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Dietary Patterns and Blood Pressure in Adults: A
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Hypertension is a major risk factor for developing cardiovascular disease, stroke, and kidney disease. To lower blood pressure (BP), several lifestyle
changes are recommended such as weight loss, exercise, and following a healthy diet. Investigating the effect of single nutrients may have
positive results, but food is consumed as part of a whole diet, resulting in nutrient interactions. The aim of this systematic review and meta-
analysis was to assess the effect of dietary patterns on BP in adults. Studies that were published between January 1999 and June 2014 were
retrieved using Scopus, Web of Science, and the MEDLINE database. Seventeen randomized controlled trials were included in the meta-analysis.
The results suggest that healthy dietary patterns such as the Dietary Approaches to Stop Hypertension diet, Nordic diet, and Mediterranean diet
significantly lowered systolic BP and diastolic BP by 4.26 mm Hg and 2.38 mm Hg, respectively. These diets are rich in fruit, vegetables, whole
grains, legumes, seeds, nuts, fish, and dairy and low in meat, sweets, and alcohol. Lifestyle factors such as exercise and weight loss in combination
with dietary changes may also reduce BP. Further research is needed to establish the effect of dietary patterns on BP in different cultures other

than those identified in this review. The review was registered on PROSPERO (International prospective register of systematic reviews) as

CRD42015016272. Adv Nutr 2016;7:76-89.
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Introduction

Hypertension or high blood pressure (BP)® is a major risk
factor for developing cardiovascular disease (CVD), stroke,
and kidney disease, and it affects ~1 billion people globally
(1). In 2001, high BP was said to cause ~54% of strokes,
47% of ischemic heart disease, 75% of hypertensive disease,
and 25% of other CVDs, leading to ~7.6 million deaths
worldwide (2). It has been estimated that lowering systolic
BP (SBP) and diastolic BP (DBP) in the US population by
5.0 and 3.0 mm Hg, respectively, would result in a 15% re-
duction in the incidence of coronary artery disease and a
27% reduction in stroke incidence (3). Conversely, an in-
crease of 20 mm Hg in SBP and 10 mm Hg in DBP in adults
aged 40-70 y has been estimated to double the risk of devel-
oping CVD (1).
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There are various approaches to dealing with high BP in
the community. The report from the Eighth Joint National
Committee on recommendations for the management of
high BP (4) endorses the lifestyle changes recommended
by the Lifestyle Work Group (5). These include weight loss
for those who are overweight or obese, engaging in regular
physical activity, following a healthy eating plan such as
the Dietary Approaches to Stop Hypertension (DASH)
diet, and reducing dietary sodium intake.

The question of the relative effects of whole lifestyles, di-
etary patterns, and single nutrients drives a number of areas
of research. Numerous studies, including randomized con-
trolled trials, have investigated the effect of single nutrients
on BP. For example, a recent meta-analysis demonstrated
that a reduction of salt (sodium chloride) intake to a
mean of 4.4 g/d (1716 mg sodium/d) led to a reduction
in BP by 5/3 mm Hg in hypertensive subjects and 2/
1 mm Hg in normotensive subjects (6). Similarly, a large
meta-analysis involving 29 randomized clinical trials
showed that increased potassium intake of =20 mmol/d
(=780 mg/d) led to a reduction by 4.9 mm Hg and
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2.7 mm Hg in SBP and DBP, respectively, without the use
of antihypertensive medication (7). Although investigat-
ing the effect of single nutrients on BP may be informa-
tive, these nutrients are delivered in food, and food is
usually consumed as whole diets. In addition, multiple in-
teractions may occur between components of whole diets,
so there is value in assessing the effects of the entire dietary
pattern (8). Furthermore, dietary patterns may vary be-
tween different cultural environments because of the dif-
ferences in types of foods consumed (9).

In addition to studying single nutrients, various random-
ized controlled trials and observational studies have investi-
gated the effect of individual foods on BP with conflicting
results. These include fruit and vegetables (10-12), dairy
and eggs (10, 13-15), nuts (16), pulses (17), meat (11, 13,
18), chocolate (19), tea (20), coffee (21), red wine (22),
and fats and oils (23). Alcohol intake is associated with an
increased incidence of hypertension (24), although the mag-
nitude of the effect depends on the timing of BP measure-
ment after intake, with peak levels registered after ~10 h
(25). Inconsistencies in single food-based analyses provide
support to the argument that it is the context in which the

food is eaten that may be important in better understanding
diet-BP associations.

