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INTRODUCTION 

Hypertension is a disease of epidemic proportions especially in industrialized nations, 
affecting 29% of U.S. adults alone (1 ). It was identified as one of the most significant but 
modifiable risk factors for not only cardiovascular (CV) disease, stroke, and end-stage 
kidney disease (2-6), but also for overall vascular death (7, 8). Despite this increased 
prevalence and associated morbidity and mortality risk, the pathogenesis of primary 
hypertension is still not completely understood. Epidemiological studies implicated 
several dietary and other lifestyle-related factors contributing to hypertension 
development. In this protocol, the blood pressure (BP)-Iowering effects of the following 
nonpharmacologic interventions will be reviewed : 1) the DASH diet; 2) reduced sodium 
(Na+) intake; 3) increased potassium (K+) intake; 4) weight loss and increased physical 
activity; and 5) moderation in alcohol intake. Trials where increased magnesium intake 
was the sole intervention were few, small, and revealed inconsistent findings, and, 
therefore, will not be covered in this protocol. 

What was previously considered "normal blood pressure" portends future risk 

Hypertension, defined as a systolic BP of ~140 and a diastolic BP of ~90, affects 50 
million people nationwide and 1 billion worldwide (9). The extent of the problem is even 
more massive considering that as the population ages, hypertension prevalence 
increases further, and those who are normotensive at the age of 55 years have a 90% 
lifetime risk for developing hypertension (1 0). In addition, more recent data suggest that 
BP-related CV, kidney disease and vascular death risk (7, 8) are evident before the 
development of hypertension per se and increase progressively throughout ranges of 
BP that were previously recognized as normal and now referred to as prehypertension. 
Prehypertension, defined as a BP 120-139/80-89, affects 31% of U.S. adults (1). 
Therefore, a large proportion of the U.S. population has BP in the ranges that are below 
the traditional threshold for pharmacologic treatment (Table 1), but high enough to 
portend future risk. The cardiovascular risk association with BP is, in fact, continuous, 
independent of other risk factors, and doubles for each 20/10 mm Hg increment 
increase in BP, beginning at a BP of 115/75 (8). 

Table 1. Classification and Management of Blood Pressure: JNC 7 Recommendations (9) 

Classification SBP DBP 
(mm Hg) (mm Hg) 

Lifestyle 
Modification 

Initial Drug Therapy 
Without With Compelling 

Compelling 1 Indication 
Indication 

Normal <120 <80 Encourage No No 
Prehypertension 120-139 80-89 Yes No Drugs for indication 
Stage 1 140-159 90-99 Yes Thiazide for Drugs for indication 
Hypertension most + others 
Stage 2 ~160 ~100 Yes 2-drug combo Drugs for indication 
Hypertension + others 
1Heart failure, post-myocardial infarction, high coronary risk, diabetes, chronic kidney disease, stroke 
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High blood pressure is difficult to control with drug therapy alone 

What complicates the problem is that even though hypertension is the most common 
primary diagnosis in the U.S., 30% of individuals with hypertension are unaware of their 
diagnosis, and control rate, although improving, is still only 34%, despite a 59% rate of 
treatment (Table 2) (9). The Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (9) report 
stated that inadequate BP control despite pharmacologic treatment may result not only 
from insufficient antihypertensive drug dosing or inappropriate drug combinations, but 
also from failure to prescribe lifestyle modifications (9). Patient adherence must also be 
taken into consideration. 

Table 2. Awareness, Treatment and Control of Hypertension in Adults Aged 18-74 Years (9) 

Awareness 
Treatment 
Control (:5140/90) 

II (1976-1980) 

51 
31 
10 

NHANES Data, Weighted % 
Ill, Phase 1 Ill, Phase 2 
(1988-1991) (1991-1994) 

73 68 
55 54 
29 27 

Reducing blood pressure will reduce CV risk 

1999-2000 

70 
59 
34 

Data from the National Health and Nutrition Examination Survey (NHANES) 
Epidemiologic Follow-up Study was used to estimate the absolute benefit associated 
with a 12 mm Hg reduction in systolic BP over a 1 0-year period. The number-needed
to-treat to prevent a cardiovascular event or death from all causes was reduced with 
increasing levels of baseline BP in each of the cardiovascular risk strata (Table 3) (11 ). 

Table 3. Estimated Effect of a 12 mm Hg Reduction in SBP Over 10 Years on the Number
Needed-to-Treat to Prevent a Cardiovascular Event: NHANES I Data (11) 

Baseline BP, mm Hg 
130-139/85-89 
140-159/90-99 
~160/~100 

Risk Group A 1 

25 
20 
10 

Number-Needed-to-Treat 
Risk Group B2 

13 
11 
7 

Risk Group C3 

10 
9 
8 

1Risk Group A: No target organ damage, cardiovascular disease, or major cardiovascular risk factors 
2Risk Group B: Men or post-menopausal women <::60, current smokers, or total cholesterol <::240 mg/dl 
3Risk Group C: self-reported diabetes, heart attack, heart failure, stroke, kidney disease; or used 
medications for these conditions in the preceding 6 months. 

Lifestyle modification can reduce BP in both hypertensives and prehypertensives 

The extensive published body of evidence supports the concept that modifiable 
nonpharmacologic interventions, more recently referred to as lifestyle modifications, can 
substantially reduce BP in both individuals with established hypertension and those 
without hypertension or with prehypertension. Evidence also indicates that BP 
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reduction, in turn, decreases the risk of poor CV outcomes, even in those with 
prehypertension. For example, dietary salt reduction was shown to decrease the long
term risk of CV events by 25% in participants with prehypertension (12). Therefore, 
there is a role for lifestyle modification in individuals with hypertension and those without 
hypertension. The overall goals of lifestyle modification for both hypertensives and 
nonhypertensives are listed in Table 4 (13). Table 5 summarizes specific lifestyle 
modifications to lower BP as recommended . 

