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ABSTRACT 
Hypertension (HTN) or high blood pressure (BP) is among the most prevalent forms of cardiovascular disease and occurs in approxi-
mately one of every three adults in the United States. The purpose of this Evidence Analysis Library (EAL) guideline is to provide an 
evidence-based summary of nutrition therapy for the management of HTN in adults aged 18 years or older. Implementation of this 
guideline aims to promote evidence-based practice decisions by registered dietitian nutritionists (RDNs), and other collaborating health 
professionals to decrease or manage HTN in adults while enhancing patient quality of life and taking into account individual preferences. 
The systematic review and guideline development methodology of the Academy of Nutrition and Dietetics were applied. A total of 70 
research studies were included, analyzed, and rated for quality by trained evidence analysts (literature review dates ranged between 
2004 and 2015). Evaluation and synthesis of related evidence resulted in the development of nine recommendations. To reduce BP in 
adults with HTN, there is strong evidence to recommend provision of medical nutrition therapy by an RDN, adoption of the Dietary 
Approaches to Stop Hypertension dietary pattern, calcium supplementation, physical activity as a component of a healthy lifestyle, 
reduction in dietary sodium intake, and reduction of alcohol consumption in heavy drinkers. Increased intake of dietary potassium and 
calcium as well as supplementation with potassium and magnesium for lowering BP are also recommended (fair evidence). Finally, 
recommendations related to lowering BP were formulated on vitamin D, magnesium, and the putative role of alcohol consumption in 
moderate drinkers (weak evidence). In conclusion, the present evidence-based nutrition practice guideline describes the most current 
recommendations on the dietary management of HTN in adults intended to support the practice of RDNs and other health professionals. 
J Acad Nutr Diet. 2017;-:---. 
 

H

YPERTENSION (HTN) OR 
high blood pressure (BP) is 
one of the most prevalent 
forms of cardiovascular dis-

ease and occurs in approximately one of 
every three adults in the United States.1 

HTN is a major risk for cardiovascular 
disease and stroke.2 HTN is defined as 
having either an elevated systolic BP 
(SBP) and/or diastolic BP (DPB). SBP of 
140 mm Hg or higher and/or DBP of 90 
mm Hg or higher meets this definition 
as well as taking anti-HTN medicine or 
having been told by a physician at least 
twice that one has high BP.3 Untreated 
HTN can lead to a myocardial infarction, 
stroke, renal failure, and death.4 The 
latest American Heart Association 
statistics show that almost 72,000 indi-
viduals died of HTN in 2013 and the 
 

estimated cost of HTN is more than $48 
billion.1 Hence, treatment and preven-
tion of HTN is an important issue for 
the US population from both a health 
and fiscal standpoint. 
Numerous risk factors exist for HTN, 

including age, race or ethnicity, family 
history of HTN, lower education and so-
cioeconomic status, overweight or 
obesity, lower levels of physical activity, 
smoking, sleep apnea, and suboptimal 
dietary intake.1 The purpose of the pre-
sent Academy of Nutrition and Dietetics 
(Academy) Evidence Analysis Library 
(EAL) guideline is to provide an 
evidence-based summary of effective 
practice in the nutrition therapy of HTN 
in adults. Populations included in this 
guideline consist of individuals with 
unhealthy lifestyles, obesity, cardiovas-
cular disease, type 2 diabetes, older 
adults, and African Americans, as these 
populations have a high prevalence of 
HTN.1 However, this guideline does not 
include specific recommendations  for
various races or ethnicities as this 
aspect is beyond the scope of the 
project. Also, the guideline does not 
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address HTN in persons with chronic 
kidney disease, given that nutrition care 
in chronic kidney disease can be complex 
depending on existing comorbidities, 
and this is covered  in  the EAL  chronic
kidney disease guideline (https://www. 
andeal.org/topic.cfm?menu¼5303). In 
addition, other lifestyle modifications or 
adjunct therapies such as stress man-
agement, tobacco cessation, and use of 
anti-HTN medication, although impor-
tant in the management and treatment 
of HTN, are outside the scope of the 
guideline. Practitioners interested in 
more specific information on BP goals, 
special populations, and anti-HTN med-
ications are encouraged to review the 
report from the Panel Members 
Appointed to the Eighth Joint National 
Committee.4 

Using the Nutrition Care Process 
(NCP)5 as a framework for practice, the 
presented recommendations include 
guidance on medical nutrition therapy 
(MNT) and referral to a registered dieti-
tian nutritionist (RDN) for individualized 
nutrition care. Implementation of this 
guideline aims to facilitate evidence-
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based nutrition practice decisions by 
RDNs and other collaborating health 
professionals to decrease/manage HTN 
in adults, reduce variations in practice 
among RDNs, and enhance patient 
quality of life while taking into account 
individual preferences, different life-
styles, and personal goals. 
The EAL evidence-based nutrition 

practice guideline for adults with HTN 
targets the following high-priority 
areas for RDNs: 

MNT 
Vitamin D 
Potassium 
Calcium 
Magnesium 
Sodium 
The Dietary Approaches in Stop-
ping Hypertension (DASH) di-
etary pattern 
Alcohol 
Physical activity 

REVIEW METHODOLOGY 
In 2012, the Academy Evidence-Based 
Practice Committee6 appointed six 
volunteer expert workgroup members 
with relevant HTN clinical and/or 
research experience in the area of HTN 
to update the HTN evidence-based 
nutrition practice guideline originally 
published online in 2008. The guideline 
workgroup also included an Academy 
staff project manager and lead analyst. 
The expert panel identified questions 
that addressed major nutrition-related 
factors for the management of HTN, 
including effectiveness of MNT, vitamin 
D, potassium, calcium, magnesium, 
sodium, the DASH dietary pattern, and 
related weight management, alcohol, 
and physical activity. The expert panel 
conducted a systematic search on the 
effect of the Mediterranean diet on 
HTN. However, the definition of Medi-
terranean diet was inconsistently 
defined in the available literature at the 
time of review. Thus, the expert panel 
did not formulate a recommendation on 
the Mediterranean-style diet. Several 
topics from the previous EAL hyper-
tension guideline (https://www.andeal. 
org/topic.cfm?menu¼5285&cat¼5582) 
were considered, but it was deter-
mined that no new research had been 
conducted since publication of the 
previous project that would add to 
existing knowledge or strengthen cur-
rent recommendations. These topics 
included relationships between HTN, 
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BP, and the intake of B vitamins, vita-
mins C and E, and n-3 fatty acids. The 
workgroup did not complete a sys-
tematic review on physical activity; 
instead, it reviewed and included an 
external guideline7 for the develop-
ment of a consensus recommendation. 
The evidence review focused on 

adults aged 18 years or older with 
HTN. Only studies published in peer-
reviewed journals in the English 
language were considered. Studies 
reporting sample sizes <10 subjects per 
study group or studies with a dropout 
rate of 20% or greater were excluded. 
The workgroup considered studies uti-
lizing multiple study designs, including 
randomized controlled trials (RCTs), 
cross-sectional studies, cohort studies, 
and time control studies, although 
greater weight was placed upon studies 
using an RCT design. Although meta-
analyses were included, primary 
studies reported in those meta-analyses 
were included only once as part of 
those meta-analyses. 
Case study reports were excluded. 

Search dates for the literature review 
ranged from July 2004 to March 2015 
(specific date ranges per search are 
shown in Figure 1 [available online at 
www.jandonline.org]). For those ques-
tions whose evidence base was upda-
ted since the previous EAL guideline 
(ie, sodium, potassium, calcium, and 
magnesium), the beginning search date 
was 1 month before the last search 
date. Using the above criteria, the 
search strategy for each question was 
developed (Figure 1, available online at 
www.jandonline.org), and searches 
were conducted using PubMed. Addi-
tional studies were identified by 
manually searching reference lists of 
review articles, and the American Col-
lege of Cardiology/American Heart As-
sociation (ACC/AHA) Task Force 
Report.7 Also, studies in the previous 
EAL hypertension and sodium projects 
(http://www.andeal.org/), and studies 
in the US Department of Agriculture 
Nutrition Evidence Library cardiovas-
cular systematic review were reviewed 
(Figure 1, available online at www. 
jandonline.org).8 A total of 70 
research studies were included 
(Figure 2), analyzed, and rated for 
quality by trained evidence analysts.9 

The panel and data analyst then sum-
marized the evidence in 13 conclusion 
statements (Figure 3, available online 
at www.jandonline.org). By applying 
N AND DIETETICS 
an iterative expert consensus process,6 

nine major evidence-based recommen-
dations that included 15 recommenda-
tions (Figure 4) were formulated from 
the conclusion statements (Figure 3, 
available online at www.jandonline. 
org). All recommendations were cate-
gorized in the intervention step of the 
Academy’s NCP.5 Recommendations 
were rated as Strong, Fair, Weak, 
Consensus, or Insufficient Evidence, ac-
cording to the Academy’s rating scheme 
of recommendations, and classified (as 
either imperative or conditional).6 The 
guideline was reviewed internally and 
externally during September 2015. The 
external reviewers consisted of an 
interdisciplinary group of 13 health 
professionals who are recognized au-
thorities in HTN. The expert panel 
completed its work through regularly 
scheduled conference calls and a shared 
virtual workspace. 
GUIDELINE 
RECOMMENDATIONS 
The nine major recommendations 
(Figure 4) that make up the 2015 EAL 
evidence-based nutrition practice 
guideline for the management of HTN 
in adults are based on the review9 and 
guideline development6 methodology 
described above. Recommendation 1 
addresses MNT (effectiveness, dura-
tion, and frequency of encounters). 
Recommendations 2 through 6 focus 
on the influence vitamin D, potassium, 
calcium, magnesium, and sodium from 
dietary, and, when applicable, from 
supplemental sources, on BP in adults 
with HTN. The DASH diet is a plant-
based dietary pattern that emphasizes 
the intake of fruit, vegetables, beans, 
whole grains, and low- or nonfat dairy 
with moderate amounts of low-fat 
animal protein (eg, lean meats, 
chicken, and fish). Recommendation 7 
is a summary of related evidence on 
the DASH dietary pattern, including 
the reported influence of DASH on 
weight reduction. Recommendation 8 
describes current knowledge on 
alcohol, and finally recommendation 9 
is a summary of evidence-based stra-
tegies on physical activity that aims to 
incorporate physical activity as a 
component of a healthy lifestyle to 
decrease or manage HTN. The evidence 
summaries (Figure 5, available online 
at www.jandonline.org) formed the 
synthesized evidence base that led to 
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https://www.andeal.org/topic.cfm?menu=5285&amp;cat=5582
https://www.andeal.org/topic.cfm?menu=5285&amp;cat=5582
https://www.andeal.org/topic.cfm?menu=5285&amp;cat=5582
https://www.andeal.org/topic.cfm?menu=5285&amp;cat=5582
http://www.jandonline.org
http://www.jandonline.org
http://www.andeal.org/
http://www.jandonline.org
http://www.jandonline.org
http://www.jandonline.org
http://www.jandonline.org
http://www.jandonline.org
http://www.jandonline.org


FROM THE ACADEMY 

Figure 2. Preferred reporting items for systematic reviews and meta-analyses8 
flow diagram for the Academy of Nutrition and 

Dietetics Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
the conclusion statements (Figure 3, 
available online at www.jandonline. 
org). 

Recommendation 1 
MNT. Guiding Question: In persons 
with HTN, how effective is MNT pro-
vided by an RDN compared with no or 
other interventions on BP? 

Effectiveness of MNT. EAL Recom-
mendation 1.1: MNT provided by an 
-- 2017 Volume - Number -
RDN is recommended to reduce BP in 
adults with HTN. A strong body of 
research indicates that MNT provided 
by an RDN using individual or group 
sessions reduces BP in persons with 
HTN or pre-HTN. Rating: Strong 
(Imperative) 

Duration and Frequency of MNT 
Encounters. EAL Recommendation 
1.2: To reduce BP in adults with HTN, 
RDNs should provide MNT encounters 
JOURNAL OF THE ACA
at least monthly for the first year. After 
the first year, an RDN should schedule 
follow-up sessions at least two to three 
times per year to maintain reductions 
in BP. A strong body of research in-
dicates that reductions in SBP up to 10 
mm Hg and in DBP up to 6 mm Hg 
were achieved during the first 3 
months of MNT provided every other 
week for at least three sessions. Similar 
significant reductions in BP were re-
ported at 6 to 12 months when MNT 
DEMY OF NUTRITION AND DIETETICS 3 
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Recommendation Rating6 

(classification) 

Recommendation 1 
MNTa 

EAL recommendation 1.1: Effectiveness of MNT 
MNT provided by an RDNb is recommended to reduce BPc in adults with HTN. A strong body of research indicates that MNT provided by an RDN 
using individual or group sessions reduces BP in persons with HTN or pre-HTN. 

Strong 
(Imperative) 

EAL recommendation 1.2: Duration and frequency of MNT encounters 
To reduce BP in adults with HTN, the RDN should provide MNT encounters at least monthly for the first year. After the first year, the RDN should 
schedule follow-up sessions at least 2 to 3 times per year to maintain reductions in BP. A strong body of research indicates that reductions in SBPd 

up to 10 mm Hg and in DBPe up to 6 mm Hg were achieved in the first 3 months of MNT provided every other week for at least 3 sessions. Similar 
significant reductions in BP were reported at 6 to 12 months when MNT was provided at least monthly, or with follow-up provided after 5 or more 
sessions. Sustained reductions in BP for up to 4 years were reported when MNT was provided at least 2 to 3 times per year. 

Strong 
(Imperative) 

EAL recommendation 2: Vitamin D 
The RDN should encourage adults with HTN to consume adequate amounts of vitamin D to meet the DRIf . While important for health, vitamin D 
may or may not aid in BP control. Data from observational and intervention studies are inconclusive regarding the association between vitamin D 
status or intake (from supplements or food sources) and BP in individuals with HTN. 