The effects of entire dietary patterns on BP have best been
demonstrated by following the DASH diet (3) and the Nor-
dic diet (26). Both of these dietary patterns emphasize con-
sumption of different combinations of healthy foods to
lower BP. Otherwise, there are little data on which types of
dietary patterns are effective in lowering BP in hypertensive
and normotensive adults. The aim of this review was to as-
sess the effect of dietary patterns on BP in adults.

Methods

Protocol and registration

The review was carried out in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses guidelines (27). The review
was registered on PROSPERO (International prospective register of sys-
tematic reviews) as CRD42015016272 (28). The research question was the
following: is a particular dietary pattern more effective in lowering BP in
hypertensive and normotensive adults compared with an alternative diet?

Data sources

A systematic review of randomized controlled trials that investigated the ef-
fect of dietary patterns on BP in adults aged >19 y was conducted. Original
research studies that were published between 1 January 1999 and 22 June

Records identified through
database searching

Records excluded using title and
abstract
(n=1321)

Reasons:
-cross-sectional studies (n=614)
-reviews (n=173)

-single nutrients (n=66)
-genetic studies (n=88)
-articles on children (n=185)
-studies on drugs (n=53)
-non-randomized interventions (n=5)
-no BP measured (n=71)

(n=1470)
Duplicates
—————
(n=36)
Records screened after
duplicates removed N
(n=1434)
Full-text articles assessed for
eligibility
(n=113) —_—

Studies included in quantitative
synthesis
(n=4)

Hand searched

(n=7)

Total number of

Additional records

identified through randomized controlled
reference lists ——> ftrials identified
(n=9) (n=20)

Included in the meta-
analysis (n=17)

Full-text articles excluded
(n=109)
Reasons:
-BP not a primary or secondary
outcome (n=19)
-no control/ comparative group (n=6)
-cross-sectional studies (n=17)

FIGURE 1 Preferred

-single nutrient studies (n=17)
-no change in dietary pattern (n=9)
-interventions during pregnancy (n=1)
-weak statistical analysis (n=3)
-studies on children (n=2)
-duplicates (n=14)

-not in English (n=1)
-studies on single foods (n=10)
-observational studies
(n=10)
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TABLE 1 (Continued)
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Intervention?

DASH diet: fruit ~5 servings/d,
vegetables ~7 servings/d,

dairy ~3 servings/d, whole

Subjects
44 adults, 44-70 y; type 2

diabetes

Country,
duration
Iran, 8 wk

etal,

Reference
Azadbakht

Ndanuko et al.

servings/d, dairy ~2 servings/d,
whole grains ~3 servings/d,

sodium ~3000 mg/d

! Significant change, *P < 0.05. ABP, ambulatory blood pressure; BP, blood pressure; CVD, cardiovascular disease; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; MDC, physician intervention; MDI, physician control;

Na, sodium; PC, patient control; Pl, patient intervention.

2011 (48)

grains ~5 servings/d, sodium

~2300 mg/d

% Servings per day unless otherwise stated, glass in terms of mL.

* Mean; 95% Cl in parentheses (all such values).

“Mean = SD (all such values).

2014 were identified using the following computer-assisted published data-
bases: Scopus, Web of Science, and MEDLINE. The initial search was con-
ducted by using a combination of the following keywords: dietary pattern*
OR dietary habit* OR food pattern* OR food habit* AND blood pressure.
Inclusion criteria included randomized controlled trials, adults aged >19 vy,
measurement of BP as a primary or secondary outcome, and studies pub-
lished in English. Initial screening was based on title and abstracts and sub-
sequently through full-text if required. Information on study design and
outcomes was entered into summary tables.

Assessment of risk of bias in included studies

Each study that was included in the meta-analysis was assessed for quality
using the “risk of bias” assessment tool (29) and rated as low, unclear, or
high according to defined criteria.