Table 4. Role of Lifestyle Modification in Hypertensive and Nonhypertensive Individuals (13) 
Hypertensive Individuals Initial therapy 

Adjunct to drug therapy 
Facilitate drug step-down or withdrawal 

Non hypertensive Individuals Reduce blood pressure 
Prevent hypertension 

EVIDENCE FOR LIFESTYLE MODIFICATION 

Habitual high salt diet contributes to hypertension in epidemiological studies 

Large epidemiological studies such as INTERSAL T concluded that habitual high salt 
intake is a critical environmental factor contributing to a rise in BP and high prevalence 
rates of hypertension (14). INTERSALT confirmed that, over a wide range of Na+ intake, 
populations with low intake have lower BP than those with high Na+ intake (14). In 
addition, positive correlations were found between systolic BP and body mass index 
(BMI) and excess alcohol intake, and negative correlations with 24 hr urinary K+, a 
measure of dietary K+ intake (14, 15). Over the past few thousand years, there was a 
major increase in the Na+ content of the human diet as a consequence of salt use in the 
preservation and preparation of food. Parallel to this was a significant decrease in 
dietary K+. In fact, the resultant dietary K+/Na+ ratio was reduced by a factor of 100 to 
200, based on the comparison of the modern human diet with that of the Yanomamos. 

Table 5. Lifestvle modifications to mana~e prehypertension and hypertension 
Modification JNC 7 Recommendations AHA Recommendations Svstolic BP Reduction 
Reduce weight Mainta in normal weight Attain BMI <25 5-20 mm Hg/10 kg 

(BMI 18.5-24.9) weight loss 
Eat DASH Diet Rich in fruits, vegetables, Same recommendation 8-14 mm Hg 

low-fat dairy, reduced 
saturated and total fat 

Reduce S100 mmol/d Ideally 65 mmol/d 2-8 mm Hg 
dietary sodium (2.4 g Na + or 6 g NaCI) (1 .5 g Na+ or 3.8 a NaCI) 
Increase Regular aerobic exercise None given 4-9 mm Hg 
physical 30 min/d, most days of week 
activity 
Moderate Limit to S2 drinks/d men Same recommendation 2-4 mm Hg 
alcohol intake S1 drink/d women 
Increase None given 120 mmol/d (4.7 g/d) variable 
potassium (Also provided in DASH Diet) 
intake 
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The Yanomamos are an unacculturated tribe of inland Amazonian rain forest Indians 
living in isolation in northern Brazil and southern Venezuela. They are primarily 
gardeners and gatherers with a largely vegetarian diet of K+ -rich foods such as bananas 
and sweet potatoes, and intermittent intake of game and fish. Salt is unknown to them 
as they live inland, and they have been labeled the "no-salt culture" (16). In addition, 
they have a very low BMI and do not consume alcohol. In observational studies of 
Yanomamos, including the INTERSAL T study, mean Na+ excretion was incredibly low 
at 0.9 mmol/24 hr (1 04 mmol/24 hr in controls) and mean BP was 96/61 mmHg. There 
was no increase in BP with age and hypertension was virtually absent (15, 17, 18). 
Urinary K+ was as high as 152 mmol/24 hr, while it was 39 mmol/24 hr in controls (16). 
Urinary Na+/K+ ratio was very low at 0.02 in the Yanomamos compared with 3.4 in the 
other 48 INTERSAL T centers. The associations between urinary Na+ and K+ and BP 
were low, possibly reflecting their limited variability (15). 

Other than low Na+ and high K+ intake, a role for other factors instrumental in the low 
BP of the Yanomamos, such as high physical activity and low BMI, could not be 
excluded. For example, mean BMI was 21.5 kg/m2 in Yanomamo men and 20.8 kg/m2 

in women (17), mean weight 50 and 42 kg, and total cholesterol 123 and 110 mg/dl in 
men and women respectively (18). However, among INTERSAL T samples overall, low 
BMI was not in itself observed to be a correlate of low hypertension prevalence, as 
several samples (i.e., Columbia, South Korea, Taiwan, Japan, China and India) with low 
BMI but high salt intake (8-12 g daily) had prevalence rates of hypertension of 8-18%. 
Similarly, several centers with reported low alcohol intake but high salt intake had 8-
19% rate of hypertension prevalence (15). 

1. The DASH DIET 

The effects of the DASH Diet were greater in hypertensives 

Based on such epidemiologic studies and other smaller clinical trials, the Dietary 
Approaches to Stop Hypertension (DASH) study, a multicenter, randomized feeding 
trial, tested the effects of an overall healthy diet on BP in participants with 
prehypertension or stage I hypertension (19). The investigators used a "dietary patterns" 
rather than an "individual nutrients" approach to test the combined effects of nutrients 
that occur together in food. This was based on the inconsistent and small effects 
observed on BP reduction in previous smaller trials that modified single nutrients (such 
as K+, magnesium, calcium, fiber and protein), as well as the generally positive results 
of vegetarian diets. The authors proposed that the effect of any individual nutrient in 
lowering BP may be too small to detect in trials, but that the cumulative effect of several 
nutrients with BP-Iowering effect consumed together may be sufficient for detection 
(19). 
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Table 6. DASH Study: Nutrient Targets and Average Daily Servings for 2100 Kcal Diet (19) 
Item Control Diet 
Nutrients 
Fat (% of total kcal) 37 

Saturated 16 
Monounsaturated 13 
Polyunsaturated 8 

Carbohydrates(% kcal) 48 
Protein (% of total kcal) 15 
Cholesterol (mg/day) 300 
Fiber (g/d) 9 
Potassium (mg/day) 1700 
Magnesium (mg/day) 165 
Calcium (mg/day) 450 
Sodium (mg/day) 3000 
Food Groups (no. servings/day) 
Fruits and juices 1.6 
Vegetables 2.0 
Grains 8.2 
Low-fat dairy 0.1 
Regular-fat dairy 0.4 
Nuts, seeds, legumes 0.0 
Beef, pork, ham 1.5 
Poultry 0.8 
Fish 0.2 
Fat, oils, salad dressing 5.8 
Snacks and sweets 4.1 