Weak 
(Imperative) 

Recommendation 3 
Potassium 

EAL recommendation 3.1: Dietary potassium 
The RDN should encourage adults with HTN to consume adequate amounts of dietary potassium to meet the DRI to aid in BP control. Research 
indicates that potassium excretion as a marker of dietary intake was inversely associated with BP. In a dietary intervention study, increasing 
potassium intake up to an additional 2,000 mg/d increased the likelihood of DBP control. 

Fair (Imperative) 

EAL recommendation 3.2: Potassium supplementation 
If an adult with HTN is unable to meet the DRI for potassium with diet and food alone, and if not contraindicated by risks and harms, the RDN may 
consider recommending potassium supplementation of up to 3,700 mg/d to aid in BP control. Research indicates that potassium supplementation 
up to approximately 3,700 mg/d reduced SBP and DBP by 3 to 13 mm Hg and 0 to 8 mm Hg, respectively, in adults with HTN. 

Fair (Conditional) 

Recommendation 4 
Calcium 

EAL recommendation 4.1: Dietary calcium 
The RDN should encourage adults with HTN to consume adequate amounts of dietary calcium to meet the DRI to aid in BP control. Research 
indicates that dietary calcium intake of 800 mg or more per day reduced SBP up to 4 mm Hg and DBP up to 2 mm Hg in adults with HTN. 

Fair (Imperative) 

(continued on next page) 

Figure 4. Recommendations of the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based nutrition practice guideline for the management of 
hypertension (HTN) in adults. 
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Recommendation Rating6 

(classification) 

EAL recommendation 4.2: Calcium supplementation 
If an adult with HTN is unable to meet the DRI for calcium with diet and food alone, the RDN may consider recommending calcium supplementation 
of 1,000 to 1,500 mg/d to aid in BP control. A strong body of research indicates that calcium supplementation of 1,000 to 1,500 mg/d reduced SBP 
up to 3.0 mm Hg and DBP up to 2.5 mm Hg in adults with HTN. 

Strong 
(Imperative) 

Recommendation 5 
Magnesium 

EAL recommendation 5.1: Dietary magnesium 
The RDN should encourage adults with HTN to consume adequate amounts of dietary magnesium to meet the DRI. While important for health, 
adequate dietary magnesium may or may not aid in BP control. Results from 2 studies suggest that the relationship between magnesium intake 
from food sources and BP in adults with HTN is unclear. 

Weak 
(Imperative) 

EAL recommendation 5.2: Magnesium supplementation 
If an adult with HTN is unable to meet the DRI for magnesium through food and diet alone, the RDN may consider recommending magnesium 
supplementation of up to 350 mg/d to aid in BP control. Research indicates that magnesium supplementation of 240 mg/d up to 1,000 mg/d 
reduced SBP by 1.0 to 5.6 mm Hg and DBP by 1.0 to 2.8 mm Hg in adults with HTN. 

Fair (Conditional) 

EAL recommendation 6: Sodium 
The RDN should counsel on reducing sodium intake for BP reduction in adults with HTN. Research indicates that lowering dietary sodium intake to 
1,500 to 2,000 mg/d reduced SBP and DBP up to 12 and 6 mm Hg, respectively. 

Strong 
(Imperative) 

Recommendation 7 
DASHg dietary pattern 

EAL recommendation 7.1: DASH diet 
The RDN should counsel on a DASH dietary pattern plus reduced sodium intake for BP reduction in adults with HTN. Research indicates that in 
adults with pre-HTN and HTN, the DASH dietary pattern, compared with the typical American diet, lowered SBP by 5 to 6 mm Hg and DBP by 3 mm 
Hg. Reducing sodium intake in those consuming the typical American diet or DASH diet also lowered BP. DASH in combination with a reduced 
sodium diet lowered BP more than reduced sodium intake alone. The effect was greater in those with HTN. 

Strong 
(Imperative) 

EAL recommendation 7.2: DASH diet and weight reduction 
For overweight or obese adults with HTN, the RDN should counsel on a calorie-controlled DASH dietary pattern for weight management and 
BP reduction. Research indicates that the DASH diet with a sodium range of 1,500 to 2,400 mg/d reduced SBP by 2 to 11 mm Hg and DBP by 
0 to 9 mm Hg in overweight or obese hypertensive adults, regardless of anti-hypertensive medications. DASH plus weight reduction resulted in 
greater reductions in SBP of 11 to 16 mm Hg and DBP of 6 to 10 mm Hg than weight reduction alone. 

Strong 
(Imperative) 

(continued on next page) 

Figure 4. (continued) Recommendations of the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based nutrition practice guideline for the 
management of hypertension (HTN) in adults. 
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Recommendation 8 
Alcohol 

EAL recommendation 8.1: Alcohol intake in moderate drinkers 
If an adult with HTN is a moderate drinker, the RDN should advise that reducing or refraining from alcohol may or may not aid in BP management. 
Research indicates that the effect of alcohol on BP is unclear in moderate drinkers with HTN, since studies in this population yielded contradictory 
results. 

Weak 
(Conditional) 

EAL recommendation 8.2: Alcohol intake in heavy drinkers 
If an adult with HTN is a heavy drinker, the RDN should recommend abstinence from alcohol to aid in BP management. Research indicates that 
abstinence from alcohol resulted in a decrease in SBP of up to 28 mm Hg and a decrease in DBP of up to 18 mm Hg in chronic heavy drinkers with 
HTN. 

Strong 
(Conditional) 

EAL recommendation 9: Physical activity 
The RDN should encourage adults with HTN to engage in regular aerobic activity to lower BP. Physical activity should be of moderate intensity to 
vigorous intensity 3 to 4 times per week for an average of 40 minutes per session. Research indicates that among adult men and women at all BP 
levels, including individuals with HTN, aerobic physical activity decreases systolic BP and diastolic BP, on average by 2 to 5 mm Hg and 1 to 4 mm 
Hg, respectively. Typical interventions shown to be effective for lowering BP include aerobic physical activity of, on average, at least 12-wk duration, 
with 3 to 4 sessions per week, lasting on average 40 minutes per session and involving moderate-intensity to vigorous-intensity physical activity. 

Strong 
(Imperative) 

aMNT¼medical nutrition therapy. 
bRDN¼registered dietitian nutritionist. 
cBP¼blood pressure. 
dSBP¼systolic blood pressure. 
eDBP¼diastolic blood pressure. 
fDRI¼Dietary Reference Intake. 
gDASH¼Dietary Approaches to Stop Hypertension. 

Figure 4. (continued) Recommendations of the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based nutrition practice guideline for the 
management of hypertension (HTN) in adults. 
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was provided at least monthly, or with 
follow-up provided after five or more 
sessions. Sustained reductions in BP for 
up to 4 years was reported when MNT 
was provided at least 2 to 3 times per 
year. Rating: Strong (Imperative) 
Rationale: The effectiveness of MNT 

provided by an RDN on reducing the BP 
of adults with HTN is rated as Strong 
based on 15 studies reported in 17 pub-
lications.10-26 Specifically, these include 
11 randomized crossover trials reported 
in 13 publications, two nonrandomized 
trials,22,24 one prospective cohort 
study,23 and one time control study.25 

These studies provide robust evidence 
that MNT provided by an RDN using in-
dividual or group counseling methods 
reduces BP in persons with HTN or pre-
HTN.10-26 When provided by an RDN, 

diets,10,17,22,23,25 counseling on DASH 
diets,11,12,16-21,23-25 low-sodium weight 

control,12,13,21,23,25,26 national dietary 
recommendations,14 and a 
Mediterranean-style diet15 have led to 
reductions in BP. One to 3 months of 
MNT resulted in reductions of SBP up to 
10 mm Hg and reductions in DBP of up 
to 6 mm Hg when MNT was provided at 
least every other week for at least three 
sessions.10,12-14,26 MNT provided over the 
course of 6 to 12 months resulted in 
similar reductions  in both SBP  and DBP,
with average reductions of 6 mm Hg for 
SBP and 3 mm Hg for DBP when follow-
ups occurred either monthly or after five 

sessions.11,16,24-26 or more These same 
significant reductions in BP were sus-
tained for up to 4 years when MNT was 
provided at least 2 to 3 times per year, 
with an average reduction of 3 mm Hg in 
SBP and 4 mm Hg in DBP.15,18,20,25 Evi-
dence suggests that more frequent MNT  
contact  with an RDN  is  associated  with
significant reductions in BP.20,22 In sum-
mary, MNT provided by an RDN is rec-
ommended to reduce BP in adults with 
HTN and is supported by a strong body 
of evidence. 
Recommendation 2 
Vitamin D. Guiding Question: What 
is the relationship of vitamin D status 
or intake (from supplements or food 
sources) and HTN in adults with HTN? 
EAL Recommendation 2: RDNs 

should encourage adults with HTN to 
consume adequate amounts of vitamin 
D to meet the dietary reference intakes 
(DRIs). Although important for health, 
vitamin D may or may not aid in BP 
-- 2017 Volume - Number -
control. Data from observational and 
intervention studies are inconclusive 
regarding the association between 
vitamin D status or intake (from sup-
plements or food sources) and BP in 
individuals with HTN. Rating: Weak 
(Imperative) 
Rationale: The effect of vitamin D 

status or intake on BP in adults with 
HTN is rated as Weak based on seven 
studies. Specifically, these include 
three observational studies,27-29 three 
RCTs,30-32 and two analyses reported in 
the same publication by Bernini and 
colleagues33 who included one non-
randomized and one noncontrolled 
trial. Cross-sectional studies revealed a 
positive relationship between vitamin 

HTN.27,28 D deficiency and Baseline 
differences in plasma vitamin D levels 
were observed between individuals 
without HTN and with HTN, suggesting 
that vitamin D deficiency (<30 ng/mL) 
was associated with HTN.29,33 

In intervention studies, whereas 
vitamin D supplementation resulted in 
significant increases in serum vitamin 
D levels ranging from 12 to 21 ng/mL 
(30 to 52 mmol/L),30-33 SBP or DBP was 
not significantly impacted in four of 
five trials.30-33 Overall, data from 
observational and intervention studies 
are inconclusive regarding the associ-
ation between vitamin D status or 
intake and BP in individuals with HTN. 
Recommendation 3 
Potassium. Guiding Question (a): 
What is the relationship between po-
tassium intake from food sources and 
BP in adults with HTN? 
Guiding Question (b): What is the 

relationship between potassium intake 
from supplements and BP in adults 
with HTN? 

Dietary Potassium. EAL Recommen-
dation 3.1: RDNs should encourage 
adults with HTN to consume adequate 
amounts of dietary potassium to meet 
the DRI to aid in BP control. Research 
indicates that potassium excretion, as a 
marker of dietary intake was inversely 
associated with BP. In a dietary inter-
vention study, increasing potassium 
intake up to 2,000 mg increased the 
likelihood of DBP control. Rating: Fair 
(Imperative) 
Rationale: The current evidence for 

a relationship between dietary potas-
sium and BP in adults with HTN is rated 
JOURNAL OF THE ACA
as Fair. This recommendation is based 
on evaluation of eight studies including 
five cross-sectional analyses,34-38 one 
case control,39 one RCT,40 and one sec-
ondary analysis of several randomized 
crossover trials.41 Three cross-sectional 
studies revealed that dietary intake of 
potassium ranging from 1,900 to 3,700 
mg (49 to 95 mmol) did not differ be-
tween individuals without HTN and 
those with HTN.35,37,38 However, in one 
cross-sectional study using 24-hour 
urinary potassium excretion as a 
marker of intake, increased potassium 
excretion correlated with lower DBP 
and individuals without HTN were 
shown to consume more potassium 
than individuals with HTN.39 Results 
from two RCTs were inconsistent. In one 
study, increasing dietary potassium 
intake up to an additional 2,000 mg 
(51 mmol) per day was associated with 
maintaining nonpharmacologic control 
of BP and was greatest in those with a 
higher DBP.41 In contrast, nonsignificant 
changes in BP were observed when 
additional dietary potassium of 780 to 
1,560 mg (20 to 40 mmol) per day was 
added to dietary intake.40 

Included in five of these studies was 
an assessment of the relationship 
between the urinary sodium-to-
potassium excretion ratio and 
BP.34-36,38,39 The sodium-to-potassium 
ratio was correlated with BP (either 
SBP or DBP) in both individuals 
without and with HTN in four of these 
studies.34,36,38,39 In particular, signifi-
cant increases were seen in SBP and 
DBP (1.16 mm Hg and 0.84 mm Hg, 
respectively) for each 3-unit increase in 
the urinary sodium-to-potassium 
excretion ratio.34 In conclusion, results 
from six of eight studies showed a 
significant inverse relationship be-
tween potassium intake from food 
sources and BP in adults with HTN. 
Potassium excretion as a marker of 
dietary intake was inversely associated 
with BP in four of five studies. In one of 
two dietary intervention studies, 
increasing potassium intake up to 
2,000 mg above baseline increased the 
likelihood of DBP control. 

