self-management. Health care provid-

ers charged with communicating these adherence-enhancing messages to patients 

include physicians, pharmacists, nurses, and case managers, among others. Health 

care providers should negotiate a plan with the patient and anticipate and address 

problems as they arise.

A majority of work to date has focused on how people initiate change in health 

behaviors. However, the treatment of chronic diseases such as hypertension 

requires long-term sustained changes in relevant health-risk behaviors. Yet, people 

generally have challenges when undertaking long-term change in health behav-

iors. In a recent meta-analysis of self-management programs in diabetes, sharp 

declines in benefi ts were found only a few months after the interventions ended, 

thus illustrating poor levels of maintenance of learned behaviors [67]. Among the 

demographic and intervention characteristics examined in the meta-analysis, only 

the duration of the intervention predicted a program’s success. This fi nding mir-

rors well-established patterns of relapse after interventions promoting weight loss 

[68] and smoking cessation [69,70]. Further work is needed to address maintenance 

of behavior change.

Among one of the few successful studies to demonstrate long-term maintenance 

was the Weight Loss Maintenance study [71], which involved 1685 overweight/obese 

adults with hypertension and/or dyslipidemia, who were initially provided a weight 

loss intervention consisting of 20 weekly group sessions. The phase I intervention 

emphasized BP-related lifestyle goals. Those who succeeded in losing at least 4 kg 

were eligible for randomization to one of three 30-month maintenance conditions 

(n = 1032): a Personal Contact intervention with monthly phone (9 per year) or face-

to-face (3 per year) contact with an interventionist, an Interactive Technology inter-

vention with unlimited access to an interactive Web site designed to promote weight 

loss maintenance, or a Self-Directed control condition. The majority of individu-

als who successfully completed an initial 6-month behavioral weight loss program 

maintained weight below their entry level after 30 additional months. Monthly brief 

personal-contact sessions provided modest benefi t in sustaining weight loss, whereas 

an Internet-based intervention provided early but transient benefi t. Thus, further 

work is needed to determine the level of intensity of self-management programs that 

is needed to maintain effects, with a potential consideration of booster shots.
A limitation of extant work is that it typically has focused on change in a single 

specifi c health-related behavior. In the case of hypertension, current national guide-

lines for the prevention and treatment of high BP include fi ve nonpharmacologic 

interventions [72], each of which has been proven in clinical trials to signifi cantly 

lower BP, and most have been shown to prevent the development of hypertension. 

These fi ve treatments include the DASH dietary pattern [73–76], weight loss in over-

weight patients [20,77], reduced sodium intake [77,78], regular moderate-intensity 

physical activity [23,79], and moderation of alcohol intake [80]. Despite the focus on 

a specifi c behavior such as weight loss or exercise, increasing work is demonstrating 

© 2012 by Taylor & Francis Group, LLC



131Self-Management and Hypertension

potential benefi ts of focusing on multiple hypertension-related behaviors simultane-

ously. For example, a hypertension lifestyle intervention study (PREMIER, n = 810), 

demonstrated that, after 6 months, change in multiple behaviors improved SBP. 

The improvement was linked specifi cally to weight loss, increased physical activ-

ity, DASH dietary changes, and reduced sodium intake [81]. Because changes in 

the various lifestyle factors were generally not associated with each other (e.g., few 

dietary changes were linked to increased exercise), it appears that some patients may 

have successfully controlled hypertension through exercise, others through weight 

loss or dietary pattern, and still others through reduction of sodium intake. However, 

the intervention approach addressed all of these factors.

Similarly, in the Take Control of Your Blood Pressure study, the combination of 

BP monitoring at home and a tailored brief behavioral intervention focusing on the 

fi ve nonpharmacological interventions, as well as medication adherence, resulted 

in a statistically signifi cant improvement in BP control and decreases in SBP and 

DBP at 24 months, with minimal costs [59]. These recent studies further support the 

idea that patient self-management interventions that focus on multiple behaviors and 

long-term maintenance may be valuable tools for improving BP control rates.

7.5 SOCIAL SUPPORT AND SELF-MANAGEMENT

A wealth of literature has shown that higher social support is associated with bet-

ter adherence to health behaviors (e.g., diet, exercise) and emotional well-being, 

improved clinical outcomes, and lower mortality [82,83]. Among patients with 

hypertension, social support could be marshaled to enhance self-management and, 

ultimately, patient outcomes [82,84,85]. To this end, spouses/life partners represent 

a potentially important source of social support [86].

One rationale for including spouses/partners in health interventions is that they are 

the most common source of infl uence on people’s health behaviors [87,88]. Lifestyle 

changes may be diffi cult to initiate and maintain if there are inconsistencies within 

one’s contextual environment [89]. For example, it may be diffi cult to make dietary 

changes when the individual attempting dietary changes is not involved in cooking 

meals or shopping for groceries [90]. Decades of research has confi rmed that social 

context infl uences morbidity and mortality [91–94], in part, because social support 

enhances adherence [94–101]. Spouse/partner support includes emotional support 

(i.e., the provision of empathy, feedback, trust, and love) and instrumental support 

(i.e., physical care, transportation, fi nances, and help with errands). Spouses/partners 

may positively infl uence patients’ health by providing instrumental assistance (e.g., 

preparing healthier foods) or emotional support (e.g., empathy, positive reinforce-

ment). Another rationale for couple-based interventions is that they may improve the 

physical or psychological health of spouses/partners (partner effect) [102]; spouses/

partners with the same condition as patients may accrue direct health benefi ts, 

whereas spouses/partners without the same condition as patients may benefi t from 

lifestyle changes (e.g., diet, exercise) or derive psychological benefi ts (e.g., less worry 

or stress) by helping their partner achieve improved health status and outcomes [103–

105]. In general, studies have suggested that adherence to health behaviors may be 

enhanced by social support [94–101].
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7.6 TELEMEDICINE AND SELF-MANAGEMENT

There is an increasing mismatch between a rising demand for services (particularly 

with regard to management of chronic illness) and the supply of service providers 

[106], together with increasing cultural expectations for just-in-time services. With 

the preponderance of care shifting to the management of chronic conditions and the 

importance of both prevention and disease management, many of these health care 

interactions can take place virtually.

For example, BP monitoring at home is a self-management strategy that has been 

examined as a method to improve BP control by engaging patients in monitoring 

their own health parameters [59]. Individual BP monitoring is believed to improve 

the recognition of BP control, which may lead to improved medication adherence, 

adherence to lifestyle recommendations, and ultimately better BP control [107–109]. 

A meta-analysis of 18 randomized controlled trials that compared BP monitoring at 

home to usual care found that BP monitoring at home independent of other interven-

tions resulted in small improvements in BP control [110]. A joint call to action by 

the American Heart Association, American Society of Hypertension, and Preventive 

Cardiovascular Nurses Association recommends that BP monitoring at home should 

become a routine component of BP measurement in the majority of patients with 

known or suspected hypertension; it is particularly of value in patients with diabetes, 

in whom tight BP control is of paramount importance. This call-to-action paper con-

cludes that BP monitoring at home has the potential to improve the quality of care 

while reducing costs and therefore should be reimbursed by third-party payers [110].

Another example of virtual BP management is telemedicine or remote monitoring 

in patients’ homes, which has been offered as a plausible solution to improving ambu-

latory medical care. To date, most telemedicine efforts showing improved outcomes 

have utilized telephone-based interventions [111]. However, a number of Internet- and 

Web-based tools have emerged to further enable communication between patients 

and providers and among providers. One study, for example, demonstrated that Web-

based communication with pharmacist care management improved BP control in 

hypertensive patients [112]. Web-based monitoring may be more acceptable and 

effective compared with clinic-based monitoring and management; in addition, it is 

more scalable and cost effective compared with traditional disease management or 

telephone-based programs. The degree to which Web-based communication coupled 

with a Web-based, tailored disease management and education program can improve 

BP control beyond traditional telemedicine disease management provided by health 

care personnel is unknown, but research in this area is ongoing [113].

7.7 CONCLUSION

Patient self-management is defi ned as the implementation of strategies that enhance 

the patient’s ability to monitor and manage daily health and symptoms, solve prob-

lems, overcome barriers encountered, modify lifestyle risk factors, and communi-

cate with clinical providers as active collaborators in defi ning and achieving health 

and therapeutic goals. With an expected shortage of primary care providers in the 

United States health care system, an increase in the number of individuals entering 
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the health care system as a result of health care reform, and the rising prevalence of 

hypertension among Americans, which is expected to surpass 70 million in coming 

years, the need to implement and evaluate innovative ways to improve patient self-

management will grow. Self-management programs will need to be patient-centered, 

that is, addressing the patient’s preferences, concerns, lifestyle, culture, and beliefs. 

Interventions should be holistic, encompassing an understanding of the patient’s 

overall medical condition, and should include reconciliation of all self-management 

recommendations. Interventions should include multiple components and the use 

of a variety of tools and incentives tailored to the individual patient’s characteris-

tics and needs. Services delivered outside the physician practice (e.g., counseling by 

pharmacists) should engage directly with the prescribing physician, with appropriate 

privacy safeguards. Health information technology, including electronic platforms 

for delivery of lifestyle self-management interventions, provides opportunities for 

widespread dissemination (Table 7.3) [114].
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TABLE 7.3
Summary: Take-Home Messages

Key Evidences Recommendation for Practitioners

• Patient self-management involves strategies 

that enable the patient to monitor and 

manage daily health and symptoms, solve 

problems, overcome barriers encountered, 

modify lifestyle risk factors, and 

communicate with clinical providers as 

active collaborators in defi ning and 

adhering to health and therapeutic goals.

• Components of self-management programs 

consist of closely monitoring symptoms 

and when to respond with appropriate 

actions (adjust medications, initiate call to a 

health care provider, reduce salt intake).

• Social support could be marshaled to 

enhance self-management and, ultimately, 

patient outcomes.

• Health information technology, including 

electronic records and e-prescription, can 

help provide the necessary data 

infrastructure.

• Continuity of care and follow-up are 

essential not only at initiating a behavior 

but also for maintaining behavioral 

changes.

• Be patient-centered, addressing the 

patient’s preferences, concerns, lifestyle, 

culture, and beliefs.

• Focus on empowering patients to become 

more active in managing their disease by 

providing the skills to treat their 

hypertension.

• Interventions should be holistic, 

encompassing an understanding of the 

patient’s overall medical condition.

• Interventions should include multiple 

components, using a variety of tools and 

incentives tailored to the individual 

patient’s characteristics and needs.

• Use technology support when possible and 

feasible.
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8 Implementing Behavioral 
Change for Blood 
Pressure Control at 
the Provider Level

Elena Salmoirago-Blotcher and Ira Ockene
University of Massachusetts Medical School

8.1 INTRODUCTION

Hypertension affects about 65 million people in the United States, and its preva-

lence remains at 30%, which did not signifi cantly change over the past 10 years 

(1999–2008) [1]. Based on data from the National Health and Nutrition Examination 

Survey (NHANES) (2003–2004), it was found that awareness about high blood pres-

sure (BP) (i.e., a positive response to the question, “Have you ever been told by 

a doctor or health professional that you had hypertension, also called high blood 

pressure?”) was 76% and that 65% of patients were receiving treatment. However, 

BP control (i.e., BP levels <140 mmHg systolic and <90 mmHg diastolic) [2] was 
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achieved only in 37% of patients. According to more recent NHANES data [3], these 

fi gures have improved between 2007 and 2008, with 50.1% of individuals having 

a BP below 140/90. Interestingly, lifestyle changes are not a likely reason for the 

observed improvement in BP control since most patients with hypertension are still 

obese [4] and their dietary habits have deteriorated [5]. Despite this progress, it is 

evident that adequate BP control is not achieved in about half of patients with high 

BP, particularly in specifi c age groups (less than 40 and over 60 years old) and in 

Hispanic patients [3].

Hypertension is almost entirely managed in primary care settings. Based on the 

available evidence, several complex behavioral educational strategies and intensive 

counseling programs have been recommended both as fi rst-line therapy and in addi-

tion to the pharmacological treatment of hypertension [6–13]. It is not clear, however, 

how best the primary care team can organize and deliver effective care, including 

behavioral strategies to improve BP control.

In this chapter, we summarize the current evidence for the effi cacy of behavioral 

interventions in promoting better BP control, focusing primarily on behavioral inter-

ventions directly targeting BP levels and/or (predefi ned) BP control that are offered, 

delivered, or implemented at the provider level. The defi nition of “provider” in this 

chapter is rather wide, referring to nurse practitioners, primary care physicians or 

their offi ces, and pharmacists. Throughout this chapter, the reader should also keep 

in mind that studies of provider-level behavioral interventions often employ multiple 

strategies that do not fi t in a single category and that there are differences in the 

populations examined across studies and in the criteria used to defi ne BP control. 

Moreover, since strategies often overlap, it is diffi cult to draw defi nitive conclusions 

on the effect of individual components of complex interventions. Of particular rel-

evance here, strategies that target lifestyle treatment often also target medication 

treatment, and differential effects cannot be determined. With that caveat, we start 

by reviewing interventions targeting providers’ behavior and education, with a spe-

cial focus on technical support; we then address patient-centered strategies, followed 

by a review of the evidence for the effi cacy of interventions implemented at the sys-

tem level. We then conclude with a series of practical recommendations for primary 

care providers.

8.2 PROVIDER-CENTERED INTERVENTIONS

Why do we need to educate providers? Providers seem reluctant to modify medica-

tions or reinforce lifestyle changes even when the patient has not reached optimal BP 

control. Phillips et al. [14] have defi ned this phenomenon, known as clinical inertia, 

as “the failure of health care providers to initiate or intensify therapy when indi-

cated.” According to a study conducted in the 1990s, approximately 40% of patients 

still had a BP equal to or higher than 160/90 mmHg despite having seen their provid-

ers for hypertension-related visits, on an average, more than six times per year [15].

There are multiple reasons for clinical inertia to occur. First, clinicians tend to 

overestimate their adherence to hypertension treatment guidelines [16]. Oliveria 

et al. [17] reported that physicians did not change or begin a new hypertension treat-

ment usually when the systolic BP (SBP) recorded at a specifi c visit was at least 
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150 mmHg, as compared to when the diastolic BP (DBP) was at least 91 mmHg. This 

indicates that physicians consider diastolic readings more important than systolic 

readings and suggests that physicians may be familiar with hypertension treatment 

guidelines without necessarily transferring this knowledge into clinical practice. 

Other reasons for not following recommendations include the provider’s belief that 

the recorded BP is not representative of the patient’s typical BP, hypertension not 

being a clinical priority for a specifi c visit, patients’ nonadherence to medications 

[18], or the clinicians’ lack of concern for small elevations in BP above the recom-

mended goals [19].

8.2.1 TECHNICAL SUPPORT

Educational strategies targeting provider’s education have been implemented using 

electronic, automated, telephone-based, or paper-based (i.e., fl owcharts) technical 

support. Broadly, they have included provider reminders, that is, feedback reminders 

alerting the clinician to conditions such as missing appointments, prescription refi lls, 

or anomalous blood-test results, and decision-support systems, that is, systems that 

prompt the provider to consider changes in the treatment when a certain goal has not 

been reached [11,20].

8.2.2 PROVIDER REMINDERS

A review of educational and organizational interventions to improve the treatment 

of hypertension in primary care [21] found that appointment reminder systems 

[22–26] resulted in improved follow-up of patients, except for one trial [27], with-

out affecting BP control. A recent review concluded that reminders increased the 

proportion of patients attending follow-up (OR: 0.41; 95% CI: 0.32, 0.51) in the 

majority of trials and improved BP control in two small trials (OR: 0.54; 95% CI: 

0.41, 0.73); these data, however, require further confi rmation due to the heterogene-

ity of the studies [28].

8.2.3 DECISION-SUPPORT SYSTEMS

Decision-support systems and clinical reminders work by linking hypertension 

guidelines to a patient, prompting the provider to take the necessary measures to 

implement current recommendations in that specifi c patient. In the early 2000s, a 

review of studies on physician education interventions alone or in combination con-

cluded that reminders improved the follow-up of hypertension and that they may 

be useful in improving compliance with guideline recommendations; however, they 

had no effect on BP levels [29]. A 2 × 2 factorial randomized controlled trial of 

computer-displayed suggestions to physicians and pharmacists (physician interven-

tion only, pharmacist intervention only, intervention by physician and pharmacist, 

and control) in 712 patients with uncomplicated hypertension failed to show relevant 

differences among groups with regard to BP levels, health-related quality of life, 

symptoms and side-effect profi les, number of emergency department visits and hos-

pitalizations, and drug therapy compliance [30].
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The Assessment and Treatment of Hypertension, Evidence-Based Automation 

Decision-Support System (ATHENA-HTN) [31,32] is an automatic guideline-based 

decision-support system designed to assist primary care providers in adhering to 

hypertension guidelines. Its main characteristic is its integration with existing elec-

tronic health record systems, enabling providers to see displayed hypertension man-

agement guidelines while they are seeing patients. ATHENA-HTN is one of the 

strategies used in the Hypertension Intervention Nurse Telemedicine Study (HINTS) 

[33], a study designed to improve BP control by involving different interventions 

at the patient level (tailored behavioral intervention and medication management), 

health system level (nurses are involved in intervention delivery), and provider edu-

cation level (the ATHENA decision-support system).

A group of researchers at the Veterans Administration in Palo Alto, CA, con-

ducted a cluster randomized trial involving geographically diverse primary care 

clinics of a university-affi liated Department of Veterans Affairs health care system 

[34]. A general intervention designed to improve concordance with guidelines for 

drug therapy of hypertension and to increase awareness of the importance of ade-

quacy of BP control was delivered to 36 attending physicians and nurse practitioners, 

with fi ndings based on 4500 hypertensive patients. The comparison group received 

the general intervention and a printed individualized advisory sent to clinicians at 

each patient’s visit, indicating whether the patient’s antihypertensive regimen was 

in agreement with current guidelines. The study’s primary outcome was “change in 

the proportion of clinicians’ patients with guidelines-concordant drug treatment.” 

The prevalence of patients undergoing guideline-concordant treatments was 10.9% 

in the individualized intervention versus 3.8% in the general intervention, p = .008; 

however, there were no-between-group differences in BP control.

The Veterans’ Study to Improve the Control of Hypertension (V-STITCH) [35] 

was a cluster randomized trial involving 30 primary care providers in the Durham 

VAMC Primary Care Clinic. Providers were randomly assigned to an intervention 

consisting in an electronically generated decision-support system delivering guide-

line-based recommendations to the provider at each patient’s visit or to a control 

group receiving a reminder displaying the patients’ most recent BP levels and cur-

rent therapy. A sample of the providers’ hypertensive patients (n = 588) was then 

randomly assigned to receive a nurse-delivered telephone intervention involving 

tailored behavioral and education modules to promote medication adherence and 

improve specifi c health behaviors or usual care. The primary outcome was the pro-

portion of patients who achieved BP values ≤ 140/90 mmHg at each outpatient clinic 

visit over 2 years. There were no signifi cant differences in BP control across the 

three groups compared with the control group. In particular, the decision-support 

system did not affect BP control, while secondary analyses showed that rates of BP 

control improved (from 40.1% to 54.4%, p = .03) among patients receiving the nurse-

delivered phone intervention as compared to those not receiving a nurse intervention 

at 24 months of follow-up.

Rinfret et al. [36] conducted a randomized controlled trial of an intervention 

combining BP self-monitoring and access to an information technology–supported 

adherence and monitoring system providing nurses, pharmacists, and physicians 

with monthly BP reports compared to usual care in 223 primary care hypertensive 
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subjects with hypertension confi rmed by ambulatory monitoring. Change in the 

mean 24-h ambulatory BP for both SBP (−11.9 vs. −7.1 mmHg; p < .001) and DBP 

(−6.6 vs. −4.5 mmHg; p = .007), as well as the proportion of subjects achieving BP 

control as defi ned by the Canadian U.S. guidelines (46.0% vs. 28.6%, p = .006), was 

greater in the intervention subjects. In this study, the specifi c contribution of the 

BP-reminder component of the intervention is diffi cult to determine because patients 

assigned to the intervention received a combination of self-monitoring, reminder, 

and counseling (i.e., in response to the alerts generated by the system, patients were 

contacted by the nurses and were provided further education on hypertension and 

adherence).

Better BP control can be achieved when interventions directed at providers are 

combined with patients’ education or counseling. A cluster randomized controlled 

trial [37] conducted in two hospital-based and eight community-based clinics in the 

Veterans Affairs Tennessee Valley Healthcare System involving 1341 veterans with 

essential hypertension assigned 182 providers to one of three interventions: (1) pro-

vider education [providers received e-mails with a Web-based link to the Seventh 

Report of the Joint National Committee on the Prevention, Detection, Evaluation and 

Treatment of High Blood Pressure (JNC 7) guidelines]; (2) provider education and 

alert (a patient-specifi c hypertension computerized alert); or (3) provider education, 

hypertension alert, and patient education (drug adherence and lifestyle modifi ca-

tions). Six-month follow-up data (available for 73% of patients) showed that a multi-

factorial intervention including patient education improved BP control as compared 

with provider education alone. Patients assigned to the patient-education group had 

better BP control (138/75 mmHg) than those assigned to the provider-education-and-

alert or provider education–alone groups (146/76 and 145/78 mmHg, respectively). 

In the patient-education group, more patients had a SBP of 140 mmHg or less as 

compared to those in the provider education–alone or provider-education-and-alert 

groups (adjusted relative risk of BP control for the patient-education group, as com-

pared with the provider education–alone group, is 1.31; 95% CI: 1.06–1.62; p = .012).

The Hypertension Improvement Project [38] was a randomized controlled trial 

with a 2 × 2 factorial design of a physician education intervention (8 primary care 

practices, 32 physicians) versus control and/or patient (n = 574) behavioral lifestyle 

intervention versus control. The physician intervention included Internet-based train-

ing, self-monitoring, and quarterly feedback reports, while the patient intervention 

included 20 weekly group sessions followed by 12 monthly telephone counseling 

sessions on weight loss, Dietary Approaches to Stop Hypertension dietary pattern, 

exercise, and reduced sodium intake. The primary outcome was “change in systolic 

BP at 6 months.” The physician intervention had no effect (0.3 mmHg; 95% CI: 

1.5–2.2), while the patient intervention resulted in a change in SBP by 2.6 mmHg 

(95% CI: 4.4–0.7; p = .01) at 6 months, with a signifi cant interaction between the two 

interventions, showing that physicians’ education, although not effective when alone, 

did increase the effect of the patient counseling intervention. No effect on BP was 

detected in patient, physician, or combined interventions at 18-months follow-up; 

however, the effect on dietary habits and weight loss was maintained.

In summary, decision support/clinical reminders improve clinicians’ adherence 

to treatment guidelines; however, when used alone, they result in modest changes in 
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BP [39]. Furthermore, as reported in a thorough review of the role of health infor-

mation technology in the management of hypertension [40], clinical reminders are 

not accepted well by clinicians. In general, they appear to perform better when inte-

grated in clinical work and when designed to avoid the need for double entry of 

information in separate systems. Those clinical trials showing a positive effect often 

used reminders as part of multidisciplinary interventions and usually included coun-

seling and educational components.

8.2.4 COMMUNICATION AND CLINIC ORGANIZATION

Although technically not “interventions,” communication skills and good clinic 

organization are essential components of a provider’s care. Thus, we want to con-

clude this section commenting on these particular aspects of hypertension treatment 

at the provider level.

Independent of the effi cacy of the prescribed medications or of how careful and 

up-to-date is the physician/provider, the patient’s motivation to take that medication 

or adopt a specifi c lifestyle change is what will ultimately determine if the treatment 

is successful [41]. The patient’s motivation and, consequently, the clinical outcomes 

will improve if a patient’s relationship with his or her physician is based on trust 

and empathy [42–44]. A second important component is the clinic organization. 

According to Phillips et al., physicians are not trained to achieve therapeutic goals, 

and practices may not be appropriately organized to facilitate such intervention [14]. 

Patients will often base their overall opinion of their physician’s care on the type of 

service they receive, including minimal waiting time, good bedside manners, and an 

easily accessible, comfortable offi ce environment [11].

8.3 PATIENT-CENTERED INTERVENTIONS

Educational strategies directed to the patient have been recommended both as fi rst-

line therapy and in addition to the pharmacological treatment of hypertension [6–13]. 

However, despite the potential for decreasing treatment-associated costs and improv-

ing patients’ compliance with pharmacological therapy, the implementation of coun-

seling and patient’s education in primary care settings has been diffi cult due to time 

constraints and uncertainties about reimbursement policies. Other barriers include 

patients’ noncompliance, inadequacy of teaching materials, lack of counseling train-

ing, low confi dence of the physician in the effi cacy of counseling intervention, and 

patients’ demographic, insurance, and perceived health characteristics [45–47]. Patient 

education, however, does not necessarily imply referring patients for specialized 

counseling or systematic group training; rather, patient education may begin in the 

offi ce, with the physician providing advice regarding diet, exercise, and other lifestyle 

recommendations. However, only a minority of patients receive even simple advice/

counseling from their primary care providers regarding behavioral changes that are 

important in the management of high BP [48,49]. A Center for Disease Control study 

[49] using data from the 2008 Health Styles survey to estimate the prevalence of self-

reported hypertension advice received from health professionals showed that only 

21%–24.4% of patients reported receiving advice regarding lifestyle changes relevant 
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for hypertension management such as weight loss, exercise, and reduction of dietary 

sodium intake. Primary care providers do not seem to consider lifestyle modifi cation 

counseling as a good investment of their time even though research has shown that 

advice from a health care provider seems to be predictive of subsequent attempts to 

modify lifestyle habits [50–52], suggesting that “routine” advice given by doctors and 

other health professionals may have some effectiveness.

Provider-implemented behavioral interventions aimed at patients’ education 

overall include three basic strategies: printed materials, counseling, and structured 

training courses. Printed materials usually include booklets, leafl ets, or brochures 

containing relevant hypertension-related information (e.g., importance of achieving 

BP control, reasons for treating high BP even when the patient is asymptomatic, 

cardiovascular risk factors, need for life-long treatment, available drugs to treat 

hypertension, and healthy lifestyle for the prevention or management of hyperten-

sion) that can be mailed to the patients or offered at the clinic. Counseling may have 

an individual format or a group format, and even when group-delivered, it is usually 

personalized with individuals or group members often sharing their personal experi-

ences. Structured training courses usually have a classroom format with a prespeci-

fi ed curriculum and one or more instructors. Counseling and training courses may 

include multiple components, such as encouraging weight loss, healthy diet choices, 

exercise, and other lifestyle changes. Furthermore, both counseling and educational 

interventions are usually combined with other interventions, including traditional 

pharmacological treatment.

8.3.1 EDUCATIONAL INTERVENTIONS

Overall, educational interventions based on the delivery of information using leaf-

lets, mailings, or printed materials to the patients have not been effective in reducing 

BP levels [53–56]. A recent randomized clinical trial assessing the effectiveness of 

educational materials mailed to patients with mildly uncontrolled hypertension 

(n = 162) versus that of usual care (n = 150) did not show a signifi cant effect on mean 

BP; however, there was an improvement in patient’s self-reported knowledge and 

patient’s satisfaction with the care [57].

A recent meta-analysis [58] reports that educational interventions directed to the 

patient (16 clinical trials included) resulted in a trend toward improved BP control 

(OR: 0.83; 95% CI: 0.75, 0.91), while results were heterogeneous for mean differ-

ences in SBP and DBP. However, the defi nition of “BP control” differed across stud-

ies. Furthermore, defi nitions of patient-directed educational intervention were broad 

or not provided, and they included interventions ranging from mailings to training 

classes. Other limitations were the lack of treatment fi delity assessments, blinding 

issues, and that there were only usual-care controls—no attention control groups 

were included.

8.3.2 BEHAVIORAL INTERVENTIONS

Boulware et al. [59] conducted a systematic review and meta-analysis of the literature 

to assess the independent and additive effects of three behavioral interventions on BP 
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control (counseling, self-monitoring, and structured training courses). The authors 

selected 15 articles focusing exclusively on the former techniques. Counseling 

resulted in signifi cant DBP improvement in four studies [60–63] and in 11.1-mmHg 

improvement in SBP (95% CI: 4.1–18) [60,62], compared with usual care. Counseling 

was also superior to training courses in a study comparing counseling and usual care 

or training [63]. Finally, combined interventions [64–67] in which counseling was 

delivered together with either self-monitoring or training courses were not superior 

to counseling alone, except for one study showing a reduction in SBP [65]. However, 

as the authors point out in the discussion, due to the author’s choice of eligibility 

criteria, this review resulted in the exclusion of studies examining counseling, train-

ing, and self-monitoring in combination with other interventions. Furthermore, these 

studies differed in duration, content, and the type of provider delivering the interven-

tion [59]. In fact, a recent study [68] evaluating the combined effect of self-monitor-

ing and counseling showed positive results for the combined intervention. This was a 

2 × 2 factorial randomized clinical trial (n = 636) comparing usual care, a behavioral 

intervention (bimonthly tailored, nurse-administered telephone intervention target-

ing hypertension-related behaviors), BP monitoring at home (3 times weekly), and 

behavioral intervention plus BP monitoring at home. At 24 months (with 25% of 

patients lost to follow-up), the primary outcome (improvement in BP control relative 

to the usual-care group) was 4.3% (95% CI: −4.5%,12.9%) in the behavioral inter-

vention group, 7.6% (95% CI: −1.9%, 17.0%) in the group monitoring BP at home, 

and 11.0% (95% CI: 1.9%, 19.8%) in the combined behavioral plus self-monitoring 

group, with only the combined home monitoring and tailored behavioral telephone 

intervention signifi cantly improving BP control relative to usual care.

The most promising results have been observed in interventions that creatively 

combined different strategies targeting the patient’s and the provider’s education at 

the same time. Roumie et al. [37] showed that 59.5% of patients receiving a multi-

component intervention combining provider education and alerts and patient edu-

cation and about 40% in the provider-education-alone group and in the combined 

provider education and alert group achieved the SBP goal of 140 mmHg or less. 

Likewise, the Hypertension Improvement Project has shown a signifi cant interac-

tion between interventions targeting physician education and counseling of patients, 

resulting in a signifi cantly higher reduction in SBP at 6 months of follow-up com-

pared with intervention alone [38]. Therefore, combining behavioral intervention 

strategies clearly can benefi t BP control; the challenge is to design strategies that are 

practical, affordable, and easy for long-term implementation.

8.4 INTERVENTIONS IMPLEMENTED AT THE SYSTEM LEVEL

This section examines interventions aimed at improving the delivery of care at higher 

and more complex levels than at the provider level. The general organization of the 

health care system does not always facilitate the effi cient delivery of effective treat-

ments, and several attempts have been made to intervene at this level. Interventions 

at the system level may involve changes in management of hypertension strategies, 

introduction of new members to the clinical team or team change, or creating new 

roles for traditional providers such as nurses or pharmacists.
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Counseling and training patients can be particularly effective when delivered as a 

team effort. Subgroup analyses have shown that pharmacist- or nurse-led counseling 

interventions result in greater reductions of BP [59]. A systematic review examining 

the effectiveness of quality improvement strategies in lowering BP has shown that 

despite differences across studies (such as the number of providers involved and BP 

measurement techniques), a team-change strategy in which a provider other than 

the patients’ primary care physician shared some responsibility for the patient’s BP 

management was the most effective strategy [39,69]. Glynn et al. reported that the 

majority of randomized trials of nurse- or pharmacist-led care were associated with 

improved BP control with a range of mean differences from –13 to 0 mmHg for mean 

SBP (n = 10 RCTs) and from –8 to 0 mmHg for DBP (n = 12 RCTs) [28]. In par-

ticular, involvement of pharmacists leads to a signifi cant improvement in BP control 

[70–76], and continued interventions by pharmacists may be necessary to maintain 

high rates of BP control, especially in patients whose BP begins to increase [77]. A 

downside of team-change strategies is that they may result in a discontinuity in the 

relationship between the patient and the primary care provider, which may in turn 

lead patients to be less satisfi ed with the quality of care they receive [78].