Statistical analysis

A meta-analysis was conducted on data from 17 randomized controlled
trials identified in the review. Weighted mean differences between inter-
vention and control groups were calculated for SBP and DBP and pre-
sented with 95% ClIs using the random-effects models to account for
heterogeneity in participant populations and the nature of dietary pat-
terns (30). If the SD of the mean change was not stated in the original
publication, it was computed from Cls and the SEM. Where trials re-
ported incomplete data, the authors were contacted to provide missing
information. A subgroup analysis was conducted with types of dietary
patterns as subgroups and also according to the nature of intervention,
such as weight loss, increased exercise, or sodium restriction. Heterogene-
ity was assessed using the x* test and the I statistic, with 75% considered
substantial heterogeneity (29). Statistical analyses were conducted using
Cochrane Review Manager Software, RevMan Version 5.3 (The Cochrane
Collaboration, Copenhagen).

Results

Study characteristics

The Preferred Reporting Items for Systematic Reviews and
Meta-analyses flow diagram (Figure 1) illustrates the pro-
cess of identifying and screening the articles included in
this review. The characteristics of 20 studies that were in-
cluded in the systematic review are summarized in Table
1. These studies were conducted in the following countries:
United States (31-37), Italy (38, 39), Brazil (40), Iceland,
Sweden (41), Denmark (42), Finland (26), Australia (43—
45), France (46), Spain (47), Iran (48), and Germany (49).
Overall, the trials involved 5014 participants. Sixteen studies
recruited both male and female participants, one study re-
cruited only male participants, and 3 studies recruited
only female participants. Individual study duration ranged
from 6 wk to 2 y. Thirteen studies included participants
who were taking BP-lowering medications.

Risk of bias within studies

Risk of bias was assessed under various categories such
as random sequence generation; allocation concealment;
blinding of participants, personnel, and outcome assess-
ment; incomplete outcome data; selective reporting; and
other bias. Four studies were unclear about the method of
random sequence generation (31, 32, 34, 45), whereas 10
studies had an unclear method of allocation concealment
(26, 31-33, 35, 41, 43-45, 48). Because of the challenge of
blinding participants in behavioral interventions (50), a
low risk was assigned where blinding of participants or staff



Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

FIGURE 2 Risk of bias graph: review
authors’ judgments about each risk of

Selective reporting (reporting bias)

bias item presented as percentages

Other bias

across all included studies.

0% 25%

50% 75%  100%

. Low risk of bias El Unclear risk of bias

[l High risk of bias

was attempted. Inclusion of several BP measurements in each
visit was considered in the assessment of other bias category.
Four studies (41, 43, 44, 49) did not have enough information
on whether the outcome assessors were blinded. Ten studies
were assigned high risk in the category of incomplete outcome
data mainly due to performance of as-treated analysis and no

reasons given for missing data (26, 35, 41-45, 47-49). The re-
sults of risk of bias assessment are illustrated in Figure 2.

Meta-analysis results
Three studies (37, 40, 46) were not included in the meta-
analysis because of incomplete data whereby SDs of mean

Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 DASH diet

Appel, et al. (33) 86%  -4.20[-5.58,-2.82]

Azadbakht, et al. (48) 1.0% -10.50 [-19.24, -1.76]

Blumenthal, et al. (34) 3.5%
Burke, et al. (44) 4.7%
Miller, et al. (36) 2.8%
Moore, et al. (31) 8.1%
Nowson, et al. 2005 (43) 4.1%
Nowson, et al. 2009 (45) 4.6%
Sacks, et al High Na (32) 8.7%
Sacks, et al. Low Na (32) 8.8%
Svetkey, et al. (35) 4.9%
Subtotal (95% CI) 59.8%
Heterogeneity: Tau® = 2.86; Chi* = 33.59, df = 10 (P = 0.0002); I* = 70%

Test for overall effect: Z = 7.27 (P < 0.00001)

1.1.2 Mediterranean diet

Domenech, et al. (47) 6.8%
Esposito, et al 2003 (39) 5.8%
Esposito, et al 2004 (38) 10.3%
Subtotal (95% CI) 22.9%
Heterogeneity: Tau? = 0.00; Chi*=1.80,df=2 (P =0.41); I’ = 0%

Test for overall effect: Z = 13.33 (P < 0.00001)