Potassium Supplementation. EAL 
Recommendation 3.2: When an adult 
with HTN is unable to meet the DRI for 
potassium with diet and food alone, and 
when not contraindicated by risks and 
harms, RDNs may consider recom-
mending potassium supplementation 
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of up to 3,700 mg (95 mmol) per day to 
aid in BP control. Research indicates 
that potassium supplementation up to 
approximately 3,700 mg (95 mmol) per 
day reduced SBP and DBP by 3 to 13 mm 
Hg and 0 to 8 mm Hg, respectively, 
in adults with HTN. Rating: Fair 
(Conditional) 
Rationale: Current evidence for a 

relationship between potassium intake 
from supplements and BP in hyper-
tensive adults is rated as Fair. Seven 
studies were evaluated, including one 
noncontrolled trial, results of which 
were reported in two publications,42,43 

one nonrandomized trial,44 one RCT,45 

three randomized crossover tri-
als,40,46,47 and one meta-analysis.48 The 
level of potassium supplementation 
varied widely from 780 to 1,560 mg (20 
to 40 mmol),40,44 2,340 mg (60 
mmol),42,43,46 or 3,744 mg (96 mmol)47 

per day for 1 to 6 weeks, and the meta-
analysis included six RCTs that were 8 
weeks or longer.48 In four studies, sig-
nificant reductions in SBP and DBP of 3 
to 13 mm Hg and 0 to 5 mm Hg, 
respectively, were observed with po-
tassium supplementation.42,44,45,47 

However, two RCTs did not observe 
any significant changes over 4 or 6 
weeks.40,47 In the meta-analysis, there 
were large but nonsignificant re-
ductions in SBP and DBP.48 These 
inconclusive effects of potassium sup-
plementation on BP48 were attributed 
to small sample sizes in high-quality 
trials with short durations of follow-
up (8 to 16 weeks). The effects of po-
tassium supplementation were shown 
to increase with aging for SBP9 and the 
effects were greater with higher base-
line SBP and DBP.42 The relationship 
between the urinary sodium-to-
potassium excretion ratio and BP was 
evaluated in one study and it was 
found that 1,170 mg (30 mmol) potas-
sium per day positively reduced SBP 
and the ratio.44 In summary, potassium 
supplementation up to approximately 
3,700 mg per day reduced SBP and DBP 
by 3 to 13 mm Hg and 0 to 8 mm Hg, 
respectively, in adults with HTN. 
Recommendation 4 
Calcium. Guiding Question (a): What 
is the relationship between calcium 
intake from food sources and BP in 
adults with HTN? 
Guiding Question (b): What is the 

relationship between calcium intake 
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from supplements and BP in adults 
with HTN? 

Dietary Calcium. EAL Recommenda-
tion 4.1: RDNs should encourage adults 
with HTN to consume adequate amounts 
of dietary calcium to meet the DRI to aid 
in BP control. Research indicates that 
dietary calcium intake of 800 mg or 
more per day reduced SBP up to 4 mm 
Hg and DBP up to 2 mm Hg in adults with 
HTN. Rating: Fair (Imperative) 
Rationale: The effect of calcium 

intake from food sources on BP in 
adults with HTN is rated Fair based on 
inconsistent evidence from six studies: 
three cross-sectional,37,38,49 one pro-
spective cohort,50 one meta-analysis,51 

and one RCT.52 A significant inverse 
relationship between calcium intake 
and SBP and DBP was observed in 
normotensive, nonmedicated, and 
medicated subjects with HTN38 and in 
participants enrolled in the PREDIMED 
(PREvention with MEDiterranean Diet) 
prospective cohort.50 In a second cross-
sectional study,49 31.5% of post-
menopausal women with HTN had a 
low calcium intake ( 7 dairy servings/ 
wk) compared with 24.3% without HTN 
who had a high calcium intake ( 16 
dairy servings/wk). In a meta-anal-
ysis51 that considered the effect of di-
etary or supplemental calcium on BP, 
an increase in dietary calcium intake 
had a significant lowering effect on SBP 
(e2.56 mm Hg). However, in the Gei-
singer Rural Aging Study, calcium 
intake (contributed by dairy consump-
tion, and not other sources) was not 
significantly different between those 
with or without HTN.37 In addition, a 
reduction in SBP and DBP was observed 
in subjects randomized to diets higher 
in fruits and vegetables regardless of 
dairy intake.52 In conclusion, four of six 
studies demonstrated that dietary cal-
cium intake of 800 mg or more per day 
(primarily from dairy sources) reduced 
SBP up to 4.0 mm Hg and DBP up to 
2.0 mm Hg in adults with HTN. 

Calcium Supplementation. EAL 
Recommendation 4.2: When an adult 
with HTN is unable to meet the DRI for 
calcium with diet and food alone, RDNs 
may consider recommending calcium 
supplementation of 1,000 to 1,500 mg 
(25 to 38 mmol) per day to aid in BP 
control. A strong body of research in-
dicates that calcium supplementation 
of 1,000 to 1,500 mg (25 to 38 mmol) 
N AND DIETETICS 
per day reduced SBP up to 3.0 mm Hg 
and DBP up to 2.5 mm Hg in adults 
with HTN. Rating: Strong (Imperative) 

Rationale: The effect of calcium 
supplementation on BP in adults with 
HTN is rated Strong based on two 
meta-analyses51,53 and one small RCT.54 

In one meta-analysis, calcium supple-
mentation of 1,200 mg (30 mmol) per 
day for an average of 9 weeks lowered 
SBP by 1.8 mm Hg and DBP by 0.99 mm 
Hg in individuals without and with 
HTN.51 Reduction in BP was more 
evident in those with an initial intake 
of calcium <800 mg (20 mmol) per day 
compared with those consuming >800 
mg/day.51 In a second meta-analysis53 

of individuals with HTN, calcium sup-
plementation at 1,100 mg (28 mmol) 
per day for 8 to 15 weeks resulted in a 
significant reduction in SBP (2.5 mm 
Hg), but not in DBP.53 One RCT found 
no reduction in either SBP or DBP with 
use of 1,500 mg (38 mmol) supple-
mental calcium per day for 8 weeks.54 

In summary, two meta-analyses 
demonstrated that calcium supple-
mentation of 1,000 to 1,500 mg/day 
reduced SBP up to 3.0 mm Hg and DBP 
up to 2.0 mm Hg in adults with HTN. 
However, one RCT did not find signifi-
cant effects on BP with calcium 
supplementation. 

Recommendation 5 
Magnesium. Guiding Question (a): 
What is the relationship between 
magnesium intake from food sources 
and BP in adults with HTN? 

Guiding Question (b): What is the 
relationship between magnesium 
intake from supplements and BP in 
adults with HTN? 

Dietary Magnesium. EAL Recom-
mendation 5.1: RDNs should 
encourage adults with HTN to consume 
adequate amounts of dietary magne-
sium to meet the DRI. Although 
important for health, adequate dietary 
magnesium may or may not aid in BP 
control. Results from two studies sug-
gest that the relationship between 
magnesium intake from food sources 
and BP in adults with HTN is unclear. 
Rating: Weak (Imperative) 

Rationale: Supporting evidence for a 
relationship between magnesium 
intake from food sources and BP in 
adults with HTN is rated as Weak, 
based on conflicting results from three 
cross-sectional studies.37,38,55 Small 
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but significant reductions in SBP of 0.98 
mm Hg were observed in individuals 
with higher urinary magnesium excre-
tion,55 but not in those with dietary 
intake at or above the Recommended 
Dietary Allowance for magnesium (280 
mg for women and 350 mg for 
men).37,38 For DBP, significant re-
ductions of 0.63 to 1.04 mm Hg were 
observed in those with higher urinary 
magnesium excretion55 and dietary 
intake above the Recommended Dietary 
Allowance.38 In summary, results from 
these studies suggested that the rela-
tionship between magnesium intake 
from food sources and BP in adults with 
HTN was unclear. 

Magnesium Supplementation. EAL 
Recommendation 5.2: When an adult 
with HTN is unable to meet the DRI for 
magnesium through food and 
diet alone, RDNs may consider recom-
mending magnesium supplementation 
of up to 350 mg (15 mmol) per day to 
aid in BP control. Research indicates 
that magnesium supplementation of 
240 mg (10 mmol) up to 1,000 mg (42 
mmol) per day reduced SBP by 1.0 to 
5.6 mm Hg and DBP by 1.0 to 2.8 mm 
Hg in adults with HTN. Rating: Fair 
(Conditional) 
Rationale: Available evidence for a 

relationship between magnesium sup-
plementation and BP in adults with 
HTN is rated as Fair. Results from three 
studies were evaluated, including one 
nonrandomized trial,56 one random-
ized trial,57 and one meta-analysis of 
12 randomized controlled trials.58 A 
one-time intravenous administration 
of 1,500 mg (63 mmol) magnesium to 
patients with HTN resulted in signifi-
cant decreases of 30 to 50 and 20 to 30 
mm Hg in SBP and DBP, respectively.57 

Magnesium supplementation in com-
bination with lifestyle recommenda-
tions resulted in significant decreases 
of 5.6 and 2.8 mm Hg for SBP and DBP, 
respectively, which were significantly 
higher than reductions in those 
following lifestyle recommendations 
alone.56 In a meta-analysis of 12 ran-
domized controlled trials conducted 
over periods of 8 to 26 weeks, mean 
differences between baseline and 
follow-up were 1.3 mm Hg for SBP 
(nonsignificant) and 2.2 mm Hg for 
DBP.58 Median level of magnesium 
supplementation in these studies was 
400 mg/day (range¼240 to 1,000 mg 
[10 to 42 mmol]).58 Overall, magnesium 
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supplementation of 240 to 1,000 mg per 
day reduced SBP by 1.0 to 5.6 mm Hg 
and DBP by 1.0 to 2.8 mm Hg in adults 
with HTN. 
Recommendation 6 
Sodium. Guiding Question: What is 
the effect of reduced sodium intake on 
BP in adults with HTN? 
EAL Recommendation 6: RDNs 

should counsel on reducing sodium 
intake for BP reduction in adults with 
HTN. Research indicates that lowering 
dietary sodium intake to 1,500 to 2,000 
mg (65 to 87 mmol) per day reduced 
SBP and DBP up to 12 mm Hg and 6 
mm Hg, respectively. Rating: Strong 
(Imperative) 
Rationale: Current evidence sup-

porting the relationship between so-
dium intake and BP in adults with HTN 
is rated as Strong. Results from 13 
studies were evaluated, including one 
nonrandomized trial,59 one case-
control study,39 two randomized 
crossover trials,42,60 three meta-
analyses of RCTs,61-63 and six cross-

studies.35-38,64,65sectional Results 
from all 16 studies demonstrated a 
positive relationship between sodium 
intake and BP in adults with HTN. 
Furthermore, significant decreases in 
BP were observed with reduced so-
dium intake in three studies42,59,60 and 
three meta-analyses of RCTs.61-63 In 
five studies, including two meta-ana-
lyses,60,61 a decrease in dietary sodium 
intake to 1,500 to 2,000 mg (65 to 87 
mmol) per day reduced SBP and DBP 
up to 12 mm Hg and 6 mm Hg, 
respectively. A meta-analysis of four 
studies61 demonstrated that compared 
with a low sodium intake (2,070 mg 
[<90 mmol]), there was a significant 
increase in BP with increasing levels of 
sodium intake in individuals with HTN: 
intakes of 2,070 to 3,656 mg (90 to 159 
mmol) were associated with a SBP/DBP 
increase of 4.65/2.44 mm Hg; intakes 
of 3,657 to 5,700 mg (159 to 248 mmol) 
were associated with an increase in 
SBP/DBP of 6.87/3.61 mm Hg; and in-
takes >5,700 mg (248 mmol) were 
associated with an increased SBP/DBP 
of 10.03/5.55 mm Hg. In conclusion, 
these 13 studies demonstrate a rela-
tionship between sodium intake and 
BP in adults with HTN. In four studies, 
BP increased with higher levels of so-
dium intake. In five studies, including 
two meta-analyses, a decrease in 
JOURNAL OF THE ACA
dietary sodium intake to 1,500 to 2,000 
mg/day reduced SBP and DBP up to 12 
and 6 mm Hg, respectively. 
Recommendation 7 
DASH Dietary Pattern. Guiding 
Question: What is the effect of the 
DASH diet pattern on BP in adults with 
HTN? 

DASH Diet. EAL Recommendation 
7.1: RDNs should counsel on a DASH 
dietary pattern plus reduced sodium 
intake for BP reduction in adults with 
HTN. Research indicates that in adults 
with pre-HTN and HTN, the DASH di-
etary pattern, compared with the 
typical American diet, lowered SBP by 
5 mm Hg to 6 mm Hg and DBP by 3 
mm Hg. Reducing sodium intake in 
those consuming the typical American 
diet or DASH diet also lowered BP. 
DASH in combination with a reduced 
sodium diet lowered BP more than 
reduced sodium intake alone. The ef-
fect was greater in those with HTN. 
Rating: Strong (Imperative) 

Rationale: The effect of DASH on BP 
in adults with HTN is rated as strong 
based on evidence summarized in a 
recent ACC/AHA Task Force Report,7 as 
well as evidence from two randomized 
crossover trials,17,66 six RCTs,67-72 and a 
subanalysis of a data set by Epstein and 
colleagues73 reported by Blumenthal 
and colleagues on the ENCORE (Exercise 
and Nutritional Interventions for Car-
diovascular Health) trial.68 Although 
study methodology varied widely 
among the studies reviewed for this 
recommendation (eg, level of sodium 
reduction and/or intake, whether or not 
dietary advice was included, supple-
mental vs dietary potassium and 
magnesium, or weight reduction 
component), reductions observed in 
SBP ranged from 5 to 25 mm Hg and 
reductions in DBP ranged from 4 to 17 
mm Hg. Nonsignificant differences were 
observed between those receiving anti-
HTN therapy compared with those not 
receiving it while  following the  DASH
diet. In summary, although there were 
no DASH studies on normal weight 
adults with HTN that met the search 
inclusion criteria, the DASH diet with a 
sodium intake of 1,500 to 2,400 mg, 
reduced SBP by 2 to 11 mm Hg and 
DBP by 0 to 9 mm Hg in overweight or 
obese adults with HTN regardless of 
anti-HTN medications. 
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DASH Diet and Weight Reduc-
tion. EAL Recommendation 7.2: For 
overweight or obese adults with HTN, 
RDNs should counsel on a calorie-
controlled DASH dietary pattern for 
weight management and BP reduction. 
Research indicates that the DASH diet 
with a sodium range of 1,500 to 2,400 
mg/day reduced SBP by 2 to 11 mm Hg 
and DBP by 0 to 9 mm Hg in over-
weight or obese adults with HTN, 
regardless of anti-HTN medications. In 
summary, DASH plus weight reduction 
resulted in greater reductions in SBP of 
11 to 16 mm Hg and DBP of 6 to 10 mm 
Hg than weight reduction alone. Rat-
ing: Strong (Imperative) 
Rationale: The effect of DASH on 

weight reduction in overweight and 
obese adults with HTN is based on 
Strong evidence from seven RCTs,67-73 

and two randomized crossover tri-
als.17,66 These nine studies provide evi-
dence that the DASH diet with a sodium 
intake range of 1,500 to 2,400 mg 
reduced SBP by 2 to 11 mm Hg and DBP 
by 0 to 9 mm Hg in overweight or obese 
adults with HTN, regardless of anti-HTN 
medications. DASH plus weight loss 
resulted in reductions in SBP of 11 to 16 
mm Hg and DBP of 6 to 10mm Hg. In 
two studies, the reductions in BP were 
greater in those who lost weight and 
reduced sodium intake compared with 
weight reduction alone suggesting the 
importance multiple lifestyle factors 
have on influencing BP.67,72 In these 
studies, weight loss ranged from 4.9 kg 
over 12 weeks72 and 15 to 16 kg over 6 
months.67 This was also reported in the 
ENCORE trial,68 because DASH plus 
weight reduction improved BP re-
ductions more than DASH alone with 
average weight losses of 8.7 kg over 4 
months. These studies cumulatively 
suggest that a weight loss of 1.5 to 2.5 
kg/month can significantly improve BP 
and are additive to the BP-lowering 
effects of DASH. 