A Cochrane-based systematic review and meta-analysis of interventions designed 

to improve BP control [28] presented the pooled results of several studies of organi-

zational interventions targeting the delivery of care. The review documented hetero-

geneous results largely driven by the largest study, the Hypertension Detection and 

Follow-Up Program. This seminal trial recruited 11,237 hypertensive patients in 14 

U.S. communities, stratifi ed by entry DBP (90–104, 105–114, and 115+ mmHg), and 

randomly assigned them either to a systematic antihypertensive treatment program 

(stepped care) or to usual sources of care (referred care). The stepped-care approach 

consisted of a standardized program of stepwise-defi ned dose increments and/or 

addition of specifi ed drugs until BP control was achieved [79]. Furthermore, several 

measures, such as pill counts to monitor drug adherence, providing the participants 

with free antihypertensive drugs, clinic visits, laboratory tests, and transportation to 

the clinic, were undertaken in the stepped-care arm to enhance compliance with anti-

hypertensive treatment. Clinic organization was improved by minimizing waiting 

times and by holding clinics at convenient hours. After 1 year, 80.4% of the partici-

pants receiving stepped care remained in active therapy compared with 50.6% in the 

referred care group [79]. All-cause mortality at 5 years of follow-up in the stepped-

care group was reduced compared with that in the referred-care group (6.4% vs. 

7.7%, p < .01, 17% reduction), particularly in the group with DBP of 90–104 mmHg 

at study entry (5.9% vs. 7.4%, p < 0.01, a 20% reduction) [80]. This study fi nding 

indicates that systematic, effective management of hypertension has a great potential 

for reducing mortality for a large segment of the population with hypertension.

8.5 NEW DEVELOPMENTS

We conclude this chapter by reporting on the recent developments in this fi eld. The 

recently published studies in this fi eld all have in common the use of newer technolo-

gies to deliver educational interventions, namely, short message service (SMS) via 

mobile phone, Web services, and interactive DVD story telling.
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The fi rst study [81] tested the effect of an 8-week intervention using SMS (text 

messages) via cellular phone and Internet to improve BP control, weight control, 

and serum lipids of obese patients with hypertension. Patients in the intervention 

group were asked to record their BP and body weight weekly in a Web-based diary 

accessed via the Internet or cellular phone, and they received weekly recommenda-

tions by both cellular phone and Internet. The authors reported a signifi cant postint-

ervention decrease in SBP and DBP (9.1 and 7.2 mmHg, respectively; p < .05) in the 

intervention group, as well as decreases in body weight and waist circumference and 

an increase in high-density lipoprotein cholesterol. Despite the limitations (small 

sample size, quasi-experimental design, and very short duration of follow-up) war-

ranting replication in a larger population, these results are interesting and appear to 

be particularly promising in older, low-income, less educated patients, and in minori-

ties such as African Americans and Hispanics who frequently do not own or do not 

use a computer [82].

The effectiveness of Web-delivered hypertension care has been tested in a recent 

randomized controlled trial [75], the Electronic Communications and Home Blood 

Pressure Monitoring study, enrolling 778 participants aged 25–75 years with uncon-

trolled essential hypertension and Internet access who were randomly assigned to 

usual care, BP monitoring at home, and secure Website training or to both BP moni-

toring at home and Website training plus pharmacist care management delivered 

through Web communication. While the study failed to demonstrate the effi cacy 

of BP monitoring at home and Web-delivered patient training in attaining better 

BP control compared with the usual care group, the addition of Web-based phar-

macist care to BP monitoring at home and Web training signifi cantly increased BP 

control. Although with some caveats, such as the exclusion of about 20% of patients 

(usually minorities, less educated patients, and older patients) because they did not 

have Internet access, this was the fi rst randomized trial testing the effi cacy of Web-

delivered care for hypertension, showing that Web delivery can be a safe and useful 

tool to provide effective BP care.

Houston et al. [83] tested the effect of storytelling, a powerful tool for health 

promotion in vulnerable populations, on BP levels in 299 (71% women) hypertensive 

African Americans with baseline uncontrolled hypertension, who were recruited 

in an inner-city safety-net clinic in the southern United States. Participants were 

randomly assigned to receive three DVDs containing peer-delivered interactive 

hypertension-care storytelling or an attention control DVD. Despite its limitations 

(about 75% of patients retained and short duration of follow-up), this study showed a 

reduction of both SBP (11.21 mmHg; 95% CI: 2.51–19.9 mmHg; p = .012) and DBP 

(6.43 mmHg; CI: 1.49–11.45 mmHg; p = .012) at 3 months in the intervention group 

compared with the attention control group, with between-group differences main-

tained at 6 months.

8.6 CONCLUSION

The available evidence indicates that among the strategies implemented at the pro-

vider level, those involving health care team change, patient education, and facili-

tation of transfer of clinical information were the most effective in achieving better 
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BP control [69]. Among patient-focused interventions, provider-delivered counsel-

ing may improve BP levels and may be an important addition to traditional phar-

macological treatment, particularly when delivered by pharmacists. Combined 

counseling and structured training courses may lead to further improvements, 

while training courses alone do not appear to be effective compared with coun-

seling or usual care. The most effective strategies creatively employed multiple 

interventions targeting the patient, the provider, and the health care system at the 

same time [37,38,75] and often included technical support facilitating the transfer 

of information between the patient and the provider. Further development may 

come from the use of new technologies (text messaging, use of social networks, 

TABLE 8.1
Practical Suggestions

Intervention Level of Evidence Recommendations

Communication skills Unknown Good bedside manners and communication

Clinic organization Modest/unknown Provide easy access to patients (including 

phone and e-mail contact)

Contact patients to confi rm appointments 

and follow up patients who missed 

appointments

Make clinic comfortable, including 

convenient access hours

Schedule next appointment before patient 

leaves offi ce

Technical support Moderate

Greater effect when used in 

association with counseling/

team change

Use appointment reminders, preferably 

computer-based

Use a computer-based approach for BP 

monitoring and follow-up

Periodically audit patients’ fi les to assess 

compliance with guidelines, goals, and 

recommendations

Educational materials 

(booklets, brochures)

Modest

May increase patients’ 

knowledge

Printed materials containing instructions 

regarding lifestyle changes are useful

Counseling Good

Greater effect when combined 

with provider education and 

self-monitoring of BP

Provide simple advice for lifestyle changes

Propose participation in formal, intensive 

counseling

Team change Good Collaborate with other health care 

professionals (nurses, physician 

assistants, pharmacists, dentists, 

registered dietitians, etc.) to deliver 

counseling/education about lifestyles 

changes and medication adherence

Source: Chobanian, A.V. et al., Hypertension, 42, 1206–1252, 2003.
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Web-based interventions) to deliver counseling interventions, and promising 

results have been shown by the use of peer-delivered forms of counseling, such as 

storytelling. Future research should aim at achieving a better understanding of the 

specifi c role of single intervention components in BP control, include treatment 

fi delity assessments, and plan for longer durations of follow-up since the effects 

were not maintained over time in some studies. Finally, there is limited evidence 

that the observed improvement in BP control over time has been achieved through 

lifestyle changes, as most hypertensive patients are still obese and have unhealthy 

dietary habits [4,5,38]. This indicates that further improvement in BP control could 

probably be obtained by directly targeting dietary and exercise habits, and addi-

tional efforts should be invested in promoting healthy dietary and exercise behav-

iors (Table 8.1).
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Section III

Special Considerations

OVERVIEW

Pao-Hwa Lin 

Most researches on the association between nutrition, lifestyle factors, and blood 

pressure (BP) and relevant management plans have been conducted in adults with 

predetermined inclusion/exclusion criteria to minimize confounding of fi ndings 

from other physiological or biological conditions. However, various physiological or 

biological factors may infl uence how nutrition and lifestyle relate to BP and/or how 

they can be used in managing BP, and thus are important to consider.

For example, nutritional needs in children and adolescents and during pregnancy 

are clearly different from those required during other life stages. Thus, the approach 

in nutrition and lifestyle interventions for BP control may also vary for these popu-

lations. Chapter 9 reviews the nutrition and lifestyle interventions in children and 

adolescents for BP control. Chapter 10 reviews the BP disorders during pregnancy 

and how nutrition and lifestyle factors may relate to the disorders and how they may 

be used in treatment of these disorders.

Diabetes often coexists with hypertension, and research shows that the coexis-

tence of both the conditions greatly increases the risk for cardiovascular diseases 

and mortality. The BP control criteria for people with both hypertension and diabetes 

are thus lower than that for those with hypertension only. Chapter 11 reviews the 

evidence for tighter control of BP in the setting of coexistent diabetes. In addition, 

this chapter reviews how nutrition and lifestyle interventions can help control BP in 

this population.
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Research has repeatedly shown that in the United States, certain racial/ethnic 

groups, such as African Americans, bear a disproportionate risk for hypertension 

prevalence and have a poor control. Although it is not clearly known why this dis-

parity exists, many possible reasons have been suggested. African Americans as a 

group also seem to respond differently to certain lifestyle interventions. For exam-

ple, the Dietary Approaches to Stop Hypertension (DASH) dietary pattern was more 

effective among the African American participants than in other racial subgroups. 

Chapter 12 reviews the possible reasons for the disparity in hypertension prevalence 

and control among different racial/ethnic groups and how nutrition and lifestyle 

interventions may be applied in controlling BP among minorities.

Besides race/ethnicity, other biological factors may also affect the response of 

BP to various lifestyle modifi cations. Many of these factors, such as age and body 

weight, have been well studied and can be easily identifi ed in patients; others, such 

as genetic factors, are still evolving. Chapter 13 summarizes the BP-related effects 

of lifestyle modifi cations with a focus on evidence that biological factors infl uence 

the response of BP to various lifestyle changes. A closer understanding of the impact 

of these biological factors on responses of BP to lifestyle interventions may allow 

health care providers to target interventions to individuals who are most likely to 

benefi t from them.
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9.1 OVERVIEW

Currently, one-third of all children in the United States aged 2–19 years are over-

weight, of which 16.9% are obese [1]. The onset of obesity in childhood confers a 

higher risk of adult cardiometabolic mortality due to diabetes, hypertension, isch-

emic heart disease, and stroke [2]. Several longitudinal studies have linked early 

childhood weight gain and childhood obesity with adult obesity [3], and adolescent 

obesity is strongly predictive of adult obesity [4]. Obesity-related health conditions 

are the second leading cause of preventable death, following only tobacco use [5]. 

The dramatic rise in the prevalence of pediatric obesity over the past two decades 

has been predicted to lead to a decline in overall life expectancy in the United 

States [6].

Blood pressure (BP) elevation is a well-documented complication of obesity in 

children, and it is increasing in prevalence in parallel with the obesity epidemic 

[7]. In contrast, hypertension is rare in nonobese children [8]. The mechanisms for 

obesity-related hypertension are discussed in detail below, and they involve both 

increased fl uid retention and infl ammation [9]. Although no longitudinal data are 

currently able to link childhood-onset hypertension with adult cardiovascular dis-

eases, emerging literature demonstrates the presence of a proatherosclerotic infl am-

matory state and target-organ damage in children with hypertension [10]. In addition, 

children with obesity and hypertension usually possess multiple other metabolic risk 

factors for disease, and thus they form a group that merits evaluation and treatment.

Pharmacologic interventions are appropriate for hypertensive children who meet 

specifi c criteria as discussed below. Lifestyle interventions administered properly 

are effective and safe, and thus these should be utilized whenever indicated and 

available [11]. Exactly how much weight loss, or body mass index (BMI) reduction, 

is needed to achieve improvement in BP, lipid profi les, insulin sensitivity, and overall 

cardiovascular health in children is unknown. However, BP appears to be one of the 

earliest health outcomes to show improvement when lifestyle modifi cation is suc-

cessful [12].

In this chapter, we review the data on childhood obesity-related hypertension, 

screening and referral guidelines, and the most effective management strategies. 

Treatment options discussed here focus on evidence-based recommendations for 

lifestyle modifi cations. Options for a rational, yet comprehensive, treatment approach 

are presented. Many resources exist for the clinician to offer lifestyle modifi cations 

in his or her clinic- or hospital-based setting; this chapter provides references and 

resources as a guide to management of hypertension.

9.2  DEFINITION OF ELEVATED BP IN CHILDREN 
AND ADOLESCENTS

In children and adolescents, hypertension is defi ned using BP reference tables provided 

by the National High Blood Pressure Education Program (NHBPEP) Working Group 

[13]. These tables provide standards for BP based on gender, height, and age (Tables 

9.1 and 9.2). Hypertension is defi ned by an average systolic BP (SBP) and/or diastolic 

BP (DBP) that is greater than the 95th percentile for gender, age, and height based on 
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TABLE 9.1
Blood Pressure Reference Tables for Boys by Age and Height Percentile

Age 
(Year)

BP 
Percentile

Systolic BP (mmHg) Diastolic BP (mmHg)

Percentile of Height Percentile of Height

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

1 50th 80 81 83 85 87 88 89 34 35 36 37 38 39 39

90th 94 95 97 99 100 102 103 49 50 51 52 53 53 54

95th 98 99 101 103 104 106 106 54 54 55 56 57 58 58

99th 105 106 108 110 112 113 114 61 62 63 64 65 66 66

2 50th 84 85 87 88 90 92 92 39 40 41 42 43 44 44

90th 97 99 100 102 104 105 106 54 55 56 57 58 58 59

95th 101 102 104 106 108 109 110 59 59 60 61 62 63 63

99th 109 110 111 113 115 117 117 66 67 68 69 70 71 71

3 50th 86 87 89 91 93 94 95 44 44 45 46 47 48 48

90th 100 101 103 105 107 108 109 59 59 60 61 62 63 63

95th 104 105 107 109 110 112 113 63 63 64 65 66 67 67

99th 111 112 114 116 118 119 120 71 71 72 73 74 75 75

4 50th 88 89 91 93 95 96 97 47 48 49 50 51 51 52

90th 102 103 105 107 109 110 111 62 63 64 65 66 66 67

95th 106 107 109 111 112 114 115 66 67 68 69 70 71 71

99th 113 114 116 118 120 121 122 74 75 76 77 78 78 79

5 50th 90 91 93 95 96 98 98 50 51 52 53 54 55 55

90th 104 105 106 108 110 111 112 65 66 67 68 69 69 70

95th 108 109 110 112 114 115 116 69 70 71 72 73 74 74

99th 115 116 118 120 121 123 123 77 78 79 80 81 81 82

6 50th 91 92 94 96 98 99 100 53 53 54 55 56 57 57

90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72

95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76

99th 116 117 119 121 123 124 125 80 80 81 82 83 84 84

(continued)
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TABLE 9.1 (continued)
Blood Pressure Reference Tables for Boys by Age and Height Percentile

Age 
(Year)

BP 
Percentile

Systolic BP (mmHg) Diastolic BP (mmHg)

Percentile of Height Percentile of Height

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

7 50th 92 94 95 97 99 100 101 55 55 56 57 58 59 59

90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74

95th 110 111 113 115 117 118 119 74 74 75 76 77 78 78

99th 117 118 120 122 124 125 126 82 82 83 84 85 86 86

8 50th 94 95 97 99 100 102 102 56 57 58 59 60 60 61

90th 107 109 110 112 114 115 116 71 72 72 73 74 75 76

95th 111 112 114 116 118 119 120 75 76 77 78 79 79 80

99th 119 120 122 123 125 127 127 83 84 85 86 87 87 88

9 50th 95 96 98 100 102 103 104 57 58 59 60 61 61 62

90th 109 110 112 114 115 117 118 72 73 74 75 76 76 77

95th 113 114 116 118 119 121 121 76 77 78 79 80 81 81

99th 120 121 123 125 127 128 129 84 85 86 87 88 88 89

10 50th 97 98 100 102 103 105 106 58 59 60 61 61 62 63

90th 111 112 114 115 117 119 119 73 73 74 75 76 77 78

95th 115 116 117 119 121 122 123 77 78 79 80 81 81 82

99th 122 123 125 127 128 130 130 85 86 86 88 88 89 90

11 50th 99 100 102 104 105 107 107 59 59 60 61 62 63 63

90th 113 114 115 117 119 120 121 74 74 75 76 77 78 78

95th 117 118 119 121 123 124 125 78 78 79 80 81 82 82

99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90

12 50th 101 102 104 106 108 109 110 59 60 61 62 63 63 64

90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79

95th 119 120 122 123 125 127 127 78 79 80 81 82 82 83

99th 126 127 129 131 133 134 135 86 87 88 89 90 90 91
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13 50th 104 105 106 108 110 111 112 60 60 61 62 63 64 64

90th 117 118 120 122 124 125 126 75 75 76 77 78 79 79

95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83

99th 128 130 131 133 135 136 137 87 87 88 89 90 91 91

14 50th 106 107 109 111 113 114 115 60 61 62 63 64 65 65

90th 120 121 123 125 126 128 128 75 76 77 78 79 79 80

95th 124 125 127 128 130 132 132 80 80 81 82 83 84 84

99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92

15 50th 109 110 112 113 115 117 117 61 62 63 64 65 66 66

90th 122 124 125 127 129 130 131 76 77 78 79 80 80 81

95th 126 127 129 131 133 134 135 81 81 82 83 84 85 85

99th 134 135 136 138 140 142 142 88 89 90 91 92 93 93

16 50th 111 112 114 116 118 119 120 63 63 64 65 66 67 67

90th 125 126 128 130 131 133 134 78 78 79 80 81 82 82

95th 129 130 132 134 135 137 137 82 83 83 84 85 86 87

99th 136 137 139 141 143 144 145 90 90 91 92 93 94 94

17 50th 114 115 116 118 120 121 122 65 66 66 67 68 69 70

90th 127 128 130 132 134 135 136 80 80 81 82 83 84 84

95th 131 132 134 136 138 139 140 84 85 86 87 87 88 89

99th 139 140 141 143 145 146 147 92 93 93 94 95 96 97

Source: Reproduced from NHLBI, Blood Pressure Tables for Children and Adolescents from the Fourth Report on the Diagnosis, Evaluation, and Treatment of 

High Blood Pressure in Children and Adolescents, http://www.nhlbi.nih.gov/guidelines/hypertension/child_tbl.htm (accessed September 5, 2011). With 

Permission.

BP means blood pressure.

The 90th percentile is 1.28 SD, 95th percentile is 1.64:5 SD, and the 99th percentile is 2.326 SD over the mean.

For research purposes, the standard deviations in Appendix Table B–1 in [67] allow one to compute BP Z-scores and percentiles for boys with height percentiles 

given in Table 3 in [67] (i.e., the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles). These height percentiles must be converted to height Z-scores given 

by 5% = −1.645; 10% = −1.28; 25% = −0.68; 50% = 0; 75% = 0.68; 90% = 1.28%; 95% = 1.645 and then computed according to the methodology in steps 

2–4 described in Appendix B in [67]. For children with height percentiles other than these, follow steps 1–4 as described in Appendix B.
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TABLE 9.2
Blood Pressure Reference Tables for Girls by Age and Height Percentile

Age 
(Years)

BP 
Percentile

Systolic BP (mmHg) Diastolic BP (mmHg)

Percentile of Height Percentile of Height

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

1 50th 83 84 85 86 88 89 90 38 39 39 40 41 41 42

90th 97 97 98 100 101 102 103 52 53 53 54 55 55 56

95th 100 101 102 1047 105 106 107 56 57 57 58 59 59 60

99th 108 108 109 111 112 113 114 64 64 65 65 66 67 67

2 50th 85 85 87 88 89 91 91 43 44 44 45 46 46 47

90th 98 99 100 101 103 104 105 57 58 58 59 60 61 61

95th 102 103 104 105 107 108 109 61 62 62 63 64 65 65

99th 109 110 111 112 114 115 116 69 69 70 70 71 72 72

3 50th 86 87 89 89 91 92 93 47 48 48 49 50 50 51

90th 100 100 102 103 104 106 106 61 62 62 63 64 64 65

95th 104 104 105 107 108 109 110 65 66 66 67 68 68 69

99th 111 111 113 114 115 116 117 73 73 74 74 75 76 76

4 50th 88 88 90 91 92 94 94 50 50 51 52 52 53 54

90th 101 102 103 104 106 107 108 64 64 65 66 67 67 68

95th 105 106 107 108 110 111 112 68 68 69 70 71 71 72

99th 112 113 114 115 117 118 119 76 76 76 77 78 79 79

5 50th 89 90 91 93 94 95 96 52 53 53 54 55 55 56

90th 103 103 105 106 107 109 109 66 67 67 68 69 69 70

95th 107 107 108 110 111 112 113 70 71 71 72 73 73 74

99th 114 114 116 117 118 120 120 78 78 79 79 80 81 81

6 50th 91 92 93 94 96 97 98 54 54 55 56 56 57 58

90th 104 105 106 108 109 110 111 28 28 29 70 70 71 72

95th 108 109 110 111 113 114 115 72 72 73 74 74 75 76

99th 115 116 117 119 120 121 122 80 870 80 81 82 83 83
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7 50th 93 93 95 96 97 99 99 55 56 56 57 58 58 59

90th 106 107 108 109 111 112 113 69 70 70 71 72 72 73

95th 110 111 112 113 115 116 116 73 74 74 75 76 76 77

99th 117 118 119 120 122 123 124 81 81 82 82 83 84 84

8 50th 95 95 96 98 99 100 101 57 57 57 58 59 60 60

90th 108 109 110 111 113 114 114 71 71 71 72 73 74 74

95th 112 112 114 115 116 118 118 75 75 75 76 77 78 78

99th 119 120 121 122 123 125 125 82 82 83 83 84 85 86

9 50th 96 97 98 100 101 102 103 58 58 58 59 60 61 61

90th 110 110 112 113 114 116 116 72 72 72 73 74 75 75

99th 121 121 123 124 125 129 129 83 83 84 84 85 86 87

10 50th 98 99 100 102 103 104 105 59 59 59 60 61 62 62

90th 112 112 114 115 116 118 118 73 73 73 74 75 76 76

95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80

99th 123 123 125 126 127 129 129 84 84 85 86 86 87 88

11 50th 100 101 102 103 105 106 107 60 60 60 61 62 63 63

90th 114 114 116 117 118 119 120 74 74 74 75 76 77 77

95th 118 118 119 121 122 123 124 78 78 78 79 80 81 81

99th 125 125 126 128 129 130 131 85 85 86 87 87 88 89

12 50th 102 103 104 105 107 108 109 61 61 61 62 63 64 64

90th 116 116 117 119 120 121 122 75 75 75 76 77 78 78

95th 119 120 121 123 124 125 126 79 79 79 80 81 82 82

99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90

13 50th 104 105 106 107 109 110 110 62 62 62 63 64 65 65

90th 117 118 119 121 122 123 124 76 76 76 77 78 79 79

95th 121 122 123 124 126 127 128 80 80 80 81 82 83 83

99th 128 129 130 132 133 134 135 87 87 88 89 89 90 91

14 50th 106 106 107 109 110 111 112 63 63 63 64 65 66 66

90th 119 120 121 122 124 125 125 77 77 77 78 79 80 80

95th 123 123 125 126 127 129 129 81 81 81 82 83 84 84

99th 130 131 132 133 135 136 136 88 88 89 90 90 91 92

(continued)
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TABLE 9.2 (continued)
Blood Pressure Reference Tables for Girls by Age and Height Percentile

Age 
(Years)

BP 
Percentile

Systolic BP (mmHg) Diastolic BP (mmHg)

Percentile of Height Percentile of Height

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

15 50th 107 108 109 110 111 113 113 64 64 64 65 66 67 67

90th 120 121 122 123 125 126 127 78 78 78 79 80 81 81

95th 124 125 126 127 129 130 131 82 82 82 83 84 85 85

99th 131 132 133 134 136 137 138 89 89 90 91 91 92 93

16 50th 108 108 110 111 112 114 114 64 64 65 66 66 67 68

90th 121 122 123 124 126 127 128 78 78 79 80 81 81 82

95th 125 126 127 128 130 131 132 82 82 83 84 85 85 86

99th 132 133 134 135 137 138 139 90 90 90 91 92 93 93

17 50th 108 109 110 111 113 114 115 64 65 65 66 67 67 68

90th 122 122 123 125 126 127 128 78 79 79 80 81 81 82

95th 125 126 127 129 130 131 132 82 83 83 84 85 85 86

99th 133 133 134 136 137 138 139 90 90 91 91 92 93 93

Source: Reproduced from NHLBI, Blood Pressure Tables for Children and Adolescents from the Fourth Report on the Diagnosis, Evaluation, and 

Treatment of High Blood Pressure in Children and Adolescents, http://www.nhlbi.nih.gov/guidelines/hypertension/child_tbl.htm, (accessed 

September 5, 2011).

BP means blood pressure

The 90th percentile is 1.28 SD, 95th percentile is 1.645 SD, and the 99th percentile is 2.326 SD over the mean.

For research purposes, the standard deviations in Appendix Table B–1 in [67] allow one to compute BP Z-scores and percentiles for girls with height per-

centiles given in Table 4 in [67] (i.e., the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles). These height percentiles must be converted to height 

Z-scores given by 5% = −1.645, 10% = −1.28, 25% = −0.68, 50% = 0, 75% = 0.68, 90% = 1.28%, 95% = 1.645 and then computed according to the 

methodology in steps 2–4 described in Appendix B in [67]. For children with height percentiles other than these, follow steps 1–5 as described in 

Appendix B.
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three averaged BP measurements in a single encounter [14]. Prehypertension is defi ned 

by an average SBP or DBP that is greater than the 90th percentile but less than the 95th 

percentile or by a BP that is greater than 120/80 mmHg but less than the 95th percentile. 

Hypertension is stratifi ed into stages to facilitate the organization of management strate-

gies: stage 1 hypertension corresponds to a SBP or DBP between the 95th and 99th per-

centiles, plus 5 mmHg; and stage 2 hypertension corresponds to a SBP or DBP exceeding 

the 99th percentile, plus 5 mmHg. “White-coat hypertension” exists when a patient’s BP 

is greater than the 95th percentile when measured in a physician’s offi ce or in other medi-

cal settings, but the patient’s average BP is less than the 90th percentile when measured 

elsewhere. In contrast, the term “masked hypertension” describes the situation in which 

a patient is normotensive in a clinical setting but hypertensive otherwise [13,15].

9.3 ACCURATE MEASUREMENT OF BP

Children older than 3 years should have their BP measured annually. Accurate mea-

surement of BP is necessary to quantify the degree of hypertension, both on indi-

vidual and population levels. Accurate measurement of BP in children requires the 

use of an appropriately sized cuff and an appropriate technique. The width of the 

cuff’s infl atable bladder should be at least 40% of the arm circumference at a point 

midway between the olecranon and the acromion [13].

BP measurements made in a pediatric offi ce can often be inaccurate [15]. The 

data in the BP reference tables are based on auscultatory measurements [16], 

although measurement of BP in clinical settings is often performed by oscillometric 

devices [15]. A recent study evaluating the accuracy of BP measurements during 

standard vital sign measurements demonstrated a mean difference of >13 mmHg for 

SBP (>9 mmHg for DBP) when compared to pressures obtained by methods similar 

to those used for the BP reference tables. These measurement errors can lead to mis-

identifi cation of normotensive children as hypertensive [15].

Even when accurately measured, BP obtained in an outpatient clinical setting 

may not be the most accurate indicator of a patient’s BP trend throughout the day. 

A technique utilized to overcome this limitation is the ambulatory blood pressure 

monitor (ABPM). The ABPM is a portable device worn by the patient, which mea-

sures and records BP over a specifi ed period (typically 24 h) during the day [17]. Its 

usage is generally limited to children older than 5 years. The ABPM is being used 

more frequently by pediatric practitioners and can be especially useful in children 

with white-coat hypertension or masked hypertension. There are no outcome-based 

studies relating ABPM measurements (or BP measurements obtained in the clinic) 

and the sequelae of hypertension, such as myocardial infarction and stroke. Further 

research must be implemented to explore the utility of the ABPM in predicting 

future cardiovascular risks [18].

9.4  PREVALENCE AND PERSISTENCE OF PEDIATRIC 
HYPERTENSION

Both hypertension and obesity have been signifi cantly increasing in children and ado-

lescents over the past several decades [19]. Evidence from cross-sectional studies is 
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important in determining the overall burden of disease and monitoring trends. Serial 

cross-sectional data analyzed from the National Health and Nutrition Examination 

Surveys (NHANES) demonstrated that there has been a signifi cant increase in BP 

in children and adolescents aged 8–17 between 1988 and 2000. SBP was 1.4 mmHg 

higher and DBP was 3.3 mmHg higher in 1999–2000 than in 1988–1994. These dif-

ferences were attenuated when adjusting for BMI, suggesting that the increase in BP 

is at least partially related to the increase in overweight and obesity. The prevalence 

of prehypertension was higher in non-Hispanic black girls than in non-Hispanic 

white girls [20]. However, data on the role of race and ethnicity in pediatric hyper-

tension are incomplete and do not control for genetic and environmental factors [8].

Longitudinal cohort studies provide additional information regarding the track-

ing of childhood disease into adolescence and adulthood. A meta-analysis of 50 

cohort studies from diverse populations shows strong evidence that BP tracks from 

childhood into adulthood [21]. Although no direct evidence is available to demon-

strate that hypertension in childhood leads to cardiovascular events in adults, the 

persistence of elevated BP from childhood to adulthood demonstrates the impor-

tance of early intervention.

9.5 SECONDARY HYPERTENSION IN CHILDREN

It is important to distinguish between primary and secondary hypertension in children. 

Although adult hypertension is more likely to be primary, pediatric hypertension is 

more likely to be secondary, that is, related to an underlying cause. In general, the 

younger the child and the greater is the degree of BP elevation, it is more likely that 

there is an underlying cause [22]. Secondary causes of pediatric hypertension are most 

likely to be renal or renovascular diseases such as polycystic and multicystic dysplas-

tic renal disease, hydronephrosis, chronic pyelonephritis, glomerulonephritis, chronic 

renal failure, and renal artery stenosis. Additional etiologies of secondary hypertension 

in children include cardiac (coarctation), medication and iatrogenic causes (caffeine, 

stimulant medications) and rare conditions such as Wilms tumor, neuroblastoma, and 

pheochromocytoma [22]. Children having elevated BP require consideration of sec-

ondary causes and further evaluation for suspected etiologies and target-organ damage.

Hypertension affects about 30% of adults in North America [23] and is notori-

ously diffi cult to treat or control. Primary or essential hypertension has origins in 

childhood, and it is directly related to the BMI and other factors that are coinci-

dent with childhood obesity. The increased prevalence of childhood hypertension 

with childhood obesity is suggestive of a unifying mechanism [8]. Sleep disorders, 

prevalent in obese children, are strongly associated with hypertension as well [24]. 

Genetic risk factors are associated with both hypertension and obesity. Both insu-

lin resistance and markers of infl ammation are associated with increased BMI and 

elevated BP [25]. In addition, lifestyle choices are directly related to the development 

of elevated BP. One study demonstrated higher BP associated with excessive BMI, 

carbohydrate intake, and sedentary lifestyle [26].

The mechanisms to explain the development of essential hypertension in the 

presence of excess adiposity are incompletely understood. Factors that are thought 

to be the major contributors to hypertension in obese children include disturbances 
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in autonomic function, insulin resistance, and abnormalities in vascular function 

[27]. The sympathetic system is activated in obesity, and one mechanism for the 

resultant increase in BP is an increase in sodium resorption through the renal 

tubules. Renin, angiotensin, and aldosterone contribute to this process. The insulin-

resistant state may promote elevation in BP through activation of the sympathetic 

nervous system and increases in related peptides [28]. Growing evidence suggests 

that hypertension is a proinfl ammatory state. Levels of C-reactive protein, inter-

leukin-6, interleukin-1β, and intercellular cell adhesion molecule-1 correlate sig-

nifi cantly with the ambulatory BP in obese children and adolescents, suggesting 

that infl ammation may play a role in the modulation of BP relatively early in life 

[29]. Of all the markers of infl ammation, uric acid has been of particular interest. 