Four-hundred and fifty-nine adults with 
systolic BP <160 and diastolic BP 80 to 
95 mm Hg were randomly assigned 
(after a 3-week run-in of control diet) for 
8 weeks to one of: 1) control diet, low in 
fruits, vegetables and dairy products 
with a fat content typical of the average 
U.S. diet, and with K+, magnesium and 
calcium levels close to the 25th 
percentile of U.S. consumption; 2) fruits
and-vegetables diet, with K+ and 
magnesium at levels close to the 75th 
percentile of U.S. and with high fiber; or 
3) combination diet, rich in fruits, 
vegetables, and low-fat dairy, with 
reduced saturated fat, total fat and 
cholesterol; K+, magnesium and calcium 
at levels close to the U.S. 75th percentile 
(19). A/13 diets had similar Na+ content, 
about 3g per day (Table 6). 

Participants were instructed to drink no 
more than 3 caffeinated beverages and 
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Figure 1. Changes in blood pressure according 
to diet in the DASH Trial {19) 

71Page 



no more than 2 alcoholic beverages per day. Weight was kept stable by changing 
caloric intake based on weekday measured weights and adding 1 00-kcal cookies or 
muffins with corresponding nutrient contents for each arm of the study ( 19). 

The primary outcome was diastolic BP and secondary outcome systolic BP at the end of 
the intervention period. At baseline, mean age was 44 years, and about 50% were 
women and 60% African American. The mean systolic and diastolic BP at baseline were 
131.3 ±10.8 mm Hg and 84.7 ±4.7, respectively (19). 

Reductions in BP were achieved after 2 weeks in the fruits-and-vegetables and 
combination diets as compared with the control diet and were sustained for 6 more 
weeks (Figure 1 ). There was a gradient reduction in both systolic and diastolic BP 
across diets, with the combination diet reducing BP more than the fruits-and-vegetables 
or the control diets (Table 7). Effects were seen in participants with and without 
hypertension, although those with hypertension (29%) had greater reductions in BP. 
The BP lowering effects were greater in minority (66% of participants) than non-minority 
participants, but there were no significant interactions between minority status and diet 
or gender and diet. Results did not change significantly even after adjustment for weight 
changes (which were <-0.5 kg in each group) and urinary sodium excretion (19). 

Table 7. Mean Reductions in Blood Pressure from Baseline in the DASH Trial (19) 
Group Combination Minus Combination Minus FruitsNegetables Minus 

Control FruitsNegetables Control 
(97.5% Cl), P value (97.5% Cl), P value 197.5% Cl)_, P value 

Systolic Blood Pressure (mm Hg) 
All -5.5 (-7.4, -3.7) <0.001 -2.7 (-4.6, -0.9) 0.001 -2.8 (-4.7, -0.9) <0.001 
<140/90 -3.5 (-5.3, -1.6) <0.001 -2.7 (-4.5, -0.8) 0.001 -0.8 (-2.7, 1.1) NS 
~140/90 -11.4 (-15.9, -6.9) <0.001 -4.1 (-8.6, 0.3) NS -7.2 (-11.4, -3.0) <0.001 

Diastolic Blood Pressure (mm Hg) 
All -3.0 (-4.3, -1.6) <0.001 -1.9 (-3.3, -0.6) 0.002 -1.1 (-2.4, 0.3) NS 
<140/90 -2.1 (-3.6, -0.5) 0.003 -1.8 (-3.4, -0.3) 0.009 -0.3 (-1.9, 1.3) NS 
~140/90 -5.5 (-8.2, -2.7) <0.001 -2.6 (-5.4, 0.1) NS -2.8 (-5.4, -0.3) 0.01 

2. Dietary Sodium Restriction 

The effects of TOHP I salt-restriction intervention on BP were greater in women 

The Trials of Hypertension Prevention - Phase I (TOHP I) was a large multi-center, 
randomized trial of the feasibility and efficacy of 7 nonpharmacologic interventions 
designed to lower BP in 30 to 54 year olds with prehypertension (diastolic BP of 80 to 
89 mm Hg) in the context of usual living patterns. In phase I, 6 of 10 sites tested an 
intervention to reduce dietary Na+ intake to 80 mmol/24 hr (1800 mg/24 hr), with a total 
of 417 control and 327 active group participants (20). Up to that point, evidence to 
support the role of Na+-restriction in BP lowering came from small studies and 
epidemiologic studies such as INTERSAL T (14). Participants in the intervention arm 
received 8 group and 2 individual nutrition and behavior change counseling sessions 
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over a 3-month period with the goal of reducing Na+ intake to 60 mmol/d (1400 mg). The 
expectation was that, in the context of less-than-full compliance, this would achieve the 
80 mmol/d goal (20). The control arm received no intervention. 

At baseline, mean BP was 125/84 mm Hg, BMI 27 kg/m2
, and urinary Na+ 156 mmol/24 

hr. Seventy-one percent were male and 9.5% African American. At 18 months, net 
decrease from baseline in urinary Na + was 44 mmol/24 h. White women had the highest 
proportion of decreased urinary Na + to target. African Americans had 4 times the odds 
of failing to achieve the target, OR 4.1, 95% (1.8, 9.6). The net decrease in BP 
associated with treatment was 2/1 mm Hg (P <0.01 ). There was a larger systolic BP 
effect in women than in men (-4.4 vs. -1.2, P =0.02). Overall adjusted decrease in BP 
was 1.4/0.9 mm Hg for a decrease of 100 mmol/24 hr in urinary Na+ (20). 