Recommendation 8 
Alcohol. Guiding Question (a): How 
does alcohol intake affect BP in mod-
erate drinkers with HTN? 
Guiding Question (b): How does 

alcohol intake affect BP in heavy 
drinkers with HTN? 

Alcohol Intake in Moderate Drin-
kers. EAL Recommendation 8.1: 
When an adult with HTN is a moderate 
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drinker, RDNs should advise that 
reducing or refraining from alcohol 
may or may not aid in BP management. 
Research indicates that the effect of 
alcohol on BP is unclear in moderate 
drinkers with HTN, because studies in 
this population yielded contradictory 
results. Rating: Weak (Conditional) 
Rationale: Supporting evidence 

investigating the relationship between 
moderate alcohol consumption and BP 
in adults with HTN is rated as Weak. 
Two studies evaluated the effect of 
moderate alcohol intake on BP in 
adults with HTN, including one ran-
domized crossover trial,74 and one 
time-course study.75 Acutely, alcohol 
consumption of 1.0 g/kg can increase 
SBP and DBP by 25 and 15 mm Hg, 
respectively, in individuals with HTN.74 

However, in the time-course study, 
alcohol consumption at dinner resulted 
in a decline in SBP by 15 mm Hg 
compared with the abstinence control 
period.75 In summary, in moderate 
drinkers with HTN, the effect of alcohol 
is unclear. Two studies measuring the 
effect of a relatively high dose of 
alcohol (1 g or 1 mL/kg body weight) 
on BP yielded contradictory results. 
Confounders such as ethnic origin, use 
of sodium restriction and differences in 
measurement times do not allow for 
direct comparison of the two studies. 
More research is needed to discern the 
shorter- and longer-term effect of 
alcohol intake alone, in moderate 
drinkers with HTN. 

Alcohol Intake in Heavy Drinkers. EAL 
Recommendation 8.2: When an adult 
with HTN is a heavy drinker, RDNs 
should recommend abstinence from 
alcohol to aid in BP management. 
Research indicates that abstinence from 
alcohol resulted in a decrease in SBP of 
up to 28 mm Hg and a decrease in DBP 
of up to 18 mm Hg in chronic heavy 
drinkers with HTN. Rating: Strong 
(Conditional) 
Rationale: The evidence describing

the relationship between chronic 
heavy alcohol drinkers and BP in 
adults with HTN is rated as Strong. 
Three studies evaluated effects of 
alcohol withdrawal in chronic heavy 
drinkers with HTN, including one 
beforeeafter study,76 one non-
randomized trial,77 and one time 
course study.78 In patients with HTN 
consuming >200 g/day alcohol on 
average, abstinence resulted in BP 
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reductions ranging from 10 to 28 
mm Hg for SBP, and 7 to 18 mm Hg 
for DBP.77 Further, both 4 and 12 
weeks of alcohol abstinence resulted 
in significant decreases in SBP and DBP 
of 10 to 12 mm Hg and 7 to 8 mm Hg, 
respectively.76,78 In conclusion, there 
were no studies directly examining 
the effect of alcohol intake on BP in 
heavy drinkers with HTN. However, 
three studies in chronic heavy 
drinkers with HTN found that absti-
nence reduced SBP from 10 to 28 
mm Hg and DBP from 7 to 18 mm Hg. 
Recommendation 9 
Physical Activity. EAL Recommen-
dation 9: RDNs should encourage 
adults with HTN to engage in regular 
aerobic activity to lower BP. Physical 
activity should be of moderate in-
tensity to vigorous intensity three to 
four times per week for an average of 
40 minutes per session. Research in-
dicates that among adult men and 
women at all BP levels, including in-
dividuals with HTN, aerobic physical 
activity decreases SBP and DBP, on 
average by 2 to 5 mm Hg and 1 to 4 
mm Hg, respectively. Typical in-
terventions shown to be effective for 
lowering BP include aerobic physical 
activity of, on average, at least 12 
weeks’ duration, with three to four 
sessions per week lasting on average 
40 minutes per session and involving 
moderate-intensity to vigorous-
intensity physical activity. Rating: 
Strong (Imperative) 

Rationale: The recommendation for 
routine physical activity and HTN is 
rated as Strong and is based on the 
ACC/AHA Lifestyle Management 
Guideline.7 The ACC/AHA Lifestyle Full 
Work Group reviewed meta-analyses 
from 2001 onward examining the evi-
dence supporting the use of physical 
activity for BP reduction.7 The ACC/ 
AHA Lifestyle Full Work Group 
compared results of 11 meta-analyses 
targeting physical activity alone vs no 
physical activity or other types of 
intervention and considered a range of 
exercise modalities as well as specific 
subgroups (eg, older persons, post-
menopausal women, and patients with 
coronary heart disease or type 2 dia-
betes mellitus). In summary, inclusion 
of physical activity in the management 
of BP in adults with HTN is strongly 
encouraged. 
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SUMMARY 
The purpose of this guideline is to 
provide an evidence-based summary of 
effective practice in the dietary man-
agement and treatment of HTN in 
adults. HTN management by RDNs is 
effective: Research has shown that 
even 4 years following initial contact, 
BP reductions were sustained.23 

Further, our review of the literature 
clearly indicates that MNT provided by 
an RDN has a substantial influence on 
BP reduction. Indeed, a report from 
2013 indicated that suboptimal dietary 
habits were the leading cause of both 
mortality and disability-adjusted life-
years lost, surpassing even tobacco.79 

More specifically, high dietary salt con-
sumption has been shown to be 
responsible for 102,000 deaths annu-
ally.80 Globally, 1.65 million deaths from 
cardiovascular causes were attributed to 
sodium intake above 2,000 mg/day.81 

The Strong rating received by the 
recommendation on sodium reduction 
supports the importance of working 
with patients and clients on achieving 
the recommended sodium intake in 
their daily consumption. 
Fifteen recommendation statements 

are provided in the guideline and eight 
received a Strong rating.6 These include 
effectiveness of MNT by an RDN and 
frequency of encounters with an RDN, 
reducing sodium intake, use of calcium 
supplementation, following the DASH 
diet alone or in combination with 
weight reduction when appropriate, 
reduced alcohol consumption in heavy 
drinkers, and inclusion of physical ac-
tivity. Four recommendations (on di-
etary and supplemental potassium, 
dietary calcium, and supplemental 
magnesium) received a Fair rating and 
three recommendations (on dietary or 
supplemental vitamin D, dietary mag-
nesium, and moderate consumption of 
alcohol) received a Weak rating.6 

These recommendations are consis-
tent with guidelines made by health 
organizations such as ACC/AHA.7 Spe-
cifically, sodium reduction is beneficial 
to maintaining a normal BP and can 
lower BP in those with HTN. Adoption 
of the DASH dietary pattern, which 
focuses on nutrients such as potassium, 
calcium, and magnesium, is effective in 
lowering BP. Also, it was found that 
overweight or obese individuals who 
adhere to the DASH dietary pattern 
experience weight reduction. Finally, 
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abstinence from alcohol in heavy 
drinkers, as well as inclusion of regular 
physical activity in all individuals, re-
duces BP. Taken together, the current 
EAL evidence-based guideline is 
aligned with evidence summaries by 
the ACC/AHA.7 
Strengths and Limitations 
A defining strength of this work is the 
rigorous and transparent methodology 
used to conduct the systematic review9 

and develop the guideline.6 Although 
this guideline is an excellent tool to 
guide practitioners in working with an 
individual with HTN, for more specific 
information on BP goals, special pop-
ulations, and anti-HTN medications, 
practitioners are referred to the Eighth 
Joint National Committee Report.82 

This guideline only focuses on inter-
vention recommendations and does 
not include assessment or monitoring 
and evaluation steps of the NCP.5 

A limitation of the evidence sup-
porting the current guideline is the lack 
of RCTs in several topics that were 
reviewed. Specifically, additional 
research is needed in pre-HTN and HTN 
populations to determine the relation-
ship between vitamin D status or 
intake in adults with HTN, the effect of 
dietary magnesium and calcium, the 
effect of magnesium supplementation, 
and the optimal range of intake for 
dietary and supplemental potassium 
and calcium to achieve BP control. 
More research is needed to investigate 
the effect of plant-based diets (eg, 
DASH or Mediterranean-style diet83) 
for BP lowering. Further, short- and 
long-term effect of moderate alcohol 
consumption on BP remains under-
investigated. Studies addressing these 
highlighted topics would strengthen 
current recommendations. In addition 
to a lack of studies in this area, we 
chose to use the definitions of moder-
ate and heavy alcohol consumption as 
defined by the study authors. Finally, in 
our systematic review process, we only 
used PubMed as a database for our 
search and therefore we could have 
inadvertently missed relevant studies 
found in other databases. 

IMPLICATIONS FOR PRACTICE 
Effective practice in the dietary man-
agement and treatment of HTN in adults 
includes MNT provided by an RDN. 
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RDNs in inpatient settings should pro-
vide MNT before discharge or referral to 
an outpatient RDN. Outpatient RDNs 
should provide monthly MNT encoun-
ters for the first year, with at least two to 
three encounters the following year 
taking into consideration the extent to 
which the patient’s insurance  covers
MNT for the appropriate International 
Classification of Diseases, 10th revision, 
diagnostic codes.84 MNT provided by an 
RDN centers around the DASH dietary 
pattern with individualized, evidenced-
based nutrition recommendations (eg, 
tailored energy recommendations, 
servings of food groups, and other 
nutrition care factors). The DASH dietary 
pattern emphasizes limiting dietary so-
dium intake while achieving adequate 
dietary potassium, calcium, and mag-
nesium to facilitate the reduction and 
management of SBP and DBP. A sodium 
restriction of 1,500 to 2,400 mg/day is 
recommended based on stage of HTN, 
concomitant conditions or disease 
states, medications, and estimated cal-
orie needs. When suboptimal dietary 
intake of potassium, calcium, and mag-
nesium is anticipated, an RDN should 
recommend dietary supplements to 
achieve the appropriate sex- and age-
based DRI for each of those micro-
nutrients. In overweight and obese 
individuals, the DASH dietary pattern 
(combined with an energy deficit for 
weight loss) is indicated for even greater 
reductions in SBP and DBP. Abstinence 
from alcohol is recommended in heavy 
drinkers (>200 g/day) following 
assessment of nutritional status, 
including possible suboptimal micro-
nutrient intake and absorption. Finally, 
in addition to these nutrition recom-
mendations, physical activity, which 
normalizes BP, should be encouraged 
pending physician approval. 

Supportive resources to educate in-
dividuals in the management and 
treatment of HTN: 

DASH dietary pattern https:// 
www.nhlbi.nih.gov/health/health-
topics/topics/dash 
Managing BP with a heart-
healthy diet http://www.heart. 
org/HEARTORG/Conditions/High 
BloodPressure/PreventionTreatment 
ofHighBloodPressure/Managing-
Blood-Pressure-with-a-Heart-
Healthy-Diet_UCM_301879_Article. 
jsp#.V6yMsk0m7cs 
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FROM THE ACADEMY 
� HTN nutrition therapy, low sodium 
nutrition therapy, sodium-free 
flavoring tips, and the sodium 
(salt) content of foods https:// 
www.nutritioncaremanual.org/ 

HTN is a highly prevalent form of 
cardiovascular disease that negatively 
influences the health of every one in 
three US adults.1 The recommenda-
tions found in this guideline serve as 
an essential foundation for nutrition 
and dietetics practitioners in the area 
of nutrition and HTN in adults. This 
EAL guideline outlines the most cur-
rent information on HTN in the 
context of the NCP5 and provides 
evidence-based practice guidance for 
RDNs and DTRs and other health 
professionals. 
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FROM THE ACADEMY 

Search strategy for: 
In persons with hypertension, how effective is medical nutrition therapy provided by a registered dietitian nutritionist 
compared to no or other interventions on blood pressure? 
Studies were initially identified in PubMed and published in English between July 2004 and July 2013. 
The following syntax was used to identify relevant studies: 

1. Hypertension or blood pressure 
2. Medical nutrition therapy or nutrition counseling and individualized care 
3. Frequency and duration 
4. Dietitian or nutritionist 
5. #2 and #3 or #4 
6. #1 and #5 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: 
What is the relationship of vitamin D status or intake (from supplements or food sources) and hypertension in adults with 
hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and June 2014. 
The following syntax was used to identify relevant studies: 

1. Hypertension or blood pressure 
2. Vitamin D or dietary vitamin D or intake 
3. Serum or plasma vitamin D or status 
4. Vitamin D supplementation 
5. #2 or #3 or #4 
6. #1 or #5 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: 
What is the relationship between potassium intake from food sources and blood pressure in adults with hypertension? What is 
the relationship between potassium intake from supplements and blood pressure in adults with hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and April 2014. 