Researchers evaluating data from the Bogalusa Heart study demonstrated that the 

uric acid level in childhood is correlated with BP during childhood and adulthood 

[30]. These data are suggestive that early elevation of uric acid could play an impor-

tant role in BP throughout life, but the cause and effects have not been established. 

The emerging literature on the link between infl ammation and hypertension sug-

gests that closer attention to markers of infl ammation should be considered in the 

pediatric hypertensive population.

9.6 IMPACT OF CHILDHOOD HYPERTENSION ON HEALTH

As discussed above, childhood hypertension tends to persist into adulthood, and adult 

hypertension is associated with signifi cant morbidity. However, some complications 

of childhood hypertension develop during childhood. Left ventricular hypertrophy 

(LVH) is the most prominent evidence of target-organ damage. LVH is present any-

where between 8% and 38% of hypertensive children and in a greater proportion 

among obese children [31]. In general, the higher the BP, the more severe is the LVH. 

However, even among children with “white-coat” hypertension, the higher the BMI, 

the higher is the left ventricular (LV) volume [32]. LVH has been an established sur-

rogate for associated cardiovascular damage [33]. Clinicians are advised to use the 

cutoffs for LV thickness for children established by NHBPEP in determining the 

treatment course [13].

Carotid intimal media thickness (CIMT) is a marker for end-organ damage as a 

result of hypertension. In a recent matched controlled study, examiners evaluated the 

CIMT in children closely matched for BMI. They found that hypertensive children 

had increased CIMT compared with matched controls and that higher CIMT cor-

related with more severe hypertension. This study provided evidence that CIMT is 

increased in childhood primary hypertension, independent of the effects of obesity 

[34]. However, unlike for LVH, there are no reference values of CIMT available to 

guide the practitioners for pediatric patients.

Studies investigating the effects of hypertension on renal disease in the pediatric 

population are limited. Recent studies suggest that the glomerular fi ltration rate can 

be affected even by mild levels of elevated BP [35]. Microalbuminuria has also been 

seen in children with essential hypertension, and interestingly, reducing microal-

buminuria in these children appears to decrease the progression of or result in the 

improvement of LVH [36].
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In adults, concerns about how the central nervous system affects hypertension 

have focused on gross pathological manifestations such as stroke. In contrast, recent 

studies have suggested that children with even mild to moderately elevated SBP 

are at risk for central nervous system damage as measured by decreased neuropsy-

chological scores of attention and concentration [37]. This evidence highlights the 

potential effects on academic performance that may exist in pediatric patients with 

hypertension and prehypertension.

9.7  PHARMACOLOGIC MANAGEMENT OF PEDIATRIC 
HYPERTENSION

The NHBPEP has established guidelines for the management of pediatric hyperten-

sion. Recommendations for the initial management of hypertension in obese chil-

dren include the institution of weight management through lifestyle modifi cation, 

which includes establishing dietary changes, as well as increasing the level of physi-

cal activity [16]. The NHBPEP also recommends pharmacologic management for 

individuals with persistent stage 1 or stage 2 hypertension despite nonpharmacologic 

measures. The goal of any intervention is to reduce BP below the 95th percentile 

for age, gender, and height or below the 90th percentile in the presence of a severe 

chronic illness such as diabetes or renal disease. The presence of diabetes or end-

organ damage is also an indication to begin treatment [13]. Guidelines for manage-

ment, including the appropriate starting drugs, pediatric dosages, and monitoring, 

are well described elsewhere [38]. It is important to note, however, that long-term 

studies of safety and effi cacy of these medications are lacking and that compliance 

is typically low [7,39].

9.8  LIFESTYLE MODIFICATIONS FOR PEDIATRIC 
HYPERTENSION

The impact of lifestyle modifi cations on BP, weight, and cardiometabolic mark-

ers has been well studied in the adult population [40–42]. In children, the evidence 

for improved health outcomes as a result of lifestyle modifi cation programs is less 

robust. The HEALTHY study, a primary prevention trial conducted in 42 U.S. mid-

dle schools, modifi ed the school nutrition and physical activity environments and 

provided targeted behavioral, educational, and promotional initiatives to the students 

[43]. Children attending intervention schools did not demonstrate a statistically dif-

ferent BMI change than control schools, however, improved their fruit, vegetable, 

and whole grain consumption and demonstrated signifi cantly greater reductions in 

SBP [44].

In 2010, the U.S. Preventative Services Task Force (USPSTF) released a report 

updating its 2005 report on childhood obesity. In part due to the explosion of litera-

ture demonstrating the modest, yet important, effect of lifestyle intervention in these 

intervening years, the Task Force reversed its earlier position that data were insuf-

fi cient to recommend routine screening for overweight in children and adolescents 

[45,46]. The updated report states that the evidence is now suffi cient to recommend 
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BMI screening and referral to weight management programs for children aged 

6 years and above [46].

The USPSTF recommendations were based on a targeted systematic review of 

childhood obesity lifestyle modifi cation programs. Of over 2500 studies published, 

only 11 met the criteria for inclusion based on study design and quality. Hours of 

patient contact was used as a proxy for treatment intensity and was categorized as 

very low (<10), low (10–25), moderate (26–75), or high (>75). Weight outcomes were 

categorized as short-term (6–12 months after beginning the program) or mainte-

nance (at least 2 years after starting the program and at least 1 year after ending 

the program). Comprehensive interventions included dietary counseling, physical 

activity counseling or program participation, and behavioral management counsel-

ing [47]. All of the interventions demonstrated a short-term improvement in one or 

more weight-related measures (percentage overweight, BMI, BMI standard devia-

tion score), with the three most-intense programs demonstrating the largest effects 

[48–50]. Health outcomes other than weight-related markers, such as BP, lipid pro-

fi les, and insulin resistance, were not included in the analysis. Only two low-intensity 

programs that could potentially be initiated in a primary care offi ce were included 

in the analysis [51,52]; challenges remain for determining how to provide lifestyle 

intervention to children.

Since obesity and hypertension in children are closely linked, it is worthwhile 

to review the current recommendations for identifi cation and treatment of obesity. 

To assist medical providers who work with children, the American Academy of 

Pediatrics (AAP) gathered an expert panel whose revised recommendations were 

released in 2007. The report outlines screening of BMI and behavioral habits, identi-

fying those at high risk for complications from overweight or obesity, frequency and 

content of follow-up visit with providers, and appropriate screening for comorbid 

health conditions. In particular, the report stresses the importance of using BMI to 

screen all children annually for overweight. This report redefi ned terminology, refer-

ring to children at the 5th–85th percentile for BMI as “normal weight,” 85th–95th 

percentile as “overweight” (formerly, “at risk for overweight”), and above the 95th 

percentile as “obese” (formerly, “overweight”) [11].

Little pediatric data exist regarding the benefi ts of lifestyle modifi cations focused 

on BP reduction. However, recent data have suggested that improved BP levels and 

decreased levels of cardiometabolic markers follow structured exercise participa-

tion. These studies suggest that regular, structured physical activity results in sig-

nifi cant reductions in SBP by 3 months of participation, independent of weight loss 

[53]. However, additional studies have shown that the impact of structured activity 

is not sustained unless individuals remain physically active [54,55]. Torrance et al. 

[27] recently published a review of published studies examining the role of physical 

activity on BP in children. Similar to the above, this review states that the evidence 

was suggestive of a reduction in BP and improvement in endothelial function after 

physical activity in overweight children [27].

An important role exists not only for exercise but also for dietary changes in 

the management of children with obesity-related hypertension. In another study, 

57 adolescents with prehypertension or hypertension who underwent 3 months of 

nutritional counseling emphasizing a diet high in fruits, vegetables, and low-fat 
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dairy [Dietary Approaches to Stop Hypertension (DASH) intervention] demon-

strated greater reductions in SBP than those in the standard care group (a reduction 

of −7.9% in the DASH intervention group compared with −1.5% in the standard care 

group) [56].

9.9 SPECIFIC DIETARY RECOMMENDATIONS

Dietary recommendations, as described by the NHBPEP Working Group on High 

Blood Pressure in Children and Adolescence and the American Heart Association 

(AHA; Table 9.3), include balancing diet and activity to achieve a healthy body 

weight. Both guidelines center on decreasing the amount of salt in one’s diet, 

increasing the consumption of fresh fruits, vegetables, and fi ber, decreasing 

the consumption of sugar-containing beverages, and consuming nonfat dairy. 

Both recommendations stress the importance of being physically active [13,57]. 

Additional dietary changes recommended by the AHA include consuming fi sh, 

especially oily fi sh, at least twice per week, limiting intake of saturated fat to <7% 

of energy, trans fat to <1% of energy, and cholesterol to <300 mg/dL by choos-

ing lean meats and vegetable alternatives and by minimizing intake of partially 

hydrogenated fats [57].

Additional guidelines include the DASH diet as shown in Table 9.3. Institution 

of the DASH diet is based on the evidence that certain dietary patterns favorably 

affect the BP of adults with prehypertension or stage 1 hypertension. Specifi cally, 

the guidelines recommend including a diet rich in fruits, vegetables, and low-fat 

dairy products. Diets should also be low in saturated and total fat. The DASH diet 

is associated with a reported 5.5 mmHg reduction in SBP and 3 mmHg reduction 

in DBP in adults. Increasing fruits and vegetables alone lowered SBP to a lesser 

degree in the original DASH study [56,58]. The DASH study results have been rep-

licated several times in adults [59,60], and there is limited evidence of its effi cacy 

in children [56].

TABLE 9.3
Description of Dietary Recommendations by DASH, NHBEP, and AHA

Programs Descriptions

DASH [56,58] Eight servings per day of fruits and vegetables

Three servings per day of nonfat or low-fat dairy foods

Replace simple carbohydrates (e.g., white bread) with complex 

carbohydrates (e.g., whole grain bread)

Reduce total and saturated fat

Limited intake of meat, sweets, sugar-sweetened beverages

NHBEP and AHA [13,57] Diet rich in vegetables and fruits

Whole-grain, high-fi ber foods

Encourage physical activity

Select nonfat dairy products

Minimize intake of beverages and foods with added sugars

Reduce amount of salt in diet
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9.10 EXERCISE RECOMMENDATIONS

There is limited published information regarding exercise recommendations for 

the hypertensive pediatric population despite data supporting the important role 

of exercise in lowering BP as described above. To date, a general recommenda-

tion for children is that they participate in at least 60 min of moderate-to-vigorous 

physical activity per day [11]. Physical activity can vary in intensity. For example, 

walking is generally considered a low-intensity activity and jogging or running is 

considered to be of at least moderate intensity [61]. National pediatric hyperten-

sion guidelines are similar and recommend regular aerobic physical activity, which 

includes the following: (1) 30–60 min of moderate physical activity on most days 

of the week and (2) limitation of sedentary activities to <2 h per day. Current rec-

ommendations for physical activity do not include power lifting [13]. Besides the 

potential benefi ts for hypertension, exercise can result in physiologic changes that 

can lead to improved respiratory and cardiovascular conditioning, strength, and 

mental health [61].

9.11  COMPREHENSIVE APPROACH TO LIFESTYLE 
MODIFICATIONS

A comprehensive approach to pediatric lifestyle modifi cation targets at-risk individ-

uals, provides dietary and activity counseling in a culturally sensitive manner, and 

provides tools for sustained behavioral change with the goal of achieving a healthy 

diet, an active lifestyle, and a reduction in BMI or weight-related comorbid health 

conditions. Lifestyle modifi cation programs with proven effi cacy as discussed above 

can be time and resource consuming. It is not always reasonable to wait for such level 

of data when the need is great, the intervention is safe, and the potential for benefi t 

is high. Providing nutrition, activity, and behavioral counseling in whatever capacity 

a provider is able to do is an acceptable option, and guidelines for these are provided 

by the AAP [11].

The National Institute for Children’s Healthcare Quality (NICHQ) also pro-

vides a user-friendly approach to the AAP Expert Panel recommendations [62]. 

This guide, entitled “Expert Committee Recommendations on the Assessment, 

Prevention and Treatment of Child and Adolescent Overweight and Obesity—2007: 

An Implementation Guide from the Childhood Obesity Action Network” (see 

Appendix) does not provide advice specifi cally for BP control but instead for weight 

maintenance and weight loss, as appropriate. Step 1, “Obesity prevention at well 

care visits” provides resources for accurate measurement of BMI, identifi cation 

of overweight and obesity, and both assessment and intervention tools for use in 

the offi ce setting. Step 2, “Prevention plus visits” provides guidance for treatment 

visits. These treatment visits are analogous to the lifestyle interventions described 

above, yet modifi ed for an outpatient setting. This step describes the personnel 

and training needed to provide quality dietary and exercise prescriptions. Step 3, 

“Going beyond your practice,” provides information on advocacy for childhood 

obesity prevention in the wider community and policy-based changes. The three 

steps are useful in achieving the AAP standard of care. The guide is found in the 
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Appendix, as well as online at www.nichq.org/documents/coan-papers-and-publica-

tions/COANImplementationGuide62607FINAL.pdf. These and other resources may 

be accessed through the Childhood Obesity Action Network at www.nichq.org.

Another option is to use strategies such as “5-3-2-1-almost none” adopted by 

Eat Smart, Move More North Carolina as the statewide obesity prevention message 

[63]. The “5-3-2-1-almost none” strategy refers to consuming at least fi ve fruits and 

vegetables a day, eating three structured meals daily, limiting screen time to 2 h or 

fewer per day, having at least 1 h of moderate-to-vigorous physical activity daily, 

and consuming almost no sugary beverages, which incorporate strategies recom-

mended by the AAP Expert Panel [11,63]. The message is easy to remember and 

useful for both assessment of current behaviors and recommendations for behavior 

targets.

9.12  TECHNIQUES FOR IMPLEMENTING LIFESTYLE 
MODIFICATIONS

The AAP recommends using the motivational interviewing (MI) approach when 

providing lifestyle counseling for families and children [11]. MI is a tested com-

munication style that values patient autonomy, collaborative approach to change, 

and support of self-effi cacy, and supports the belief that human behavioral change 

results from motivation (internally driven) rather than information (externally 

driven). Active listening focusing on refl ective listening is at the core of MI. 

Questions such as, “What goals do you have for your child’s health” or “What, 

if anything, worries you about your child’s weight?” can reveal the patient’s and 

family’s internal motivation. Subsequent questions such as, “What steps would you 

like to take toward achieving this goal?” raises the likelihood that the negotiated 

change will occur, as the actual changes are patient-driven. Helping the family for-

malize the goal, identify barriers, develop concrete steps, create methods to track 

the success of these steps, integrate rewards, and schedule follow-up physician vis-

its will also increase the likelihood of change. Several studies have demonstrated 

that this technique is effective when used in a clinical setting, taking an average of 

10–15 min per visit to achieve signifi cant changes in smoking cessation, reductions 

in substance abuse, adherence to asthma medications, decreases in risky sexual 

behaviors, and improvements in alcoholism [64]. One study in children examined 

the effects of MI on childhood obesity and found a small but signifi cant decrease 

in BMI percentile in the MI group versus the standard counseling group [65,66]. 

Continuing medical education (CME) resources are available to learn MI online. 

In addition, an extensive network of certifi ed trainers (Motivational Interviewing 

Network of Trainers) offer in-person courses. More information about applying MI 

for lifestyle modifi cation can be found in Chapter 6.

9.12.1 CASE EXAMPLE

Martha is a 10-year-old child who on screening at her annual pediatrician visit is 

noted to have both elevated BP and hypercholesterolemia. Her weight and height 

are both over the 95th percentile for gender and age, placing her BMI at the 96th 
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percentile (obese). She has a family history of obesity, hypertension, and high cho-

lesterol. She has not yet started her menses and has no other risk factors for cardio-

vascular diseases. You explain about BMI to her mother and inform her that Martha 

is overweight. You counsel her that if she adopts healthier habits and her BMI were 

in the normal range, her BP and lipids would likely return to normal. You schedule a 

follow-up visit with Martha in 1 month to recheck her BP and further discuss poten-

tial lifestyle modifi cations.

At the follow-up visit, her BMI remains above the 95th percentile, and her BP 

is 130/60, sitting and at rest. On exam, no acanthosis is present. She is in Tanner 3 

stage and has not started menses. Given Martha’s family history, you suspect essen-

tial hypertension and recommend lifestyle modifi cations including the DASH diet. 

You consider secondary causes of hypertension; however, since she has had only two 

elevations in the clinic, you wait to begin the workup.

Using “5-3-2-1-almost none,” you learn that Martha eats a vegetable every other 

day, skips breakfast, watches 4 h of television (mostly on the television in her room), 

does not play outside, and has 45 min of physical education per week. She likes to 

drink a wide variety of beverages, including chocolate milk, Kool Aid, sports drinks, 

soda, and sweetened tea. You identify several areas for improvement:

 1. Increasing consumption of fruits/vegetables to 5 daily

 2. Eating breakfast daily

 3. Decreasing screen time and possibly taking the television out of her room

 4. Increasing the time Martha spends actively

 5. Reducing the sugar levels in her beverages

Rather than telling the parent about everything that needs to change, you elect 

to use a patient-centered approach. You ask Martha’s mom what concerns she has, 

how interested they are in changing, and how they would like to begin. She tells you 

that she is most concerned about Martha’s heart health, given the family history. She 

knows they need to change but feels overwhelmed and is unsure where to begin. She 

notes that Martha’s maternal grandmother cares for her in the afternoon, and she 

is not sure if her grandma sees her weight as a problem. Martha’s mom thinks she 

could try buying bottled water instead of sugary drinks for Martha. She also plans 

on storing some water at grandma’s house, so Martha would have a healthy drink 

option. You support Martha’s mom in this goal and ask Martha what her concerns 

and goals are. She is more concerned about getting teased at school than she is about 

her future health. She thinks that she could drink more water but often turns to the 

sugary drinks for comfort when she feels sad, so Martha is not sure that the plan is 

going to work.

You provide information to the family and discuss the plan. You summarize the 

concerns: Martha’s mom is concerned about Martha’s heart, Martha is concerned 

about teasing, and you are concerned about Martha’s overall health. You reiterate her 

mother’s goal of buying water rather than sweet drinks and having those available at 

her grandma’s house. You acknowledge the barrier of Martha’s emotional state and 

her grandma’s desire to show love through feeding. You suggest her mom to seek out 

counseling to help Martha develop healthier coping skills and suggest that Martha’s 
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grandma should attend the next visit. In addition, you suggest them to track the days 

in which Martha drinks at least four glasses of water and reward her (sticker chart, 

stars, etc). You schedule a follow-up visit in 2–3 months to recheck BP and assess 

success with their plan. You provide a handout on the sugar content of various sweet-

ened beverages.

On return visit after 3 months, Martha’s weight has remained unchanged, but she 

has grown by 3.5 cm, decreasing her BMI by 1.2 kg/m2, placing her now in the “over-

weight” category, at the 92nd percentile. Martha’s grandma has come to this visit and 

is engaged in the process. You recheck BP, which is still high but improved at 125/67 

mmHg. You congratulate them on their success. You use “5-3-2-1-almost none” to 

reassess behaviors and fi nd that the family has successfully limited sweet drinks to 

Friday nights only. You note that she still watches about 4 h of television per day. 

You discuss her progress with grandma and Martha, and they decide that they would 

like to continue improving their lifestyle. With your assistance, the family decides 

to reduce Martha’s television time. Since the family seems motivated and Martha 

remains overweight, you schedule another follow-up visit in 3 months.

9.13 CONCLUSION

Childhood hypertension is strongly linked with childhood obesity and is a problem 

all providers face, from primary care to surgical to subspecialty fi elds. The tracking 

of elevated BP from childhood to adulthood necessitates monitoring and early rec-

ognition of hypertension in children. Care must be taken so that BP is appropriately 

measured and appropriate follow-up of an elevated BP is performed by the physi-

cian. Lifestyle modifi cations for hypertensive obese children are a valuable treat-

ment modality, and physicians’ comfort with discussing dietary and physical activity 

recommendations is crucial. Despite barriers, providers now have a wide array of 

resources to increase knowledge, confi dence, and effi cacy in providing this much-

needed intervention to parents, children, and adolescents (Table 9.4).

TABLE 9.4
Summary: Take-Home Messages

Key Evidences Recommendations for Health Care Practitioners

• Approximately, one-third of children and 

adolescents are overweight or obese, a 

major risk factor for hypertension

• BP tracks from childhood to adulthood

• Complications of hypertension can occur in 

children

• Accurate diagnosis of hypertension requires 

the use of appropriately sized BP cuffs and 

comparison to standardized tables

• Lifestyle modifi cation is a core treatment 

strategy for obese hypertensive children

• Regular screening of weight status and 

provide intervention as needed

• Regular screening of BP

• Follow-up visits to reassess elevated BP

• MI should be used to encourage lifestyle 

modifi cations

• Pharmacologic management should be 

considered in hypertensive children 

unresponsive to lifestyle management
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APPENDIX

NICHQ IMPLEMENTATION GUIDE

Expert Committee Recommendations on the Assessment, Prevention and 
Treatment of Child and Adolescent Overweight and Obesity—2007: An 
Implementation Guide from the Childhood Obesity Action Network

Overview

In 2005, the American Medical Association (AMA), Health Resources and Services 

Administration (HRSA), and Center for Disease Control (CDC) convened an Expert 

Committee to revise the 1997 childhood obesity recommendations. Representatives 

from 15 health-care organizations submitted nominations for the experts who would 

compose the three writing groups (assessment, prevention, treatment). The initial 

recommendations were released on June 6, 2007 in a document titled “Appendix: 

Expert Committee Recommendations on the Assessment, Prevention and Treatment 

of Child and Adolescent Overweight and Obesity” (www.ama-assn.org/ama/pub/cat-

egory/11759.html).

In 2006, the National Initiative for Children’s Healthcare Quality (NICHQ) 

launched the Childhood Obesity Action Network (COAN). With more than 40 health-

care organizations and 600 health professionals, the network is aimed at rapidly shar-

ing knowledge, successful practices, and innovation. This Implementation Guide is 

the fi rst of a series of products designed for health-care professionals by COAN to 

accelerate improvement in the prevention and treatment of childhood obesity.

The Implementation Guide combines key aspects of the Expert Committee 

Recommendations summary released on June 6, 2007 and practice tools identi-

fi ed in 2006 by NICHQ from primary care groups that have successfully developed 

obesity care strategies (www.NICHQ.org). These tools were developed before the 

2007 Expert Recommendations and there may be some inconsistencies such as the 

overweight instead of obesity for BMI ≥ 95th percentile. The tools are intended as 

a source of ideas to facilitate implementation. As tools are updated or new tools are 

developed based on the Expert Recommendations, the Implementation Guide will be 

updated. The Implementation Guide defi nes three key steps to the implementation of 

the 2007 Expert Committee Recommendations:

• Step 1—Obesity Prevention at Well Care Visits (Assessment and Prevention)

• Step 2—Prevention Plus Visits (Treatment)

• Step 3—Going Beyond Your Practice (Prevention and Treatment)

Step 1—Obesity Prevention at Well Care Visits (Assessment and Prevention)

Action Steps Expert Recommendations Action Network Tips and Tools

Assess all children for 

obesity at all well care 

visits from 2 to 

18 years

Physicians and allied health 

professionals should perform, at a 

minimum, a yearly assessment

A presentation for your staff and 

colleagues can help implement 

obesity prevention in your 

practice

(continued)
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Step 1—(continued)

Action Steps Expert Recommendations Action Network Tips and Tools

Use body mass index 

(BMI) to screen for 

obesity

• Accurately measure height and 
weight

• Calculate BMI
BMI (English) [weight (lb) ÷ 

height (in) ÷ height (in)] × 703

BMI (metric) [weight (kg) ÷ 

height (cm) ÷ height (cm)] × 

10,000

• Plot BMI on BMI growth chart
• Not recommended: skinfold 

thickness, waist circumference

BMI is very sensitive to 

measurement errors, particularly 

height. Having a standard 

measurement protocol and training 

can improve accuracy. BMI 
calculation tools are also helpful. 

Use the CDC BMI percentile-for-

age growth charts

Make a weight category 

diagnosis using BMI 

percentile

• 5th percentile: underweight

• 5–84th percentile: healthy weight

• 85–94th percentile: Overweight

• 95–98th percentile: Obesity

• ≥99th percentile

Until the BMI percentile is added to 

the growth charts, Table A.1 can be 

used to determine the 99th 

percentile cut points.

Physicians should exercise 

judgment when choosing how to 

inform the family. Using more 

neutral terms such as weight, 
excess weight, BMI, or risk for 
diabetes and heart disease can 

reduce the risk of stigmatization or 

harm to self-esteem

Measure blood pressure • Use a cuff large enough to cover 

80% of the upper arm

• Measure pulse in the standard 

manner

Diagnose hypertension using 

NHLBI tables. An abbreviated 

table is shown below (Table A.2)

Take a focused family 

history

• Obesity

• Type 2 diabetes

• Cardiovascular disease 

(hypertension, cholesterol)

• Early deaths from heart disease or 

stroke

A child with one obese parent has a 

threefold increased risk of 

becoming obese. This risk 

increases to 13-fold with two 

obese parents. Using a clinical 
documentation tool can be helpful

Take a focused review 

of systems

Take a focused review of systems See Table A.3. Using a clinical 
documentation tool can be helpful

Assess behaviors and 

attitudes

Diet behaviors
• Sweetened-beverage 

consumption

• Fruit and vegetable consumption

• Frequency of eating out and 

family meals

• Consumption of excessive 

portion sizes

• Daily breakfast consumption

Using behavioral risk 

assessment tools can facilitate 

history taking and save clinicians’ 

time
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Step 1—(continued)

Action Steps Expert Recommendations Action Network Tips and Tools

Physical activity behaviors
• Amount of moderate physical 

activity

• Level of screen time and other 

sedentary activities

Attitudes
• Self-perception or concern about 

weight

• Readiness to change

• Successes, barriers, and challenges

Perform a thorough 

physical examination

Perform a thorough physical 

examination

See Table A.3. Using a clinical 
documentation tool can be helpful

Order the appropriate 

laboratory tests

BMI 85–94th percentile without risk 

factors

• Fasting lipid profi le

• MI 85–94th percentile age 10 

years and other with risk factors

• Fasting lipid profi le

• Alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST)

• Fasting glucose

BMI ≥ 95th percentile age 10 years 

and above

• Fasting lipid profi le

• ALT and AS

• Fasting glucose

• Other tests as indicated by health 

risks

Consider ordering ALT, AST, and 

glucose tests beginning at 10 years 

of age and then periodically (every 

2 years). Provider decision support 

tools can be helpful when choosing 

assessment and treatment options

Delivering lab results can be one 

way to open the conversation about 

weight and health with a family

Give consistent 

evidence-based 

messages for all 

children regardless of 

weight

• Limit sugar-sweetened beverages

• Eat at least fi ve servings of fruits 

and vegetables

• Moderate to vigorous physical 

activity for at least 60 min a day

• Limit screen time to no more 

than 2 h/day

• Remove television from 

children’s bedrooms

• Eat breakfast everyday

• Limit eating out, especially at 

fast food

• Have regular family meals

• Limit portion sizes

An example from the Maine 

collaborative:

• Five fruits and vegetables

• Two hours or less of TV per day

• One hour or more physical 

activity

• Zero servings of sweetened 

beverages

Exam and waiting room posters and 

family education materials can help 

deliver these messages and facilitate 

dialogue. Encourage an 

authoritative parenting style in 

support of increased physical 

activity and reduced TV viewing. 

Discourage a restrictive parenting 

style regarding child eating

(continued)
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Step 1—(continued)

Action Steps Expert Recommendations Action Network Tips and Tools

Encourage parents to be good role 

models and address as a family 

issue rather than the child’s 

problem

Use empathize/elicit, 
provide, and elicit to 

improve the 

effectiveness of your 

counseling

Assess self-effi cacy and readiness 

to change. Use empathize/
elicit, provide, and elicit to 

improve the effectiveness of your 

counseling

Empathize/Elicit
• Refl ect

• What is your understanding?

• What do you want to know?

• How ready are you to make a 

change (1–10 scale)?

Provide
• Advice or information

• Choices or options

Elicit
• What do you make of that?

• Where does that leave you?

A possible dialogue: empathize/
elicit “Yours child’s height and 

weight may put him/her at 

increased risk for developing 

diabetes and heart diseases at a 

very early age”

“What do you make of this?”

“Would you be interested in 

talking more about ways to 

reduce your child’s risk?”

Provide
“Some different ways to reduce 

your child’s risk are . . . ”

“Do any of these seem like 

something your family could 

work or do you have other 

ideals?”

Elicit
“Where does that leave you?”

“What might you need to be 

successful!”

Communication guidelines can be 

helpful when developing 

communication skills

Step 2—Prevention Plus Visits (Treatment)

Action Steps Expert Recommendations Action Network Tips and Tools

Develop an 

offi ce-based 

approach for 

follow-up of 

overweight and 

obese children

A staged approach to treatment is 

recommended for ages 2–19 whose BMI is 

85–64th percentile with risk factors and all 

whose BMI is ≥ 95th percentile

In general, treatment beings with stage 1 

Prevention Plus (Table A. 4) and progresses 

to the next stage if there has been no 

improvement in weight/BMI or velocity after 

3–6 months and the family is willing/ready

The recommended weight loss targets are 

shown in Table A. 5

Prevention Plus visits may include the 

following:

• Health education materials

• Behavioral risk assessment and 

self-monitoring tools

• Action planning and goal-setting 

tools

• Clinical documentation tools

• Counseling protocols

• Other health professionals such as 

dietitians, psychologists, and 

health educators
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Step 2—(continued)

Action Steps Expert Recommendations Action Network Tips and Tools

Stage 1—Prevention Plus
Family visits with physician or health 

professionals who have had some training 

in pediatric weight management/

behavioral counseling

Can be individual or group visits

Frequency—individualized to family needs 

and risk factors; consider monthly

Behavioral Goals
Decrease screen time to 2 h/day or fewer

No sugar-sweetened beverages

Consume at least fi ve servings of fruits and 

vegetables daily

Be physically active 1 h or more daily

Prepare more meals at home as a family 

(the goal is 5–6 times a week)

Limit meals outside the home

Eat a healthy breakfast daily

Involve the whole family in lifestyle 

changes

More focused attention to lifestyle changes 

and more frequent follow-up distinguishes 

Prevention Plus from Prevention 

Counseling

Weight Goal—weight maintenance or a 

decrease in BMI velocity. The long-term 

BMI goal is <85th percentile although 

some children can be healthy with a BMI 

85–94th percentile.

Advance to stage 2 (structure weight 

management) if no improvement in 

weight/BMI or velocity in 3–6 months and 

the family is willing/ready to make 

changes

Besides behavioral and weight goals, 

improving self-esteem and self-effi cacy 

(confi dence) are important outcomes. 