The combination of DASH-Sodium 
lowered BP more in hypertensives 
and in women 

In a subsequent study, 412 adults with 
BP >120/80 mm Hg and S159/95 mm 
Hg were randomly assigned to either a 
control diet typical of U.S. intake or the 
DASH diet (original combination diet) 
(21 ). Within each diet group, 
participants were further assigned to 
low Na + (50 mmol/day), intermediate 
Na+ (1 00 mmol/day, reflecting the 
upper limit of national 
recommendations at that time) or high 
Na+ intake (150 mmol/day, reflecting 
typical U.S. consumption based on a 
2100 kcal diet) for 30 consecutive 
days in random, cross over design. 
The primary outcome was systolic BP 
at the end of each 30-day intervention 
period, and the secondary outcome 
was diastolic BP. More than 50% of 
participants were women and 50% 
African American. Sodium intake 
reduction significantly lowered both 
systolic and diastolic BP in a stepwise 
fashion with both the control and the 
DASH diet. The level of sodium intake 
had about twice an effect on BP with 
the control diet (-6.7 mm Hg) as it did 
with the DASH diet ( -3 mm Hg) 
(Figure 2) (21 ). 
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Figure 2. The effect of the DASH diet on BP 
lowering was greater with high sodium levels than 
with low ones (21). 
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Importantly, the DASH diet with low sodium (as compared with control diet/high sodium) 
led to a systolic BP that was 11.5 mm Hg lower in those with hypertension and 7.1 mm 
Hg in those without hypertension (21 ). The effects of sodium intake were significantly 
greater in the following subgroups: 1) those with hypertension than those without; 2) 
African Americans than non-African Americans on the control diet; 3) women than men 
on the DASH diet. Finally, the combination of the 2 dietary modifications (DASH and 
sodium) lowered systolic BP more in those with hypertension than in those without (P = 
0.004) and more in women than in men (P =0.02) (21). 

Other important conclusions from the DASH-Sodium diet include: 1) in participants with 
hypertension, the effects of intervention (-11. 5 mm Hg) were greater than or equal to 
those of single-drug therapy; 2) the combined effects of DASH and low Na + were not 
strictly additive (21 ). The authors speculated that low levels of Na+ attenuated the 
hypotensive effects of K+ in DASH, or high K+ content attenuated the effects of low Na+. 

In an observational 10-15 year follow-up of the trials of TOHP, dietary salt reduction was 
shown to decrease the long-term risk of cardiovascular events by 25% in participants 
with prehypertension (relative risk 0.75, 95% Cl 0.57-0.99, p =0.04) (12). However, 
there was not a statistically significant difference in cumulative mortality risk (12). 

3. Increased Potassium Intake 

High potassium intake prevents 
hypertension induced by high sodium 
intake particularly in African 
Americans 

Among dietary modifications, the 
potential effect of high K+ intake on BP 
lowering was observed in large 
epidemiological studies, as well as in 
small clinical trials. INTERSAL T, a large, 
cross-sectional epidemiologic study done 
in 52 centers in 32 countries showed a 
negative association between 24h K+ 
excretion and systolic BP, which after 
adjustment for age, gender, BMI, alcohol 
consumption and Na+ excretion was 
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Figure 3. Salt loading induced a higher BP rise 
in Blacks than in Whites, which was attenuated 
when K+ intake was increased (23). 

statistically significant in only 3 of 52 centers (14). However, less than 10% of 
participants in INTERSAL T were black and stratification by race was not undertaken 
(14). Previous studies demonstrated that K+ intake may play an important role in salt
sensitive hypertension particularly in black participants (22, 23). In a study by Morris et 
a/., salt-loading increased mean arterial BP by 6.8 mm Hg in black vs. 1.9 mm Hg in 
white participants given a low K+ diet. This effect was attenuated when K+ intake was 
increased (Figure 3) (23). 
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Table 8. Urinary potassium was associated with systolic blood pressure in African 
Americans but not in non-African Americans in the Dallas Heart Study1 

Independent 
Variable 

African American Non-African American 
n = 1,691 n = 1,578 

Parameter Estimate2 P-value Parameter Estimate P-value 
(standard error) (standard error) 

-1.36 (0.44) 0.002 -0.54 (0.37) NS 

1.20 (0.44) 0.007 0.42 (0.39) NS 

Urine [Na+]/[K+] 1. 76 (0.40) <0.0001 1.38 (0.38) 0.0003 
1Models adjusted for adjusted for age, gender, race, diabetes mellitus, smoking, BMI, total 
cholesterol, estimated glomerular filtration rate, and urine albumin/creatinine ratio. 
2Unit for parameter estimates is mm Hg change in systolic BP for one standard deviation change 
in the independent variable. 

We explored the relationship between urinary [K+] and urinary [Na+]/[K+] in 3,303 
participants of the Dallas Heart Study, a population-based, multi-ethnic cohort over
sampled for African Americans (24). About 52% of participants were African American 
and 56% women. Systolic BP increased by 1.31 ±0.33 and diastolic by 0.75 ±0.18 mm 
Hg per 25 mmoi/L decrease in urinary [K+] {p<0.0001 for both models). This association 
remained significant even after adjusting for diabetes mellitus, smoking, BMI, total 
cholesterol, glomerular filtration rate and urine albumin/creatinine ratio. Systolic BP 
increased by 1.66 ±0.28 and diastolic by 1.06 ±0.16 mmHg for each standard deviation 
increase in urinary [Na+]/[K+] (p<0.0001 for both adjusted models). However, after 
stratification by race, the associations between urinary [K+] and both systolic and 
diastolic BP remained significant and were intensified in African Americans but lost 
statistical significance in non-African Americans, suggesting racial differences in 
hypertension pathogenesis as relates to dietary K+ deficiency (Table 8) (25). 

Inclusion of a large proportion of African Americans in trials of K+ intake manipulation is 
particularly important because this racial group not only has a higher prevalence of 
hypertension (26), but also a lower dietary K+ intake than whites, as reported in 
epidemiological studies such as NHANES Ill that estimated mean daily intake in the 
U.S. population (27). Most importantly, African Americans develop complications of 
hypertension, such as stroke, left ventricular hypertrophy, and end-stage kidney 
disease, at disproportionately higher rates (28-30). Therefore this group is at increased 
risk for both hypertension and its adverse consequences, and insight into mechanisms 
that prevent or treat hypertension in this group could provide significant benefits. 