1. Hypertension or blood pressure 
2. Potassium intake or dietary potassium 
3. Potassium supplementation 
4. #2 or #3 
5. #1 or #4 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: 
What is the relationship between magnesium intake from food sources and blood pressure in adults with hypertension? What 
is the relationship between magnesium intake from supplements and blood pressure in adults with hypertension? 
Studies were initially in PubMed and published in English between January 2004 and June 2014. 

1. Hypertension or blood pressure 
2. Magnesium intake or dietary magnesium 
3. Magnesium supplementation 
4. #2 or #3 
5. #1 and #4 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

(continued on next page) 

Figure 1. Search Strategies for the Academy of Nutrition and Dietetics Evidence Analysis Library evidence-based 
systematic review for the management of hypertension in adults. 
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FROM THE ACADEMY 

Search strategy for: 
What is the relationship between calcium intake from food sources and blood pressure in adults with hypertension? What is 
the relationship between calcium intake from supplements and blood pressure in adults with hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and June 2014. 

1. Hypertension or blood pressure 
2. Calcium intake or dietary calcium 
3. Calcium supplementation 
4. #2 or #3 
5. #1 and #4 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: What is the effect of reduced sodium intake on blood pressure in adults with hypertension? 
Studies were initially identified in PubMed and published in English between January 2007 and March 2015. 

1. Hypertension or blood pressure 
2. Sodium intake or dietary or reduced sodium intake 
3. #1 and #2 

Search strategy for: 
How does alcohol intake affect blood pressure in heavy drinkers with hypertension? How does alcohol intake affect blood 
pressure in moderate drinkers with hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and February 2014. 

1. Hypertension or prehypertension or blood pressure 
2. Alcohol intake 
3. Hypertension risk 
4. #2 or #3 
5. #1 and #5 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: 
What is the effect of the DASH diet pattern on blood pressure in adults with hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and July 2014. 

1. Hypertension or blood pressure 
2. DASH or DASH diet 
3. #1 and #2 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Search strategy for: 
What is the effect of the Mediterranean diet pattern on blood pressure in adults with hypertension? 
Studies were initially identified in PubMed and published in English between January 2004 and June 2014. 

1. Hypertension or blood pressure 
2. Mediterranean diet 
3. #1 and #2 

Filters: adult, human, comparative study, controlled clinical trial, randomized controlled trial, systematic review, meta-analysis 

Figure 1. (continued) Search Strategies for the Academy of Nutrition and Dietetics Evidence Analysis Library evidence-based 
systematic review for the management of hypertension in adults. 
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Question Conclusion statement Grade Nutrition 
Care Process 
step 

Question 1: 
MNTa 

In persons with HTN, how effective is MNT provided by an 
RDNb compared with no or other interventions on BPc? 

MNT provided by an RDN is recommended to reduce BP in adults with 
HTN. A strong body of research10-18,20-25 indicates that MNT provided by 
an RDN using individual or group sessions reduces BP in persons with 
HTN or pre-HTN 

Grade 
I 

Intervention 

Question 2 
Vitamin D 

What is the relationship of vitamin D status or intake (from 
supplements or food sources) and HTN in adults with HTN 

Data from observational27-29 and intervention30-33 studies are inconclusive 
regarding the association between vitamin D status or intake and BP in 
individuals with HTN 

Grade 
III 

Intervention 

Question 3 
Potassium 

Question 3.1 
Dietary potassium 

What is the relationship between potassium intake from 
food sources and blood pressure in adults with HTN? 

Results from 634-36,39,41 of 834-41 studies showed a significant inverse 
relationship between potassium intake from food sources and BP in 
adults with HTN. Potassium excretion as a marker of dietary intake was 
inversely associated with BP in 434-36,39 of 534-36,38,39 studies. In 141 of 
240,41 dietary intervention studies, increasing potassium intake up to 
2,000 mg above baseline increased the likelihood of DBPd control 

Grade 
II 

Intervention 

Question 3.2 
Potassium supplementation 

What is the relationship between potassium intake from 
supplements and blood pressure in adults with HTN? 

In 442,44,45,47 of 740,42-48 studies of adults with HTN, potassium 
supplementation of up to approximately 3,700 mg reduced SBPe and 
DBP by 3-13 mm Hg and 0-8 mm Hg, respectively 

Grade 
II 

Intervention 

(continued on next page) 

Figure 3. Conclusion statements for the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based systematic review for the 
management of hypertension (HTN) in adults. 
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Question Conclusion statement Grade Nutrition 
Care Process 
step 

Question 4 
Calcium 

Question 4.1 
Dietary calcium 

What is the relationship between calcium intake from food 
sources and blood pressure in adults with HTN? 

In 438,49,50,52 of 637,38,49-52 studies of adults with HTN, total dietary calcium 
intake of 800 mg or more per day (primarily from dairy products) 
reduced SBP up to 4.0 mm Hg and DBP up to 2.0 mm Hg 

Grade 
II 

Intervention 

Question 4.2 
Calcium supplementation 

What is the relationship between calcium intake from 
supplements and blood pressure in adults with HTN? 

In 2 meta-analyses52,53 of adults with HTN, calcium supplementation of 
1,000-1,500 mg/d reduced SBP up to 3.0 mm Hg and DBP up to 2.5 mm 
Hg. One randomized controlled trial54 did not find significant effects on 
BP with calcium supplementation 

Grade 
I 

Intervention 

Question 5 
Magnesium 

Question 5.1 
Dietary magnesium 

What is the relationship between magnesium intake from 
food sources and BP in adults with HTN? 

Results from 3 studies37,38,55 suggest that the relationship between 
magnesium intake from food sources and BP in adults with HTN is 
unclear 

Grade 
III 

Intervention 

Question 5.2 
Magnesium supplementation 

What is the relationship between magnesium intake from 
supplements and BP in adults with HTN? 

In 3 studies,56-58 including 1 meta-analysis58 of adults with HTN, 
magnesium supplementation of 240-1,000 mg/d reduced SBP by 1.0-5.6 
mm Hg and DBP by 1.0-2.8 mm Hg 

Grade 
II 

Intervention 

(continued on next page) 

Figure 3. (continued) Conclusion statements for the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based systematic review for the 
management of hypertension (HTN) in adults. 
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Question Conclusion statement Grade Nutrition 
Care Process 
step 

Question 6 
Sodium 

What is the effect of reduced sodium intake on BP in adults 
with HTN? 

Results from 13 studies,35-39,42,59-65 including 3 meta-analyses,61-63 

demonstrate a relationship between sodium intake and BP in adults with 
HTN. In 4 studies,35,36,64,65 BP increased with higher levels of sodium 
intake. In 5 studies,42,59,60,62,63 including 2 meta-analyses,62,63 a decrease 
in dietary sodium intake to 1,500-2,000 mg/d reduced SBP and DBP up to 
12 mm Hg and 6 mm Hg, respectively 

Grade 
I 

Intervention 

Question 7 
Diet patterns 

Question 7.1 
DASHf diet 

What is the effect of the DASH diet pattern on BP in adults 
with HTN? 

The DASH diet with a sodium range of 1,500-2,400 mg, reduced SBP by 
2.0-11 mm Hg and DBP by 0.0-9.0 mm Hg in overweight or obese adults 
with HTN regardless of anti-HTN medications.17,67-71,73 DASH plus weight 
loss resulted in reductions in SBP of 11-16 mm Hg and DBP of 6.0-10 mm 
Hg.67-69,72 There were no studies that met the search inclusion criteria for 
normal weight adults with HTN 

Grade 
I 

Intervention 

Question 7.2 
Mediterranean diet 

What is the effect of the Mediterranean diet pattern on BP in 
adults with HTN? 

Limited evidence from 1 randomized controlled trial83 reports that 
adults with HTN who followed a Mediterranean diet, supplemented 
with either extra virgin olive oil (up to 1 L/wk) or nuts (30 g/d) had 
reductions in DBP up 1.5 mm Hg greater than those following a low-
fat diet 

Grade 
III 

Intervention 

(continued on next page) 

Figure 3. (continued) Conclusion statements for the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based systematic review for the 
management of hypertension (HTN) in adults. 
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Care Process 
step 

Question 8 
Alcohol 

Question 8.1 
Alcohol intake in heavy drinkers 
How does alcohol intake affect BP in heavy drinkers with 
HTN? 

There were no studies directly examining the effect of alcohol intake on BP 
in heavy drinkers with HTN. However, 3 studies in chronic heavy drinkers 
with HTN found that abstinence from alcohol resulted in a decrease in 
SBP of 10-28 mm Hg and a decrease in DBP of 7-18 mm Hg76-78 

Grade 
I 

Intervention 

Question 8.2 
Alcohol intake in moderate drinkers 

How does alcohol intake influence BP in moderate drinkers 
with HTN? 

In moderate drinkers with HTN, the influence of alcohol on BP is unclear. 
Two studies74,75 measuring the effect of a relatively high dose of alcohol 
(1 g or 1 mL/kg body weight) on BP yielded contradictory results. 
Confounders such as ethnic origin, use of sodium restriction, and 
differences in measurement times do not allow for direct comparison of 
the 2 studies. More research is needed to discern the shorter- and longer-
term effect of alcohol intake alone, in moderate drinkers with HTN 

Grade 
III 

Intervention 

aMNT¼medical nutrition therapy. 
bRDN¼registered dietitian nutritionist. 
cBP¼blood pressure. 
dDBP¼diastolic blood pressure. 
eSBP¼systolic blood pressure. 
fDASH¼Dietary Approaches to Stop Hypertension. 

Figure 3. (continued) Conclusion statements for the Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) evidence-based systematic review for the 
management of hypertension (HTN) in adults. 
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Evidence summary NCPa Step 

Question 1 
MNTb: In persons with HTNc , how effective is MNT provided by an RDNd compared with no or other interventions on BPe? 

Intervention 

Evidence summary for question 1 (MNT) 
The effectiveness of MNT for HTN was evaluated using 15 studies in 17 publications (9 positive; 6 neutral quality). 

These included 11 randomized controlled/crossover trials (Appel and colleagues10 [positive quality], Appel and colleagues11 [positive quality], Applegate 
and colleagues12 [neutral quality], Darne and colleagues13 [neutral quality], Eriksson and colleagues14 [neutral quality], Ferrara and colleagues15 [positive 
quality], Goertz and colleagues16 [positive quality], Huggins and colleagues17 [neutral quality], Koopman and colleagues18 [neutral quality], Koopman and 
colleagues19 [neutral quality], Kumanyika and colleagues20 [positive quality], and Noda and colleagues21 [positive quality], Whelton and colleagues26 

[positive quality]), 1 prospective cohort study (Torres and colleagues23 [positive quality]), 2 nonrandomized trials (Rankins and colleagues22 [positive 
quality] and Weinberger and colleagues24 [positive quality]) and 1 time study (Welty and colleagues25 [neutral quality]). 

Patients received individual or group counseling on DASHf diets,10,17,22,23,25 low-sodium diets,11,12,16-21,23,24,26 weight control,12,13,21,23,25,26 national 
dietary recommendations,14 and the Mediterranean diet.15 

Six studies reported on the short-term effectiveness of MNT (shorter than 6 mo), with 3 studies reporting changes in BP after 1 mo of MNT. Goertz and 
colleagues16 reported an average decrease in SBPg of e4.9 mm Hg and in DBPh of e5.6 mm Hg for the RDN group after 4 wk. Huggins and colleagues17 

reported that after 4 wk, the low-sodium, high-potassium diet reduced SBP by e6.2 mm Hg for those on anti-HTN therapy, compared with e2.8 mm Hg 
for those not on anti-HTN therapy (this was greatest for those on renin-angiotensin system blocker therapy (e9.5 mm Hg); on the DASH-type diet, SBP 
was reduced by e1.1 mm Hg overall and by e4.2 mm Hg for those on renin therapy). In addition, Weinberger and colleagues24 reported that SBP was 
reduced by 10 mm Hg and DBP was reduced by 6 mm Hg at Week 4, after receiving 3 visits of individualized dietary counseling with an RDN. 

After 8 wk of MNT, Noda and colleagues21 reported that only participants in Group D, in which participants received 4 counseling sessions, showed 
significant reductions from baseline in SBP (e6 mm Hg) and DBP (e4 mm Hg). Rankins and colleagues22 reported that changes in BP were significant 
only for those in Group 1 who missed 2 or fewer sessions (SBP: e8.4 mm Hg and DBP: e4.3 mm Hg). After 3 mo in the dietary advice group, Koopman 
and colleagues18 reported that there was NSi difference in SBP (e3.2 mm Hg); however, there was a significant decrease in DBP (e3.1 mm Hg). 