Although weight maintenance is a good 

goal, more commonly, a slower weight 

gain refl ected in a decreased BMI 

velocity is the outcome seen in lower 

intensity behavioral interventions such 

as Prevention Plus. Measuring and 

plotting BMI after 3–6 months in an 

important step to determine the 

effectiveness of obesity treatment

Use motivational 

interviewing at 

Prevention Plus 

visits for 

ambivalent 

families and to 

improve the 

success of action 

planning

Use patient-centered counseling—

motivational interviewing

Research suggests that motivational 

interviewing may be an effective 

approach to address childhood obesity 

prevention and treatment. Motivational 

interviewing is particularly effective 

for ambivalent families but can also be 

used for action planning. Instead of 

telling patients what changes to make, 

you elicit “change talk” from them, 

taking their ideas, strengths, and 

barriers into account. Communication 

guidelines and communication 

training can be helpful with skill 

development
(continued)
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Step 2—(continued)

Action Steps Expert Recommendations Action Network Tips and Tools

Develop a 

reimbursement 

strategy for 

Prevention Plus 

visits

Coding strategies can help with 

reimbursement for Prevention Plus 

visits. Advocacy through professional 

organizations to address reimbursement 

policies is another strategy

Step 3—Going Beyond Your Practice (Prevention and Treatment)

Action Steps Expert Recommendations
Action Network Tips and 

Tools

Advocate for improved 

access to fresh fruits and 

vegetables and safe 

physical activity in your 

community and schools

The Expert Committee recommends that 

physicians, allied health-care professionals, 

and professional organizations advocate for

• the federal government to increase 

physical activity at school through 

intervention programs as early as grade I 

through the end of high school and college 

and through creating school environments 

that support physical activity in general

• supporting efforts to preserve and enhance 

parks as areas for physical activity, informing 

local development initiatives regarding the 

inclusion of walking and bicycle paths, and 

promoting families’ use of local physical 

activity options by making information and 

suggestions about physical activity 

alternatives available in doctors’ offi ces

Physicians and health 

professionals can play a key 

role in advocating for policy 

and built environment 

changes to support healthy 

eating and physical activity in 

communities, child-care 

settings, and schools 

(including after-school 

programs). Advocacy tools 

and resources can be helpful 

in advocacy efforts

Partnering with others and 

using evidence-based 

strategies are also critical to 

the success of multifaceted 

community interventions

Identify and promote 

community services that 

encourage healthy 

eating and physical 

activity

Promote physical activity at school and in 

child-care setting (including after-school 

programs) by asking children and parents 

about activity in these settings during routine 

offi ce visits

Public health departments and 

parks and recreation are good 

places to start looking for 

community programs and 

resources

Identify or develop more 

intensive weight 

management 

interventions for the 

families that do not 

respond to Prevention 

Plus

The Expert Committee recommends the 

following staged approach for children 

between the ages of 2 and 19, whose BMI is 

85–94th percentile with risk factors and all 

whose BMI is ≥ 95th percentile

• Stage 2—Structured Weight Management 

(Family visits with physician or health 

professional specifi cally trained in weight 

management. Monthly visits can be 

individual or group)

Stage 2 could be done without a 

tertiary care center if 

community professionals from 

different disciplines collaborate, 

for example, if a physician 

provided the medical 

assessment, a dietitian provided 

classes, and the local YMCA 

provided an exercise program.

Identify or develop more 

intensive weight 

management 

interventions for the 

families that do not 

respond to Prevention 

Plus

• Stage 3—Comprehensive, 

Multidisciplinary Intervention 

(Multidisciplinary team with experience in 

childhood obesity. Frequency is often 

weekly for 8–12 weeks with follow-up.)

• Stage 4—Tertiary Care Intervention 

(medications: sibutramine and orlistat; 

very-low-calorie diets; weight control

Partnering with your 

community tertiary care 

center can be an effective 

strategy to develop or link 

to more intensive weight 

management interventions 

(Stages 3 and 4) as well as 

referral protocols to care for

© 2012 by Taylor & Francis Group, LLC



183Lifestyle Interventions for BP Control in Children and Adolescents

Step 3—(continued)

Action Steps Expert Recommendations
Action Network Tips and 

Tools

 surgery: gastric bypass or banding) 

recommended for select patients only 

when provided by experienced programs 

with established clinical or research 

protocols. Gastric banding is in clinical 

trials and not currently FDA approved

families who do not respond 

to Prevention Plus visits. 

Provider decision support 

tools can be helpful when 

choosing appropriate 

treatment and referral 

options. Weight 

management protocols and 

curriculum can also be 

helpful when getting started

Join the Childhood 

Obesity Action Network 

to learn from your 

colleagues and 

accelerate progress

The Childhood Obesity 

Action Network has 

launched “Join the 

network” (www.NICHO.
org) to learn from our 

national obesity experts, 

share what you have 

learned, and access the 

tools in this guide. Together 

we can make a difference!

Implementation Guide Authors: Scott Gee, MD; Victoria Rogers, MD; Lenna Liu, MD, MPH; and Jane 

McGrath, MD.

Implementation Guide Contact: obesity@nichq.org

TABLE A.9.1
BMI 99th Percentile Cut–
Points (kg/m2)

Age (Years) Boys Girls

5 20.1 21.5

6 21.6 23.0

7 23.6 24.6

8 25.6 26.4

9 27.6 28.2

10 29.3 29.9

11 30.7 31.5

12 31.8 33.1

13 32.6 34.6

14 33.2 36.0

15 33.6 37.5

16 33.9 39.1

17 34.4 40.8
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TABLE A.9.2
Abbreviated NHLBI Blood Pressure Table by Age, Sex, and 
Height Percentile

Age 
(Years)

Boys Height (Percentile) Girls Height (Percentile)

50th 
Percentile

90th 
Percentile

50th 
Percentile

90th 
Percentile

 2 106/61 109/63 105/63 108/65

 5 112/72 115/74 110/72 112/73

 8 116/78 119/79 115/76 118/78

11 121/80 124/82 121/79 123/81

14 128/82 132/84 126/82 129/84

17 136/87 139/88 129/84 131/85

Source: Adapted from National High Blood Pressure Education Program 

Working Group on High Blood Pressure in Children and Adolescents, 

Pediatrics, 114, 555–576, August 2004.

TABLE A.9.3
Symptoms and Signs of Conditions Associated with Obesity

Symptoms Signs

• Anxiety, school avoidance, social isolation 

(depression)

• Poor linear growth (hyperthyroidism, Cushing’s 

Prader–Willi syndrome)

• Polyuria, polydipsia, weight loss (type 2 

diabetes mellitus)

• Dysmorphic features (genetic disorders, 

including Prader–Willi syndrome)

• Headaches (pseudotumor cerebri) • Acanthosis nigricans (NIDDM, insulin 

resistance)

• Night breathing diffi culties (sleep apnea, 

hyperventilation syndrome, asthma)

• Hirsutism and excessive acne (polycystic ovary 

syndrome)

• Daytime sleepiness (sleep apnea, 

hyperventilation syndrome, depression)

• Violaceous striae (Cushing’s syndrome)

• Abdominal pain (gastroesophageal refl ux, 

gall bladder disease, constipation)

• Papilledema, cranial nerve VI paralysis 

(pseudotumor cerebri)

• Hip or knee pain (slipped capital femoral 

epiphysis)

• Tonsillar hypertrophy (sleep apnea)

• Oligomenorrhea or amenorrhea 

(polycystic ovary syndrome)

• Abdominal tenderness (gall bladder disease, 

GERD, NAFLD)

• Hepatomegaly [nonalcoholic fatty liver disease 

(NAFLD)]

• Undescended testicle (Prader–Willi syndrome)

• Limited hip range of motion (slipped capital 

femoral epiphysis)

• Lower leg bowing (Blount’s disease)
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TABLE A.9.4
A Staged Approach to Obesity Treatment

Age 
(Years)

BMI 85–94th 
Percentile No 

Risks

BMI 85–94th 
Percentile with 

Risks
BMI 95–98th 

Percentile
BMI ≥ 99th 
Percentile

2–5 prevention

counseling

Initial: Stage 1

Highest: Stage 2

Initial: Stage 1

Highest: Stage 3

Initial: Stage 1

Highest: Stage 3

6–11 prevention

counseling

Initial: Stage 1

Highest: Stage 2

Initial: Stage 1

Highest: Stage 3

Initial: Stages 1–3

Highest: Stage 3

12–18 prevention

counseling

Initial: Stage 1

Highest: Stage 3

Initial: Stage 1

Highest: Stage 4

Initial: Stages 1–3

Highest: Stage 4

Stage 1 Prevention plus Primary care offi ce

Stage 2 Structured weight 

management

Primary care offi ce 

with support

Stage 3 Comprehensive, 

multidisciplinary 

(Intervention)

(Pediatric Weight 

Management 

Center)

Stage 4 Tertiary care 

(Intervention)

Tertiary care center

TABLE A.9.5
Weight Loss Targets

Age 
(Years)

BMI 85–94th 
Percentile with No 

Risks
BMI 85–94th 

Percentile with Risks
BMI 95–98th 

Percentile
BMI ≥ 99 
Percentile

2–5 Maintain weight 

velocity

Decrease weight 

velocity or weight 

maintenance

Weight maintenance Gradual weight loss 

of up to 1 lb a 

month if BMI is 

very high (>21 or 

22 kg/m2)

6–11 Maintain weight 

velocity

Decrease weight 

velocity or weight 

maintenance

Weight maintenance 

or gradual loss (1 

lb/month)

Weight loss 

(average is 2 lb/

week)a

12–18 Maintain weight 

velocity. After linear 

growth is complete, 

maintain weight

Decrease weight 

velocity or weight 

maintenance

Weight loss 

(average is 2 lb/

week)a

Weight loss 

(average is 2 lb/

week)a

Source: NICHQ, Expert Committee Recommendations on the Assessment, Prevention and Treatment of 

Child and Adolescent Overweight and Obesity—2007: An Implementation Guide from the 

Childhood Obesity Action Network, http://www.nichq.org/documents/coan-papers-and-publi-

cations/COANImplementationGuide62607FINAL.pdf (accessed September 5, 2011). With 

permission.
a Excessive weight loss should be evaluated for high risk behaviors.
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10.1 INTRODUCTION

Hypertension is the most common medical problem encountered during pregnancy, 

complicating 6%–8% of pregnancies [1], and hypertensive disorders in pregnancy 

remain a leading source of maternal mortality and morbidity. The National High 

Blood Pressure Education Program Working Group on High Blood Pressure in 

Pregnancy classifi es hypertensive disorders during pregnancy into four categories: 

(1) chronic hypertension, (2) preeclampsia–eclampsia, (3) preeclampsia superim-

posed on chronic hypertension, and (4) gestational hypertension (Table 10.1) [1].

Chronic hypertension in a pregnant woman is defi ned as hypertension that existed 

before pregnancy or that was diagnosed for the fi rst time before 20 weeks of gesta-

tion. It also includes hypertension diagnosed during pregnancy that persists postpar-

tum. Chronic hypertension affects 3% of pregnant women in the United States [2,3], 

with a higher prevalence seen in black women and older women [4,5]. As with non-

pregnant women, the etiology of chronic hypertension in pregnant women is usually 

essential hypertension, but other causes such as renal diseases (e.g., glomerulone-

phritis, renal artery stenosis), connective tissue diseases (e.g., lupus erythematosus, 

systemic sclerosis), or endocrine disorders (e.g., hyperaldosteronism, pheochromo-

cytoma) should also be considered [6]. Chronic hypertension is a known risk factor 

for preeclampsia [6]. Superimposed preeclampsia is seen in approximately 10%–

25% of women with preexisting hypertension [5,7].

Preeclampsia develops in approximately 25%–50% of women with hypertension 

diagnosed during pregnancy. The later is the gestational age at the onset of hyperten-

sion, the higher is the rate of progression of hypertension to preeclampsia [8–10] and 

eclampsia. Eclampsia usually follows preeclampsia as patients suffer from seizures 

unrelated to preexisting brain conditions. However, up to 10% of eclampsia may 

occur in the absence of overt proteinuria or other symptoms associated with pre-

eclampsia [11]. Thus, it is important for pregnant women with hypertension to always 

receive further evaluation, close monitoring, and proper treatment.

Preeclampsia superimposed on chronic hypertension is diagnosed when there is 

a new onset of proteinuria in women with hypertension before 20 weeks of gesta-

tion or there is a sudden worsening of hypertension and proteinuria in women with 
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hypertension and proteinuria before 20 weeks of gestation. All the chronic hyper-

tensive disorders, despite their origins, may predispose to superimposed preeclamp-

sia [6]. The onset of superimposed preeclampsia in chronic hypertensive women 

tends to be earlier than the onset of “pure” preeclampsia [12]. The severity of the 

disease is often more intense when preeclampsia is superimposed on chronic hyper-

tension.  Among women with chronic hypertension, those who have preeclampsia 

superimposed on chronic hypertension have a higher risk in the delivery of small-for-

gestation baby and preterm birth than those who do not have such superimposition [12]. 

Intervention-related events including delivery at less than 34 weeks, cesarean deliv-

ery, and admission to neonatal intensive care unit are signifi cantly higher in pregnant 

women with superimposed preeclampsia than in pregnant women with preeclampsia 

[13]. The underlying vasculopathy in chronic hypertensive disorders is proposed to 

deteriorate the complications found in superimposed preeclampsia [14]. Thus, target-

organ damages, such as ventricular dysfunction, retinopathy, and nephropathy, should 

be closely monitored. To date, limited evidence regarding the nutrition and lifestyle 

prevention or management specifi c for this high-risk group is available.

Gestational hypertension refers to hypertension diagnosed for the fi rst time after 

20 weeks of gestation, without proteinuria, which resolves after delivery. Therefore, 

TABLE 10.1
Classifi cation of Hypertensiv e Disorders in Pregnancy

Hypertensive Disorders Description

Chronic hypertensiona Hypertension present before pregnancy or diagnosed before 20 weeks 

of gestation or hypertension fi rst diagnosed during pregnancy and 

persisting postpartum

Preeclampsia–eclampsia Hypertension detected after 20 weeks of gestation in previously 

normotensive women, along with proteinuria, defi ned as urinary 

protein excretion ≥300 mg in a 24-h specimen (preferable) or ≥1+ 

reading on dipstick; occurrence of seizures in women with 

preeclampsia is not attributed to other causes

Preeclampsia superimposed 

on chronic hypertension

Diagnosis is highly likely in the following:

(1)  New onset of proteinuria in women with hypertension before 20 

weeks of gestation

(2)  Sudden worsening of high blood pressure (BP) and proteinuria, 

presence of thrombocytopenia (<100,000 cells/mm3), or elevated 

liver enzyme levels in women with hypertension and proteinuria 

before 20 weeks of gestation

Gestational hypertension Hypertension diagnosed for the fi rst time after 20 weeks of gestation 

without proteinuria, which normalizes postpartum (transient 

hypertension of pregnancy)

Source: Adapted and modifi ed from National Heart, Lung, and Blood Institute, Report of the National 

High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy, 

Am. J. Obstet. Gynecol., 183, S1–S22, 2000.
a Hypertension is defi ned as systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure 

(DBP) ≥ 90 mmHg.

© 2012 by Taylor & Francis Group, LLC



194 Nutrition, Lifestyle Factors, and Blood Pressure

gestational hypertension is usually diagnosed postpartum, that is, it can be deter-

mined if blood pressure (BP) returns to normal in the postpartum period and if 

proteinuria does not develop either before or after delivery. Gestational hypertension 

is associated with intrauterine growth restriction and iatrogenic prematurity [15]. 

The etiology of gestational hypertension is unclear. Prepregnancy body mass index 

(BMI) and high altitude have been shown to be the risk factors [16,17]. In women 

with gestational hypertension, their risks for hypertension, diabetes, and cardiovas-

cular diseases in later life are increased, which suggests the need for further follow-

up and preventive lifestyle interventions postpartum [18–21].

The lifestyle approach to chronic hypertension in pregnant women is the same 

as that for adults in general, and it has been covered in other chapters of this book. 

Even though gestational hypertension and preeclampsia might share some lifestyle 

risk factors, very little is known about how lifestyle factors are related to gestational 

hypertension. Nevertheless, clinical management of BP is similar for all hyperten-

sive disorders during pregnancy. Thus, this chapter mainly focuses on the associa-

tion between various lifestyle and dietary factors and preeclampsia. Evidence on 

gestational hypertension is also discussed whenever data are available.

10.2 PREECLAMPSIA

Preeclampsia, manifested by hypertension and proteinuria after 20 weeks of gesta-

tion, is a systemic disorder of human pregnancy, which is a major cause of maternal 

and fetal morbidity and mortality. It complicates 5%–10% of pregnancies [22,23] and 

usually leads to intrauterine growth restriction and preterm delivery. Preeclampsia 

may result in adverse outcomes to both the mother and the fetus. Accumulated evi-

dence indicates that fetal development in the uterus may also infl uence lifetime 

health of the baby [24–27], besides genetic infl uences, postpartum environment, or 

acquired factors. Prematurity plays a major role in the occurrence of major long-term 

morbid conditions such as chronic lung diseases [28], cardiovascular diseases [29], 

and intellectual and behavioral problems during postnatal development [30]. Several 

impacts of preeclampsia on mother’s later life have been demonstrated. Similar to 

the impact of gestational hypertension, the risk of cardiovascular and cerebrovascu-

lar diseases in later life is doubled in women with preeclampsia compared with age-

matched controls [31]. The risk of later renal disease in women with preeclampsia is 

4- to 17-fold compared with that in uncomplicated pregnancies [32]. About 20% of 

women with preeclampsia develop hypertension or microalbuminuria within 7 years 

of their pregnancies compared with 2% of women with uncomplicated pregnancies 

[31]. Consequently, preeclampsia is a major cause of stress and fi nancial burden for 

the affected families and the society.

The physiology of pregnancy and the pathophysiology of preeclampsia involv-

ing immune maladaptation, endothelial dysfunction, and aberrant oxidative stress 

suggest the potential for lifestyle and nutritional interventions to modify the inci-

dence and course of preeclampsia. Following human implantation, blastocyst-

derived extravillous trophoblasts invade the decidua where they surround, breach, 

and transform the spiral arteries to produce large-caliber, high-capacitance ves-

sels. The resulting increased uterine blood fl ow to the intervillous space fulfi lls the 
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requirements of development and survival of the fetoplacental unit [33,34]. Like 

other mucosal surfaces, the human uterus protects itself and the fetoplacental unit 

against pathogens. However, it is poised to mediate immune tolerance of the invad-

ing extravillous trophoblasts, thereby preventing rejection of the semiallogeneic 

embryo [35,36]. Fetal–maternal immune maladaptation perturbing this equilibrium 

may lead to preeclampsia [37]. Invasion of the decidua by shallow extravillous tro-

phoblasts elicits incomplete remodeling of the decidual blood vessels [34,38] and 

a severely reduced uteroplacental blood fl ow. The resulting hypoxic placenta [39] 

releases an array of circulating factors that initiate systemic endothelial cell activa-

tion and dysfunction. Ultimately, the maternal syndrome of preeclampsia develops. 

In addition, an imbalance of pro- and antioxidants results in oxidative stress char-

acterized by an accumulation of free radicals or reactive oxygen/nitrogen species. 

This oxidative stress is believed to underlie the maternal endothelial activation and 

extravillous trophoblasts apoptosis.

The pathophysiology of preeclampsia mediated through infl ammatory responses 

[40], endothelial function [41], and oxidative stress may be modulated by nutrient 

intake, and thus prescribing multinutrient supplementation including antioxidants is 

a common practice by obstetricians. In this chapter, we review the evidence concern-

ing the association of various nutrients, foods, and dietary patterns with preeclamp-

sia. Since preeclampsia is a disorder manifested by cardiovascular involvements, 

lifestyle interventions aimed at reducing cardiovascular disease risk factors have 

been suggested for the prevention of preeclampsia. Thus, we review the evidence of 

other lifestyle factors also associated with the risk of preeclampsia [42,43].

10.3 LIFESTYLE

10.3.1 OBESITY

According to the National Heart, Lung, and Blood Institute, obesity is defi ned as a 

condition characterized by a BMI ≥ 30.0. The other categories classifi ed based on 

BMI are underweight (BMI < 18.5), normal (18.5 ≤ BMI ≤ 24.9), and overweight 

(25.0 ≤ BMI ≤ 29.9). The prevalence of obesity is increasing and has become a 

worldwide public health issue [44,45]. Consequently, the incidence of prepregnancy 

obesity is elevated each year [46–48]. Obesity usually leads to chronic, often fatal, 

health conditions, such as cardiovascular diseases, diabetes, and cancer. It is also 

related to increased risks in a variety of adverse pregnancy outcomes worldwide, 

such as gestational hypertension, preeclampsia, gestational diabetes mellitus, deliv-

ery of large-for-gestational-age (LGA) infants, and the overall incidence of fetal 

congenital defects in obese pregnant women compared with pregnant women with 

normal BMI [49–54]. Furthermore, an increasing body of evidence suggests that the 

adversity of maternal obesity on a fetus developing in such a suboptimal in utero 

environment may predispose it to chronic lung and cardiovascular diseases, as well 

as learning and behavioral problems, in the neonate’s later life [55,56]. A positive 

correlation between the occurrence of increased BMI and the preeclampsia has been 

demonstrated by many studies [57–61]. In contrast, the risk of preeclampsia seems to 

be decreased in underweight women [62]. Moreover, controlling weight gain during 
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pregnancy signifi cantly reduces the risk of preeclampsia in overweight and obese 

women [63,64]. The risk of preeclampsia is increased with a higher rate of weight 

gain during pregnancy in each BMI category [65]. The alterations in lipid levels and 

the activation of an infl ammatory state with the resulting oxidative stress and endo-

thelial cell dysfunction in obesity have been proposed to be the underlying mecha-

nisms of preeclampsia associated with obesity [66–68].

Although data from randomized trials are lacking, observational data suggest that 

preeclampsia may be prevented by avoiding or minimizing obesity prior to concep-

tion and avoiding excessive weight gain during pregnancy.

10.3.2 CIGARETTE SMOKING

The prevalence of cigarette smoking during pregnancy varies from 15% to 30% 

across countries [69–72], and it is rising in developing countries [73]. Smoking is 

associated with a number of adverse pregnancy outcomes, including signifi cantly 

higher BP in the offspring [74]. Paradoxically, smoking has repeatedly been shown 

to be associated with an overall 30%–40% reduction in the risk of preeclampsia 

[75,76]. Interestingly, the relative risk of preeclampsia decreased with an increased 

number of daily cigarettes smoked at the onset of pregnancy. The protective effect 

of smoking on preeclampsia was even stronger for women who continued to smoke 

after 20 weeks of pregnancy [43,77,78]. Recent studies suggest that smoking in the 

fi rst trimester only does not reduce the risk of preeclampsia [79]. Thus, smoking 

in the middle or late pregnancy may also play a major role in reducing the risk 

of preeclampsia [80]. The benefi cial effects of cigarette smoking on preeclampsia 

and gestational hypertension were suggested to be mediated by nicotine through its 

inhibition of IL-2, the production of TNF-α [81] and thromboxane A2 [82], and the 

induction of antioxidants [83]. Furthermore, smoking is believed to affect proangio-

genic mechanisms, which are important in successful pregnancies. Antiangiogenic 

factors such as soluble fms-like tyrosine kinase 1 (sFlt-1) and soluble endoglin (sEng) 

were found to be lower, and a proangiogenic factor such as placental growth factor 

(PlGF) was found to be higher in smokers during pregnancy [84,85]. The tobacco 

combustion product carbon monoxide (CO) was demonstrated to inhibit production 

of sFlt-1 and sEng [86] and trophoblast apoptosis [87], and it was found to be exhaled 

less by preeclamptic women [88]. A recent in vitro study showed that nicotine recov-

ers the endothelial dysfunction resulting from excess sFlt-1 and sEng, suggesting its 

protective role against preeclampsia [89].

Interestingly, prepregnancy BMI does not affect the decreased risk of preeclamp-

sia in smokers, suggesting that smoking is the dominant factor, while obesity and 

smoking act independently in affecting the occurrence of preeclampsia [90,91].

It is worth noting that any potential benefi t of cigarette smoking on preeclampsia 

is overshadowed by its considerable detrimental effects on fetal growth and BP in 

the offspring, risk of placental abruption and placenta previa, risk of preterm birth 

and neonatal morbidity, as well as the risk to maternal health [92,93]. Nonetheless, 

understanding the mechanisms by which smoking apparently protects from pre-

eclampsia may ultimately lead to new therapies that do not carry the considerable 

risks of smoking.
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Early cessation of smoking is evidently benefi cial to pregnancy outcomes, includ-

ing reducing low-birth-weight infants and preterm birth [78,94], and is clearly indi-

cated for the health of the mother regardless of the pregnancy status. Thus, pregnant 

women should be encouraged to quit smoking as early as possible.

10.3.3 PHYSICAL ACTIVITY

Physical activity has been proposed to affect pregnancy by stimulation of placental 

growth and angiogenesis, as well as reduction of oxidative stress and endothelial 

dysfunction [95], which play crucial roles in the pathogenesis of preeclampsia. In 

addition, epidemiological studies show that the incidence of preeclampsia is reduced 

by occupational [96] and leisure-time physical activity [42,97,98]. Thus, preventive 

measures, such as increased leisure-time activity in the year before pregnancy, have 

been hypothesized to be a benefi cial strategy of proactively decreasing the incidence 

of preeclampsia. An early study showed that leisure-time physical activity during 

the fi rst half of pregnancy is associated with reduced risk of both preeclampsia and 

gestational hypertension [97]. Consistently, combined work place and leisure-time 

activity was shown to reduce the risk of preeclampsia regardless of caloric expendi-

ture, employment status, or level of physical activity [98]. On the other hand, another 

study showed that leisure-time physical activity during the year before pregnancy 

apparently does not protect against preeclampsia [99]. Both studies were observa-

tional; there are currently no clinical trial data to determine a causal relationship 

between physical activity and risk of preeclampsia. Thus, despite the promising 

potential of physical activity in protecting against preeclampsia, more studies are 

needed to draw defi nitive conclusions.

Pending additional data, pregnant women are encouraged to follow the national 

guideline on physical activity for pregnant women (www.health.gov/paguidelines). 

In brief, healthy women who are not already highly active or doing vigorous-intensity 

activity should get at least 150 min (2 h and 30 min) of moderate-intensity aerobic 

activity per week during pregnancy and the postpartum period. Preferably, this activ-

ity should be spread throughout the week. Pregnant women who habitually engage in 

vigorous-intensity aerobic activity or are highly active can continue physical activity 

during pregnancy and the postpartum period, provided that they remain healthy and 

discuss with their health care provider how and when the activity should be adjusted 

over time.

10.3.4 ALCOHOL

The placenta is essential for the maternal–fetal vascular supply and nutrition 

exchange. It plays important roles in the fetal development and the maintenance of 

a successful pregnancy. Alcohol consumption during pregnancy is known to result 

in dose-dependent placental vasoconstriction [100], which may lead to adverse preg-

nancy outcomes, including gestational hypertension. However, confl icting results 

were shown in the studies of alcohol consumption and individual adverse pregnancy 

outcomes, including preeclampsia [101–103]. Thus, existing research evidence is 

inconclusive regarding alcohol and hypertensive disorders during pregnancy. It is, 
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nevertheless, prudent for pregnant women to avoid the potential negative impact of 

alcohol by limiting alcohol consumption during pregnancy. In addition, health care 

providers should inform pregnant women of the potential health risk from alcohol 

drinking.

10.3.5 CAFFEINE

Caffeine may be the most commonly consumed stimulant [104]. The major sources 

(96%) of caffeine are coffee and tea; others (4%) include caffeinated soft drinks, 

cocoa, chocolate, or medications [105]. Epidemiological studies suggest that coffee 

might be associated with high BP and plasma homocysteine levels [106]. Nonetheless, 

restriction of caffeine intake is not recommended in nonpregnant individuals. 

However, during pregnancy, caffeine intake has been demonstrated to increase the 

risks of spontaneous abortion, fetal growth restriction, low birth weight, and pre-

term delivery [106–110]. High consumption of caffeine may increase SBP, but not 

DBP, in the fi rst and third trimester, but the evidence is not conclusive and further 

investigations are required [111]. According to the committee opinion of American 

College of Obstetricians and Gynecologists (ACOG) 2010, moderate caffeine intake 

(200 mg/day—roughly the amount in two cups of coffee) does not appear to lead 

to miscarriage or preterm birth [112]. Unexpectedly, caffeine consumption after 

20 weeks of pregnancy was suggested to reduce the risk of preeclampsia in women 

with type I diabetes [113]. Chocolate is also reported to reduce the likelihood of pre-

eclampsia [114,115]. Nonetheless, individual variation in caffeine metabolism due to 

various activities of enzymes including cytochrome p450 1A2 or N-acetyltransferase 

[116,117] and the accuracy of different methods in measuring caffeine intake should 

be taken into consideration. Future studies with a large cohort and more precise 

measurement of caffeine intake are needed to understand the effect of caffeine on 

preeclampsia and BP in pregnancy.

Until further evidence is available, it is advisable for pregnant women to limit 

coffee consumption to 3 cups/day (<300 mg caffeine/day) during pregnancy to avoid 

the possibility of adverse pregnancy outcomes [118] (Table 10.2).

10.4 MACRONUTRIENTS

Maternal factors such as infection, obesity, diabetes, and microvascular diseases 

are proposed to increase the risk of preeclampsia. Although it is still controver-

sial, maternal nutritional status is also proposed to contribute to the occurrence 

of preeclampsia. Micronutrient intake during pregnancy is necessary not only for 

fetal development but also for preventing the development of preeclampsia. Thus, in 

recent decades, more attention has been paid to the role of several micronutrients and 

dietary components in the development of preeclampsia.

10.4.1 CALORIE INTAKE

A balanced maternal calorie intake is required for the development of the fetus dur-

ing pregnancy [119]. The study of wartime famine illustrates the association between 
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maternal diet and the pregnancy outcome in humans. A low food intake during wide-

spread hunger in Holland during World War II (Dutch Hunger) reduced the nutrition 

supply from the mother to the fetus and resulted in a smaller baby at birth [120]. A 

high-calorie diet has been shown to induce endothelial dysfunction, oxidative stress, 

and infl ammatory responses [121,122], and hence lead to hypertension [123], sug-

gesting the association of high-calorie intake and the risk of preeclampsia [124,125] 

(see Section 10.3.1). Although an increased BMI seems to correlate with the suscep-

tibility of pregnant women to preeclampsia, the restriction of calorie intake in obese 

pregnant women has been shown to have no effect on the development of preeclamp-

sia [126]. Therefore, the effects of calorie intake on the development of preeclampsia 

still need to be scrutinized.

The ACOG suggests an extra calorie intake of 300 kcal/day during pregnancy 

for women of normal weight. Similarly, the Dietary References Intakes (DRI) rec-

ommends an extra intake of about 400 kcal/day during the second and third tri-

mesters [127].

TABLE 10.2
Relationship between Lifestyle and Preeclampsia and Recommendations for 
Prevention

Lifestyle Relationship with Preeclampsia Recommendations

Obesity Known risk factor for preeclampsia Control weight gain (to within 

25–40 lb) during pregnancy

Reduce weight before pregnancy in 

overweight/obese women to a 

realistic goal

Smoking Reduces risk of preeclampsia, but the benefi t 

does not outweigh other adverse pregnancy 

outcomes caused by smoking

Smoking cessation

Physical 

activity

May reduce risk of preeclampsia Healthy women who are not already 

highly active should get at least 

150 min of moderate-intensity 

aerobic activity per week during 

pregnancy and postpartum

Pregnant women who are habitually 

highly active should continue 

physical activity during pregnancy 

and postpartum

Alcohol May be associated with placenta-associated 

syndromes such as placental abruption and 

placenta previa. However, no direct evidence 

in the pathogenesis of preeclampsia. May 

contribute to fetal alcohol syndrome

Avoid during pregnancy

Caffeine No direct evidence of relationship with 

preeclampsia. High dosage may result in 

other adverse pregnancy outcomes

Limit daily consumption to three 

cups
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10.4.2 PROTEIN

The severity of hypertension is affected by the intake of various nutrients. Proteins are 

biochemical compounds consisting of polypeptides containing amino acids, which 

are essential for fetal growth and development. The fetoplacental unit consumes 

approximately 1 kg of protein during pregnancy, with the majority of this require-

ment in the last 6 months. To fulfi ll this need, pregnant women are suggested to ingest 

1.1 g/kg/day of protein, which is moderately higher than the 0.8 g/kg/day recom-

mended for nonpregnant adult women [128]. It has been suggested that some amino 

acids such as arginine, citrulline, glycine, and histidine may scavenge free oxygen 

radicals to maintain the normal endothelial function [41,129,130]. Epidemiological 

studies indicate that higher protein intake is associated with lower BP levels [131], 

and relatively higher protein intake is a component of the BP-lowering Dietary 

Approaches to Stop Hypertension (DASH) dietary pattern [132]. However, there 

is no direct evidence to show the relationship between low protein intake and the 

pathogenesis of preeclampsia [125,133]. Similarly, recent studies found that a high-

protein diet (protein providing at least 25% of total energy content) does not reduce 

the risk of preeclampsia [126], and protein restriction might only prevent deteriora-

tion of chronic renal insuffi ciency [134].