One potential mechanism explaining these racial differences could be over expression 
of long WNK1 (With No Lysine [K]) kinase, a serine-threonine protein kinase with an 
atypical placement of the catalytic lysine. There are at least two isoforms of WNK1: a 
long form expressed ubiquitously, and a truncated form expressed only in the kidney 
(kidney specific or KS-WNK1) (31). A deletion from the first intron of the WNK1 gene 
increases expression of the long isoform and causes familial hyperkalemic hypertension 
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(also called pseudohypoaldosteronism type II or Gordon's Syndrome), which is clinically 
featured by hypertension and hyperkalemia (32, 33). Studies have shown that long 
WNK1 stimulates Na+ reabsorption via the epithelial Na+ channel (ENaC), leads to the 
activation of the thiazide-sensitive Na+-cr co-transporter (NCC) by inhibiting WNK4 (34-
36), and inhibits K+ secretion via the apical K+ channel (ROMK) (31). KS-WNK1 
antagonizes both long WNK1 effects, and therefore, may decrease Na+ retention and 
increase K+ excretion. Importantly, expression of long and KS-WNK1 may be affected 
by variations in dietary K+ intake (31). Dietary K+ restriction in rats increased whole
kidney WNK1 mRNA levels while decreasing that of KS-WNK1, and a high K+ diet 
resulted in the opposite (37). 

Low whole body K+ level 

' K+ excretion 

K+ deficiency 
LO'A' K+ Intake 

Normal whole body K+ level 

1 

Figure 4. Potassium deficiency may cause sodium retention and hypertension via WNK1 (31) . 
(Adapted from Huang CL. Nature Clin Prac Nephrol 2007; 3: 623-630.) 

Therefore, lower dietary K+ intake in African Americans may increase the ratio of long 
WNK1: KS-WNK1 in the kidney. This would result in a reduction of renal K+ secretion to 
conserve K+, but at the expense of increasing renal Na+ reabsorption and leading to salt 
retention and hypertension (31). Alternatively, long and KS-WNK1 may be differentially 
expressed in African American vs. non-African Americans, leading to differences in 
renal K+ handling and development of salt-sensitive hypertension (Figure 4). 

Higher potassium intake decreases BP at least in the short-term in clinical trials 

Several clinical trials reported that increased K+ intake may have a beneficial effect on 
BP (22, 38-51), while other studies did not show a statistically significant difference (52-
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67). However, evidence generally supports the positive effect of higher K+ intake on BP, 
at least in the short-term. Limitations of previous studies included small samples, short
term follow-up, and lack of adjustment for Na+ intake. Heterogeneity of results may also 
be due to low representation of African Americans and decreased efficacy of K+ intake 
in lowering BP when accompanied by low Na+ intake (67). It is also possible that the 
effect of K+ intake on BP is small and not detected easily by clinical trials, but becomes 
clinically relevant from a population-based perspective (67). In a meta-analysis of 33 
randomized controlled trials (N = 2,609), K+ supplementation was associated with a 
significant reduction in systolic BP of 3.1 mm Hg, 95% Cl (1.9, 4.3). The reduction in 
diastolic BP was 2.0 mm Hg (0.5, 3.4). Treatment effects appeared to be enhanced in 
trials where participants were concurrently exposed to a high Na + intake. Men were the 
majority or sole participants in 24 trials, and African Americans were represented in only 
14 (68). In fact, African Americans were the majority or sole participants in only 6 (68). 
Ten trials were of s2 week's duration, with 2 trials of 4 days. 

Another meta-analysis by Geleijnse et a/. excluded studies of <2 weeks or co
intervention from which the effect of Na + or K+ could not be separated (69). A median 
increase in K+ intake of 44 mmol/d led to a decrease of 2.4 mm Hg (95% Cl 3.8, 1.1) in 
systolic BP and 1.6 mm Hg (2.7, 0.5) in diastolic BP (69). Blood pressure response was 
larger in hypertensives than in normotensives. 

In TOHP I, 60 mmol/d K+ supplementation did not have a significant effect on systolic 
BP (66). In addition, the significant 1.18 mm Hg reduction in diastolic BP seen at 3 
months had virtually disappeared at 6 months to 0.26 mm Hg and was statistically non
significant (66). In a large trial of 287 hypertensive men where all but 3 participants were 
white, subjects were maintained on a low Na+ diet and antihypertensive medications 
were withdrawn (67). Participants were randomized to receive either 96 mmol of KCL or 
placebo and followed for 2 years. No significant differences in systolic or diastolic BP 
were observed, and KCI did not reduce the need for medication reinstitution (67). 

4. Weight Loss and Exercise 

Weight reduction was the most effective strategy in lowering BP in TOHP I 

In TOHP I, 2,182 participants aged 30 to 54 years with prehypertension (diastolic BP of 
80 to 89 mm Hg but not on antihypertensives) in 10 centers in the U.S. were included 
(70). Seven interventions were tested: 3 life-style changes - weight reduction, Na+ 
reduction and stress management- compared with unmasked nonintervention controls; 
and four nutritional supplements - potassium, calcium, magnesium and fish oil -
compared singly with placebo controls in double-blind fashion. The follow-up for the life
style changes interventions was 18 months in order to test maintenance of lifestyle 
behavioral changes. Intervention in this component included 8-14 sessions of 
counseling on food selection behaviors aimed at reducing intake of Na+ or calories. The 
weight reduction group encompassed a moderate increase in caloric expenditure which 
included walking briskly for 45 minutes 4-5 times weekly. The stress management group 
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received instruction on methods of relaxation (slow breathing, muscle relaxation, mental 
imagery and stretching), and techniques to mange stress reactions (70). 