1.1.3 Nordic diet

Adamsson, et al. (41) 2.4%
Brader, et al. (26) 3.4%
Poulsen, et al. (42) 5.4%
Subtotal (95% CI) 11.3%
Heterogeneity: Tau? = 0.00; Chi* = 0.88, df =2 (P = 0.64); I? = 0%

Test for overall effect: Z = 4.87 (P < 0.00001)

1.1.4 Tibetan diet

Von Haehling, et al. (49) 6.0%
Subtotal (95% CI) 6.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.87 (P = 0.38)

Total (95% CI) 100.0%

Heterogeneity: Tau? = 2.07; Chi® = 58.02, df = 17 (P < 0.00001); I =71%
Test for overall effect: Z = 9.07 (P < 0.00001)
Test for subgroup differences: Chi? = 13.20, df = 3 (P = 0.004), I?=77.3%

-10.30 [-14.37, -6.23]
-3.10 [-6.26, 0.06]
-9.40 [-14.08, -4.72)
-3.70 [-5.27, -2.13]
-5.50 [-9.03, -1.97]
-2.90 [-6.11, 0.31]
6.70 [-8.03, -5.37]
-3.00 [-4.30, -1.70]
-3.00 [-6.08, 0.08]
-4.90 [-6.22, -3.58]

-4.20 [-6.32, -2.08]

-2.00 [-4.58, 0.58]
-3.00 [-3.46, -2.54]
-3.02 [-3.47, -2.58]

-7.15[-12.32, -1.98)
-4.00 [-8.08, 0.08]
-5.20 [-7.97, -2.43)
-5.20 [-7.30, -3.11]

L WM«

-1.10 [-3.58, 1.38] —
-1.10 [-3.58, 1.38] -
-4.26 [-5.18, -3.34] L 4
-10 5 0 : 10

Favors [experimental] Favors [control]

FIGURE 3 Forest plot of effect of the different dietary patterns in 17 randomized controlled trials on systolic blood pressure (mm Hg).

DASH, Dietary Approaches to Stop Hypertension; IV, inverse varianc

e.
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changes could not be computed. Attempts were made to
contact study authors for the missing data. Two studies
did not find any significant effect of the Mediterranean
diet (MD) on BP compared with the usual diet (37) or a
low-fat diet (46). The other study (40) found that a low
glycemic index Brazilian diet incorporating DASH-sodium
principles led to a significant reduction in BP.

The overall effect was a statistically significant reduction
in SBP by 4.26 mm Hg (95% CI: —5.18, —3.34) (Figure 3)
and DBP by 2.38 mm Hg (95% CI: —2.89, —1.87) (Figure
4). Significant between-study heterogeneity was observed
for both SBP (I’ = 71%, P < 0.00001) and DBP (I*
58%, P = 0.001). The results of the subgroup analysis sug-
gested that only the DASH, MD, and Nordic diets signifi-
cantly reduced both SBP and DBP. When considering the
nature of intervention, the studies in which weight loss, ex-
ercise, and sodium restriction were kept constant had a sig-
nificant reduction of 4.25 mm Hg (95% CI: —5.37, —3.13)
(Figure 5) and 2.27 mm Hg (95% CI: —3.07, —1.48)

(Figure 6) in SBP and DBP, respectively. Greater effects
were observed in studies that had sodium restriction only
and lesser effects in those that had a combination of weight
loss, increased exercise, and sodium restriction.

Discussion

This meta-analysis of 17 randomized controlled trials evalu-
ated the current evidence on the effect of dietary patterns on
BP in adults. A significant reduction of 4.26 mm Hg in SBP
and 2.38 mm Hg in DBP was observed in the present anal-
ysis. For the studies that had no weight loss, increased exer-
cise, or sodium restrictions, SBP and DBP reduced by 4.25
and 2.27 mm Hg, respectively. A previous meta-analysis
found a reduction of 6.74 and 3.59 mm Hg in SBP and
DBP, respectively, from the DASH diet only (51). Heteroge-
neity was substantial for both SBP and DBP. Many differ-
ences existed between the populations studied in terms of
age, sex, study methods, duration of intervention, number
of participants, and difference in combination of foods

Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 DASH diet
Appel, et al. (33) 9.3% -2.20 [-3.14, -1.26] -
Azadbakht, et al. (48) 0.4% -8.80[-17.05,-0.55] ¢
Blumenthal, et al. (34) 4.3% -4.90 [-6.95, -2.85] _
Burke, et al. (44) 5.9% -1.80[-3.38, -0.22] o
Miller, et al. (36) 2.1% -5.30 [-8.50, -2.10]
Moore, et al. (31) 8.2% -2.30 [-3.43, -1.17] =
Nowson, et al. 2005 (43) 2.7% -4.40 [-7.17, -1.63]
Nowson, et al. 2009 (45) 3.8% -1.20 [-3.43, 1.03] A
Sacks, et al High Na (32) 9.7% -1.60 [-2.47, -0.73] -
Sacks, et al. Low Na (32) 9.7% -3.50 [-4.38, -2.62] =
Svetkey, et al. (35) 8.3% -1.80 [-2.91, -0.69] Lo
Subtotal (95% CI) 64.2%  -2.63 [-3.34, -1.92] L 4
Heterogeneity: Tau? = 0.74; Chi* = 25.39, df = 10 (P = 0.005); I? = 61%
Test for overall effect: Z = 7.22 (P < 0.00001)
2.1.2 Mediterranean diet
Domenech, et al. (47) 7.3% -1.90 [-3.19, -0.61] —r—
Esposito, et al 2003 (39) 2.5% -1.70 [-4.60, 1.20] =
Esposito, et al 2004 (38) 13.0% -2.00 [-2.29, -1.71] -
Subtotal (95% CI) 22.7%  -1.99 [-2.28, -1.71] 4
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df =2 (P = 0.97); I = 0%
Test for overall effect: Z=13.77 (P < 0.00001)
2.1.3 Nordic diet
Adamsson, et al. (41) 1.5% -3.47 [-7.36, 0.42] I —
Brader, et al. (26) 3.3% -4.50 [-6.93, -2.07]
Poulsen, et al. (42) 2.7% -3.19 [-5.96, -0.42]
Subtotal (95% CI) 7.6%  -3.85[-5.50, -2.19] -
Heterogeneity: Tau? = 0.00; Chi? = 0.53, df =2 (P = 0.77); 1= 0%
Test for overall effect: Z = 4.56 (P < 0.00001)
2.1.4 Tibetan diet
Von Haehling, et al. (49) 5.5% 0.10 [-1.57, 1.77] -1
Subtotal (95% CI) 5.5% 0.10 [-1.57, 1.77] e
Heterogeneity: Not applicable
Test for overall effect: Z=0.12 (P = 0.91)
Total (95% CI) 100.0%  -2.38 [-2.89, -1.87] ¢

g 2 — & 2 — = = .2 = 0, 1l } } 4
Heterogeneity: Tau? = 0.50; Chi? = 40.45, df = 17 (P = 0.001); I = 58% 10 5 0 5 10

Test for overall effect: Z=9.16 (P < 0.00001)
Test for subaroup differences: Chi? = 13.54, df = 3 (P = 0.004), 1> = 77.8%

FIGURE 4 Forest plot of effect of the different dietary patterns in 1

Favors [experimental] Favors [control]

7 randomized controlled trials on diastolic blood pressure (mm

Hg). DASH, Dietary Approaches to Stop Hypertension; IV, inverse variance.
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Mean Difference Mean Difference

Heterogeneity: Tau® = 2.24; Chi* = 26.41, df = 8 (P = 0.0009); I? = 70%
Test for overall effect: Z = 5.86 (P < 0.00001)