Thus, the effect of protein intake on the development of preeclampsia remains 

unclear [133]. Protein intake of 1.1 g/kg/day is recommended during pregnancy to 

meet the physiological demands.

10.4.3 SUGAR

In observational data, high sugar intake is related to an increased risk of preeclamp-

sia [125]. Hyperglycemia after sugar loading suppresses endothelium-dependent 

vasodilation [135], which may contribute to the development of preeclampsia. In 

addition, high intake of sucrose may exacerbate existing dyslipidemia in women 

with preeclampsia. Similarly, a study of dietary pattern during pregnancy suggests 

that high consumption of cake and soft drinks increases the risk of preeclampsia 

[136]. Although higher sugar intake is associated with a higher prevalence of pre-

eclampsia, whether the higher risk of preeclampsia is due to higher sugar intake per 

se or due to an increased maternal BMI as a result of increased caloric intake needs 

to be further investigated [137]. Thus, it is inconclusive if sugar intake is associated 

with preeclampsia or not; however, it is prudent for pregnant women to follow the 

national dietary guidelines of reducing added sugar intake (http://www.cnpp.usda.

gov/DGAs2010-PolicyDocument.htm).

10.4.4 SALT INTAKE

In the early twentieth century, edema was believed to lead to hypertension in pre-

eclampsia, and a low-salt diet was often recommended as a treatment of edema to 

reduce the development of high BP. However, edema is now recognized as a com-

mon symptom observed in normal pregnancy. Thus, this recommendation has not 
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been valid since 1950s. Strict dietary sodium restriction during pregnancy was found 

to result in the reduction of the intake of energy, protein, and calcium, which lim-

ited normal maternal weight gain [138]. An observation in a pregnant mouse model 

showed that an increase in sodium intake could reverse the gestation-associated vaso-

pressor resistance via modulating the activity of potassium and calcium channels and 

consequently inducing hypertension [139]. This observation suggests that salt intake 

affects maternal BP [139]. However, epidemiological studies suggest that the reduc-

tion of salt intake is not associated with the development of preeclampsia [140].

Therefore, whether salt restriction is benefi cial for the prevention and the treat-

ment of preeclampsia is undetermined. Nevertheless, pregnant women should follow 

the national guidelines and limit sodium intake to <2300 mg/day, or to <1500 mg/day 

if any hypertensive disorder is diagnosed (http://www.cnpp.usda.gov/DGAs2010-

PolicyDocument.htm).

10.4.5 LIPID AND FISH OIL

Metabolic syndrome is characterized by maternal obesity, diabetes mellitus, hyper-

triglyceridemia, hyperleptinemia, and chronic hypertension. Evidences of chronic 

systemic infl ammation, insulin resistance, oxidative stress, hypercoagulopathy, and 

diffuse endothelial dysfunction can be detected in patients with metabolic syndrome 

[141,142]. Since endothelial dysfunction resulting from impaired spiral artery remod-

eling is known to be responsible for the development of preeclampsia, hypertriglyc-

eridemia is proposed to be a potential risk factor for preeclampsia [143]. Moreover, 

women with preeclampsia have higher levels of both circulating free fatty acids and 

markers of low-density lipoprotein (LDL) oxidation, an essential step in lipid-medi-

ated endothelial dysfunction [143]. Further clinical studies are required to determine 

whether prepregnancy weight reduction and dietary modifi cation of lipid intake can 

lower the risk of preeclampsia.

Fish oils are a rich source of the n-3 long-chain polyunsaturated fatty acids 

(PUFA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). These 

fatty acids are precursors to the 3-series prostaglandins and have been shown to 

modulate infl ammatory and vascular functions. Since preeclampsia and gestational 

hypertension are associated with vasoconstriction and endothelial damage, it is 

plausible that fi sh oil fatty acids, especially EPA, may inhibit detrimental effects 

on the endothelium through direct competition with thromboxane A2 precursor, 

that is, arachidonic acid. Also, fi sh oil fatty acids have been shown to decrease 

platelet aggregation. Thus, fi sh oil was believed to be benefi cial for the prevention 

of preeclampsia [144]. However, according to many epidemiological studies, the 

effect of fi sh oil supplementation on the reduction of preeclampsia is still contro-

versial [145–147].

Hyperlipidemia is speculated to be involved in the pathogenesis of preeclamp-

sia. Further studies are required to demonstrate the causal effects. Pregnant 

women are recommended to consume omega-3 fatty acids from sources includ-

ing vegetable oils, seafood (2 servings/week), and omega-3 fatty acid supplements 

containing EPA and DHA or DHA alone [148]. However, existing evidence does 

© 2012 by Taylor & Francis Group, LLC



202 Nutrition, Lifestyle Factors, and Blood Pressure

not support the recommendation to modify fat or fi sh oil intake for the prevention 

of preeclampsia.

10.5 MICRONUTRIENTS

Micronutrients are vitamins and minerals required in minute amounts for normal 

functioning, growth, and development during pregnancy. Micronutrient status may 

play an important role in normal and pathological pregnancies [149]. An increasing 

body of evidence indicates that certain micronutrient defi ciencies are involved in the 

occurrence of endothelial dysfunction, oxidative stress, and infl ammatory response, 

which can lead to the development of preeclampsia [150].

10.5.1 VITAMIN A

Vitamin A is a lipid-soluble molecule that can be found in two principal forms, 

such as retinoids and carotenoids, in foods. Retinoids, retinol and retinoic acid, are 

found in animal-derived foods, including liver, kidney, eggs, and dairy products. 

Carotenoids, such as beta-carotene, are found in plants, including dark or yellow 

vegetables and carrots [151]. Beta-carotene can be converted to vitamin A in the 

liver where vitamin A is stored. In pregnancy, an additional amount of vitamin A 

is required for fetal growth and maternal metabolism; hence, ACOG recommends a 

dietary intake of 770 μg/day during pregnancy. Patients with vitamin A defi ciency 

have been shown to be more vulnerable to infections [152], and vitamin A supple-

ment may enhance antibody production through its role in immune protection [153]. 

Moreover, beta-carotene was shown to decrease endothelial cell damage via its 

antioxidant activity [152]. All these fi ndings suggest that vitamin A may help in 

the prevention of preeclampsia; however, clinical studies have shown inconsistent 

association between preeclampsia and vitamin A levels [151,154–156]. Thus, more 

research is needed to clarify the role of vitamin A in prevention of preeclampsia.

10.5.2 VITAMIN B AND FOLATE

Folate, vitamin B6, and vitamin B12 are essential for homocysteine metabolism 

[157], and elevated homocysteine level is considered a risk factor for cardiovascular 

diseases [158]. Abnormal maternal and fetal homocysteine metabolism is believed to 

be associated with fetal neural tube defect coexisting with various conditions charac-

terized by placental vasculopathy, including preeclampsia. ACOG suggests a dietary 

intake of 600 μg/day of folate, 1.9 mg/day of vitamin B6, and 2.6 μg/day of vitamin 

B12 during pregnancy. In normal pregnancy, homocysteine level declines as preg-

nancy progresses [159]. Homocysteine level is elevated in patients with preeclampsia 

than in women with normal pregnancy [160,161]. Clinically, hyperhomocysteinemia 

induces oxidative stress and endothelial dysfunction that ultimately lead to hyper-

tension and proteinuria during gestation [162]. Although vitamin B6, vitamin B12, 

and folate are implicated in the regulation of homocysteine levels [163], the plasma 

levels of vitamin B12 and folate are not signifi cantly different between normal preg-

nant women and women with preeclampsia [164]. Furthermore, folate defi ciency, not 
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hyperhomocysteinemia, has lead to the development of hypertension and proteinuria 

in a mouse model [162].

Thus, a direct association between vitamin B6, vitamin B12, and folate defi ciency 

and the occurrence of preeclampsia has not been made [157,163,164]. Therefore, the 

benefi t of vitamin B6, vitamin B12, and folate, in food or as supplementation, in the 

prevention of preeclampsia cannot be determined yet [157,159,164].

10.5.3 VITAMIN D

Vitamin D is not only obtained from food, but it is also derived from the synthesis 

of a steroid precursor. The main dietary sources of vitamin D are oily fi sh, cod liver 

oil, and fortifi ed margarine and milk [165]. During pregnancy, maternal serum con-

centrations of 25-hydroxyvitamin D (25-(OH)D), the circulating form of vitamin D, 

are highly correlated with dietary vitamin D intake and vitamin D obtained from 

exposure to sun [166].

In nonpregnant individuals, vitamin D is essential for calcium homeostasis, bone 

mineralization, immune function, and cell proliferation [167]. The classical func-

tion of vitamin D is found in kidneys, liver, and intestine to facilitate calcium and 

phosphate absorption, as well as bone synthesis and metabolism. Recent data indi-

cate that vitamin D functions in nonclassical ways as well. In general, 1,25(OH)2D 

reduces the activity of the adaptive immune system while enhancing the activity of 

the innate immune system. 1,25(OH)2D also plays a critical role in modulating cell-

cycle progression, cell differentiation, and the induction of apoptosis.

During pregnancy, synthesis of 24,25(OH)2D occurs in human decidua and pla-

centa, whereas 1,25(OH)2D is found only in the decidua. The active form of vita-

min D, 1,25(OH)2D, is elevated in the maternal circulation during pregnancy [167]. 

Placental gene expression involved in normal placentation, including extravillous 

trophoblast invasion and angiogenesis, is possibly controlled by 1,25(OH)D [168]. 

Vitamin D defi ciency was shown to increase BP. Vitamin D defi ciency during preg-

nancy is potentially associated with the occurrence of preeclampsia, insulin resis-

tance, and gestational diabetes mellitus, relating to its nonclassical functions [169]. 

Interestingly, impaired vitamin D metabolism is found in preeclampsia. Low serum 

vitamin D in early pregnancy was demonstrated to predispose women to preeclamp-

sia [170]. This observation is supported by reduced incidence of preeclampsia with 

vitamin D supplementation in one study [165], but there are contradictory results in 

other studies [171]. The immunomodulatory properties of vitamin D may also be 

relevant to the pathogenesis of preeclampsia.

DRI recommends daily dietary intake of 15-μg vitamin D during pregnancy. 

Taken together, vitamin D supplementation is recommended during pregnancy 

mainly for other reasons (e.g., to prevent hypocalcemic seizure [172] and bone weak-

ness in babies [173,174]), but it is unclear if it prevents preeclampsia.

10.5.4 VITAMIN C AND VITAMIN E

Impaired uterine spiral artery remodeling can result in oxidative stress and subse-

quent infl ammatory responses, as well as endothelial activation, which account for the 
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characteristics of preeclampsia, including vascular vasospasm, capillary leakage, and 

coagulopathy. Preeclamptic placenta was found to have lower levels of antioxidants 

[175] and higher lipid oxidative stress compared with control placenta [176]. Vitamins C 

and E are two essential nutrients that scavenge free radicals and inhibit reactive oxygen 

species (ROS)-induced cellular damage. Based on the biological actions of these anti-

oxidants, supplementation of these vitamins during pregnancy is believed to prevent or 

delay the onset of preeclampsia but direct evidence of such an effect is lacking [177].

Vitamin C or ascorbic acid is an essential water-soluble micronutrient involved in 

the synthesis of collagen, and it also functions as an antioxidant. Unlike most ani-

mals, humans are unable to synthesize vitamin C; therefore, they need to maintain 

an adequate dietary intake of vitamin C. ACOG suggests dietary intake of 85 mg/

day of vitamin C during pregnancy. Vitamin C is found in many fruits and veg-

etables, with high levels noted in guava, blackcurrants, citrus fruits, strawberries, 

tomatoes, and broccoli [177]. During pregnancy, vitamin C is actively transported 

across the placenta [178]. As an antioxidant, vitamin C protects tissues from damage 

by harmful free radicals. Women with preeclampsia have lower levels of circulat-

ing vitamin  C [179]. Studies have also showed that the risk of preeclampsia was 

increased in women with elevated levels of plasma-oxidized LDL and low levels of 

circulating vitamin C [122] or in women with less than 85 mg of vitamin C consump-

tion daily [180]. Although there may be a potential benefi t of vitamin C supplementa-

tion in preventing preeclampsia, the safety and effectiveness of high-dose vitamin C 

supplementation in preventing preeclampsia still needs to be clarifi ed [178].

Vitamin E is the major lipid-soluble and plant-derived antioxidant in the body, 

including four tocopherols and four tocotrienols. Besides its antioxidant function, 

vitamin E enhances the release of prostacyclin, a metabolite of arachidonic acid that 

inhibits platelet aggregation, suppresses uterine contractility, increases vasodilation, 

and hence increases blood fl ow from mother to the fetoplacental unit [181]. Daily 

dietary consumption of 15 mg of vitamin E is recommended during pregnancy.

Natural alpha-tocopherol is the most biologically active form of vitamin E. A 

high level of tocopherol is found in some plant oils, including wheat germ oil, nuts, 

some cereals, and some leafy green vegetables. Vitamin E defi ciency, rarely seen 

in healthy adults, can be aggravated by iron overload and high dietary intake of 

PUFA. During pregnancy, transfer of vitamin E to the fetus are believed to be mini-

mal [178]. Vitamin E protects phospholipid fatty acids from oxidation by harmful 

free radicals, thereby stabilizing cell membranes. The link between oxidative stress 

and the development of adult diseases, including cardiovascular diseases, cancer, 

and chronic infl ammation, implicates its role in the development of preeclampsia. 

A reduced level of vitamin E in patients with severe preeclampsia has been consis-

tently reported [182], but there is no clear evidence that vitamin E supplementation 

prevents the development of preeclampsia.

The synergistic effect between vitamins C and E makes the coadministration 

of these two vitamins more effective in promoting their antioxidation effects. 

Nevertheless, outcomes of clinical trials yield confl icting results concerning the 

effi cacy of these vitamins in reducing the incidence or severity of preeclampsia 

[177,183–186]. Some recent studies found that excessive amount of combined vita-

min C (1000 mg/day) and vitamin E (400 IU/day) supplement during pregnancy 
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not only fails to prevent preeclampsia but also relates to increased risks of preterm 

rupture of membranes and low birth weight [187,188]. Thus, the role of vitamin C 

and E supplements and the role of their antioxidant properties in the prevention of 

preeclampsia remain inconclusive.

10.5.5 IRON

Iron is an essential micronutrient for the formation of hemoglobin to transport oxy-

gen, and it is required for the synthesis of enzymes involved in aerobic reactions to 

provide energy [120]. Iron-rich foods include liver, meat, fi sh, poultry, and non-animal-

derived foods, such as legumes, green-leafy vegetables, nut, oilseeds, and dried 

fruits. In general, animal-derived foods tend to have higher iron content than non-

animal-derived foods [189]. Iron absorption may be inhibited by the mixed intake 

of some other elements, such as cereal grains, milk products, coffee and cocoa, or 

phosphates in egg yolk.

Body iron is mainly stored in the reticuloendothelial cells in the bone marrow, 

liver, and spleen. The demand for iron during pregnancy gradually increases from 

0.8 mg/day in the fi rst trimester to 7.5 mg/day in the third trimester [190]. The iron 

intake during pregnancy is predominantly used to expand the woman’s erythrocyte 

mass, fulfi ll the iron requirements of the fetus, and compensate for iron loss at deliv-

ery. Dietary iron is insuffi cient to fulfi ll the iron requirement during pregnancy. 

ACOG recommends dietary intake of 27 mg/day during pregnancy.

Epidemiological studies showed that the mean serum iron level in women with 

preeclampsia is signifi cantly higher than that in normal pregnant women, whereas 

the total iron-binding capacity is signifi cantly lower in preeclamptic patients [191]. 

Serum transferrin levels (a measure of iron storage) are signifi cantly decreased only 

in women with severe preeclampsia. These observations suggest that oxidative stress 

can be induced by excess amounts of free iron, which may play a role in the develop-

ment of preeclampsia. However, there is no association between iron supplementa-

tion and the incidence of preeclampsia [190].

10.5.6 CALCIUM

Calcium plays crucial roles in bone metabolism, signal transduction, release of neu-

rotransmitter from neurons, muscle contraction, maintaining cell membrane poten-

tial, blood coagulation, and fertilization. Calcium also functions as a cofactor for 

many enzymes. Such factors associated with calcium homeostasis as membrane 

stability of vascular smooth muscle cells, the production and secretion of endothe-

lium-derived relaxing factor, neuronal function, vascular relaxation, and calcium-

regulating hormones (parathyroid hormone and calcitonin) have been proposed to be 

involved in the regulation of BP [192].

ACOG recommends dietary intake of 1000 mg/day calcium during pregnancy. Low 

calcium intake induces either parathyroid hormone or renin secretion, which increases 

intracellular calcium in vascular smooth muscle cells and ultimately leads to vaso-

constriction [193]. Given these observations, calcium supplementation can potentially 

reduce smooth muscle contractility and lower BP. Moreover, calcium supplementation 
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reduces vascular angiotensin II sensitivity, prolongs the mean duration of gestation, 

reduces the incidence of premature delivery, lowers BP, and reduces the incidence of 

gestational hypertension [138,194]. A fl uctuation of calcium levels in red blood cells, 

platelets, immune cells, endothelial cells, vascular smooth muscle cells, and extracel-

lular matrix was also detected in the patients with preeclampsia [195]. Hence, calcium 

supplementation is proposed as a potential intervention to reduce the risk of preeclamp-

sia. Unfortunately, the role of calcium supplementation in preventing preeclampsia is 

still undetermined due to inconsistency among clinical studies [150,192,194,196].

10.5.7 MAGNESIUM

Magnesium is an essential mineral for bone metabolism, neurotransmission, car-

diac excitability, neuromuscular conduction, muscle contraction, vasomotor tone, 

and maintenance of BP. Chronic magnesium defi ciency has been detected in many 

chronic diseases, including diabetes mellitus, hypertension, coronary heart disease, 

and osteoporosis [197].

Parenteral magnesium sulfate prevents recurrent seizures in patients with pre-

eclampsia [198] and in pregnant women with varying degrees of hypertension. Such 

success suggests that magnesium might be defi cient in women with preeclampsia. 

Indeed, a reduction in magnesium levels in serum, intracellular compartments, and 

erythrocytes was detected in some patients with preeclampsia [199]. Therefore, the 

potential role of magnesium in the pathogenesis of preeclampsia and the preventive 

effect of its supplementation have been proposed. Nonetheless, increasing dietary 

magnesium during pregnancy does not seem to be benefi cial [200]. Thus, further 

investigation is needed to defi ne the role of magnesium and preeclampsia and other 

hypertensive disorders during pregnancy.

10.5.8 SELENIUM

The trace element selenium is an essential component of the antioxidant seleno-

proteins, such as glutathione peroxidase (GPx) and thioredoxin reductase [201]. 

Reduced GPx is associated with the generation of toxic lipid peroxides and leads to 

endothelial dysfunction and hypertension. Selenium plays critical roles in regulating 

antioxidation, adjustment of immune function, and cell growth.

Selenium levels in maternal sera decrease as gestation proceeds, presumably due 

to an increasing metabolic demand [202]. The selenium level is further decreased 

in women with preeclampsia [201]. Low selenium was found to correlate with the 

severity of preeclampsia [203,204]. Thus, low maternal selenium may predispose 

to preeclampsia. In a rat model, it was found that selenium defi ciency was associ-

ated with preeclampsia [205]. In a pilot study in humans, selenium supplementation 

tended to reduce the incidence of preeclampsia, but the results were not statistically 

signifi cant [206]. Thus, the clinical relevance of selenium supplementation for the 

prevention of preeclampsia is still uncertain. Since high selenium levels may poten-

tially induce cancerous diseases and type II diabetes [207,208], the risks versus ben-

efi ts of selenium supplementation in pregnant women at high risk of preeclampsia 

remain questionable [203,209].
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10.5.9 ZINC

Zinc is required for normal cell function and metabolism and for maintaining the 

function of free radical-scavenging enzymes, such as superoxide dismutase [210]. 

Since oxidative stress may play an important role in the development of preeclamp-

sia, impaired antioxidation by a decrease in the activity of superoxide dismutase 

due to zinc defi ciency may be related to the pathogenesis of preeclampsia. However, 

TABLE 10.3
Relationship between Nutrient Intake and Preeclampsia and 
Recommendations for Prevention

Nutrients Relationship with Preeclampsia Recommendations

Protein Unclear. Limited clinical evidence available DRI: 71 g/day

Sugar Inconclusive. High sugar intake may be 

associated with increased risk of preeclampsia

National dietary guideline: reduce 

added sugar intake

Salt Inconclusive. Limited clinical evidence 

available

National dietary guideline: limit sodium 

intake to ≤2300 mg/day in non-

hypertensive women and 1500 mg/day 

in hypertensive pregnant women

Lipid and 

fi sh oil

Inconclusive Control weight gain during 

pregnancy. Consume omega-3 fatty 

acids from vegetable oils, seafood, 

and omega-3 fatty acid supplements

Vitamin A Inconclusive DRI: 770 μg/day

Vitamin B 

and folate

Inconclusive DRI: Vitamin B6: 1.9 mg/day, 

vitamin B12: 2.6 μg/day, and folate: 

600 μg/day

Vitamin D Vitamin D defi ciency is associated with 

preeclampsia. Inconclusive clinical evidence 

on supplementation of vitamin D and the 

prevention of preeclampsia.

DRI: 15 μg/day

Vitamin C 

and E

Low circulating levels of vitamin C and E are 

associated with preeclampsia. Inconclusive 

evidence on supplementation of vitamin C 

and E and prevention of preeclampsia. Some 

studies even show that excessive combined 

supplement of vitamin C and E increases the 

risks of adverse pregnancy outcomes

DRI: Vitamin C: 85 mg/day and 

vitamin E: 15 mg/day

Iron Unclear. Limited clinical evidence available DRI: 27 mg/day

Calcium Calcium supplementation may reduce the 

risk of preeclampsia

DRI: 1000 mg/day

Magnesium Unclear. Limited clinical evidence available DRI: 350–360 mg/day

Selenium Selenium defi ciency was found in 

preeclampsia. Inconclusive clinical evidence 

on supplementation of selenium and the 

prevention of preeclampsia

DRI: 60 mg/day

Zinc Unclear. Limited clinical evidence available DRI: 11 mg/day
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confl icting data regarding zinc level and preeclampsia were reported [199,211]. 

Therefore, the benefi t of zinc supplementation in the prevention of preeclampsia 

remains an unresolved issue [211] (Table 10.3).

10.6 SUMMARY

Preeclampsia is a life-threatening hypertensive disorder that occurs during preg-

nancy, which increases the maternal and the perinatal morbidity and mortality. 

Although our understanding of preeclampsia and other hypertensive disorders in 

pregnancy has dramatically increased in the past decades, the actual pathophysiol-

ogy of such pregnancy complications remains unclear. Although delivery is the 

only effective treatment for preeclampsia and the treatment for hypertensive dis-

orders in pregnancy is limited, early identifi cation of high-risk groups, adequate 

monitoring, and timely intervention are crucial in managing and reducing adverse 

outcomes.

Although many potential lifestyle and dietary factors may be responsible in 

the development of hypertensive disorders in pregnancy, many questions remain 

to be answered (Figure 10.1). Obesity is a known risk factor for preeclampsia and 

Risk factors:
Obesity+

High altitude

Eclampsia

Preeclampsia

a Chronic
hypertension

Gestational
hypertension

??
?

Hypertensive disorders in pregnancy

Increased risks for hypertension, diabetes, and cardiovascular disease in later life

aPreeclampsia superimposed on
chronic hypertension

Protective factors:
Cigarette smoking
Controlled weight gain during pregnancy
Physical activity (?)
Calcium supplement

FIGURE 10.1 Factors affecting hypertensive disorders in pregnancy. Obesity and high alti-

tude are related to increased risk of preeclampsia and gestational hypertension, whereas ciga-

rette smoking, controlled weight gain during pregnancy, and calcium supplement may have 

protective effect against preeclampsia. Hypertensive disorders in pregnancy are associated 

with increased risks of hypertension, diabetes, and cardiovascular diseases in mother’s later 

life. Note: Obesity is a known risk factor for essential hypertension, gestational hypertension, 

and preeclampsia. However, current evidence is insuffi cient to clarify its relationship with 

chronic hypertension in pregnancy.
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gestational hypertension, and hence adequate weight control may be a preventive 

measure. Physical activity may also be benefi cial in preventing preeclampsia; how-

ever, confl icting results exist. Recommendations for intake of micro- and macronu-

trients are even less evidence-based.

Despite the evidence of association between various nutrients and preeclampsia, 

the causative role of various nutrients has not been thoroughly studied, and there 

is very little clinical trial evidence to establish the effi cacy of supplementing or 

restricting various nutrients to prevent or treat preeclampsia. Sodium restriction 

apparently does not prevent preeclampsia. High sugar intake may promote obesity, 

a risk factor for preeclampsia, but it probably does not affect preeclampsia risk 

directly [150]. Supplementation with calcium, vitamin D, n-3 fatty acids, vitamin 

C, and vitamin E in high-risk women seems to be promising in the prevention of 

preeclampsia, but there are no conclusive clinical trials. High daily intake of fi ber 

has been shown to reduce the risk of hypertension and insulin resistance, suggest-

ing a possible protective role against preeclampsia. Additional evidence is needed 

for all these dietary factors. In addition, it is unlikely that preeclampsia is caused 

by or can be prevented by a single nutrient, and evidence concerning combinations 

of nutrients or dietary patterns is lacking. In the absence of evidence, a prudent 

approach to lifestyle in the pregnant woman involves screening for the lifestyle risk 

factors, assessing nutritional status, recommending general healthy lifestyle guide-

lines, and providing supplements that are clearly effective in promoting maternal 

and fetal health.
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11.1 EPIDEMIOLOGY OF DIABETES MELLITUS

Type II diabetes has become one of the most signifi cant contributors to morbidity 

and mortality among the U.S. population. The Centers for Disease Control (CDC) 

estimated that 23.6 million (7.8%) people in the United States had either diagnosed 

or undiagnosed diabetes in 2007 [1]. Diabetes-related costs to U.S. health care sys-

tems are substantial. In 2007, the total direct and indirect costs were estimated at 

174 billion dollars [1]. Patients with diabetes are at an increased risk of developing 

cardiovascular diseases such as myocardial infarction (MI), stroke, and heart failure 

[2]. Furthermore, compared with patients without diabetes, patients with type II dia-

betes have a signifi cantly higher mortality rate after an MI or stroke [3,4]. In general, 

death rates are twice as high among patients with diabetes, making diabetes one of 

the top 10 causes of death in the United States [1]. Besides increasing the risk of car-

diovascular diseases, diabetes is also the leading cause of blindness, end-stage renal 

disease, and nontraumatic amputations in the United States [1,5]. Please note that 

for the remainder of the chapter, the use of diabetes will refer to patients with type II 

diabetes unless otherwise indicated.
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11.2 CORRELATION BETWEEN HYPERTENSION AND DIABETES

There appears to be a concordance between hypertension and diabetes in the adult 

population. Hypertension is approximately twice as common in persons with diabe-

tes as in those without [6]. Conversely, persons with hypertension are 2.5 times more 

likely to develop type II diabetes than their nonhypertensive counterparts [7]. When 

both conditions are present, the result is an increased risk of diabetic complications 

and death. Data obtained from death certifi cates indicate that hypertensive disease is 

implicated in 4.4% of deaths coded to diabetes, and diabetes is implicated in 10% of 

deaths coded to hypertensive disease [6].

11.3  BENEFITS OF BLOOD PRESSURE CONTROL 
IN PATIENTS WITH DIABETES

An estimated 35%–75% of diabetic complications can be attributed to the coexistence 

of hypertension and diabetes [6]. The association of hypertension with increased 

diabetic complications is supported by the results of a cross-sectional analysis of 

950 patients with type II diabetes mellitus. The results indicate a strong association 

between the presence of hypertension and multiple diabetic complications such as 

nephropathy, cardiovascular diseases, retinopathy, peripheral vascular disease, and 

left ventricular hypertrophy [8].

Several large-scale, randomized controlled trials have confi rmed that lowering 

blood pressure (BP) in patients with diabetes reduces the rate of complications. 

These trials comprise the bulk of evidence supporting BP control in diabetic patients 

and are discussed below.

The Systolic Hypertension in China (Syst-China) trial was a multicenter, double-

blind, placebo-controlled trial designed to determine the effect of antihypertensive-drug 

treatment on stroke and other cardiovascular end points including fatal and nonfatal 

heart failure, fatal and nonfatal MI, and sudden death in older Chinese patients with 

isolated systolic hypertension. Patients were stratifi ed by sex and cardiovascular compli-

cations and then were alternately assigned to receive either active treatment or placebo. 

Active treatment was initiated with nitrendipine, with the possible addition of captopril, 

hydrochlorothiazide, or both drugs. Of the 2394 persons enrolled in the study, 98 had 

diabetes at baseline (47 in the placebo group and 51 in the active treatment group). Wang 

et al. [9] conducted a subgroup analysis of this population. Within the treatment group, 

patients were treated similarly regardless of whether the patients had diabetes or not, 

and their BP decreased to a similar extent. In the placebo group, the cardiovascular 

event rates in patients with diabetes were approximately twice as high as that in patients 

without diabetes. In the patients with diabetes of the active treatment group, the excess 

cardiovascular risk was reduced to the rates observed in the patients without diabetes. 

Active treatment in patients with diabetes showed a consistent trend in reducing the total 

mortality (59%; p = .15), the cardiovascular mortality (57%; p = .22), all cardiovascular 

end points (74%; p = .03), the fatal and nonfatal stroke (45%; p = .42), and all cardiac end 

points (90%; p = .08). These results suggest that the control of BP confers substantial 

benefi ts to the patients with diabetes. However, the statistical signifi cance was limited 

by the small sample size of the subgroup with diabetes [9].
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These fi ndings were confi rmed in the Systolic Hypertension in Europe (Syst-

Europe) trial. This trial enrolled 4695 patients with isolated systolic hypertension, 

of which 492 (10.5%) had diabetes. The patients were randomized either to an active 

treatment with nitrendipine or to placebo. A subgroup analysis of the patients with 

diabetes showed that after 2 years of treatment with nitrendipine, the average sys-

tolic BP (SBP) was reduced by 8.6 mmHg, which was similar to that in the patients 

without diabetes. Among the patients with diabetes, the active treatment group 

experienced statistically signifi cant relative risk reductions in overall mortality 

by 55%, mortality from cardiovascular diseases by 76%, all cardiovascular events 

combined by 69%, fatal and nonfatal strokes by 73%, and all cardiac events com-

bined by 63%, compared with the control group. Interestingly, although patients 

with and without diabetes in the active treatment group achieved the same degree 

of lowering of SBP, the group with diabetes experienced signifi cantly larger reduc-

tions in overall mortality and in the mortality from cardiovascular diseases and all 

cardiovascular events [10].

The increased benefi ts obtained due to reduction of BP identifi ed in patients with 

diabetes compared with patients without diabetes were also reported in the Systolic 

Hypertension in the Elderly Program (SHEP). This study enrolled 4736 adults with 

isolated systolic hypertension, including 583 patients with noninsulin-dependent 

diabetes. The patients were randomly assigned to either active treatment or pla-

cebo. Active treatment consisted of low-dose chlorthalidone with a step-up to ateno-

lol or reserpine if needed. After 5 years, the rate of major cardiovascular diseases 

decreased by 34% in the active treatment group compared with the placebo group, 

both for patients with diabetes (95% confi dence interval [CI], 6%–54%) and for 

patients without diabetes (95% CI, 21%–45%). However, because of the higher inci-

dence of cardiovascular events in patients with diabetes, absolute risk reduction with 

active treatment compared with the placebo was twice as great for the patients with 

diabetes compared with the patients without diabetes (101/1000 vs. 51/1000). These 

data indicate that we would need to treat 19 patients without diabetes as compared 

to 10 patients with diabetes to prevent one major cardiovascular disease event [11].