Five studies (6 publications) reported on the effectiveness of MNT between 6 mo and 1 y. In the PREMIER (PREMIER: Lifestyle Interventions for Blood 
Pressure Control) trial, Appel and colleagues10 reported mean net reductions in SBP of 3.7 mm Hg in the Established group and 4.3 mm Hg in the 
Established Plus DASH group and in DBP of 1.7 mm Hg in the Established group and 2.6 mm Hg in the Established Plus DASH group; these participants 
received 18 face-to-face intervention contacts (14 group meetings and 4 individual counseling sessions) during the initial 6 mo. Regarding TONE (Trial 
of Nonpharmacologic Intervention in the Elderly), Appel and colleagues11 reported differences between the low-sodium group and usual care group 
of e4.3 mm Hg for SBP and e2.0 mm Hg for DBP, whereas Whelton and colleagues26 reported that changes in SBP (e3.4 0.8 mm Hg in sodium 
reduction, e4.0 1.3 mm Hg in weight loss, e5.3 1.2 mm Hg in combined intervention vs e0.8 0.8 mm Hg in usual care) and DBP (e1.9 0.5 mm Hg 
in sodium reduction, e1.1 0.8 mm Hg in weight loss, e3.4 0.8 mm Hg in combined intervention vs e0.8 0.5 mm Hg in usual care) were 
significantly different in all intervention groups than in the usual care group. Applegate and colleagues12 reported that the intervention group 
experienced a greater reduction in SBP and DBP than did the control group (mean differences between groups at 6 mo were 4.2 mm Hg and 4.9 mm 
Hg, respectively). Darne and colleagues13 reported reductions in BP after hypocaloric diet (SBP: e18 7 mm Hg  and  DBP:  þ6 8 mm  Hg).  At  1  y,  
Eriksson and colleagues14 reported significant changes in BP in the intervention group (SBP: e4.7 10.5 mm Hg and DBP: e3.8 5.0 mm Hg). 

(continued on next page) 

Figure 5. Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

Four studies (5 publications) reported on the effectiveness of MNT beyond 1 y. Koopman and colleagues18 reported that 18 mo after dietary 
intervention, participants still had significant decreases in SBP (e3.7 mm Hg) and DBP (e4.0 mm Hg). Ferrara and colleagues15 reported that after 2 y, 
patients in the lifestyle education program still had lower SBP and DBP than those in usual care. Welty and colleagues25 reported that over a mean 
follow-up period of 2.6 y, SBP was lowered by 3 mm Hg and DBP by 4 mm Hg. Kumanyika and colleagues20 reported that changes in BP were still 
significant for the sodium reduction group at 18 mo (SBP: e3.8 8.1 mm Hg and DBP: e4.4 6.5 mm Hg) and 36 mo (SBP: e0.7 9.0 mm Hg), with goal 
achievement at 18 mo and 36 mo being associated with attendance (<9 vs  9 total in-person contacts; P<0.05). After 4 y, Torres and colleagues23 

reported that subjects in the dietary counseling group had decreases in SBP (e2.36 2.85 mm Hg) and DBP (e2.81 1.67 mm Hg). 

Question 2 
Vitamin D: What is the relationship of vitamin D status or intake (from supplements or food sources) and HTN in adults with HTN? 

Intervention 

Evidence summary for question 2 (vitamin D) 
Eight studies evaluated the relationship between vitamin D intake and status and HTN in adults with HTN. Three observational studies evaluated vitamin 
D status and HTN, including 2 cross-sectional studies (Fiscella27 [positive quality] and Mateus-Hamdan28 [positive quality]) and 1 retrospective cohort 
study (Vacek29 [neutral quality]). Three RCTsj (Larsen and colleagues30 [neutral quality], Wamberg and colleagues31 [neutral quality], and Witham and 
colleagues32 [neutral quality]), and 1 nonrandomized and 1 noncontrolled trial (Bernini and colleagues33 [neutral quality]) investigated the effect of 
vitamin D supplementation on blood levels and concomitant change in BP in individuals with HTN. 

Two of 3 observational studies observed a relationship between vitamin D deficiency and HTN. Results from analysis of more than 7,000 individuals in the 
National Health and Nutrition Examination Survey 2001-200627 (n¼1,984 non-Hispanic blacks and n¼5,156 non-Hispanic whites) showed that 
participants in the lowest quintile of serum vitamin D (2-15 ng/mLk) had mean SBP levels 2.64 mm Hg (2.58-2.70 mm Hg) higher than those in the highest 
quintile (31-80 ng/mLk). In individuals with HTN (24% of the sample), those in the lowest quintile had a statistically significant 6 mm Hg higher SBP than 
those in the highest quintile (significance level not reported). 

In the retrospective cohort analysis of 10,889 individuals seen over a 5.5-y period,29 there was a significantly higher percentage of individuals with HTN 
(36% vs 29%; P<0.0001) who were vitamin D deficient at baseline (<30 ng/mLk). Vitamin D deficiency was associated with HTN (ORl 1.4, 95% CI 1.285-
1.536). Bernini and colleagues33 also observed significant differences in plasma vitamin D levels at baseline between individuals with and without HTN 
(12.6 1.6 ng/mLk vs 20.1 2.5 ng/mLk , respectively; P<0.02). In contrast, a small (N¼284) cross-sectional analysis of elderly inpatients28 did not observe a 
difference in serum vitamin D levels between individuals without HTN (33.54 19.94 nmol/Lk) and those with HTN (35.65 22.8 nmol/Lk). After 
adjustment for covariables, there was no association between serum vitamin D and SBP or DBP. Serum vitamin D was not associated with HTN in 
univariate and multivariate analyses. 

Five intervention trials investigated the effect of vitamin D supplementation on serum or plasma levels, and the associated change in BP. Trials ranged in 
duration from 7 d33) to 1 y32 with moderate durations of 8 wk33 and 20-26 wk.30,31 Studies included 1833-14232 subjects who ranged in age from 18-85 y. 

30Studies included 60%-70% women, with the exception of Bernini and colleagues.33 Baseline vitamin D levels ranged from w1431-23 ng/mLk . 

Four of 5 intervention trials observed significant increases in serum or plasma vitamin D (25[OH]D) levels that ranged from 12-21 ng/mLk . 30-33 Amounts of 
vitamin D were 75-175 mg30 (3,000-7,000 IU) and taken in divided doses throughout the day, or 2,500-7,500 mg (100,000-300,000 IU) given in 1 
administration,32,33 1 of which was every 3 mo for 1 y.32 Taking trial duration into consideration, these amounts would correspond to daily intakes of 18 
g/d32 to 134 mg/d.33 In 1 noncontrolled trial, 0.5 mg calcitriol (1,25[OH]D2) was taken for 7 d, and there was no change in plasma levels.33 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

Treatment dose did not appear to influence change in vitamin D levels. Treatment with 75 mg for 20 wk resulted in a change in serum vitamin D of 21 
ng/mLk from a baseline of 23 12 ng/mLk . A dose of 175 mg provided to obese individuals aged 18-50 y resulted in a change in serum levels of 
33 nmol/Lk to 110 nmol/Lk from a baseline of 34.5 10 nmol/Lk . Administration of 100,000 IU vitamin D once every 3 mo for 1 y resulted in a change of 
18 ng/mLk to 28 ng/mLk from a baseline level of 18 ng/mLk in individuals older than age 80 y, whereas a 1-time administration of 300,000 IU resulted in a 
12-ng/mLk increase from a baseline level of 14.9 ng/mLk . 

In 4 of 5 intervention trials, there were NS changes in SBP of 1-6 mm Hg30-33 and in DBP of 1 mm Hg30 and 8 mm Hg.33 In 1 trial,30 there were significant 
changes in SBP and DBP of 4 mm Hg (P¼0.05) and 3 mm Hg (P¼0.01), respectively, in individuals with baseline vitamin D levels <32 ng/mLk . 

Question 3 
Potassium 

Question 3.1 
Dietary potassium: What is the relationship between potassium intake from food sources and BP in adults with HTN? 

Intervention 

Evidence summary for question 3.1 (dietary potassium) 
The relationship between potassium intake from dietary sources and BP in adults with HTN was investigated in 8 studies, including 5 cross-sectional analyses 
(Hedayati and colleagues34 [neutral quality], Hu and Tian35 [neutral quality], Kwok and colleagues36 [positive quality], Lancaster and colleagues37 [neutral 
quality], and Schroder and colleagues38 [positive quality]), 1 case-control study (Cheung and colleagues39 [positive quality]),1 randomized crossover trial 
(Berry and colleagues40 [positive quality]), and 1 secondary analysis of an RCT (Espeland and colleagues41). Five trials assessed 24-h urinary potassium 
excretion and in 2 of these,39,40 it was used as a marker of compliance. Five trials34-36,38,39 evaluated BP in relation to the urinary sodium:potassium. 

Associations between potassium intake, BP, and HTN 
The associations of dietary intake of potassium with HTN or with BP control were investigated in 4 cross-sectional studies.35,37-39 Three studies with dietary 
intake data35,37,38 showed NS differences in dietary intake of potassium between individuals without and with HTN. Dietary intakes ranged from 
approximately 1,900-3,700 mg potassium. In 2 studies, logistic regression analyses did not show a relationship between dietary potassium intake and 
HTN.35,38 There was no difference in potassium intake among individuals taking medication for HTN whose BP was controlled vs not controlled.38 Two studies 
used urinary potassium excretion as a marker of intake. In 1 study,39 it was significantly correlated with DBP (R¼e0.24; P¼0.05). There were significant 
differences in potassium excretion between those with HTN (40 16 mmol/d) and controls without HTN (551 16 mmol/d), indicating that individuals without 
HTN consumed more potassium. 

Dietary potassium intake and BP in HTN 
With dietary intervention, 1 of 2 studies observed beneficial effects of increasing dietary potassium intake on BP. In a secondary analysis of individuals who 
were randomized to a sodium or energy restriction intervention,41 a 50-mmol (1,950-mg) increase in potassium intake was associated with increased odds for 
DBP control, depending on baseline level: baseline DBP <75 mm Hg (NS), baseline DBP 75-79 mm Hg (OR 2.97, 95% CI 1.04-8.51), or baseline DBP 80-84 mm 
Hg (OR 9.41, 95% CI 1.9-46.69). However, in 1 randomized crossover trial,40 an increase in potassium intake of 780 mg and 1,560 mg from fruit and vegetables 
did not result in significant changes in BP. 

Urinary sodium:potassium and BP 
The relationship between urinary sodium:potassium excretion and BP was evaluated in 5 studies that showed positive relationships in 4 cross-sectional 
studies34,36,38,39 and 1 case-control study.35 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

In 1 cross-sectional study,38 sodium:potassium was directly associated with DBP (P¼0.006) in individuals without HTN and individuals with HTN not taking 
medication. In individuals with HTN taking medication, it was associated with both SBP (P<0.02) and DBP (P<0.05). However, there were also significant 
associations of sodium, but not potassium, with BP.38 In another cross-sectional analysis, urinary sodium:potassium correlated with DBP in patients with HTN 
(R¼0.45; P¼0.002).39 Significant differences in urinary sodium:potassium were observed in older individuals with HTN compared with individuals without 
HTN (4.7 2.8 vs 3.4 2.3; P¼0.02), and the ratio was significantly correlated (R¼0.30) with SBP, but not DBP.36 One analysis found that SBP and DBP increased 
by 1.16 mm Hg and 8.4 mm Hg, respectively, for each 3-unit increase in the urinary sodium:potassium.34 

In a case-control study,35 men with HTN had borderline significantly higher urinary sodium:potassium than men without HTN (3.13 vs 2.99; P<0.06) and 
women with HTN had significantly higher ratios compared with women without HTN (3.34 vs 3.08; P<0.01).The OR for dietary sodium:potassium and HTN was 
1.12 (P¼0.061) in men and 1.18 (P<0.01) in women. 

Question 3.2 
Potassium supplementation: What is the relationship between potassium intake from supplements and BP in adults with HTN? 

Intervention 

Evidence summary for question 3.2 (potassium supplementation) 
The relationship between potassium intake from supplements and BP in adults with HTN was investigated in 7 studies, including 1meta-analysis 
(Dickinson and colleagues48 [positive quality]),48 1 RCT (China Salt Substitute Study Collaborative group45 [positive quality]), 1 nonrandomized trial 
(Franzoni and colleagues44 [positive quality]), 1 noncontrolled trial (He and colleagues42 [positive quality] and Kelly and colleagues43 [positive quality]), 
and 3 randomized crossover trials (Berry and colleagues40 [positive quality], He and colleagues46 [positive quality], and He and colleagues47 [positive 
quality]). Potassium intake was increased by supplementation of 20-40 mmol (780-1,560 mg),40,44 60 mmol (2,340 mg),35,43,46 and 96 mmol (3,744 mg)47 

per day for 1-6 wk or by diet alone.40 One meta-analysis included randomized potassium supplementation trials of individuals with HTN of at least 8-wk 
duration. One trial44 evaluated BP in relation to urinary sodium:potassium. 
Potassium supplementation and BP and HTN 
With potassium supplementation, 4 of 6 studies observed decreases in SBP and DBP ranging from 3-13 mm Hg and 0-5 mm Hg, respectively. In 1 
randomized crossover trial, potassium supplementation of 96 mmol for 1 wk (approximately 3,750 mg) resulted in decreases in SBP of up to 13 mm Hg, and 
in DBP of 5 mm Hg.47 Another RCT45 observed a significant mean difference in SBP between an intervention group receiving a salt substitute (65% sodium 
chloride, 25% potassium chloride, and 10% magnesium sulfate) and a control group (100% sodium chloride) of e3.7 mm Hg (P<0.001). There was also 
evidence that the reduction increased over time (P¼0.001) with a net reduction of 5.4 mm Hg observed at 12 mo. In a nonrandomized trial, there were 
decreases in SBP and DBP, respectively, of up to 12 mm Hg and 7 mm Hg with potassium supplementation of 30 mmol (1,170 mg) for 4 wk.44 In 1 study,43 

reductions in SBP and DBP with potassium supplementation of 60 mmol for 1 wk (2,340 mg) were higher in those with a maternal history of HTN vs those 
with no parental HTN; reductions in SBP and DBP, respectively, were 4.31 mm Hg vs 3.35 mm Hg and 1.8 mm Hg vs 1.35 mm Hg. Another analysis of 
GenSalt42 found that changes in SBP and DBP with potassium supplementation were significantly higher for women vs men for DBP (e2.1 vs e1.52 mm Hg; 
P¼0.007), but not SBP (e4.43 vs e4.45 mm Hg; NS). As age increased, reductions were greater for SBP (<35 y: e3.88 mm Hg; 35-44 y: e4.01 mm Hg; >44 y: 
e5.44 mm Hg, P<0.0001), but not DBP. Reductions with potassium supplementation were greater as BP increased for SBP (P<0.0001) and DBP (P¼0.0002), 
respectively (BP <120/80: e2.89 and e1.14 mm Hg; BP 120/80-139/89: e4.04 and e0.160; BP >140/90: e6.5 and e2.69 mm Hg). 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

However, in 2 randomized crossover trials,40,46 significant changes in SBP or DBP were not observed with potassium supplementation of 40 mmol for 6 wk 
(1,560 mg)40 or 64 mmol for 4 wk (approximately 2,500 mg).46 In a meta-analysis of 6 RCTs of potassium supplementation (range¼48-120 mmol/d; w1,900-
4,700 mg), there were NS decreases in SBP of 3.9-11.2 mm Hg and in DBP of 1.5-5.5 mm Hg. Inconclusive effects of potassium supplementation on BP from 
this analysis were attributed to small sample sizes in high-quality trials and short duration of follow-up (8-16 wk). 