Randomi<~:atk>n 
(2164) (18) 

I 
Supplement 

~---------- -------- , r~ ------ ,....------, 

I I I Stage 1 I 

I Weight Sodium Stress Usual ! I Cal~ium Magnesium Pl~ebo 1
1 I Reduction Reduction Management Care ' I (237) (227) (234) 

I (308) (327) (242) (589) l I I 
L--------------- ----1 L-------r------J 

I Washout I 
r -------1------- , 
1 Stage 2 I 
I I I I 
1 Fish Oil Potassium Placebo 1 
1 (175) (176) (175) 1 

L-------------- J 
Figure 5. Randomization of participants to 7 intervention arms in TOHP I (70). 

The nutritional supplement interventions were performed in two 6-month stages 
separated by a washout period (Figure 5), in doses to reflect daily levels of intake that 
could be potentially achieved by diet alone. Interventions respectively included calcium 
carbonate (25 mmol or 1 g of calcium); magnesium diglycine (15 mmol or 360 mg 
magnesium); KCI (60 mmol or 4.5 g); and fish oil (6 g with 3 g of omega-3 fatty acids). 

The primary outcome was change from baseline in diastolic BP. Baseline mean age 
was 43, BP 125/84 mm Hg and BMI 27.6 kg/m2

. Seventy percent were male and only 
15% African American. Of the seven interventions, weight reduction was the most 
effective strategy and produced a net weight loss of 3.9 kg, a diastolic BP change of -
2.3 mm Hg and a systolic BP change of -2.9 mm Hg (P <0.01 for both). Sodium 
reduction was also effective resulting in -44 mmol/24 h urinary excretion (P <0.01 ), 
diastolic BP reduction of 0.9 mm Hg (P <0.05) and systolic BP reduction of 1. 7 mm Hg 
(P <0.01). However, stress management and nutritional supplements did not reduce BP 
significantly, despite good adherence (Figure 6) (70). 

a. 0 
c::c 
r::: -l 

~ -2 
r::: 

Wt Na SM Ca Mg K 

ca -3 
..r::: 
0 -4 -1-------------~ • Systolic BP 

FO 

o Diastolic BP 
-5 ~-----------~----~~ 

Figure 6. Weight loss, followed 
by Na + reduction, was the most 
effective strategy in lowering BP 
(70). 

Wt: weight loss 
Na: sodium reduction 
SM: stress management 
Ca: calcium 
Mg: magnesium 
K: potassium 
FO: fish oil 
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Achieved weight loss was greater in men than in women. The effect on BP was linearly 
associated with the amount of weight lost. Similar to that observed in DASH-Sodium, 
combinations of ~2 lifestyle changes did not have additive effects on BP. After 7 years of 
follow-up, the odds of hypertension was reduced by 77%, OR 0.23 (0.07, 0.76), P=0.02, 
in the weight loss group; and by 35%, OR 0.65 (0.25 to 1.69), P=0.37 in the Na+ 
reduction group compared with controls. These data suggest that weight loss may be 
effective in long-term primary prevention of hypertension (71 ). 

Long-term weight loss and dietary Na+ reduction are difficult to maintain: TOHP II 

The Phase 2 of TOHP was 2 x 2 factorial trial that randomized 2,382 participants from 9 
U.S. centers to one of four groups: weight loss alone, Na+ reduction alone, combination 
of both, or usual care (72) (Table 9). Participants had a diastolic BP of 83-89 mm Hg, a 
systolic BP <140, and a BMI representing 110-165% of desirable body weight. 
Intervention counseling aimed at achievement of desirable weight or a ~4.5-kg weight 
loss (in the weight loss and combined groups) and/or Na+ intake of 80 mmol/d (in the 
Na+ reduction and combined groups). 

Table 9. The 2 X 2 factorial design in the TOHP It Study (72) 
Total Sodium Reduction No Sodium Reduction 

N =2382 Intervention Intervention 
N =1191 N =1191 

Weight Loss Combined Group Weight Loss Group 
Intervention N =597 N =595 

N =1192 
No Weight Loss Sodium Reduction Group Usual Care Group 

Intervention N =594 N =596 
N =1190 

Participants were followed for 36-48 months. Primary outcome was net change in 
diastolic BP. Baseline mean age was 44 years, 66% were men and 18% African 
American. Mean weight was 94 kg, BP 127/86 mm Hg, and 24 hr urinary Na+ 184 mmol. 
Compared to usual care, the weight loss and combined groups had similar weight 
reduction (4.1-4.4 kg) at 6 months (P <0.001 for both) (72). Weight reduction in the Na+ 
alone group was 1.1 kg, 1.2 kg less than usual care (P <0.001 ). However, by 36 months 
weight regain occurred in all groups, resulting in a weight close to baseline in the weight 
loss and combined groups, and a net gain of 2 kg in the Na+ and usual care groups. So 
the net difference in weight reduction between the weight loss/combined groups 
compared with the Na+ alone/usual care groups was only 2 kg (P <0.001 ). Similarly, the 
main effect of the Na intervention fell short of goal, and the net reduction was 48 mmol/d 
in the Na+/combined groups as compared with the weight loss/usual care groups at 6 
months and 40 and 24 mmol/d at 36 months, respectively (P <0.001 for all) (72). 

Compared with the usual care group, BP decreased 3.7/2.7 mm Hg in the weight loss 
group, 2.9/1.6 in the Na group, and 4.0/2.8 in the combined group (P <0.001 for all) at 6 
months (72). However at 36 months, these reductions were attenuated and remained 
statistically significant only for diastolic and systolic BP in the weight loss group and for 
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systolic in the Na+group (weight loss, 1.3/0.9 mm Hg; Na+, 1.2/0.7; combined, 1.1/0.6). 
This trial revealed that long-term interventions for weight loss and dietary Na+ reduction 
are difficult to maintain. In addition, long-term maintenance of weight loss was less 
successful than Na+ reduction. 