11.4  EVIDENCE FOR TIGHTER BP CONTROL 
IN PATIENTS WITH DIABETES

The trials discussed above clearly demonstrate that reduction of BP in patients 

with diabetes decreases the risk of adverse cardiovascular outcomes and mortality. 

Additional trials have addressed the following questions: (1) Does more intensive 

reduction of BP result in greater benefi t with regard to cardiovascular outcomes? 

(2) What is the optimal BP-reduction goal for a patient with diabetes?

The United Kingdom Prospective Diabetes Study (UKPDS) was a large pro-

spective observational study including 3642 adults with diabetes. The study dem-

onstrated that each 10 mmHg decrease in SBP was associated with a relative risk 

reduction of 12% in the rates of any complication associated with diabetes, 15% in 

diabetes-related mortality, 11% in MI, and 13% in the microvascular complications 

of retinopathy or nephropathy. As an observational study, these fi ndings were limited 

in their ability to evaluate causation. However, several randomized controlled trials 
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have confi rmed the relationship between tighter BP control and reduction in diabetic 

complications [12].

A subsequent UKPDS study (UKPDS 38) randomized patients with diabetes to 

either tight BP control, which was defi ned as BP < 150/85 mmHg, or less tight control, 

defi ned as BP < 180/105 mmHg. After 9 years of follow-up, the mean BP achieved 

in the tight control group was 144/82 mmHg compared with 154/87 mmHg in the 

group assigned to less tight control. Compared with the less tight control group, the 

patients in the tight control group experienced a relative risk reduction of 24% in 

diabetes-related end points, 32% in deaths related to diabetes, 44% in strokes, 37% 

in microvascular end points, and 47% in decreased visual acuity [13].

The Hypertension Optimal Treatment (HOT) study addressed the possibilities of 

lowering BP even further. This trial enrolled 18,790 adult patients from 26 countries, 

with hypertension defi ned as the diastolic BP (DBP) between 100 and 115 mmHg. 

The participants were randomly assigned a target DBP of 90, 85, or 80 mmHg. In the 

three target groups, the BP was reduced from a mean of 170/105 to a mean of 143/85, 

141/83, and 140/81 mmHg, respectively. The results show a trend toward decreased 

cardiovascular risks in the group with reduced BP levels; however, the differences 

were not statistically signifi cant. In the subgroup of 1501 patients with diabetes mel-

litus at baseline, there was more compelling advantage of lower target DBP. Among 

those with diabetes assigned to the group with a target DBP ≤ 90 mmHg, there were 

45 major cardiovascular events compared with only 22 major cardiovascular events 

among the group with a target DBP ≤ 80 mmHg. Therefore, the risk was halved with 

more intense BP treatment. The relative risk of major cardiovascular events in the 

group with target DBP ≤ 90 mmHg compared with the group with target DBP ≤ 80 

mmHg was 2.06 (1.24, 3.44). The risk of cardiovascular mortality was also signifi -

cantly reduced. Among the group with target DBP ≤ 90 mmHg, there were 22 events 

compared with seven events in the group with target DBP ≤ 80 mmHg. The relative 

risk of cardiovascular mortality in the group with target DBP ≤ 90 mmHg compared 

with the group with target DBP ≤ 80 mmHg was 3.0 (1.28, 7.08). There was a trend 

toward reduction in strokes, with 17 events in the group with target DBP ≤ 90 mmHg 

compared with 12 events in the group with target DBP ≤ 80 mmHg. However, this was 

not statistically signifi cant with a relative risk of 1.43 (0.68 and 2.99) [14].

11.5  EVIDENCE AGAINST AGGRESSIVE BP 
REDUCTION IN PATIENTS WITH DIABETES

The results from the UKPDS [13] and HOT [14] trials demonstrate a clear benefi t of 

tighter BP control in patients with diabetes. However, the average SBP achieved in 

the tight control groups was still in the hypertensive range, and the DBP was above 

what is currently considered “optimal” according to the “Seventh Report of the Joint 

National Committee on Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure” (JNC 7) [15] and American Diabetes Association (ADA) recom-

mendations. Uncertainty remained as to whether lowering BP further would provide 

additional benefi ts in patients with both hypertension and diabetes.

Consequently, the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 

BP trial tested the effect of treating to a lower target BP on major cardiovascular 
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events in high-risk persons with type II diabetes. In this trial, 4733 participants 

were randomly assigned to either intensive therapy that targeted SBP < 120 mmHg 

or standard therapy that targeted SBP < 140 mmHg. After the fi rst year of ther-

apy, the average BP was 119/64 mmHg in the intensive-therapy group and 133/

70 mmHg in the standard-therapy group. After an average of 5 years of follow-up, 

the rate of fi rst occurrence of a major cardiovascular event was 1.87% per year in 

the intensive-therapy group compared with 2.09% per year in the standard-therapy 

group. Although there was a trend toward decreased risk with intensive therapy, 

the between-group difference was not statistically signifi cant (hazard ratio with 

intensive therapy, 0.88; 95% CI, 0.73–1.06; p = .20). Furthermore, there were no 

statistically signifi cant differences in many of the secondary outcomes including 

nonfatal MI, death from any cause, major coronary disease event, and fatal or 

nonfatal heart failure. There was a statistically signifi cant difference in the rate 

of nonfatal stroke (0.30% per year in the intensive-therapy group vs. 0.47% per 

year in the standard-therapy group; hazard ratio, 0.63; 95% CI, 0.41–0.96; p = .03) 

and total stroke (0.32% per year in the intensive-therapy group vs. 0.53% per year 

in the standard-therapy group; hazard ratio, 0.59; 95% CI, 0.39–0.89; p = .01) 

[16]. There was no clear evidence of increased harm with intensive BP therapy. 

Nevertheless, this study also reported a possible detrimental effect of the intensive 

therapy on renal function. Mean serum creatinine in the intensive-therapy group 

was 1.1 mg/dL compared with 1.0 mg/dL in the standard-therapy group (p < .001). 

Mean estimated glomerular fi ltration rate in the intensive-therapy group was 74.8 

mL/min/1.73 m2 compared with 80.6 mL/min/1.73 m2 in the standard-therapy 

group (p < .001). Further research is needed to confi rm the potential detrimental 

effect of intensive BP therapy on renal function.

The absence of a statistically signifi cant reduction in major cardiovascular events 

in the intensive-therapy group suggests a plateau effect to the benefi t of BP reduction 

in diabetic patients. It also brings into question the benefi t of intensive BP therapy 

in this group of patients. However, after taking into account the reduction in the 

rate of stroke within the intensive-therapy group coupled with the lack of evidence 

of increased harm within this group, it appears that intensive BP control is at least 

safe in this population and may add further benefi t. Ultimately, the ideal goal for BP 

reduction for patients with diabetes remains uncertain.

11.6  RECOMMENDATIONS FOR NONPHARMACOLOGIC 
THERAPY FOR BP CONTROL IN PATIENTS 
WITH DIABETES

Despite this uncertainty, both the ADA Executive Summary for the “Standards of 

medical care in diabetes (2011)” [17] and the JNC 7 [15] recommend that BP in 

patients with diabetes should be controlled to levels of 130/80 mmHg or lower.

The ADA recommends that patients who have diabetes and a SBP between 130 

and 139 mmHg or a DBP between 80 and 89 mmHg may initially be treated with 

lifestyle therapy including consuming a Dietary Approaches to Stop Hypertension 

(DASH) [17–19] diet (which emphasizes increased intake of fruits, vegetables, and 
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low-fat dairy products; see Chapter 1), reducing sodium intake, moderating alco-

hol intake, losing weight if overweight, and increasing physical activity. If lifestyle 

modifi cation fails to reduce BP to 130/80mmHg or less within 3 months, pharma-

cologic therapy should be considered [17]. Patients with severe hypertension (SBP 

≥ 140 or DBP ≥ 90 mmHg) should receive pharmacologic therapy in addition to 

lifestyle therapy [17].

The remainder of this chapter presents the evidence for adoption of two specifi c 

nonpharmacologic therapies for treatment of hypertension in patients with diabetes: 

reduction of sodium and adoption of the DASH dietary pattern.

11.7 SODIUM RESTRICTION IN PATIENTS WITH DIABETES

There is ample evidence to suggest that decreasing dietary sodium intake results 

in a decrease in BP within the general population. Please refer to Chapter 2 for 

a review of this topic. Furthermore, there appears to be a subset of patients in 

whom BP is particularly sensitive to dietary salt intake. This phenomenon has been 

termed salt sensitivity. Although there is a lack of universal consensus on the defi -

nition of salt sensitivity, it is often defi ned as an increase in mean arterial pressure 

(MAP) of at least 10 mmHg in response to high-dietary salt intake or saline infu-

sion [20]. The level of salt intake required to induce hypertension in salt-sensitive 

patients varies from patient to patient, with a range of 3–16 g/day [21]. Multiple 

studies have confi rmed that the prevalence of salt sensitivity is higher among 

patients with diabetes than among patients without diabetes [20,22,23]. Strojek 

et al. [23] reported the prevalence of salt sensitivity among diabetic patients to be 

43% compared with 17% in control subjects matched for age, gender, and body 

mass index (p < .05).

The high prevalence of salt sensitivity among patients with diabetes is important 

for several reasons. First, salt sensitivity is associated with increased rates of cardio-

vascular events and mortality. This association is present in normotensive individu-

als, but it appears to be greater in hypertensive individuals [24]. Second, the high 

prevalence of salt-sensitive hypertension in patients with diabetes might indicate that 

the patients with diabetes would benefi t from salt restriction at least as much if not 

more than the general population.

The precise etiology underlying the correlation between diabetes and salt sensi-

tivity remains unknown. However, evidence suggests that diabetes may predispose 

to salt sensitivity via alterations in vascular reactivity. Findings from a study by 

Tuck et al. [20] support this theory. This study evaluated the vascular response to 

angiotensin II infusion in patients with diabetes compared with patients without dia-

betes. The results showed that the patients with diabetes exhibited increased vascular 

response to angiotensin II. That is, the incremental increase in MAP induced by 

angiotensin II infusion was greater in patients with diabetes compared with patients 

without diabetes. This was true regardless of whether the patients with diabetes were 

hypertensive at baseline. Furthermore, this study reported a difference in the effect 

of dietary sodium on vascular response among patients with diabetes compared with 

patients without diabetes. Among patients without diabetes, the pressor sensitivity 

to angiotensin II was highly dependent on sodium balance. Patients without diabetes 
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and who were on a sodium-restricted diet (20 mEq/day) had an average increase in 

MAP of around 5 mmHg in response to angiotensin II infusion at a rate of 3 ng/kg/min. 

When the same patients were then loaded with a high-sodium diet (250 mEq/day), 

their average increase in MAP increased to around 13 mmHg in response to the 

same infusion rate of angiotensin II. In contrast, the patients with diabetes exhibited 

an average increase in MAP of around 15 mmHg in response to angiotensin II infu-

sion regardless of dietary sodium intake [20]. Thus, in patients with diabetes, the 

vascular response to angiotensin II in a low-sodium balance state is exaggerated and 

mirrors the response one would see in a patient in a high-sodium balance state who 

does not have diabetes.

There are several mechanisms by which diabetes may alter vascular reactivity. 

Hyperinsulinemia and insulin resistance (IR) have been shown to increase sodium 

retention, activate the sympathetic nervous system, and have direct effects on blood 

vessels [25].

Another possible explanation for the association between diabetes and salt sen-

sitivity is that salt sensitivity predisposes to diabetes. This concept has been a topic 

of debate. Several studies have demonstrated that among lean patients with essen-

tial hypertension and no history of diabetes, those with salt-sensitive hypertension 

exhibit IR and impaired glucose tolerance. This phenomenon was not seen in sub-

jects with salt-resistant hypertension [26–28]. A study by Fuenmayor et al. [28] 

also demonstrated that the degree of IR identifi ed in salt-sensitive patients was cor-

related with the amount of dietary salt intake. IR was present during periods of salt 

restriction (60–70 mEq/day) but was exacerbated when salt intake increased (300 

mEq/day) [28]. However, Iwaoka et al. [29] demonstrated the opposite effect, that is, 

reduced sodium intake increased IR and sodium loading reversed this effect. Ames 

et al. [30] also demonstrated that patients with diabetes and hypertension exhibited 

reduced glycemic and insulinemic responses to oral glucose tolerance testing after 

a 2-g oral sodium load, thus suggesting that sodium restriction in patients with dia-

betes may have an adverse effect on glucose metabolism. It should be noted that the 

glycemic and insulinemic responses to glucose loading are surrogate markers for 

overall diabetes control. There have been no studies evaluating the effect of dietary 

sodium on long-term glucose control, that is, hemoglobin A1c (HbA1c), or clinical 

outcomes in patients with diabetes.

In summary, there is strong evidence that dietary sodium restriction reduces BP 

in all individuals. The effect of dietary sodium on glycemic control and IR is not 

clear. Patients with diabetes are more likely to exhibit salt sensitivity, and therefore, 

to experience a greater increase in BP following a high-sodium meal. Such individu-

als with salt-sensitive hypertension tend to have the largest BP reductions during salt 

restriction [24,31]. Although we do not recommend screening for salt sensitivity, it 

stands to reason that patients with diabetes may experience enhanced BP control 

with dietary sodium restriction compared with individuals without diabetes, based 

on the increased incidence of salt sensitivity in this population. Therefore, we rec-

ommend that patients with diabetes and hypertension follow a sodium-restricted diet 

defi ned as no more than 1.5 g sodium per day. This is in concordance with the ADA 

clinical practice recommendations for 2011 [17].
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11.8  IMPLEMENTATION OF THE DASH DIETARY 
PATTERN IN PATIENTS WITH DIABETES

The DASH dietary pattern emphasizes intake of fruits, vegetables, low-fat dairy 

foods, whole grains, poultry, fi sh, and nuts, and reduced levels of fats, red meat, 

sweets, and sugar-containing beverages to lower BP [18]. It is effective in lowering 

BP in patients in all age groups, in those with prehypertension as well as stage I 

hypertension, in patients without diabetes, and in Caucasians and African Americans 

[18,19]. DASH is also consistent with the current ADA dietary recommendations for 

treatment of hypertension [17].

Although very few studies have evaluated the effect of the DASH dietary pattern 

on BP or glucose in patients with diabetes, a few studies have looked at the effect 

of the DASH dietary pattern on insulin sensitivity, fasting glucose, and the risk for 

development of diabetes in patients without diabetes. In a substudy of the PREMIER 

trial, Ard et al. [32] determined the effect on insulin sensitivity of a comprehensive 

behavioral intervention alone versus the same behavioral intervention combined with 

the DASH dietary pattern. Fifty-fi ve of the 810 participants who were randomized in 

PREMIER [33] had baseline intravenous glucose tolerance tests and were included 

in the substudy. The behavioral intervention focused on weight loss, reduced sodium 

intake, increased physical activity, and moderate alcohol intake. The behavioral 

intervention group and the intervention plus DASH group lost similar amounts of 

weight (5.69 vs. 6.56 kg, respectively). Both intervention groups showed improve-

ment in glucose and insulin as compared to the control group. After adjusting for 

baseline differences, the intervention group that instituted the behavioral interven-

tion and DASH had a suggestive 35% increase in insulin sensitivity as compared to 

the intervention only group (p = .616) [32].

In an effort to look specifi cally at the effect of the DASH dietary pattern alone 

versus DASH plus weight loss and exercise on insulin sensitivity, Blumenthal et al. 

[34] conducted a substudy of the ENCORE trial. In a group of 144 overweight 

hypertensive adults, the DASH diet paired with weight loss and exercise resulted in 

improvement in insulin sensitivity and glucose response as compared to the group 

exposed to the DASH diet alone (p = .031 and p = .011, respectively) [34]. One of 

the limitations of the study design is the lack of a group focused on weight loss and 

exercise only without adopting the DASH diet. Without this comparison group, one 

cannot defi nitively draw conclusions regarding the effect on insulin sensitivity of the 

DASH diet alone.

A third study by Azadbakht et al. [35] compared the effects of the DASH 

dietary pattern versus a weight-reducing diet on features of the metabolic syn-

drome. This investigation is essential in that improvement of features of the meta-

bolic syndrome has the potential to lead to reduction in the incidence of type II 

diabetes. A total of 116 adults were randomized to one of three groups (control, 

weight-reducing diet, or the DASH dietary pattern with reduced calories). The 

reduction, net of control, in fasting blood glucose (–4 and –6 mg/dL) and weight 

(–16 and 15 kg) among men and women was higher in the DASH group (all p < 

.05 compared with the control group). After controlling for weight loss in the two 

intervention groups, the DASH dietary pattern continued to have a signifi cant 
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effect on reducing metabolic risk [35]. It is conceivable, then, that the reduction in 

metabolic risk seen in the context of the DASH diet could lead to a reduction in 

the incidence of type II diabetes.

Liese et al. [36] evaluated the association of the DASH diet with the incidence of 

type II diabetes in 862 participants in the Insulin Resistance Atherosclerosis Study 

(IRAS). A total of 148 participants developed type II diabetes after 5 years of fol-

low-up. Type II diabetes odds ratios (ORs) were estimated at tertiles of the DASH 

adherence score. No association was observed in blacks or Hispanics (tertile 2 vs. 

tertile 1, 1.16 [95% CI, 0.61–2.18]; tertile 3 vs. tertile 1, 1.34 [95% CI, 0.70–2.58]). An 

inverse association was observed in whites (tertile 2 vs. tertile 1, OR 0.66 [95% CI, 

0.29–1.48]). The association became signifi cant for the most extreme contrast (tertile 

3 vs. tertile 1, 0.31 [95% CI, 0.13–0.75]), with adjustment for covariates. Although 

no association was seen in blacks and Hispanics, the results should be taken in the 

context that there were a limited number of blacks and Hispanics in the study. These 

results, although not overwhelmingly convincing, do demonstrate that strict adher-

ence to the DASH diet has the potential to lead to a reduction in the incidence of type 

II diabetes. Additional studies with a more diverse population are needed to further 

clarify the true association of the DASH dietary pattern with incidence of diabetes 

in blacks and Hispanics.

Much of the research regarding the DASH dietary pattern has focused on the 

relationship of DASH to precursors of type II diabetes (IR and metabolic syndrome) 

and to the development of diabetes. However, little is known about the effect of the 

DASH dietary pattern on cardiovascular risks (hypertension [HTN], glucose, lipids) 

in patients with type II diabetes. Azadbakht et al. [37] attempted to answer this ques-

tion within the context of a randomized crossover clinical trial. Forty-four partici-

pants with type II diabetes were enrolled, and after a run-in period of 3 weeks, they 

were assigned to a control diet or the DASH eating pattern. Thirty-one participants 

completed the 8-week randomized phase. Caloric intake was not signifi cantly differ-

ent between the control group and the DASH group (2165 ± 29 vs. 2189 ± 35 Kcal/

day, respectively; p = .62). The participants who followed the DASH eating pattern 

had signifi cant reduction in body weight (–5.0 ± 0.9 kg; p = .006), waist circumfer-

ence (–6.7 ± 1.2 cm; p = .002), fasting blood glucose levels (–29.4 ± 6.3 mg/dL; p = 

.04), HbA1c (–1.7 ± 0.1%; p = .04), HDL cholesterol levels (4.3 ± 0.9 mg/dL; p = .001), 

and LDL cholesterol (–17.2 ± 3.5 mg/dL; p = .02). Additionally, the DASH diet had 

benefi cial effects on SBP (–13.6 ± 3.5 vs. –3.1 ± 2.7 mmHg; p = .02) and DBP (–9.5 ± 

2.6 vs. −0.7 ± 3.3 mmHg; p = .04). These results demonstrate that the DASH dietary 

pattern when associated with weight loss leads to a clinically signifi cant reduction 

in glucose and HbA1c and can lead to reduction of other major cardiovascular risk 

factors. However, the effect of the DASH dietary pattern independent of weight loss 

on the same parameters is not clear.

In summary, there is evidence that the DASH dietary pattern can (1) reduce IR, 

(2) change features of the metabolic syndrome, (3) lead to decreased incidence of 

type II diabetes, and (4) decrease glucose, HbA1c, and lipids in patients with diabe-

tes. Although most of the impact seen is in the context of weight loss, the change that 

occurs is statistically signifi cant and is not accompanied by negative outcomes (i.e., 

hypoglycemia, hypotension). As such, the DASH dietary pattern, in conjunction with 
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weight loss, increased physical activity (for patients with no contraindications), and 

sodium restriction, is recommended by the ADA for fi rst-line treatment of prehy-

pertension (SBP 130–139 and DBP 80–89 mmHg) in patients with type II diabetes.

11.9 CONCLUSION

The increase in prevalence of diabetes mellitus in the United States and worldwide 

is directly related to the epidemic increase in overweight and obesity. Hypertension 

is a common comorbidity seen in patients with diabetes, and the presence of the two 

conditions increases the risk for cardiovascular morbidity and mortality. There are 

very few trials that utilize the DASH dietary pattern in patients with diabetes, but the 

data available demonstrate a benefi cial effect on glucose, BP, and lipids. Thus, the 

use of the DASH dietary pattern, in conjunction with weight loss, increased physical 

activity (for patients with no contraindications), and reduced sodium intake, is part 

of the current recommendations for nonpharmacologic treatment of prehypertension 

in patients with diabetes. These lifestyle guidelines are compatible with the ADA 

and JNC guidelines for individuals without diabetes. Once the BP is outside the pre-

hypertension range or the BP is not improved after 3 months of lifestyle therapy, the 

recommendation of both the JNC 7 and ADA is to pair these same lifestyle recom-

mendations with pharmacologic therapy (Table 11.1).

It should be noted, however, that until further studies are conducted to assess 

the safety of the DASH dietary pattern in patients with diabetes and chronic kidney 

disease, the above recommendations should be adopted with caution as those indi-

viduals may benefi t from a diet lower in potassium content than that in the DASH 

dietary pattern.

TABLE 11.1
Summary: Take-Home Messages

Key Evidences Recommendations for Health Care Practitioners

• Reduction of BP in patients with diabetes 

leads to reduced risk of cardiovascular 

morbidity and mortality, stroke, and 

microvascular end points

• Salt sensitivity is common in patients with 

diabetes

• Salt restriction can lead to reduction in BP 

in patients with diabetes

• The DASH dietary pattern may

• Decrease IR

• Decrease the incidence of type II 

diabetes

• Decrease glucose, HbA1c, and lipids in 

patients with diabetes

• JNC 7 suggests goal BP to be <130/80 mmHg

• Patients with diabetes should limit salt intake 

to < 1.5 g sodium/day

• Patients should be encouraged to adopt the 

DASH dietary pattern, to lose weight if 

overweight, and to increase physical activity if 

no contraindications are found (heart disease, 

retinopathy, neuropathy, etc.)

• Pharmacologic therapy should be initiated in 

conjunction with lifestyle therapy if BP 

remains >130/80 mmHg after 3 months of 

lifestyle intervention
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12.1 BACKGROUND

Hypertension is highly prevalent in the U.S. population, affecting approximately 

one-third of all adults [1]. However, the prevalence, awareness, and severity of 

hypertension do vary by race/ethnicity. African Americans, for example, face more 

grim statistics, as hypertension tends to develop more frequently, at younger ages, 

and with greater severity among African Americans than among whites or Hispanic 

Americans [2]. According to the Centers for Disease Control (CDC), 44% and 

42% of African American women and men, respectively, suffer from hypertension, 
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compared with 31% and 28% of white men and women, respectively [1]. Although 

the larger Hispanic American population may not be as severely affected by hyper-

tension as African Americans, the Hispanic population should not be considered 

as monolithic. There is a notable variation in hypertension risk among groups that 

comprise Hispanic Americans. For example, Puerto Rican Americans have the high-

est rates of hypertension-related morbidity compared with all other Hispanic groups 

and Caucasians. Some Hispanic groups, such as Mexican Americans, have a lower 

prevalence of hypertension (22%) compared with non-Hispanic whites (28%) [3]. 

The rates of awareness of hypertension are relatively high in all groups. For example, 

in the National Health and Nutrition Examination Surveys (NHANES 2005–2006) 

of African Americans with hypertension, approximately 81% had awareness of the 

diagnosis, which was comparable with the awareness of hypertension among non-

Hispanic whites. On the other hand, Mexican Americans were less likely than African 

Americans to be aware of the presence of hypertension [3]. Furthermore, although 

the rates of blood pressure (BP) control have improved across all racial groups, more 

non-Hispanic whites demonstrate greater BP control (60%) than African Americans 

(49%) or Mexican Americans (54%) [4,5].

As a result of an earlier age of onset, greater disease severity, higher prevalence, 

and perhaps unique target-organ susceptibility, African Americans have an 80% 

higher stroke mortality rate, a 50% higher heart disease mortality rate, and a 320% 

higher rate of hypertension-related end-stage renal disease compared with non-

Hispanic whites [6–8]. Despite being equally aware of their disease as whites, and 

even having similar levels of BP control (65% whites vs. 58% African Americans), 

African Americans display a much higher propensity for target end-organ damage 

as a result of hypertension. Even though African Americans have similar rates of 

BP control as whites, they bear a disproportionate population risk of target-organ 

damage, suggesting that greater emphasis be placed on higher rates of control and 

prevention of hypertension among African Americans. This disparity has spurred 

public health offi cials and clinical investigators to look for ways to improve the clin-

ical translation of key recommendations for lifestyle modifi cations to control BP 

specifi cally in African American adult populations. The majority of lifestyle mod-

ifi cation trials that have tested the recommended nonpharmacological BP control 

interventions have typically included small numbers of ethnic minority groups other 

than African Americans. Given the disparity for African Americans in hypertension 

prevalence, control, and sequelae, combined with the paucity of intervention data for 

other ethnic minority groups, this chapter primarily focuses on African Americans. 

However, the general concepts and approaches presented for consideration may have 

some applicability to other minority groups.

It remains unclear why hypertension affects African Americans so adversely 

compared with other ethnic or racial groups. Some theories suggest genetic mutations 

of epithelial sodium channels, enhanced intrarenal activation of the renin–angio-

tensin system, sympathetic overactivity, impaired vasodilatation and/or nitric oxide 

defi ciency, and an attenuated nocturnal decline as explanations [9,10]. In addition, 

increase in body weight has been linked to an increase in the incidence of hyperten-

sion, and more African Americans carry excess weight, with a staggering 70% of 

men and 77% of women being overweight (body mass index [BMI] ≥ 25 kg/m2)  [11]. 
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The rates of incidence of hypertension vary between sub-Saharan Africans and 

African Americans although they have similar genetic predispositions. Therefore, 

multiple factors such as genetics, environment, and culture are likely to infl uence 

this disparity. Hopefully, future studies dedicated to this topic will result in a better 

understanding.

For now, it is imperative that clinicians recognize and appropriately treat hyper-

tension among African Americans. It is generally accepted that African Americans 

respond differently to pharmacological therapy for hypertension [9]. Similarly, life-

style factors such as dietary compositions and patterns, alcohol intake, smoking, 

stress levels, body weight, and physical activity likely infl uence BP differently for 

African Americans when compared with other ethnic or racial groups. Furthermore, 

behavioral changes and lifestyle modifi cations may have to be approached and 

implemented differently among African Americans in order to have a signifi cant 

and lasting effect on BP control. In this chapter, we review several key psychosocial 

and lifestyle factors that may play a role in the etiology of the disparity in hyperten-

sion prevalence, control, and sequelae and, therefore, may have particular relevance 

when one is trying to implement a lifestyle modifi cation strategy for controlling 

BP in African Americans. We have provided two case examples to help guide the 

discussion of these issues.

12.2 CASE STUDIES

12.2.1 CASE 1

Mrs. S is a 55-year-old black woman with a history of increasing BP for the past 

2 years. Her BP was previously documented as follows: systolic BP (SBP) = 126–135 

mmHg and diastolic BP (DBP) = 85–88 mmHg. However, for the last two visits, she 

has an average BP of 144/90 mmHg. She has a family history of hypertension and 

an early incidence of coronary heart disease in her maternal grandmother. She does 

not smoke, consumes 1–2 alcoholic beverages annually, and her medical history is 

notable for obesity (BMI = 35 kg/m2) and impaired fasting glucose on last examina-

tion of lab work before 6 months. She is generally sedentary, lives with her husband, 

and has two adolescent grandchildren. She works full time and is active in her com-

munity. She is under a signifi cant amount of stress related to the caretaker role for 

the grandchildren and some of her volunteer work at the church. Her examination is 

normal, but it is noted that she has gained 10 lb in the past 6 months (current BMI = 

36.5 kg/2). She is concerned about her BP; however, she lets you know that she is not 

excited about the idea of using medication to control it. When you enquire about her 

usual food intake, she says that her eating has been pretty irregular with regard to the 

amount of time between meals, especially over the past 6 months. She usually has 

coffee in the morning, up to two cups, followed by a pastry or peanut butter crackers 

mid-morning. Lunch is typically purchased at a local restaurant or the workplace 

cafeteria and includes a sandwich, accompanied with chips, fries, or soup and a 

regular soda. She will have a snack from the vending machine or a piece of fruit 

from the cafeteria in the afternoons on rare occasions. She eats dinner at home with 

her family after her volunteer work or after returning home after the grandchildren’s 
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extracurricular activities. This is typically after 7 pm. If her husband has not cooked, 

she will typically pick up food from a restaurant as a carryout for the family to eat. 

If her husband cooks, he will prepare baked or fried meat, including poultry, fi sh, 

beef, or pork, 1–2 starchy items, one vegetable, and one bread item. She fi nds that 

she has been eating larger portions over the last year because she is so hungry in the 

evenings. She is also snacking about 2 h after dinner, preferring to have salty and 

sweet snacks.

12.2.2 CASE 2

Mr. F is a 46-year-old black man who presents for routine follow-up examination. He 

states that he has been without any complaints and is generally doing well. He does 

not have any signifi cant medical history; his family history is notable for early onset 

of hypertension, with his mother and father who developed hypertension in their late 

30s. His younger sister was recently diagnosed with hypertension. He was told at a 

recent screening at his place of employment that his BP was “mildly” elevated and 

that he should have it checked by his health care provider. He does not smoke and he 

takes one drink per day on an average, but this goes up during the summer and foot-

ball season when he may have 4–5 beers in the weekend. He lives with his wife and 

works full time. He has a BMI of 29 kg/m2 with a waist circumference of 38 in. His 

weight has been stable for 5 years. His BP in the offi ce was 152/89 mmHg (average of 

two measures); 1 week later at a nurse visit to repeat his BP, the average was 148/92 

mmHg. He is concerned that high BP medications will affect his sexual function 

and wants to avoid them if possible. When you inquire about some of his lifestyle 

behaviors, he reports that he usually has breakfast from the local fast food restaurant 

that is near his home, which typically includes a sausage biscuit, hash browns, and 

a cup of coffee or juice. He often skips lunch because of his work schedule, but he 

snacks throughout the day on baked goods that are available at his worksite. His wife 

usually prepares dinner at home. He is careful to watch his portion sizes and does 

not add salt to his food at the table, but he is unsure if his wife uses much salt when 

she cooks. A lot of the foods they eat regularly are frozen entrees like lasagna or cas-

seroles, to which they add a salad or vegetable and bread. Most days of the week, he 

has a small dessert. He is physically active for approximately 150 min/week doing a 

variety of activities around the house, including yard and mechanical work, which 

he rates as moderate-intensity exercise.