Urinary sodium:potassium and BP 
The relationship between urinary sodium:potassium excretion and BP was evaluated in 1 study,44 which showed a positive relationship in 1 nonrandomized 
intervention trial. 

Potassium supplementation of 30 mmol (1,170 mg) for 4 wk in a nonrandomized trial44 resulted in decreases in office and 24-h SBP of 12 mm Hg and 8 mm 
Hg, respectively, which were positively related (R¼0.58 and R¼0.51; both P values <0.001, respectively) to decreases in urinary sodium:potassium. 

Question 4 
Calcium 

Question 4.1 
Dietary calcium: What is the relationship between calcium intake from food sources and BP in adults with HTN? 

Intervention 

Evidence summary for question 4.1 (dietary calcium) 
The relationship between calcium intake from food sources and BP in individuals with HTN was investigated in 6 studies, including 3 cross-sectional 
studies (Lancaster and colleagues37 [neutral quality], Schroder and colleagues38 [positive quality], and Varenna and colleagues49 [positive quality]), 1 
prospective cohort study (Toledo and colleagues, 200950 [positive quality]), 1 randomized crossover trial (Hilpert and colleagues51 [neutral quality]), and 1 
meta-analysis (van Mierlo and colleagues52 [neutral quality]). The studies investigated relationships between dietary intake of calcium and BP,37,38,49-52 2 
of which evaluated low-fat dairy vs whole-fat dairy intake.50,51 One serving of dairy was considered to provide approximately 300 mg calcium. 

Dietary calcium intake and BP in HTN 
Four of 6 studies suggest that consuming approximately 2-3 servings/d low-fat dairy products may decrease SBP and DBP by 2.5-4.2 mm Hg and 0.5-1.8 
mm Hg, respectively. These included 2 cross-sectional analyses, 1 cross-sectional/longitudinal analysis, and 1meta-analysis. Two studies, including 1cross-
sectional study and 1 RCT, did not find relationships between calcium intake and BP in HTN. 

In 1 cross-sectional38 there were no significant differences in calcium intake between individuals without HTN (987.2 mg), individuals with HTN not taking 
medication (953.8 mg), and individuals with HTN taking medication (963.8 mg). However, there was a significant inverse correlation between calcium intake 
and SBP (P¼0.01), and DBP (P<0.05). Analysis of the medicated HTN group showed that among those whose BP was controlled, calcium intake was 
significantly higher (approximately 90 mg; P<0.05) than those whose BP was not controlled (975.6 mg vs 884.5 mg). The relative risk of inadequate BP 
control for these subjects was reduced by 52% with a calcium intake of more than 800 mg/d in combination with sodium intake <2,400 mg/d (OR 0.48, 95% 
CI 0.24-0.95), but not for either calcium or sodium intake alone. In a cross-sectional analysis of postmenopausal women,49 those with dairy intake of 7 
servings/wk (approximately 300 mg/d) had a higher risk for HTN (OR 1.46; P¼0.00) compared with those who consumed 16 servings/wk (approximately 
675 mg/d). In a cross-sectional analysis after 12 mo of follow-up,50 there was a significant linear trend of lower BP values across quintiles of low-fat dairy 

intake for SBP (P¼0.001) and DBP (P¼0.01). In longitudinal analysis, those in the highest quintile of low-fat dairy intake (631 g/d, approximately 2.5 c; 35 g 
whole-fat dairy) had significantly lower SBP (e4.2 mm Hg) and DBP (e1.8 mm Hg) at 12 mo compared with those in the lowest quintile of low-fat dairy intake 
(<10 g/d; 260 g whole-fat dairy, approximately 1 c). There were no associations between whole-fat dairy consumption and changes in BP. 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

In contrast, a cross-sectional study37 found NS differences when a similar average level of calcium intake over 1 y was consumed by both individuals without 
HTN (629 298 mg) and with HTN (664 298 mg). Meta-analysis of 5 RCTs with HNT effects on BP of increased dietary calcium intake52 found decreases in 
SBP and DBP of e2.56 mm Hg and 1.7 mm Hg, respectively with increased intakes of approximately 355-1,150 mg/d. However, in a randomized crossover 
trial, increased consumption of fruit and vegetables with either 3.4 servings low-fat dairy or 0.4 servings of low-fat dairy resulted in similar decreases in SBP 
and DBP of e12.0 to e12.3 mm Hg and e7.0 to e7.2 mm Hg, respectively. 

Question 4.2 
Calcium supplementation: What is the relationship between potassium intake from supplements and BP in adults with HTN? 

Intervention 

Evidence summary for question 4.2 (calcium supplementation) 
The relationship between calcium intake from supplements and BP in adults with HTN was investigated in 3 studies, including 1 RCT54 and 2 meta-
analyses representing 38 RCTs.52,53 

Calcium supplementation and BP in HTN 
Two of 3 studies investigating the effect of calcium supplementation on BP in individuals with HTN suggest that calcium supplementation of 1 g/d will 
decrease SBP and DBP by 2.5 to 3.2 mm Hg and 0.0 to 2.4 mm Hg, respectively. Both were meta-analysis RCTs. One RCT did not find significant effects of 
calcium supplementation on BP. 

One meta-analysis of RCTs52 that provided a mean dose of 1,200 mg/d found an overall effect on SBP and DBP of e1.86 mm Hg and e0.99 mm Hg, 
respectively, which was not different when those with an initial BP <140/90 mm Hg vs at least 140/90 mm Hg were analyzed separately. Changes were 
greater (2.6/1.3 mm Hg) for those with intake of no more than 800 mg/d, compared with those whose intake exceeded 800 mg/d (0.9/0.63 mm Hg), 
although baseline calcium intake was generally unknown. In a meta-analysis of trials that included only studies of adults with HTN,53 supplementation 
with a mean dose of 1.1 g/d resulted in overall changes in SBP and DBP of e2.5 mm Hg and e0.8 mm Hg (NS). Analysis of parallel trials only showed 
significant reductions in SBP and DBP of e3.2 mm Hg and e2.4 mm Hg, respectively, with 8 wk or more of calcium supplementation, whereas crossover 
trials showed NS reductions of 2.3 mm Hg and 0.28 mm Hg, respectively. 

In a 5-wk RCT, supplementation of 1,500 mg/d calcium, with a constant dietary intake of 500 mg did not result in significant changes in SBP or DBP 
between the intervention and control group.54 

Question 5 
Magnesium 

Question 5.1 
Dietary magnesium: What is the relationship between magnesium intake from food sources and BP in adults with HTN? 

Intervention 

Evidence summary for question 5.1 (dietary magnesium) 
The effect of magnesium intake from food sources on BP in adults with HTN was evaluated in 3 cross-sectional analyses (Kesteloot and colleagues37 

[positive quality], Lancaster and colleagues38 [neutral quality], and Schroder and colleagues55 [positive quality]). 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Evidence summary NCPa Step 

The studies showed conflicting results for the relationship between dietary intake of magnesium and BP in adults with HTN. In a cross-sectional analysis 
of INTERMAP (the International Study of Macro-/Micronutrients and Blood Pressure) study participants (N¼4,679),55 urinary magnesium excretion of 65 
mg (2.69 mmol) above the mean of the sample was associated with a decrease in SBP of 0.98 mm Hg (P<0.05) and in DBP of 1.04 mm Hg (P<0.001). 
Analysis of INTERSALT (International Study of Sodium, Potassium, and Blood Pressure) results showed a significant reduction in DBP of 0.63 mm Hg 
(P<0.001), but not SBP. Dietary magnesium intake was 134.4-154.6 mg/1,000 kcal and the correlation between magnesium intake and urinary 
magnesium excretion was R¼0.21. A cross-sectional analysis37 that included individuals with and without HTN showed no statistical differences in daily 
magnesium intake between those with HTN (241 82 mg) and controls (258 85 mg). Similarly, dietary intakes of magnesium above the Recommended 
Dietary Allowances (>350 mg/d for men and >280 mg/d for women) were not significantly related to HTN.38 

Question 5.2 
Magnesium supplementation: What is the relationship between magnesium intake from supplements and BP in adults with HTN? 

Intervention 

Evidence summary for question 5.2 (magnesium supplementation) 
The effect of magnesium intake from supplements on BP in adults with HTN was evaluated in 2 trials, including 1 nonrandomized controlled trial (Hatzistavri 
and colleagues56 [positive quality]), 1 randomized trial (Bayir and colleagues57 [neutral quality]) and 1 meta-analysis of 12 RCTs through 2004 (Dickinson and 
colleagues58 [positive quality]). In these 3 studies, the effect of magnesium supplementation was evaluated: 1 study57 provided 1,500 mg as a 1-time treatment 
compared with anti-HTN medication or both, 1 study56 provided 1,200 mg magnesium or no supplementation for 12 wk, and the last study58 evaluated 12 
RCTs providing an average of 400 mg (range¼240-980 mg) over a period of 8-26 wk (median¼11 wk). 

In supplementation trials, significant decreases in SBP and DBP have been observed. One-time intravenous supplementation of 1,500 mg magnesium to 
patients with HTN (N¼127, SBP >135 mm Hg and DBP >85 mm Hg) resulted in significant decreases in SBP and DBP of approximately 30-50 mm Hg and 20-30 
mm Hg, respectively, within 60 min of administration, and decreases were NS difference from those seen with anti-HTN medication or combined treatment.57 

Magnesium supplementation of 400-1,200 mg/d over periods of 8-26 wk resulted in smaller, but significant decreases in SBP and DBP. In 1 nonrandomized 
controlled trial,56 supplementation with 1,200 mg magnesium for 12 wk in combination with lifestyle recommendations resulted in significant decreases in SBP of 
5.6 0.7 mm Hg (P<0.001) and in DBP of 2.8 1.8 mm Hg (P¼0.02). These decreases were significantly different from those who received lifestyle recommendations 
only (e1.3 mm Hg SBP and e1.0 mm Hg DBP). A meta-analysis of 12 RCTs58 that included 545 individuals provided a mean dose of magnesium supplement of 
approximately 400 mg (range¼240-1,000 mg) for 8-26 wk (median¼11 wk), For all trials, there was a NS mean difference in SBP of 1.3 mm Hg and a significant 
decrease in DBP of 2.2 mm Hg at follow-up compared with control. Nine parallel trials showed NS mean differences in SBP and DBP of 0.3 mm Hg and 2.0 mm Hg at 
follow-up compared with control, respectively, whereas results of 3 crossover trials showed significant mean differences of 3.5 mm Hg and 2.0 mm Hg, respectively. 

Question 6 
Sodium: What is the effect of reduced sodium intake on BP in adults with HTN? 

Intervention 

Evidence summary for question 6 (sodium) 
The effect of sodium intake on BP in individuals with HTN was investigated in 13 studies, including 6 cross-sectional studies (Hu and Tian35 [neutral 
quality], Khaw and colleagues36 [neutral quality], Kwok and colleagues37 [positive quality], Lancaster and colleagues38 [neutral quality], Mente and 
colleagues64 [positive quality], and Schroder and colleagues65 [positive quality]), 1 case-control study (Cheung and colleagues39 [positive quality]), 1 
nonrandomized controlled trial (Kojuri and colleagues59 [positive quality]), 2 randomized crossover trials (He and colleagues42 [positive quality] and 
Jablonski and colleagues60 [positive quality]), and 3 meta-analyses (Graudal and colleagues61 [positive quality], Graudal and colleagues62 [positive 
quality], and He and colleagues63 [positive quality]). 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Associations between sodium intake, BP, and HTN risk in individuals with HTN 
Positive relationships between sodium intake, BP, and HTN risk were observed in 5 of 6 cross-sectional studies and the case-control study. Individuals 
with HTN had significantly higher sodium:potassium than those without HTN (4.7 2.8 vs 3.4 2.3; P¼0.02).36 Individuals with HTN also had significantly 
higher sodium intake than those without HTN, and risk for HTN was associated with sodium intake (OR 1.07; P<0.05) and sodium:potassium (OR 
men¼1.12; P¼0.061 and women¼1.18; P<0.01).35 Sodium intake <2,400 mg/d (104 mmol) decreased risk for HTN by 52% in nonmedicated individuals 
with HTN).38 Compared with sodium intake of 220 mmol/d (5,060 mg/d), intake of 80 mmol/d (1,840 mg/d) was associated with differences in SBP and 
DBP of e7.2 mm Hg and e3.0 mm Hg, respectively. Further, for those with sodium intake of 220 mmol/d, the OR for having an SBP >150 mm Hg was 
2.48 for men and 2.67 for women compared with sodium intake of 80 mmol/d.64 Each 1-g increment in estimated sodium excretion was associated with 
an increase in SBP of 2.48 mm Hg.65 In a case-control study39 of untreated individuations with and without HTN, DBP but not SBP was significantly 
correlated with 24-h urinary sodium in individuals with but not without HTN (R¼0.34; P<0.001). Each 10-mmol (230 mg) increase in sodium intake was 
associated with a 6-mm Hg increase in DBP and sodium intake accounted for 17% of the variance in DBP. In 1 study,37 dietary intake of sodium by 
individuals without HTN was significantly higher than diagnosed individuals with HTN (2,962 969 mg vs 2,540 938 mg; P¼0.003). 