Blood pressure reduction was similar to that achieved by drug therapy in DEW-IT 

A three-pronged approach - DASH diet, reduced Na + and weight loss - were 
investigated in the Diet, Exercise and Weight Loss Intervention Irial (DEW-IT), where 
44 hypertensive overweight adults (BMI >25 kg/m2

) on a stable dose of single 
antihypertensive medication or combination pill were randomized to a lifestyle or control 
group for 9 weeks (73). Eligibility criteria included a BP of 130-170/80-100. The lifestyle 
group was fed a hypocaloric version of DASH providing 100 mmol/d of Na+ and 
participated in a moderate-intensity exercise 3 times a week. All food was provided to 
the participants. Caloric intake for the intervention arm was 500 kcal/d less than the 
projected isocaloric needs, expected to result in a weight loss of 1 lb (0.4 kg) per week. 
Increased energy expenditure from the exercise program was expected to result in an 
additional 0.25 lb weight loss per week. So the total expected weight loss was 1.25 lb a 
week or 10 lb (4.5 kg) over the 9-week trial duration. The exercise intervention 
consisted of 30-45 minutes of aerobic exercise 3 days a week. Exercise heart rate goals 
were minimum of 50% and maximum of 75% of maximum heart rate (MHR), based on 
the equation, MHR = 220 - age. Alcohol was limited to 2 drinks/d and caffeine to 3 
beverages/d. Participants were advised to continue taking their antihypertensive 
medication. There were no interventions in the control group (73). 

The primary outcome was mean 24 hr 
ambulatory BP. At baseline, mean a~e was 54 a; 

Lifestyle Group 
~~ .---------------~~~ 

±9 years, BMI was 33.5 ±5.8 kg/m , and BP ~ 

was 138/85 ±1 0/5 mm Hg. Sixty-two percent f 140 

were women and 62% African American. Mean l 
weight loss in the lifestyle group, net of control, '§ 130 

was 4.9 kg. Net mean reduction in 24hr m 
ambulatory BP was 9.5/5.3 mm Hg (p <0.001) f 123 

in the lifestyle group. The largest BP reductions "' 
occurred during the awake hours and net 
daytime BP reduction was 12.1/6.6 mm Hg (p 
<0.001) (Figure 7). Net clinic BP reduction was 
7.4/5.7 mm Hg (P not significant). The main 
conclusions from this study are: 1) BP reduction r 

!. in DEW-IT was similar to that achieved in the 
DASH-Sodium trial in the hypertensive 
subgroup not on antihypertensive medication; 
2) the BP reduction magnitude was similar to 
BP reductions achieved with drug therapy (73). 
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Figure 7. Mean ambulatory BP by hour in the 
lifestyle and control groups in DEW-IT (73). 
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Blood pressure reductions achieved in PREMIER were smaller than expected 

The PREMIER trial investigated the combined effect on BP of DASH plus JNC VI 
"established" recommendations in 810 adults with prehypertension or stage I 
hypertension that were not on drug therapy (74) . Participants were randomized to one 
of 3 groups: 1) established, a behavioral inteNention that implemented established 
recommendations; 2) established plus DASH, which added the DASH diet; and 3) 
advice only comparison group. The advice only group received advice about 
nonpharmacologic factors that affect BP, such as weight, sodium intake, physical 
activity and DASH, during a 30-minute individual session at randomization. 
lnteNentions in the established and established plus DASH group included: 1) weight 
loss of at least 15 lb (6.8 kg) if BMI :?!25; 2) moderate-intensity exercise of at least 180 
min/week; 3) S100 mmol/d of Na+ intake; 4) S2 alcohol drinks/d for men and s1 for 
women. Both groups received 18 face-to-face inteNention counseling contacts. The 
established plus DASH group also received instruction on the DASH diet, but food was 
not provided to participants (74). 

The primary outcome was change in systolic BP from baseline to 6 months. Baseline 
age was 50 ±8.9 years and 62% were women. Percent of African Americans was 34%, 
about Y2 of that in DEW-IT. Mean baseline BP was 134.9/84.8 mm Hg. The mean net 
BP reduction compared with the advice only group 
in was 3.7/1.7 mm Hg for the established group, 
and 4.3/2.6 mm Hg in established plus DASH (P 
<0.001) (Figure 8). Therefore, the addition of 
DASH only provided an incremental 1.7/1.6 mm Hg 
reduction in BP. Corresponding BP reductions for 
hypertensive participants were higher at 4.6/2.0 
and 6.3/3.6 mm Hg, respectively (74). 

Why were BP reductions achieved in PREMIER 
smaller than expected and achieved in previous 
trials? In DEW-IT and DASH, food was provided to 
the participants but in PREMIER, participants 
purchased their own food, so the same intensity of 
inteNention may not have been achieved. For 
example, whereas in DASH 9.6 daily seNings of 
fruits and vegetables were provided to participants, 
in PREMIER daily intake increased from a baseline 
of 4.8 to 7.8 seNings. Also, urine K+ increased by 
102% in DASH, whereas it only increased by 28% 
in PREMIER (75). In addition, 62% of DEW-IT and 
57% of DASH participants were African American, 
whereas only 34% of PREMIER belonged to this 
racial group. Therefore, salt sensitivity, which is 
more prevalent in African Americans, may have 
played a role. Finally, the duration of intervention in 
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PREMIER was 6 months, whereas it was shorter in the other trials: 30 days in DASH 
and 9 weeks in DEW-IT (75). Similarly, the BP reductions in TOHP I were small at 18 
months (70). This may be due to difficulty in maintaining lifestyle changes over a 
prolonged period. 

Both aerobic and resistive exercises are efficacious for reducing blood pressure 

In a meta-analysis of 54 randomized controlled trials whose intervention and control 
groups differed only in aerobic exercise, a total of 2,419 participants were included (76). 
Aerobic exercise was associated with a statistically significant reduction in mean 
systolic BP of -3.8 mm Hg, 95% Cl (-5.0, -2.7) and mean diastolic BP of -2.6 mm Hg (-
3.4, -1.8). Importantly, reduction in BP was not statistically significantly different among 
trials of normotensive vs. hypertensive participants, and among trials in which 
participants were overweight or of normal weight or lost weight or did not lose weight 
during the intervention period (76). 