12.3 EXISTING EVIDENCE

12.3.1 Stress

Stress derived from both psychosocial and environmental factors may contribute to 

the discrepancy in prevalence of hypertension between African Americans and other 

racial or ethnic groups. Factors such as high unemployment, higher rates of poverty, 

lower occupational status, and substandard living environments often result in harm-

ful health behaviors and chronic diseases, with stress being a key mediating factor in 

the pathway [12]. Perceived racial discrimination is another stressor that has received 
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increasing attention toward research because of its potential to explain key dispari-

ties between non-Hispanic whites and ethnic minority groups. Racial discrimina-

tion has been associated with increased cardiovascular reactivity, infl ammation, and 

increased BP [13]. Many propose that cumulative exposure to such stressors leads 

to chronic activation of both the sympathetic nervous system and autonomic activity 

[14]. African Americans have been shown to typically respond to stress in an alpha 

adrenergic pattern, which constricts the veins and arteries to the heart. This chronic 

vasoconstriction African Americans experience as a result of persistent stress may 

damage the vascular structure, causing high BP and its sequelae including heart dis-

ease and stroke [14]. Caucasians, however, primarily exhibit a more cardiac specifi c, 

beta adrenergic pattern in response to stress, which acts mainly on cardiac muscles 

to increase heart rate and cardiac output.

Earlier studies have also determined interesting associations between anger, or 

other emotional manifestations of stress, and BP among African Americans. Several 

investigators have hypothesized that suppression of anger, anxiety, and stress could 

trigger increased sympathetic activity, including increased cardiac output and periph-

eral vascular resistance, and thus higher rates of hypertension. Indeed, multiple stud-

ies have found this positive relationship between anger suppression and high levels of 

hypertension in both African American men and women, up to age 60, independent 

of other risk factors [15,16]. Further, a common coping style of African Americans 

exposed to stressors from social and environmental domains may be operant in 

determining the response of BP to the stressor. The John Henryism trait as described 

by James postulates that a strong behavioral predisposition to actively cope with 

psychosocial stressors leads to a biological response that promotes elevated BP levels 

[17]. This characteristic may lead to elevations in BP in the face of stressful circum-

stances, and individuals who do not actively seek to alter their environment, fi ght 

discrimination, or increase their social standing may be less likely to have elevations 

in BP despite the same type of exposure to the stressor [17].

Along with stress, the relationship between depression and hypertension among 

African Americans has also been investigated. It remains unclear whether stress 

triggers depression or vice versa, but both contribute to higher rates of hypertension. 

African American women, for example, have the highest rates of hypertension, and 

they had the greatest increase from 1988 to 2000 in the prevalence of hypertension, 

compared with women and men of other ethnicities [1]. These women, particularly 

those in caregiver roles, report higher levels of stress and more frequent symptoms of 

depression. The combination of high stress and depressed mood may prompt behav-

ioral changes such as increased food intake, weight gain, increased sodium intake, 

and increased alcohol intake, which can all negatively infl uence BP [18].

Even if stress does not play a clear role in the etiology of hypertension, it cer-

tainly appears to play a central role in exacerbating hypertension [19]. In addition, 

stress may impede proper treatment of hypertension. Stressors such as family health, 

fi nancial stability, lack of health insurance, and personal health consequences from 

obesity can overwhelm a person and prevent one from seeking medical attention or 

adhering to medical treatment.

Unfortunately, behavioral techniques, such as biofeedback relaxation, progres-

sive muscle relaxation, yoga, and health promotion programs to reduce stress among 
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African Americans remain widely understudied, resulting in an extreme scarcity of 

data and thus no clinical guidelines for stress management in preventing or treating 

hypertension. One randomized controlled, single-blind study investigated the use of 

Transcendental Meditation in treating 127 elderly African Americans with hyperten-

sion [20]. This study compared a Transcendental Meditation program, including 20 

min of quiet meditation twice a day, with a standard lifestyle modifi cation education 

program and found a signifi cantly greater reduction in BP with meditation, that is, 

SBP of 10.7 vs. 4.7 mmHg and DBP of 6.4 vs. 3.3 mmHg, respectively [20], in the 

group that underwent meditation versus the standard lifestyle modifi cation group. 

The same research group also reported similar improvements in BP for a younger 

group of 150 African Americans randomly assigned to the same Transcendental 

Meditation program, progressive muscle relaxation, or conventional health education 

classes. However, when reviewing the broader literature on the association between 

stress reduction intervention and BP, the results of a meta-analysis of simple biofeed-

back techniques, relaxation-assisted biofeedback, progressive muscle relaxation, and 

stress management training did not show statistically signifi cant improvements in 

BP [21]. In general, the authors note that many of the studies in the fi eld were not of 

suffi cient quality to be included in the meta-analysis, and more specifi c to this dis-

cussion, even fewer included suffi cient numbers of African Americans to draw any 

conclusions regarding the effectiveness of the particular strategies for this subgroup. 

In the absence of more defi nitive evidence, we recommend that clinicians actively 

address stress reduction when treating hypertension in African Americans, as it has 

been clearly associated with higher BP levels and as stress reduction is unlikely to 

cause any harm; on the other hand, the direct impact of stress on BP may be low.

12.3.2 PHYSICAL ACTIVITY

As noted in earlier chapters, it is generally well accepted that increase in physi-

cal activity improves cardiovascular health and helps lower the heart rate, along 

with SBP and DBP. Likewise, inactivity and poor fi tness lead to 30%–50% greater 

risk for developing hypertension [22]. Consequently, the majority of nonpharmaco-

logical interventions to lower BP incorporate regular physical activity. In 2008, the 

U.S. Department of Health and Human Services issued physical activity guidelines, 

recommending that adults do 2 h and 30 min a week (150 min in total) of moder-

ate-intensity aerobic physical activity or 1 h and 15 min (75 min) a week of vigorous-

intensity aerobic physical activity or an equivalent combination of moderate- and 

vigorous-intensity aerobic physical activity and dedicate two or more days per week 

to muscle-strengthening activities that involve all major muscle groups [23].

Although the benefi ts of physical activity are clear, achieving those benefi ts by 

maintaining a physically active lifestyle can be particularly challenging. This is true 

for all Americans and especially true for African Americans. In NHANES 2003–

2004, Troiano et al. [24] used accelerometers to capture physical activity data among 

children and adults within the United States. Among all adults aged 20 or above, less 

than 5% did at least 30 min of moderate-intensity physical activity most days of the 

week. The levels of physical activity declined as age categories increased, and men 

generally had higher levels of activity compared with women. The total combined 
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minutes of physical activity by age group is shown in Table 12.1. African American 

men, aged 20–59, had an average of only 11 min/day of sustained moderate-to-vigorous 

physical activity, whereas African American women of the same age group had only 

6.8 min/day of moderate-to-vigorous physical activity. For both African American 

men and women, physical activity levels were generally higher in younger age cat-

egories compared with other ethnic groups, but as the age category increased, the 

levels of activity were similar to those of or signifi cantly lower than those of either 

non-Hispanic whites or Mexican Americans [24].

The barriers to obtaining physical activity during leisure time have been researched 

the most in African American women as this race/sex group is among the lowest in 

terms of leisure-time physical activity while suffering the most from chronic dis-

eases and risk factors, such as hypertension, that would benefi t from higher levels of 

activity. A wide array of focus group and survey-based studies has examined African 

American women’s perceived benefi ts and barriers to physical activity. It has gener-

ally been accepted that key demographic factors such as income, area of residence, 

education, and the number and the types of responsibilities have particular salience 

in determining the activity levels for African American women. However, Young 

and Voorhees [25] conducted a survey of 234 urban-dwelling African American 

women in Baltimore, Maryland and found few correlations between physical activity 

and sociodemographic or environmental factors, such as income, education, pres-

ence of sidewalks, perceived safety from crime, or presence of places to exercise. 

These fi ndings may not be generalizable given the urban location. As an example, 

Sanderson et al. [26] also used the same survey among a sample of 567 rural Alabama 

women with lower income and education levels. In the rural sample, women with 

higher income (≥ $35,000 annual income) were approximately two times more likely 

to meet the recommendations for physical activity. Only 16.3% of women in the 

rural sample were in the highest income range, whereas in the urban sample, nearly 

60% of the women had an annual income of $35,000 or more [26]. In this example, 

the context becomes especially relevant; the additional income and the potential 

resources that are associated with that income may be particularly important for an 

TABLE 12.1
Total Daily Minutes of Physical Activity by Age and Race

Group 
(Years)

African 
American 

Men

African 
American 
Women

Mexican 
American 

Men

Mexican 
American 
Women

White 
Men

White 
Women

Total Minutes of Physical Activity/Day

6–11 114 (5.0) 87.4 (6.2) 97.0 (4.6) 70.8 (3.4) 92.3 (6.3) 73.1 (3.2)

12–15 54.1 (5.2) 26.4 (2.6) 50.6 (3.8) 26.9 (2.6) 41.0 (3.3) 22.4 (2.0)

16–19 42.5 (3.6) 18.1 (2.4) 41.0 (3.3) 25.7 (3.4) 29.3 (2.7) 19.1 (3.1)

20–59 37.9 (2.7) 20.0 (2.2) 45.7 (2.4) 22.1 (1.0) 34.6 (1.2) 19.7 (0.9)

60+ 10.9 (1.0) 5.9 (0.8) 18.4 (2.2) 8.3 (1.2) 12.4 (0.8) 8.8 (0.6)

Source: Troiano, R.P. et al., Med. Sci. Sports Exerc., 40, 181–188, 2008.
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African American woman living in a community with limited resources available 

for physical activity.

Beyond the key demographic and environmental factors, other cultural norms 

have a signifi cant infl uence on the beliefs, attitudes, and practices related to physi-

cal activity among African Americans. For some African Americans, the idea of 

leisure-time activity is counterintuitive given the manual nature of their daily jobs. 

Physical activity may be seen as “work,” whereas being sedentary, or “resting,” is the 

preferred way to relax after a long workday [27]. Additionally, African Americans 

may have very clear preferences for certain types of activities, perceiving that certain 

activities are not consistent with their self-identity as African Americans [28,29]. 

For example, blacks may view physical activities such as basketball and jump rope/

double dutch as “mostly black” activities, whereas other activities such as hiking and 

skiing as being “mostly white” [29]. Going beyond the general preferences, some 

activities may be seen as less attractive because of the physical nature, exertion, or 

preparation required. This is especially true for water-related activities where hair-

style-related concerns are relevant [30,31].

Even beyond low levels of physical activity, the level of inactivity, or sedentary 

behavior specifi cally, appears to be linked to increasing health risk, including all-

cause and cardiovascular disease mortality [32]. Sedentary behavior, defi ned as 

sitting or lying down and expending energy equivalent to 1.0–1.5 metabolic equiva-

lents, is critical because it competes with any form of exercise, including light physi-

cal activity. In the Coronary Artery Risk Development in Young Adults (CARDIA) 

cohort, over one-third of African American men and women reported watching 4 

or more hours of television per week compared with less than 10% of non-Hispanic 

whites; heavy television viewing was inversely associated with physical activity 

[33]. Some of the preferences for sedentary behaviors may be rooted in the cul-

tural perceptions noted above (i.e., preference for “resting”). However, as access to 

the Internet increases and computer and television screens become more prevalent 

in homes across all racial groups, the opportunities for sedentary behaviors con-

tinue to increase. Matthews et al. [34] used the NHANES 2003–2004 accelerometry 

data to quantify the amount of time individuals spent in sedentary behaviors. White 

and African American women were equally spending about 7–8 h/day in sedentary 

behavior after the age of 12 years [34].

Given the variety of barriers and potential perceptions regarding physical activ-

ity, one may wonder if there is suffi cient benefi t for actively recommending physical 

activity as a part of lifestyle modifi cation for African Americans with hypertension. 

A recent meta-analysis on the effect of aerobic exercise on BP cautioned that only 

37 of 54 trials reported ethnic distribution, and only four of those trials focused on 

African Americans [35]. More recently, a small study of 19 African Americans with 

newly diagnosed hypertension showed that walking for 30 min/day, 5–7 days per 

week, improved SBP by 9% and DBP by 7% after 6 months [36]. Two other studies 

specifi cally enrolled African American women to establish the changes in BP with 

exercise, namely walking or other lifestyle physical activities such as stair climbing. 

One of the studies found that adhering to a cumulative 30 min of activity at least 

5 days/week signifi cantly reduced SBP by 6.4 mmHg after about 2 months [10]. 

Similarly, the other study illustrated how African American women who increased 
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their mean number of steps per day from 3857 to 5281 (totaling close to 2.5 miles) 

lowered their SBP by 9% and DBP by 10% after 18 months [37].

Therefore, as part of the foundation of treatment, clinicians should recommend 

exercise as a part of the lifestyle modifi cation for hypertensive African American 

patients. Although the current federal guidelines regarding exercise may seem over-

whelming to many patients already strapped for time with work and family commit-

ments, clinicians should reassure patients that helping to control BP with physical 

activity does not require a gym membership or fancy exercise equipment. Simply 

taking more steps throughout the day and/or doing a couple of 10-min bouts of activ-

ity have a signifi cant impact on reducing high BP.

12.3.3 WEIGHT

As noted in earlier chapters, the relationship between body weight and BP has been 

well established. Particularly with short-term weight loss, each kilogram of weight 

loss typically translates into SBP and DBP reduction of 1 and 0.92 mmHg, respec-

tively [38]. However, the relationship may not be the same for non-Hispanic whites 

and African Americans. In 1975, a large cardiovascular study including both non-

Hispanic whites and African Americans found that both normal and overweight 

individuals who gained at least 10 lb over 7 years were 2.1 and 1.6 times more 

likely, respectively, to develop hypertension [39]. Later epidemiological studies 

found modest or inconsistent associations between increased BP and excess body 

weight specifi cally among African Americans [40]. The Pitt County Study pub-

lished in 1998, analyzed data over 5 years and concluded that both baseline body 

weight and weight gain serve as independent predictors of increased BP, but not 

necessarily hypertension, among African Americans [41]. An analysis of indices 

of adiposity and their relationship to BP in a large sample of African American 

and non-Hispanic whites published in 2008 suggests that some of the observed 

variability in the associations may be related to different associations based on 

the hypertensive status and the measure of adiposity [42]. Although measures of 

overweight and obesity, such as BMI, waist circumference, or waist-to-hip ratios, 

were higher in hypertensive individuals, signifi cant associations between these 

measures and BP were primarily seen in normotensive individuals. For African 

Americans, waist circumference—a surrogate marker of visceral adipose tissue—

was the only marker independently associated with SBP in hypertensive individu-

als [42]. Although BMI is an important marker for overall excess adiposity, these 

data suggest that waist circumference may more accurately depict hypertensive 

risk in African Americans, likely as a result of differences in body composition 

and distribution of fat depots.

The variations in the relationship between excess adiposity and BP may be medi-

ated by insulin resistance. Centrally located fat, usually distinguished by an abnor-

mal waist circumference and independent of obesity, results in an increased insulin 

resistance. Insulin resistance likely contributes to further increased sympathetic ner-

vous system activity and impaired vascular endothelial function, both underpinnings 

for hypertension [43]. One study found an association between insulin resistance 

and hypertension in African American men, but not women, which may imply that 
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body composition serves as a better predictor for hypertension than obesity among 

African Americans [44].

For a given amount of weight loss, African Americans and non-Hispanic whites 

have been shown to improve insulin sensitivity proportionate to the weight loss 

achieved at equal rates [45]. However, the amount of weight loss that is typically 

achieved in weight loss interventions for African Americans is signifi cantly lower 

than that for others, conferring smaller absolute benefi t for improvements in insu-

lin sensitivity, and thus BP. The ongoing challenge has been the development of 

effective weight loss strategies that produce equivalent amounts of weight loss for 

African Americans and non-Hispanic whites. For example, in the PREMIER trial, 

behavioral interventions designed to achieve moderate weight reduction resulted 

in an average weight loss of 3.5 kg in 6 months for African Americans compared 

with approximately 6-kg weight loss in non-African Americans (predominantly 

non-Hispanic whites) [46]. The associated BP reductions at 6 months were 1.2–2.1 

mmHg in African American women and 4.6–6.0 mmHg in African American men, 

compared with 4.2–4.4 mmHg in non-African American women and 4.2–5.7 mmHg 

in non-African American men. Many of the largest, randomized controlled trials that 

have tested interventions designed to modify behavior and produce weight loss have 

also resulted in disparate outcomes for African Americans generally and African 

American women more specifi cally. At 12 months, the Diabetes Prevention Program 

resulted in weight loss of 7.1%–8.4% for most race/sex subgroups except for African 

American women who lost 4.5% [47].

The potential reasons for the disparate outcomes are relevant when considering 

the recommendations for an African American patient to lose weight for BP control. 

Potential physiological explanations exist to account for some of the differences in 

obesity and weight reduction outcomes between African Americans and non-African 

Americans. Included among these are differences in metabolic rates and insulin sen-

sitivity. It has been well documented that in controlled settings, African American 

women have lower resting, sleeping, and activity energy expenditures than matched 

white women [48–51]. Weyer et al. [49] also noted that fat oxidation was lower for 

African American men compared with white men. Differences in insulin sensitiv-

ity may also contribute to the potential for obesity in African Americans. African 

Americans are more insulin resistant and have higher levels of fasting and postch-

allenge insulin [52–54]. Hyperinsulinemia may ultimately affect fat deposition by 

suppressing lipolysis [55,56], decreasing fat oxidation [49,51], and promoting the 

uptake of adipocyte triglyceride [57]. Therefore, it seems plausible to hypothesize 

that there is a direct link between these physiological factors and excess obesity 

in African Americans, resulting from effi cient usage of energy, effi cient storage of 

excess energy as fat, and preferential conservation of high-energy stores.

From a behavioral perspective, there are also key differences in weight-related 

behaviors and attitudes. For example, one could consider the differences in body 

image perception. African American women prefer larger body images and have 

less dissatisfaction with a larger body image as compared with white women 

[58–60]. This could potentially infl uence the desired body weight that is maintained 

or achieved through dieting [61]. Williamson et al. [62] found that African American 

women made a similar number of attempts to lose weight but set a weight loss goal 
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that was 10 pounds more than the goal set by white women. These behavioral pat-

terns affect energy intake and expenditure and appear to be prevalent in the African 

American community potentially as a function of culture [63].

When considering the available data, addressing overweight and obesity in an 

African American patient who may be prehypertensive or hypertensive is a compli-

cated matter. However, the fi nal decision to advocate for successful weight reduction 

or prevention of weight gain is likely to result in signifi cant health benefi ts, even for 

lower amounts of weight loss. A Cochrane review of 18 randomized trials involving 

weight loss diets for hypertensive adults showed that losing 4%–8% of body weight 

correlated with 3 mmHg reduction in both SBP and DBP [64]. Weight reduction is 

also associated with other benefi cial improvements in cardiometabolic risk factors, 

such as glycemic control and lipids. If the clinician can help the patient understand 

these benefi ts and maintain appreciation for the cultural perspective of the patient, 

the patient may be more accepting of the recommendation for behavioral change to 

promote weight loss.

To some extent, for African Americans, the changes in nutrient levels may regu-

late BP more effectively than the changes in body weight. There is clear evidence 

that dietary patterns can more strongly infl uence BP in African Americans when 

compared with Caucasians. The Dietary Approaches to Stop Hypertension (DASH) 

trial proved that adhering to a dietary pattern that includes high amounts of fruits and 

vegetables, low-fat dairy products, whole grains, and nuts but limited amounts of red 

meats, added sugars, and fats can lower BP within 2 weeks and leads to greater reso-

lution of hypertension when compared with adhering to a typical American dietary 

pattern [65]. African Americans with hypertension experienced the greatest effect 

independent of any weight change, with a mean reduction of 13.2 mmHg (SBP) and 

6.1 mmHg (DBP) [66]. Similar fi ndings have been demonstrated with interventions 

that alter sodium intake. The DASH-Sodium Trial determined the effect of vari-

ous levels of sodium intake on BP in persons eating a typical American diet or the 

DASH diet [67]. Overall, the total effect of reducing sodium intake from higher 

(142 mmol/day) to lower (65 mmol/day) was 6.7/3.5 mmHg in the control diet group 

and 3.0/1.6 mmHg in the DASH diet group. The combination of sodium reduction 

and the DASH dietary pattern was superior to the use of either intervention alone in 

reducing BP. Subgroup analysis revealed that the effects of sodium in lowering BP 

were more prominent in several key groups including patients with hypertension, 

African Americans, patients of age ≥ 45 years, and women on the DASH diet [68]. 

For a hypertensive, African American woman aged 45 or above, Vollmer et al. [68] 

estimated the effect of the lowest sodium DASH intervention to be a reduction in 

SBP of 15.1 mmHg.

12.4 PRACTICAL MESSAGE FOR PRACTITIONERS

12.4.1 APPROACH TO LIFESTYLE MODIFICATIONS—CULTURAL CONSIDERATIONS

Although all of the issues highlighted thus far have been discussed in the context of 

considering African American patients, it is clear that these issues have relevance to 

non-African American patients as well. All patients deal with psychosocial stress, 
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choices related to physical activity and dietary intake, and body weight manage-

ment. Individually, these factors are not unique to African Americans, and many of 

these issues are relevant collectively to other sociodemographic groups such as those 

who are from disadvantaged backgrounds due to limited resources or education. The 

uniqueness of the African American patient does become apparent, however, when 

one begins to consider the patient’s social context and cultural norms that serve as a 

lens for interpreting and responding to the environment. This perspective provides 

some explanation for variable responses by racial/ethnic identity to the same stimu-

lus or environment.

For many practitioners, the cultural perspective seems to be most distinct when 

it relates to food intake preferences. The traditional African American diet is based 

on the cultural traditions of “Soul Food,” which is generally of less-than-optimal 

dietary quality, and these food preparation techniques and preferences have been 

passed down through several generations and are practiced by many African 

Americans even today [69]. Soul Food is often characterized as being high in added 

fat, sodium, and sugar; uses deep-fat frying prominently as a cooking technique; and 

features high-fat meats as main dishes and seasonings for vegetables. The traditional 

Soul Food diet does have some healthful components and focuses to a large extent 

on a number of fruits and vegetables, including a variety of greens, sweet potatoes, 

tomatoes, dried beans and peas, watermelon, blackberries, corn and okra; however, 

the traditional preparation techniques used for these fruit and vegetable items often 

leads to a signifi cant increase in the associated number of calories and sodium. For 

African Americans, engaging in traditional cultural practices, such as preparing and 

eating Soul Food, is not necessarily a function of socioeconomic status (SES) [70]. 

African Americans with high levels of education and income may be just as likely 

to eat Soul Food as African Americans in lower education and income brackets; 

therefore, the practitioner cannot presume a particular preference based on income 

or educational attainment [69].

Although it is necessary to understand and respect the cultural perspective of 

each patient, some of the misperceptions or misinformation held by patients may 

be linked to cultural differences; in these instances, the practitioner should feel 

empowered to address the misinformation without fearing that the information will 

be a dismissal of the cultural perspective of the patient. For example, some African 

Americans may not understand the relationship between body weight and risk for 

chronic diseases [71]. When combined with the cultural preference for a larger body 

size, the lack of education and cultural preference may contribute to unnecessarily 

increased risk of chronic diseases. Without proper information, the individual may 

never reevaluate the preference for a larger body size in the context of potentially 

preventing a chronic disease. Providing this information to the patient may correct 

a knowledge defi cit, thus prompting him or her to reconsider the preference for a 

larger body size and lead to weight loss efforts to reduce the risk for chronic dis-

eases. The amount of weight reduction may still result in a higher than normal BMI 

(i.e., ≥25 kg/m2); however, 5%–10% weight reduction would still be considered sig-

nifi cant and effective for reduction in BP [72].

Another critical element of the cultural context related to adoption of life-

style change recommendations is the family and social network. Increasingly, the 
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importance of the interpersonal environment is being recognized in areas that are 

associated with lifestyle behaviors. The association between the increase in obe-

sity prevalence and social networks was demonstrated based on data from the 

Framingham Heart Study [73]. The generalizability of this association with African 

Americans is unclear given that the minority population in the Framingham study 

is limited. Important differences in the social network for African Americans from 

mainstream culture may include the scope of family and the general type of support 

provided. Ard et al. [74] reported that African Americans often defi ned family in 

nontraditional ways and included other members of the surrounding community as 

sources of support. Therefore, efforts to engage the traditional “family members” 

alone may not produce the level of support desired. Further, when Kumanyika et al. 

[75] tested the effect of a culturally specifi c intervention designed to utilize the sup-

port of family and friends to promote weight loss for African Americans, there were 

no differences between those who participated both with family and friends com-

pared with those who participated only with other study participants in assigned 

groups [75]. However, the authors did fi nd that the participants were most successful 

at losing weight if their family and friends were more engaged in the intervention 

and they too lost more weight. Samuel-Hodge et al. [76] identifi ed family cohesion 

(including the extent to which family members ask each other for help, feel close to 

each other, and value family togetherness) as an important predictor of weight loss in 

a sample of African American and white participants engaged in a weight loss inter-

vention. However, the infl uence of family cohesion was different based on race. For 

African Americans, high family cohesion was associated with greater weight loss, 

whereas for whites, higher cohesion was associated with less weight loss. Based on 

these data, it appears that a broadly defi ned support network that can be effectively 

engaged may be predictive of adoption of behavioral change that can lead to weight 

reduction and, by extrapolation, potential reduction in BP.

It is diffi cult to consider the infl uence of culture and racial identity on lifestyle 

behaviors without acknowledging the infl uence of SES. Although not a foregone 

conclusion, minority race increases the probability of lower SES. Lower income 

households typically purchase fewer fruits and vegetables and spend less money 

per person on fruit and vegetable items [77]. These households are also often less 

likely to be near larger chain supermarkets, which have a wider variety of produce 

at better quality and lower prices; living near such food outlets has been associ-

ated with higher fruit and vegetable intake [78,79]. African Americans generally 

have higher levels of poverty and unemployment and lower levels of education. As 

a result, the implications of lower income and education on food-purchasing habits 

may be more relevant for a higher proportion of African Americans with hyperten-

sion compared with other racial/ethnic groups. Some studies have shown, however, 

that the availability of fruits and vegetables in the homes of African Americans is 

comparable with that in the homes of whites. In a study of Birmingham, Alabama, 

households, African Americans had similar availability of fruits and vegetables, and 

a signifi cantly larger proportion of African Americans reported higher availability 

of items such as greens, sweet potatoes, okra, and other foods that are consistent 

with traditional African American dietary patterns, despite a higher cost per serv-

ing compared with other fruit and vegetable items [80]. This suggests that while 
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cost concerns, income, and education are relevant factors for African Americans in 

making choices about food purchases, traditional preferences may be an overriding 

variable in predicting food-purchasing behaviors.

12.4.2 APPROACH TO CASE 1

Mrs. S has now been established with a diagnosis of stage I hypertension. She also 

has other risk factors that are important to consider in the formulation of a treatment 

plan, including impaired fasting glucose or prediabetes. Her modifi able risk fac-

tors associated with her BP include low physical activity/high sedentary behavior, 

obesity, and less-than-ideal diet quality/excess calorie intake. Based on these risk 

factors and comorbid conditions, the primary treatment goal would include imple-

menting a lifestyle modifi cation plan that results in weight reduction using a low-

calorie, BP-lowering dietary pattern combined with increased physical activity. The 

use of the DASH dietary pattern with a reduced sodium intake would be a viable 

option. The choice of a dietary pattern is particularly important above and beyond 

the planned weight reduction as the dietary pattern can have effects independent of 

calorie restriction on the metabolic profi le (i.e., improving her insulin resistance) 

[81,82]. Including physical activity as a component of the strategy promotes consis-

tent weight reduction by combining calorie restriction with increased energy expen-

diture, leading to a larger energy defi cit. Furthermore, the physical activity will have 

positive effects on BP and be critical to maintenance of weight loss.

There are several behavioral strategies that could be used to assist the patient 

with embracing the proposed strategy. A complete discussion of those strategies is 

outside the focus of this chapter. However, we focus on the considerations to make 

with regard to Mrs. S’s race/ethnic identity. Understanding what she values as an 

African American woman can help you link motivations for behavioral change 

to something that is meaningful to her. For example, if she values being a leader 

in her church community, some of her motivation to make the suggested lifestyle 

changes may come from the idea that these changes will help her be more effec-

tive in her roles within the church. With her multiple responsibilities as a bread 

winner, caregiver, and volunteer, she may perceive that taking time for herself to 

exercise or do meal planning is not consistent with her roles as a grandmother, 

wife, or volunteer. In addition, it would be advisable to ask her to identify some-

one who might engage in these changes with her because social support could be 

important. Finally, helping her identify stressors and techniques for managing that 

stress more productively may be critical in helping her incorporate the lifestyle 

changes into her daily routine. Providing some specifi c resources and being open 

to nontraditional methods of stress management (e.g., prayer) will be important in 

validating the importance of stress management in the implementation of lifestyle 

changes.

12.3.3 APPROACH TO CASE 2

Mr. F has stage I hypertension now. Based on his family history, one might suppose 

that he has a strong genetic contribution to his risk of early onset hypertension. He 
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is overweight (BMI = 29 kg/m2) but thinks that others in his family would consider 

him “sickly” if he were to lose any signifi cant amount of weight. When discussing 

treatment options with him, he reiterates that he would like to avoid medications if at 

all possible. Some of his family members seem to have signifi cant side effects from 

the medications, which really concerns him. Because he is open to using nonphar-

macological interventions to reduce his BP, you introduce him to the DASH dietary 

pattern combined with a reduced sodium intake. Based on the subgroup analysis 

of the DASH-Sodium trial, you might expect a patient that fi ts his profi le (African 

American, male, hypertensive, age > 45) to reduce BP by 12.2/7.1 mmHg [68]. He is 

interested in this option but voices concerns about eating bland, “diet” food. He and 

his wife fry foods often and eat very few vegetables other than corn and peas (which 

are considered starches) and salad greens. Occasionally, they will prepare greens 

or green beans, but he is certain that their preparation techniques are not consistent 

with the DASH pattern as they typically include bacon, bacon grease, or fat back in 

their vegetables to add some “fl avor.” He feels fairly certain that he can increase his 

fruit intake because he likes to eat fruits. Finally, he has some concerns that adding 

more dairy to his diet will cause some gastrointestinal distress due to possible lactose 

intolerance. It is because of this concern that he currently does not drink milk or eat 

ice cream. He seems to “do ok” with cheeses.

The challenge of helping a patient initiate adoption of the DASH dietary pattern, 

particularly when the current pattern of eating is fairly different from the DASH pat-

tern, requires patience and a measured approach. Helping the patient identify areas 

that are most easily modifi ed as the fi rst steps can be an ideal starting point. In addi-

tion, actively addressing concerns about the new dietary pattern (e.g., blandness, new 

foods, convenience, and cost) can help decrease the barriers to adoption. Identifying 

resources that can provide the patient with alternatives to current practices is a very 

valuable and practical way to further decrease the barriers. If a referral to a dietitian 

is required, provide specifi c instructions for the dietitian to guide the counseling. In 

this case, instructions for Mr. F to meet with a dietitian might include instruction on 

a low-sodium DASH dietary pattern with further instruction on alternatives to veg-

etable seasonings with high saturated fat and alternatives to frying. To accomplish 

the goals of the DASH dietary pattern, he will also need to restructure his eating 

pattern throughout the day, given the volume of food contained in the pattern. It 

would not be unexpected for him to lose some weight as he makes initial changes in 

his dietary intake because the increase in water- and fi ber-containing foods increases 

overall bulk and decreases total energy density. The addition of these foods can often 

be associated with displacement of higher energy dense foods, especially when the 

goals of the plan are being met. In his case, it is likely that he may voluntarily discon-

tinue the daily dessert because his level of satiety increases so consistently. Finally, 

to assist with adoption of the dairy component of the DASH pattern, you could con-

sider testing for lactose malabsorption using a breath hydrogen test. However, based 

on data that suggest that 65%–75% of people of the African descent have lactose 

intolerance, it is a high likelihood that he has some level of lactose intolerance. The 

most effi cient strategy may be use of low-lactose-containing dairy products such as 

cheese and yogurt to meet the dairy requirements or use of commercially available 

lactase supplements (Table 12.2).
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13.1 INTRODUCTION

Prevention and treatment of hypertension over the last 50 years have improved dra-

matically as a result of numerous therapeutic advances. But lifestyle modifi cations 

remain a cornerstone in the approach to patients with prehypertension or estab-

lished hypertension. Nonpharmacologic interventions lower blood pressure (BP) and 

reduce the incidence of hypertension. Ample evidence affi rms the favorable effects 

of dietary patterns, sodium restriction, exercise and weight loss, and other lifestyle 

changes on BP. However, the response of BP to lifestyle modifi cations may be infl u-

enced by unique biological factors. Many of these features are well studied and are 

easily identifi ed in patients (e.g., age, race, body weight); others, such as genetic 

factors, are still evolving. Since the impact of lifestyle changes on BP is infl uenced 

by acceptance and adherence, a focus on biological factors may allow clinicians to 

target interventions on individuals who are most likely to benefi t.
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This chapter summarizes the BP-related effects of lifestyle modifi cations with a 

focus on the evidence that the biological factors such as race, age, and body weight 

and genetic factors infl uence the response of BP to various lifestyle changes.