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 No weight loss, exercise or Na restriction
Adamsson, et al. (41) 24% -7.20[-12.39, -2.01]
Domenech, et al. (47) 6.8% -4.20 [-6.32, -2.08] S
Moore, et al. (31) 8.1% -3.70[-5.27, -2.13] -
Poulsen, et al. (42) 5.4% -5.20 [-7.98, -2.42] G
Subtotal (95% CI) 22.7%  -4.25[-5.37, -3.13] <&
Heterogeneity: Tau? = 0.00; Chi? = 2.17, df = 3 (P = 0.54); 2 = 0%
Test for overall effect: Z =7.43 (P < 0.00001)
3.1.2 Na restriction only
Azadbakht, et al. (48) 1.0% -10.50[-19.24,-1.76] *
Brader, et al. (26) 3.4% -4.00 [-8.08, 0.08] — =
Nowson, et al. 2009 (45) 4.6% -2.90[-6.11, 0.31] R —
Sacks, et al High Na (32) 8.7% -6.70 [-8.03, -5.37] e
Sacks, et al. Low Na (32) 8.8% -3.00 [-4.30, -1.70] i
Subtotal (95% CI) 26.5%  -4.65[-7.01, -2.29] i
Heterogeneity: Tau? = 4.57; Chi? = 18.26, df = 4 (P = 0.001); I? = 78%
Test for overall effect: Z = 3.87 (P = 0.0001)
3.1.3 Co-interventions
Appel, et al. (33) 8.6% -4.20[-5.58, -2.82] ———
Blumenthal, et al. (34) 3.5% -10.30[-14.37,-6.23) ¥———
Burke, et al. (44) 4.7% -3.10[-6.26, 0.06]
Esposito, et al 2003 (39) 5.8% -2.00 [-4.58, 0.58] T
Esposito, et al 2004 (38) 10.4% -3.00 [-3.46, -2.54] =
Miller, et al. (36) 2.8% -9.40[-14.08,-4.72]
Nowson, et al. 2005 (43) 4.1% -5.50 [-9.04, -1.96] —
Svetkey, et al. (35) 4.9% -3.00 [-6.08, 0.08] N
Von Haehling, et al. (49) 6.0% -1.10[-3.58, 1.38] -
Subtotal (95% Cl) 50.7%  -3.95 [-5.27, -2.63] <

L

Total (95% CI) 100.0%
Heterogeneity: Tau® = 2.07; Chi* = 57.89, df = 17 (P < 0.00001); I =71%

Test for overall effect: Z = 9.08 (P < 0.00001)

Test for subaroup differences: Chi* = 0.28, df =2 (P = 0.87), > = 0%

-4,26 [-5.18, -3.34]

-10 5 0 5
Favors [experimental] Favors [control]

FIGURE 5 Forest plot of effect of dietary patterns on systolic blood pressure (mm Hg) according to different interventions such as

weight loss, exercise, and sodium restriction. IV, inverse variance.

included within the various dietary patterns. The existing
evidence suggests that various dietary patterns are beneficial
for BP and include the DASH diet, MD, and Nordic diet.

The DASH diet largely comprises of fruit and vegetables,
low-fat dairy, whole grains, nuts, legumes, and seeds, with
low intakes of meat and saturated fat (31). The DASH diet
has been adopted in various cultural contexts such as in Bra-
zil (40), Australia (43, 45), and Iran (48). Our results are
consistent with an earlier analysis of BP and nutrient intakes
in the United States, which showed that reduced consump-
tion of dairy products and fruit and vegetable juices was a
major predictor of hypertension (52). In observational stud-
ies, a high DASH score in the SU.VL.MAX (Supplementation
en Vitamines et Mineraux Antioxydants) cohort was associ-
ated with lower BP at the first clinical examination and a
lower increase in BP after 5 y (10). Although the DASH
diet shows positive effects from the randomized controlled
trials, the studies are short term in nature, and this may limit
their generalization as a long-term intervention.

The Nordic diet is consumed in Nordic countries and
consists of foods of Nordic origin such as whole grains,
rapeseed oil, berries, fruits, vegetables, fish, nuts, and low-fat
dairy products. This diet significantly reduced 24-h ambulatory

DBP in comparison to a diet comprising the mean nutrient
intake in Nordic countries (26). However, the effects of the
diet may not be attributed to reductions in sodium or in-
creases in potassium because neither of these electrolytes
differed between intervention and control groups. One of
the characteristics of the Nordic diet is that it is rich in
berries. Animal studies have shown that Nordic wild blue-
berries lead to a reduction in BP (53), and likewise, random-
ized controlled trials have demonstrated that consumption
of berries lowers BP (54, 55). The polyphenols, especially
flavonoids, found in berries may be contributing to the
BP-lowering effect of Nordic diets that typically include
these fruits (56). Further research, however, is warranted
on the effect of the Nordic diet on BP because only 3 studies
were identified from our review.