Another meta-analysis of exercise trials that included a randomized non-exercise control 
group, progressive resistance exercise as the only intervention, and duration of at least 
4 weeks was conducted (77). Eleven studies with a total of 320 participants were 
included (78-88). All of the studies reported that the subjects were previously inactive 
before the start of the investigation. The majority of participants were white and both 
normotensives and hypertensive were included. The meta-analysis reported a mean 
reduction in systolic BP of -3 ±3 mm Hg, 95% Cl (-4, -1) and a mean diastolic BP 
reduction of -3 ±2 mm Hg, 95% Cl (-4, -1) (77). 

5. Moderation in Alcohol Intake 

Trials of alcohol reduction reported inconsistent findings 

Consumption of alcohol was shown to be associated with increased BP in 
epidemiological studies. Clinical trials conducted to investigate the effects of alcohol 
reduction on BP were limited by small sample and reported inconsistent findings (89-
1 03). A meta-analysis of 15 randomized controlled trials in which alcohol reduction was 
the only intervention difference between active and control groups was performed and 
included a total of 2,234 participants (1 04). Men were the majority or sole participants in 
most trials. Seven trials included only hypertensives, 6 only normotensives and 2 both. 
Antihypertensive medications were used in 6 trials. Median length of trials was 8 weeks. 
Seven trials included behavioral interventions, and 8 used low-alcohol beer substitute. 

The alcohol reduction intervention effect ranged from 16-100%, with a median of 76%. 
There was a mean net weight change of -0.42 to -1.0 kg (median -0.56 kg). Overall, 
alcohol reduction was associated with a significant decrease in systolic BP of -3.3 mm 
Hg, 95 % Cl (-2.5, -4.1) and diastolic BP of -2.0 mm Hg (-1.5, -2.6). In addition, there 
was a dose-response relationship between mean percentage alcohol reduction and 
mean BP reduction. Effects were more pronounced in those with higher baseline BP. 
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A more recent large, long-term clinical trial failed to show a significant reduction in BP 
associated with an alcohol treatment 
program (103). The Prevention and 
Treatment of Hypertension Study 
(PATHS) randomized 641 
predominantly male Veterans with an 
average intake of 3 or more alcoholic 
drinks daily and with diastolic BP 80 
to 99 mm Hg to a cognitive
behavioral alcohol reduction 
intervention program or a control 
group for 15 to 24 months. The goal 
of the intervention was the lower of 2 
or fewer drinks daily or a 50% 
reduction in intake. The primary 
outcome measures were changes in 
systolic and diastolic BP through 6 
months. Mean age was 57 years and 
75% were white. Mean BP was 
140/86 mm Hg, BMI 28, and average 
alcohol intake a week before 
randomization was 4.5 drinks/d (439 
g/wk) (103). 

Rates of success in reducing alcohol 
intake by 50% were 44% in the 
intervention and 23% in the control 
group at 6 months, and the average 
difference between groups was a net 
reduction of 1.3 drinks per day. 
Although the reduction in average 
self-reported alcohol intake was 
significantly greater (P <.001) at 
every assessment from 3 to 24 
months in the intervention vs. the 
control group, there were only small 
nonsignificant effects on BP (Figure 
9). There was a 1.2/0.7 mm Hg 
greater reduction in BP in the 
intervention as compared with the 
control group (for each, P=.17 and 
P=.18) at 6 months (103). 
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Reasons for different results in the PATHS trial could include lower alcohol reduction 
intervention effect (overall 29% vs. a median of 76% in the meta-analysis) and longer 
duration of observation. In addition, net weight reduction in alcohol intervention trials 
could have confounded the BP reduction observed. In PATHS, weight declined more in 
the intervention vs. the control group (0.5 kg, P <0.05) at 6 months, but the net weight 
reduction of 1.0 kg at 24 months was not statistically significant in this study. 

SUMMARY 

There is sufficient data to suggest that certain lifestyle modifications, such as weight 
loss and Na+ intake reduction, are efficacious in lowering BP, reducing progression of 
prehypertension to hypertension, and perhaps diminishing long-term risk of 
cardiovascular events (12, 1 05). However, the effectiveness of such lifestyle 
modifications need to be further established in population-based translational studies, 
given that implementation of healthier lifestyles that were proven efficacious is very 
challenging for the general public. For example in both the DASH and the TOHP trials, 
the greatest BP-Iowering effect was seen when Na + intake was reduced to very low 
levels (33-50 mmol/d), a goal that may be difficult to achieve for the general population 
(1 05). One barrier to dietary modifications would be the affordability of a diet rich in 
fruits and vegetables and low in Na+, especially for racial groups where such dietary 
modifications ironically had the greatest impact on BP reduction. Given high levels of 
Na+ in prepared foods and the high percentage of meals eaten outside of the home, in 
order to reach the low Na+ diet goals established in previous studies, individuals would 
have to adopt special food-preparation and food-selection practices which would be 
difficult to maintain (70). Additional motivation would be needed in those with 
prehypertension who do not have to face the alternative of having to take 
antihypertensive medications (70). In addition, previous studies on the relative 
contributions of all dietary Na+ sources suggest that 77% of total Na+ intake was derived 
from processing-added salt, and that cooking and table salt contributed only 11.3% to 
total intake (1 06). These and other similar data suggest that reduction of discretionary 
salt may contribute little to moderation of total Na+ intake in the U.S. (1 06). 

In conclusion, long-term lifestyle interventions (such as weight loss) are difficult to 
maintain, and simultaneous interventions including 2 or more lifestyle changes have 
little effect over and above interventions designed to modify one aspect. The 
intetVentions' effects on BP are as good as if the specific intetVention worked. The 
future challenge is developing and implementing effective clinical and public health 
strategies that lead to sustained lifestyle modification (1 05). 
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