13.2 RACE

African Americans (AAs) in general have a higher prevalence of hypertension, with 

earlier onset, greater severity, and more clinical sequelae than age-matched non-

Hispanic whites and Mexican Americans [1,2]. Compared with other ethnic and 

racial groups, AAs have an 80% greater stroke mortality rate, 50% higher heart 

disease mortality rate, and 320% higher hypertension-related end-stage renal disease 

[3]. In general, AAs have higher dietary sodium and low dietary potassium intake 

[4], as well as higher prevalence of obesity and reduced physical activity [5].

A substantial body of evidence suggests that renal handling of salt tends to 

be different in AAs than in whites, resulting in a greater degree of sodium reten-

tion and volume expansion in AAs for a given salt intake. In a study of short-term 

intravenous sodium loading, AAs showed a delayed natriuretic response [6]. In an 

attempt to decipher the mechanisms of enhanced sodium transport in AAs, several 

theories have been proposed [6–11]. Based on the observation that AAs often have 

reduced urinary potassium excretion and the evidence that the diuretic furosemide 

considerably narrows the racial difference of urinary potassium excretion [7], it has 

been suggested that the increased activity of the renal Na–K–2Cl cotransporter may 

contribute to sodium sensitivity in AAs [12]. This is supported by animal models 

demonstrating that the increased activity of the renal Na–K–2Cl cotransporter is 

associated with salt-sensitive hypertension [13,14].

There is also a well-documented age- and BP-independent effect on plasma renin 

activity (PRA) in AAs, whereby low renin activity is frequently observed. Under 

normal physiologic conditions, the kidneys reabsorb and excrete excess sodium to 

maintain sodium balance. In comparison with non-AA individuals, AAs tend to have 

an impaired ability to excrete a sodium load with altered sodium kinetics [15,16]. 

This inappropriate sodium reabsorption may lead to suppression of PRA and aldo-

sterone secretion and predisposition to salt-induced elevation of BP [15,16]. Thus, the 

low PRA may not be a primary abnormality but rather a consequence of defective 

sodium handling.

In addition, the suppressed PRA in AAs may be a consequence of increased activ-

ity of intrarenal renin–angiotensin system. By studying renal hemodynamics in nor-

motensive AAs compared with whites, investigators found a blunted increase in renal 

plasma fl ow when individuals changed from a low-salt diet to a high-salt diet [17]. 

The vasoconstrictive response to angiotensin II was also blunted in AAs [18]. After 

receiving captopril (angiotensin-converting enzyme (ACE) inhibitor, a medication 

commonly used in hypertension treatment), AAs showed a marked renal vasodila-

tion and an enhanced vasoconstrictive response to angiotensin II [19]. Collectively, 

the above fi ndings suggest that the intrarenal renin–angiotensin system in AAs is 

important in their renal hemodynamic response to salt. Other hormonal abnormali-

ties related to salt sensitivity, such as diminished kallikrein–kinin synthesis [12] and 

reduced nitric oxide production [20], also exist in AAs.

© 2012 by Taylor & Francis Group, LLC



255Biological Factors Infl uencing BP Response to Lifestyle Modifi cations

Besides greater responsiveness to reduced sodium intake, AAs have a greater 

response to the DASH diet in comparison to non-AA individuals (6.9/3.7 mmHg 

vs. 3.3/2.4 mmHg). The most signifi cant effects of the DASH diet were observed in 

hypertensive AAs, with a reduction in BP of 13.2/6.1 mmHg [21,22]. When combined 

with sodium restriction, the DASH diet was again more effective in AAs [23,24]. 

Similarly, hypertensive AAs had greater effects on BP in comparison with non-AAs 

when the DASH diet was combined with angiotensin II receptor blockers [25]. One 

potential mechanism to explain these effects could be the commonly described salt 

sensitivity in hypertensive individuals and in AAs [16,26]. Pressure–natriuresis 

curve (arterial pressure–urinary sodium output relationship) is commonly used to 

assess the sodium sensitivity of BP by plotting the urinary sodium excretion rate 

against mean arterial pressure (MAP), in which the steeper is the slope, the less 

sensitive is BP to salt [27]. The DASH diet has been shown to increase the slope of 

the pressure–natriuresis curve in a manner that mimics a diuretic effect [28]. AAs 

and older individuals are known to be salt sensitive with a shallow slope in their 

pressure–natriuresis curves.

Another potential effect of the DASH diet on AAs may be through its enriched 

potassium content. The current recommendation for daily potassium intake is 4.7 g/day 

(120 mmol/day) [4]. Survey data indicate that a potassium-defi cient diet is particu-

larly common in AAs and has been associated with the high prevalence of hyperten-

sion and salt sensitivity [4,11]. Abundant evidence suggests that increased potassium 

may counteract the BP-raising effect of sodium chloride by promoting urinary 

sodium excretion [29]. Even mild potassium defi ciency may induce sodium retention, 

BP elevation, and salt sensitivity [26,30,31]. Supplementing potassium to 120 mmol/

day has been shown to suppress salt sensitivity in normotensive AA men to the levels 

found in normotensive white men [26]. Increasing dietary potassium intake induces 

a greater natriuresis in AAs than in whites [10,32].

13.3 AGE

All of the factors described above involving lifestyle modifi cations are an integral 

part of the treatment for hypertension in older individuals. A position paper from the 

American Society of Hypertension advocates a comprehensive lifestyle intervention, 

including reduced salt intake, higher potassium intake, and moderated alcohol con-

sumption accompanied by increased physical activity and weight loss if overweight 

[33], to lower BP and improve BP control among elderly patients with hypertension.

Older individuals manifest greater changes in BP in response to reduced dietary 

sodium and the DASH diet. As noted above, the effects of the DASH diet on the pres-

sure–natriuresis curve suggest that the DASH diet reduces the salt sensitivity of BP. 

This slope-changing effect of the DASH diet was more evident in older participants 

(>45 years) and hypertensive individuals [28]. Lowering dietary sodium intake by 

100 mmol/day reduced systolic blood pressure by 7 mmHg in individuals over 45 

years old versus 3.7 mmHg in younger persons (p < .05) [24].

The phenomenon of increased salt sensitivity in the elderly can be explained by 

several structural and functional alterations in the aging cardiovascular system and 

kidneys. Advancing age is accompanied by a progressive decrease in the number 
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of functioning nephrons, resulting in compromised ability to excrete the sodium 

load [34]. With aging, there is also a progressive decline in the baseline PRA and its 

response to salt depletion and furosemide administration [35,36]. It is well known 

that the renin–angiotensin system plays a pivotal role in the regulation of sodium 

balance [37–39] and that the baseline PRA status could be a strong predictor of salt 

sensitivity: the BP of individuals with low PRA tends to have a greater response to 

salt depletion or repletion [40]. Results from a study of neurohumoral responses to 

short-term dietary salt loading followed by salt deprivation showed that the reduction 

in BP was inversely related to the increase in PRA and aldosterone secretion follow-

ing salt restriction and suggested that the blunted activity of the renin–angiotensin 

system may contribute to salt sensitivity in humans [41].

There is also a marked increase in arterial stiffness with aging, especially with 

large elastic arteries such as the aorta [42]. These structural changes are mostly due 

to loss of vascular smooth muscle cells, increase in vessel wall collagen content and 

collagen cross-linking, calcium deposition, and disruption and thinning of the elastic 

fi bers [43]. A stiff artery has decreased capacitance, thus any changes in intravascu-

lar volume will lead to greater changes in BP. Further, altered arterial baroreceptor 

function due to atherosclerosis or other senescence-related changes also contributes 

to the variability in salt sensitivity of BP in older patients [44,45]. Baroreceptor activ-

ity may play a critical role in buffering the increase in BP due to salt loading. As an 

example, the response of BP to increased dietary salt intake in rats showed minimal 

change when baroreceptors were intact but increased signifi cantly (15 mmHg) in 

sinoaortic denervated rats [46].

13.4 BODY WEIGHT

Obesity is associated with many physiologic and metabolic changes that promote 

hypertension [47–49]. Substantial human and animal data link obesity-related 

hypertension to fl uid retention. Insulin resistance is a key factor in the development 

of obesity-related salt sensitivity. Indeed, the prevalence of salt-sensitive hyperten-

sion is signifi cantly higher in patients who have metabolic syndrome than those who 

do not have [50,51]. Higher levels of circulating insulin in obese individuals may 

enhance renal proximal tubule sodium reabsorption, leading to sodium retention and 

salt-sensitive hypertension [47,52].

Activation of the renin–angiotensin system is another key mechanism related 

to obesity-associated hypertension through its effects on both peripheral vasocon-

striction and enhanced renal sodium reabsorption. Human studies have shown that 

the circulating level of all components of the renin–angiotensin system—angio-

tensinogen (AGT), PRA, aldosterone, and ACE—is elevated in obese individuals 

[53,54]. In addition, adipose tissue is metabolically active and releases many bio-

active molecules, such as AGT, leptin, resistin, proinfl ammatory cytokines (e.g., 

tumor necrosis factor-α). Animal studies suggest an effect of these substances 

on aldosterone secretion, mineralocorticoid receptor (MR) activation [55], and 

sodium retention [56]. The important role of aldosterone secretion/MR activa-

tion in obesity-induced salt-sensitive hypertension has also been confi rmed by 

the fact that MR blockade with eplerenone markedly attenuated sodium retention 
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and hypertension due to chronic dietary-induced obesity [57]. Salt intake also 

has a greater impact on BP in obese than in nonobese people. In a study of ado-

lescents, obese subjects showed a greater decline in BP with salt restriction than 

nonobese subjects. This enhanced pressure–natriuresis relationship normalized 

after weight loss [51].

In contrast to the adverse effects of obesity later in life, there is emerging evi-

dence that children with low birth weight (LBW) are also at greater risk for develop-

ing hypertension later in life, particularly a salt-sensitive form of hypertension. LBW 

is defi ned by the World Health Organization as birth weight < 2500 g (5.5 lbs). It 

is likely a surrogate for intrauterine growth stress. LBW has been strongly associ-

ated with subsequent adult hypertension in many epidemiological studies in various 

populations [58–64].

An intuitively attractive hypothesis for the relationship between LBW and subse-

quent hypertension was proposed by Brenner and Chertow [65]. This hypothesis pro-

poses that undernutrition in utero results in a congenital defi cit in nephron number. 

The reduction in the nephron number predisposes to reduced renal sodium excretory 

capacity and resets the steepness of the pressure–natriuresis curve, rendering the 

kidney more salt sensitive in the setting of excess dietary sodium.

Ultimately, the kidney is the key organ in the development of salt-sensitive type 

of hypertension. Among many of the physiologic factors responding to increased salt 

intake, the most important relationship is that between renal salt handling and intra-

vascular volume homeostasis [66]. According to the Borst–Guyton concept, hyper-

tension can occur only when a factor impairs the excretory ability of the kidney and 

shifts the pressure–natriuresis relationship, resulting in an increased salt sensitivity 

of BP [66,67]. In humans, kidney development begins during the ninth week of ges-

tation and progresses through the 36th week, with no new nephrons formed after 

birth [68]. Therefore, the number of glomeruli is infl uenced by both the intrauterine 

environment and the gestational stage. Studies of kidneys in preterm or growth-

restricted infants showed signifi cantly fewer nephrons than in infants in the control 

group, which persists postnatally [69,70].

Growing evidence suggests that people with a history of LBW are at risk for 

developing salt-sensitive hypertension. For such individuals, salt restriction may be 

particularly benefi cial. For example, a study examining the relationship between the 

response of BP to salt intake and birth weight in 27 healthy adults showed a striking 

inverse correlation between changes in MAP and birth weight [71]. A similar rela-

tionship between LBW and salt sensitivity was shown in a study of 50 children [72]. 

Numerous animal models have also been developed to support the hypothesis of a 

close link between prenatal insult and postnatal disease [73–75].

13.5 GENETIC FACTORS

Essential hypertension is a polygenic, complex disease resulting from interactions of 

both environmental and genetic factors. Based on family studies, it is estimated that 

signifi cant amounts of interindividual differences in BP are attributable to genetic 

variations [76–78]. The inheritance pattern for BP is clearly more complex than if it 

was merely a Mendelian trait. The susceptibility to hypertension can be explained 
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by the synergistic efforts of many common genetic variants, each with minor effects. 

With advances in genomic discoveries and genotyping technology, genome-wide 

association studies (GWAS) have become the major method to dissect complex dis-

eases and have successfully identifi ed a few BP loci [79,80]. However, the single 

nucleotide polymorphisms identifi ed in GWAS can only explain very small por-

tions of the variability in BP, far less than the part explained by age and body mass 

index. One explanation is that the effects of genetic variants are conditional and are 

infl uenced by the differences in environmental factors (e.g., dietary intake) between 

populations.

The response of BP to specifi c lifestyle interventions also varies widely among 

individuals. In general, many nutritional and lifestyle interventions are more effec-

tive in AAs, older people, and hypertensive individuals [29,35]. Genetic variations 

could explain part of this variability [81,82] and may be useful to identify individuals 

who are likely to benefi t most from these interventions. Genetic infl uences on the 

response of BP to lifestyle interventions have been studied in detail, especially in 

response to dietary sodium restriction and the DASH diet.

AGT is one of the earliest genes that have been studied with regard to salt sensi-

tivity and hypertension. Linkage between essential hypertension and the AGT gene 

locus was initially documented in European sibling pairs (i.e., two or more siblings 

carrying the same phenotype). Subsequent screening showed that an AGT variant 

substituting methionine (M) for threonine (T) at codon 235 (235T) was more preva-

lent in hypertensive individuals than in normotensive individuals [83]. Individuals 

who are homozygous for 235T have approximately 20% higher plasma AGT levels 

than those who are homozygous for 235M. The 235T allele is in tight linkage dis-

equilibrium with a promoter allele, -6A, and the latter was proved to have a higher 

basal transcription rate [84]. Several studies have indicated that this genetic variant 

may infl uence response of BP to nutritional and lifestyle interventions. The 235T 

allele has been reported as a genetic modifi er of the salt-induced rise in BP [85]. 

Individuals with the 235T allele had approximately twice the increase in BP for 

every unit of increased sodium intake when compared with those with genotype 

MM [86]. With regard to the effects of the tightly linked -6A allele on salt sensitiv-

ity- and obesity-related hypertension, the AA genotype was associated with greater 

BP reduction than the GG genotype after dietary sodium reduction or weight loss, in 

the TOHP study phase II. Also, the incidence of hypertension was signifi cantly lower 

after sodium reduction for persons with the AA genotype but not for persons with 

the GG genotype [87]. Similarly, the response of BP to the DASH diet was greatest 

in persons with the -6AA genotype and lowest in those with -6GG genotype [88]. 

Polymorphisms in the AGT gene are linked to the response of BP to weight loss, salt 

restriction, and the DASH diet.

The β2-adrenergic receptor (β2-AR) gene has also been extensively studied for 

its effects on the response of BP to lifestyle interventions. A linkage study showed 

that the β2-AR gene was associated with the response of BP to sodium loading and/

or volume depletion [89]. A missense mutation of the β2-AR (G46A) substituting 

glycine (Gly) for arginine (Arg) at position 16 (Gly16Arg) in the mature protein has 

been identifi ed. This allele has been studied extensively and appears to be functional. 

For example, the Bergen Blood Pressure Study revealed a higher frequency of Arg16 
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in hypertensive offspring of hypertensive parents, and conversely the 16Gly variant 

was associated with lower BP in a dose-dependent fashion [90]. There is a growing 

body of evidence showing that homozygotes for β2-AR 46AA have blunted receptor 

function compared with 46GG.

Studies that investigated vascular hemodynamics by genotype showed that the 

individuals with the AA genotype have attenuated vasodilation in response to infu-

sion of the β-agonist isoproterenol. This effect occurs through impaired agonist-

mediated receptor downregulation and desensitization [91,92]. There also appears to 

be an association of the Arg16 genotype with salt sensitivity and regulation of PRA 

secretion. The Arg16 genotype was associated with a subset of hypertensive patients 

with low PRA and salt sensitivity [93]. In a substudy of the DASH-Sodium trial, 

participants carrying the β2-AR 46 A allele (both AA and AG) had blunted PRA 

and aldosterone responses after consuming the DASH diet. In addition, the response 

of BP to the DASH diet was greater in individuals with 46A allele when compared 

with those with 46GG [85,94]. Mechanistically, those with the GG genotype had 

signifi cant increases in both PRA and aldosterone, but they also had the smallest 

responses of BP to the DASH diet. This activation of PRA and aldosterone observed 

in individuals with the GG genotype appears to be a counterregulatory maneuver 

affected by the DASH diet, resulting in a blunted response of BP. However, those 

individuals with the AA or AG genotype failed to increase PRA and aldosterone and 

had a greater reduction in BP in response to the DASH diet. Thus, it appears that 

the β2-AR genotype impacts the response of BP to DASH and sodium intake in part 

through its effects on PRA, with the presence of the A allele conferring an attenu-

ated PRA response.

Unfortunately, the effects of other known genetic variants on the response of 

BP to lifestyle modifi cations are very limited and relatively minor. It is possible 

that high-throughput genetics with large-scale GWAS will allow future advances 

and thus is likely to identify additional genetic determinants associated with the 

responses of BP to lifestyle interventions.

13.6 SUMMARY

Hypertension results from the interplay of internal derangement and the external 

environment. Lifestyle or environmental interventions clearly reduce the incidence 

and prevalence of hypertension. However, ample evidence supports that the envi-

ronmental infl uences on BP are largely due to the infl uence of biologically based 

dispositions and characteristics. Factors such as race, age, and body habitus are par-

ticularly important in predicting responses to nutrition and lifestyle interventions 

(Table 13.1). It should be noted that even though certain factors may predict a greater 

response to lifestyle interventions, for example, AAs and older individuals respond 

greater to the DASH dietary intervention, other individuals also respond favorably 

and signifi cantly. Clinicians often overlook the benefi ts from such treatments and 

fail to incorporate them into their treatment regimen of patients with hypertension. 

In addition, efforts to encourage patients to make lifestyle changes are often met by 

low acceptance and adherence. Thus, identifying those patients whose clinical char-

acteristics and/or demographics suggest that lifestyle modifi cations will have a great 
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impact can allow a more focused approach to individualizing lifestyle/nutritional 

interventions. Indeed, for some people, lifestyle interventions alone may be suffi cient 

to control their hypertension. Clinicians should continue to counsel patients, par-

ticularly those likely to derive the most benefi ts, about the use of lifestyle/nutritional 

interventions. As a part of a comprehensive hypertension prevention and treatment 

strategy, lifestyle-modifying interventions are effective, involve minimal risk for 

most individuals, are often less expensive than antihypertensive medications, and 

favorably reduce cardiovascular disease risks.
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14 Practical Application

Laura P. Svetkey
Duke University Medical Center

In this book, we have attempted to be comprehensive in presenting evidence on the 

effect of nutrition and other lifestyle factors on blood pressure (BP). A broad discus-

sion of this evidence is essential for understanding the current state of science. We 

have also attempted to frame the evidence into recommendations that are practical 

for those attempting to use it in a broad array of clinical roles, including physicians 

and other providers, dietitians, and health centers. In this section, we distill those 

recommendations into current national guidelines for prevention and control of high 

BP [1]. In addition, we translate key factors leading to successful lifestyle changes 

into practical tools for assessment and intervention that can be applied in a variety of 

settings. In doing so, we recognize that it may not be easy or even possible to apply 

these tools in the current health care system. In addition, we recognize the individual 

responsibility of the patient in making any behavior change. Nonetheless, we offer 

these tools as a blueprint, some or all of which can be adapted for use in your par-

ticular clinical setting.

The potential impact of lifestyle modifi cations is enormous. Based on a study on 

almost 43,000 men followed for 16 years, it has been found that an estimated 62% 

of cardiovascular events are preventable by adoption of lifestyle recommendations 

(Figure 14.1), most of which lower BP. Adopting even two recommendations during 

middle age lowers the cardiovascular risk by 27% [2]. Yet, most Americans do not 

adopt healthy lifestyle recommendations.

Based on a self-report (Figure 14.2), where respondents may be tempted to over-

state their adherence to lifestyle guidelines, it was found that less than 25% reported 

adherence to any recommendations other than smoking cessation [3], about 18% 

reported adherence to none, and only 5% reported adherence to all these guidelines. 

These statistics highlight the challenge, but given the success of programs empha-

sizing lifestyle changes and providing specifi c tools for achieving them, we remain 

confi dent that the lifestyle goals can be achieved, with favorable effects on BP.
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We propose adapting the 5A approach to client-centered counseling to help indi-

viduals achieve healthy lifestyle changes for lowering BP [4]. The 5 As are as fol-

lows: ask, advise, assess, assist, and arrange.

14.1 ASK

In the context of lifestyle changes for BP control, “ask” means inquiring about 

the patient’s current lifestyle. Table 14.1 can be completed by the patient before 

the clinical encounter, and it allows the provider or the patient himself/herself to 

identify areas for improvement. Although not all areas can be addressed at each 

clinical encounter, the document serves as a resource that can be updated over time. 

Table 14.2 presents an alternative dietary assessment tool focusing on the Dietary 
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Approaches to Stop Hypertension (DASH) dietary pattern, which has been shown to 

lower BP effectively (see Chapter 1).

14.2 ADVISE

Advising the patient involves both explaining what lifestyle changes are effective for 

lowering BP and providing the rationale for why it is important to adopt these life-

style changes, that is, to improve BP control in those with hypertension treated with 

TABLE 14.1
Ask
Diet In the last 24 h, what did you eat/drink for List everything, with quantity 

(e.g., one McDonald’s Big Mac)

Breakfast

Lunch

Dinner

Alcoholic beverages (beer, wine, liquor)

Other beverages (indicate if diet or sugar-

sweetened nondiet)

Snacks between meals or before bed

Salt Do you add salt to foods at the table? Yes/No

Do you add salt when cooking? Yes/No

Do you read food labels for salt content? Yes/No

Do you reduce salt intake in any other way? Yes/No

Alcohol In an average week, how many servings of alcoholic beverages do you have (include beer, 

wine, hard liquor, and mixed drinks). A serving is 12-oz beer, 5-oz wine, and 1.5-oz liquor

0 1–7 8–13    14 or more

Note for clinician: Ok Too high for women    Too high for everyone

Physical 

activity

Do you: Minutes each time Number of times per week
Take a walk?

Go to a gym?

Play sports?

Get any other regular 

exercise? If yes, describe:

Weight/

height/BMI

What is your height?

What is your weight?

Calculate BMI; refer to http://www.nhlbisupport.

com/bmi/

Weight 

history

Do you consider your weight to be a problem? Yes/No

Have you ever tried to lose weight? Yes/No

If yes, what is the most you ever lost? ______lb

Did you regain any of it back? Yes/No

If yes, did you regain all the weight you lost? Yes/No

If yes, what led to the weight regain?
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medication, to avoid medication in those with stage 1 hypertension, and to prevent hyper-

tension in those with prehypertension. Table 14.3, which can be provided to patients as 

a resource, summarizes current recommendations, discussed in previous sections, with 

the rationale and clear goals for lowering BP and improving hypertension control.

TABLE 14.2
DASH Dietary Pattern Assessment
1. Write down your usual intakes of the following food groups using serving sizes defi ned below.

2.  Compare your usual intakes to DASH recommendations and make goal/plans to move closer to DASH.

Food Group
DASH 

Recommendation What Is a Serving?
Your Usual 

Intake Goal

Fruits 4–6 servings/day 1 medium fruit, 1/2 cup canned fruit, 1/4 

cup dried fruit, 6-oz fruit juice

Vegetables 4–6 servings/day 1 cup raw leafy vegetable, 1/2 cup 

cooked vegetable, 6-oz vegetable juice

Low fat or 

fat-free dairy

2–3 servings/day 8-oz milk, 1 cup yogurt, or 1.5-oz cheese

Grains 7–8 servings/day 1 slice bread, 1/2 cup cooked rice, pasta, 

or cereal, preferably whole grain

Meats, poultry, 

and fi sh

2 servings or less/

day

3-oz cooked meats, poultry, or fi sh

Nuts, seeds, and 

dried beans

4–5 servings/week or 

0.5 servings/day

1/3 cup nuts, 2 tablespoon seeds, 1/2 cup 

cooked dried beans

Sweets, 

sugared drinks

Less than 0.5 

servings/day

8-oz sugared drink, 1 tablespoon sugar 

or syrup, 1 slice of cake or brownie or 

pie (~2–3 oz)
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14.3 ASSESS

Table 14.3 can also be used to provide an opportunity to assess the patient’s per-

ceived self-effi cacy and their belief that they are capable of achieving the stated 

goal. Goals associated with low self-effi cacy are unlikely to be achieved and are best 

TABLE 14.3
Advise and Assess

What Works What It Means What Is Recommended

Can I Do This? 
(0 = no way, 

5 = no problem)

Weight loss If you are overweight (BMI 

25 or higher), even a small 

amount of weight loss can 

lower your BP. Check 

your BMI at http://www.

nhlbisupport.com/bmi/

Lose 1–2 pounds/week by eating a 

healthy diet, reducing calories, and 

increasing physical activity.

0 1 2 3 4 5

DASH dietary 

pattern

DASH is a healthy dietary 

pattern that lowers BP by 

5–15 points in most 

people

Each day, eat (men aim for the higher 

number and women aim for at least 

the lower number):

  4–6 fruits

  4–6 vegetables

  2–3 low-fat dairy servings

Reduce total and saturated fat

Reduce sweets and sugar-sweetened 

beverages

Select mostly whole grains

More on DASH at www.nhlbi.nih.

gov/health/public/heart/hbp/dash

0 1 2 3 4 5

Reduce salt 

intake

Limit sodium intake to no 

more than 2400 mg/day 

(about 6 g of salt)

Do not add salt at the table or to 

recipes

Limit intake of prepared foods 

(e.g., frozen dinners)

Limit intake of foods with very high 

salt (salted chips or nuts)

Read food labels to see how much salt 

you are getting

0 1 2 3 4 5

Increase 

physical 

activity

Get moderate physical 

activity for 30 min most 

days of the week

Moderate physical activity is a brisk 

walk or some similar activity

If you are already doing vigorous 

activity, keep it up

If you are currently inactive, build up 

slowly

0 1 2 3 4 5

Keep alcohol 

intake at 

moderate 

levels

Too much alcohol (beer, 

wine, liquor) can keep 

BP high

For men, not more than 2 drinks/day

For women, not more than 1 drink/

day

0 1 2 3 4 5

© 2012 by Taylor & Francis Group, LLC



274 Nutrition, Lifestyle Factors, and Blood Pressure

reserved for future attention regardless of how important the provider may perceive 

them to be. Returning to Table 14.3 and reassessing, particularly after success with 

another goal, may reveal that self-effi cacy has increased and that the goal can now 

be addressed.

14.4 ASSIST

When the provider and the patient have agreed on lifestyle goals, it is important to 

provide the patient with some practical tools for achieving behavior change. Behavior 

change interventions have generally been proven effective in the context of fairly 

intensive coaching. However, providing practical information on effective behavior 

change tools, such as self-monitoring and relapse prevention, may assist patients in 

achieving these goals on their own. These tools are summarized in Table 14.4, which 

TABLE 14.4
Assist

Tip How To Do It

Self-monitoring Count calories

Count food groups

Count steps

Weigh yourself at least weekly

Check your BP

Goal setting SMART goals: 

 S—specifi c; 

 M—measurable; 

 A—action oriented, attainable; 

 R—realistic; 

 T—timely, relate to a time frame

Action planning Specifi c

Short-term

Measurable

Accountability

Relapse prevention Identify “dangerous” situations and plan ahead

Social support Ask for what you need

 Encouragement

 Exercise partner

 Do not nag

Refl ect on motivation Why is this important to me?

Resources www.nhlbi.nih.gov/health/public/heart/hbp/

dash

Other online resources

Resources in your community

 Walking routes

 YM/WCA

 Community organizations
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can be provided to patients as a handout. In addition, Table 14.4 provides information 

on other resources to which local resources can be added by the patient or provider.

14.5 ARRANGE

Arranging follow-up, returning to the topic of lifestyle change at every clinical 

encounter, and following guidelines for monitoring and treating BP are all critical 

components of lifestyle treatment to prevent and manage high BP. In addition, there 

is evidence that patients are most successful with lifestyle changes when the recom-

mendations are endorsed and reinforced by the provider. Providers should manage 

their own expectations: lifestyle change is often slow, incomplete, and relapsing. 

Like all other chronic conditions, adverse lifestyle changes require patience and per-

sistence, both from the patient and the provider.

Arranging appropriate follow-up and taking every opportunity to reassess the 

motivation and the readiness to change, reinforce recommendations, and provide 

useful tools and information about resources constitute a practical strategy for help-

ing patients achieve lifestyle changes that will prevent and treat high BP.
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patient-centered, 146–147

patient education, 145, 147

provider-centered, 142–143

system level, 148–149

calcium supplementation, 29–30

DASH diet, 15

in African Americans, 255

assessment, 272

genetic variants, 258–259
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mechanism, 7

calcium, 27, 29

 fl avonoids, endothelial relaxation, 41–42
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folic acid, reduction in reactive oxygen 

species generation, 40
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 Mediterranean diet, 17–18
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and nephropathy, 223
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pediatric

intervention programs, 171

lifestyle modifi cations, 170, 173–174

physical activity, 171, 173

physical activity, 86

aerobic, 87, 89

mechanism, 89

resistance training, 88

reduced risk of cardiovascular 

mortality, 223–224; see also Blood 

pressure (BP) control, diabetes, 

benefi cial effects

role of soy proteins, confl icting evidence, 6–7

sugar, acute effects of, 10

sugar, chronic effects of, 10

systolic BP (SBP), impact  of plant proteins 

on, 6

vegetarian dietary pattern, 13

weight loss, 74
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mechanism, 75

whole grain, high-fi ber diet, 9, 11
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chronic

etiology, 192
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control

chronic care model, 124

decision-support systems, 143
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 nonpharmocological interventions, 

130–131
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strategies, 127–128

vitamin B, homocystein e-dependent 

effect, 40

vitamin B, homocystein e-independent 

effect, 40

vitamin C, 35

vitamin D, 38

DASH diet, see Blood pressure (BP) control, 

DASH diet
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gestational, 193

alcohol consumption effects, 197

and high glycemic  index diet, 8

and increased dietary protein intake, 6

obesity, 74; see also High blood pressure

activation of the renin–angiotensin 

 system, 256–257

genetic variants, 258

insulin resistance, 256; see also 

Hypertension, salt-sensitive

motivational interviewing (MI), 174, 

175–176; see also Blood pressure (BP) 

control, behavioral interventions, 

patient-centered; Motivational 

interviewing (MI), weight loss

pediatric, 167–168
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consequences, 194

 pathophysiology, 194–195

pregnancy

categories, 192, 193

 eclampsia, 192

preeclampsia, 192
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Study (PATHS), 12

primary or essential, 168
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