Effect of reduced sodium intake on BP in individuals with HTN 
Significant decreases in BP were observed with reduced sodium intake in 1 nonrandomized controlled trial,59 2 randomized crossover trials,60,66 and 3 
meta-analyses of RCTs conducted since 1948.61-63 

In a nonrandomized controlled trial,59 decreases in daytime SBP of 12 mm Hg and in DBP of 6 mm Hg were observed in patients with HTN who 
followed a no-added-salt diet compared with increases of 5 mm Hg and 2.5 mm Hg in controls. There was a reduction in urinary sodium of 37 mmol/dL 
(850 mg/dL) the intervention group (P<0.001) from a median baseline of 132 mmol/dL (approximately 3,000 mg/dL) to a median of 110 mmol/dL 
(approximately 2,500 mg/dL), whereas there was an increase in sodium excretion for controls. In 2 randomized crossover trials, there were decreases of 
12 mm Hg for SBP (P<0.05), and 4-6 mm Hg (NS)60 to 7 mm Hg (P<0.05).42 for DBP during the low-sodium diet compared with the high-sodium diet. 
Low-sodium and high-sodium intakes were 1,150 mg and 7,000 mg (50 mmol and 304 mmol)42 and 1,700 mg and 3,300 mg (74 mmol and 143 mmol),60 

respectively. There was a greater effect of sodium reduction as BP increased; a baseline BP <120/80 mm Hg was associated with a decrease of 3.28/1.46 
mm Hg (P<0.01); a baseline BP 120/80-139/89 mm Hg, was associated with a decrease of 7.57/4.02 mm Hg (P<0.01); and a baseline BP higher than 140/ 
90 mm Hg, was associated with a decrease from 11.8 mm Hg to 6.4 mm Hg (P<0.01).42 

Results from 2 meta-analyses of RCTs found significant decreases in BP with sodium reduction. Graudal and colleagues62 analyzed RCTs that randomized 
to low (mean¼71 mmol [1,633 mg]) or high-sodium diets (mean¼196 mmol [4,508 mg]), with median sodium reductions of 94 mmol (2,162 mg) per 24 h 
and median duration of 28 d. In individuals with HTN, reductions in SBP and DBP were from 5.48 mm Hg to 2.75 mm Hg for whites, from 6.44 to 2.4 mm 
Hg for blacks, and from 10.21 to 2.60 mm Hg for Asians. In a subanalysis of trials >4 wk in duration, decreases in SBP and DBP were 4.18 mm Hg and 2.59 
mm Hg, respectively. Another analysis of 7 trials with weekly BP measurements did not show significant differences after initiation of sodium reduction.61 

He and colleagues,63 analyzed 34 RCTs, of which 22 included individuals with HTN. Trials were a median duration of 5 wk, with random allocation to 
either usual sodium intake or a modest reduction ranging from 40-120 mmol (920-2,760 mg) for at least 4 wk. Median sodium reduction was 75 mmol 
(1,725 mg) from baseline of 162 mmol (3,726 mg) and median reductions in SBP and DBP were 5.39 mm Hg and 2.82 mm Hg, respectively. A 100-mmol 
(2,300 mg) decrease in urinary sodium excretion was associated with a 10.8 mm Hg decrease in SBP. 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Sodium dose and BP response 
A meta-analysis of 4 studies61 in individuals with HTN showed that compared with a low-sodium intake (<90 mmol [2,070 mg]), there was a significant 
increase in BP with increasing levels of intake: intake of 90-159 mmol (2,071-3,656 mg) was associated with BP increase of 4.65 mm Hg/2.44 mm Hg 
(P<0.01); intake of 159-248 mmol (3,657-5,700 mg) was associated with an increase in BP of 6.87/3.61 mm Hg (P<0.01); and intake >248 mmol (5,700 
mg) was associated with an increased in BP of 10.03/5.55 mm Hg (P<0.01). 

Question 7 
Diet patterns 

Intervention 

Question 7.1 
DASH diet: What is the effect of the DASH diet pattern on BP in adults with HTN? 

Evidence summary for question 7.1 (DASH diet) 
The effect of the DASH diet on BP in adults with HTN was evaluated in 2 RCTs (Al-Solaiman17 [positive quality] and Huggins and colleagues66 [neutral 
quality]), and 6 RCTs (Azadbakht and colleagues67 [positive quality], Blumenthal and colleagues68 [positive quality], Elmer and colleagues69 [positive 
quality], Kirpizidis and colleagues70 [positive quality], Nowson and colleagues71 [neutral quality], and Nowson and colleagues72 [positive quality]). One 
study (Epstein and colleagues73 [positive quality]) conducted a subanalysis of data reported by Blumenthal and colleagues68 on the ENCORE (Exercise 
and Nutritional Interventions for Cardiovascular Health) trial. In 2 studies, DASH was compared with interventions that increased potassium and 
magnesium intake through supplementation66 or by diet.17 Four studies included a weight-reduction component.67-69,72 Three trials included sodium 
reduction to 1,500 mg,17,70,71 2 kept intake at 3,000-3,600 mg/d,66,72 and the remaining trials limited intake to 2,300-2,800 mg/d. 

Two RCTs70,71 evaluated DASH compared with controls who received no dietary advice70 or advice on a healthy diet including sodium reduction.71 

Reductions observed in SBP ranged from 5-25 mm Hg and those observed in DBP ranged from 4-17 mm Hg. NS differences were observed between 
those receiving or not receiving anti-HTN therapy. 

In 2 crossover trials, the DASH diet resulted in significant reductions in SBP and DBP of 2.5-7.5 mm Hg and 0-4 mm Hg, respectively. Relative to 
potassium, magnesium, and fiber supplementation, the DASH diet resulted in a 6- and 4-mm Hg greater reduction in SBP and DBP, respectively.66 Intake 
of potassium, magnesium, and fiber during the supplementation and the DASH diet phases showed some statistical differences but were relatively 
similar to each other vs the control intakes; intakes during the control period were significantly lower than both intervention periods. Sodium intake was 
around 3,600 mg/d during all phases. In contrast, dietary advice to increase intake of foods high in potassium and magnesium and decrease sodium 
intake to approximately 1,500 mg17 vs the DASH diet with approximately 2,600 mg sodium resulted in similar significant reductions of 2.4-2.8 mm Hg SBP 
and NS changes in DBP. Urinary potassium and magnesium excretion were similar during each diet intervention period and were significantly different 
from the control period. 

Four trials evaluated the effect on BP of a DASH diet in combination with weight-reduction diet. Three trials67,69,72 compared DASH plus weight reduction 
to weight reduction alone, of which 267,69 also included a usual care or advice-only control group. One trial compared DASH plus weight reduction with 
DASH alone.68 DASH plus weight reduction led to decreases in BP that ranged from around 8-16 mm Hg for SBP and 5-10 mm Hg for DBP, all of which 
were significant compared with baseline72 or to controls.67-69 DASH plus weight reduction resulted in significantly greater differences in BP reductions, 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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compared with controls, than weight reduction alone in 2 studies67,72 and were 8-12 mm Hg for SBP and 2-6 mm Hg for DBP. In 1 study,69 DASH plus 
established recommendations (weight reduction and sodium reduction) was compared with established recommendations only.69 There were NS 
differences in BP changes between the 2 groups: reductions ranged from 10-11 mm Hg for SBP and 6.5-7.5 mm Hg for DBP. In the ENCORE trial,68 DASH 
plus weight reduction resulted in significantly greater reductions in SBP and DBP of 5.0 mm Hg and 2.5 mm Hg compared with DASH alone. In this trial, 
greater adherence to the DASH diet was associated with larger BP reductions independent of weight loss.73 In 1 trial,71 weight loss explained 7% and 6%, 
respectively, of the variance in SBP and DBP reduction with a DASH diet compared with a reference healthy diet, although weight loss was not a 
component of the intervention. 

Question 7.2 
Mediterranean diet: What is the effect of the Mediterranean diet pattern on BP in adults with HTN? 

Intervention 

Evidence summary for question 7.2 (Mediterranean diet) 
The effect of a Mediterranean diet on BP in adults with HTN was evaluated in 1 RCT (Toledo and colleagues83 [positive quality]). The trial included 
individuals with metabolic syndrome, of whom 83% had HTN, who were followed for 4 y. BP was a secondary outcome of the trial. Participants consumed 
a traditional Mediterranean diet supplemented with EVOOm 1 L/wk or with 30 g nuts per day, or a low-fat control diet. There were significant reductions 
in SBP of approximately 4 mm Hg and in DBP of approximately 2-3 mm Hg. There were NS differences for changes in SBP between either intervention 
group vs the control group. Changes in DBP were e1.51 mm Hg (P<0.001) and e0.65 mm Hg (P<0.01) for Mediterranean þ EVOO and Mediterranean þ
nuts, respectively, vs control. 

Question 8 
Alcohol 

Intervention 

Question 8.1 
Alcohol intake in heavy drinkers: How does alcohol intake affect BP in heavy drinkers with HTN? 

Evidence summary for question 8.1 (alcohol intake in heavy drinkers) 
Three studies evaluated effects of alcohol withdrawal in chronic heavy drinkers with HTN, including 1 beforeeafter study (Baros and colleagues76 [positive 
quality]), 1 nonrandomized trial (Soardo and colleagues77 [positive quality]), and 1 time-course study (Stewart and colleagues78 [neutral quality]). 

In patients with HTN consuming 200þ g alcohol per day on average, abstinence resulted in BP decreases ranging from 10-28 mm Hg for SBP, and 7-18 mm Hg 
for DBP. In 1 study, individuals who abstained from drinking saw decreases in SBP and DBP of 28 mm Hg and 18 mm Hg after 30 days, respectively, whereas 
individuals who did not stop drinking saw no changes.77 In another study, individuals who reported any drinking over a 12-wk period76 saw only a NS 1 mm Hg 
decrease in both SBP and DBP compared with decreases of 10 mm Hg and 7 mm Hg, respectively, in those who abstained completely. One study78 observed 
significant decreases in SBP and DBP of 12 mm Hg and 8 mm Hg after 4 wk, respectively, only in those whose SBP and DBP were above the study median 
(132 mm Hg and 84 mm Hg, respectively). 

(continued on next page) 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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Question 8.2 
Alcohol intake in moderate drinkers: How does alcohol intake affect BP in moderate drinkers with HTN? 

Intervention 

Evidence summary for question 8.2 (alcohol intake in moderate drinkers) 
Two studies evaluated the effects of moderate alcohol intake on BP in adults with HTN, including 1randomized crossover trial (Hering and colleagues74 

[neutral quality]), and 1 time study (Kawano and colleagues75 [neutral quality]). One study evaluated acute effects of alcohol consumption in patients with 
HTN compared with individuals without HTN,74 and 1 short-term time study75 evaluated effects in individuals with HTN of repeated alcohol consumption for 
1 wk compared with a 1-wk period of abstinence before the alcohol consumption phase, with sodium intake of 120 mmol (2,760 mg) during all phases. 

In the study of acute effects of alcohol consumption, intake of 1.0 g/kg resulted in a significant increase in SBP of 25 mm Hg and in DBP of 15 mm Hg 10 min 
after consumption compared with no change with placebo in 13 individuals with HTN. There was no increase in BP after alcohol consumption or placebo in 
11 individuals without HTN.74 In the time study, a 3-d control phase of no alcohol consumption preceded a 7-d observation of repeated effects of alcohol 
intake of 1 mL/kg at dinner, followed by a 3-d recovery of no alcohol; energy and sodium intake of 1,600 kcal and 120 mmol (2,760 mg) respectively, were 
constant throughout the study. There were no changes in 24-h average BP. However, after alcohol consumption at dinner, SBP decreased significantly by 15 
mm Hg each evening compared with the abstinence control period, returning to normal during 3 d when alcohol intake was discontinued. There tended to 
be no statistical increases in SBP of 5 mm Hg each afternoon during the alcohol intake phase. 

aNCP¼Nutrition Care Process. 
bMNT¼medical nutrition therapy. 
cHTN¼hypertension. 
dRDN¼registered dietitian nutritionist. 
eBP¼blood pressure. 
fDASH¼Dietary Approaches Against Hypertension. 
gSBP¼systolic blood pressure. 
hDBP¼diastolic blood pressure. 
iNS¼nonsignificant. 
jRCT¼randomized controlled trial. 
kTo convert ng/mL vitamin D to nmol/L, multiply ng/mL by 2.496. To convert nmol/L vitamin D to ng/mL, multiply nmol/L by 0.401. 
lOR¼odds ratio. 
mEVOO¼extra-virgin olive oil. 

Figure 5. (continued) Evidence summaries of the Evidence Analysis Library evidence-based systematic review for the management of hypertension in adults. 
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