Another dietary pattern, the MD, is generally high in
plant foods such as whole-grain cereals, fresh fruits, vegeta-
bles, beans, nuts, and seeds (57, 58). It can have moderate
amounts of dairy foods, fish, and poultry and low amounts
of red meat, but there may be some variation in food com-
position between regions. In general, olive oil is the major
source of fat, and wine is consumed moderately with meals.
In the Prevencion con Dieta Mediterranea (PREDIMED)
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Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 No weight loss, exercise or Na restriction

Adamsson, et al. (41) 1.5% -3.50 [-7.39, 0.39] [
Domenech, et al. (47) 7.3% -1.90 [-3.19, -0.61] —
Moore, et al. (31) 8.2% -2.30 [-3.43, -1.17] -
Poulsen, et al. (42) 2.7% -3.20 [-5.98, -0.42] =
Subtotal (95% CI) 19.6%  -2.27 [-3.07, -1.48] <
Heterogeneity: Tau® = 0.00; Chi* = 1.13,df =3 (P = 0.77); I = 0%

Test for overall effect: Z = 5.60 (P < 0.00001)

3.2.2 Na restriction only

Azadbakht, et al. (48) 0.4% -8.80[-17.05,-0.55] *

Brader, et al. (26) 3.3% -4.50 [-6.93, -2.07] =T -
Nowson, et al. 2009 (45) 3.8% -1.20 [-3.43, 1.03] T R
Sacks, et al High Na (32) 9.7% -1.60 [-2.48, -0.72] -
Sacks, et al. Low Na (32) 9.7%  -3.50[-4.38, -2.62] ==
Subtotal (95% CI) 26.8%  -2.81[-4.25, -1.37] e
Heterogeneity: Tau? = 1.58; Chi* = 15.03, df =4 (P = 0.005); I = 73%

Test for overall effect: Z = 3.82 (P = 0.0001)

3.2.3 Co-interventions

Appel, et al. (33) 9.3% -2.20[-3.14, -1.26] -
Blumenthal, et al. (34) 4.3% -4.90 [-6.95, -2.85]

Burke, et al. (44) 5.9% -1.80 [-3.38, -0.22] =% |
Esposito, et al 2003 (39) 25%  -1.70 [-4.60, 1.20] —— 1
Esposito, et al 2004 (38) 13.0% -2.00 [-2.29, -1.71] -

Miller, et al. (36) 2.1% -5.30 [-8.50, -2.10]

Nowson, et al. 2005 (43) 2.7% -4.40 [-7.17, -1.63]

Svetkey, et al. (35) 8.3% -1.80 [-2.91, -0.69] —=
Von Haehling, et al. (49) 5.5% 0.10 [-1.57, 1.77] —F
Subtotal (95% CI) 53.6%  -2.26 [-2.99, -1.52] <&
Heterogeneity: Tau? = 0.60; Chi? = 21,06, df = 8 (P = 0.007); I* = 62%

Test for overall effect: Z = 6.02 (P < 0.00001)

Total (95% CI) 100.0%  -2.38 [-2.89, -1.87] L

Heterogeneity: Tau? = 0.50; Chi? = 40.36, df = 17 (P = 0.001); I> = 58%
Test for overall effect: Z = 9.16 (P < 0.00001)
Test for subgroup differences: Chiz = 0.48, df =2 (P =0.78), I? = 0%

-10 -5 0 5 10
Favors [experimental] Favors [control]

FIGURE 6 Forest plot of effect of dietary patterns on diastolic blood pressure (mm Hg) according to different interventions such as

weight loss, exercise, and sodium restriction. IV, inverse variance.

study, the MD in Spain was supplemented with extra virgin
olive oil and with nuts, and significantly lower DBP was ob-
served compared with a low-fat diet (59). Likewise, analysis
of ambulatory BP in 235 participants of the PREDIMED
study after 1 y showed significant reductions in ambulatory
SBP by 4.0 and 4.3 mm Hg in the MD supplemented with
extra virgin olive oil and nuts, respectively, and 1.9 mm
Hg in DBP for both diets (47). These effects were also
seen in studies of the MD in Italy, where significantly lower
BP was observed (38, 39). However, no effect was found in
one study from France (46) and the United States (37). In
addition to possible differences in food and recipe composi-
tion, the study duration for these trials was <6 mo. Because
diet effects tend to occur over longer periods of time, a long-
term follow-up may be necessary to detect BP-lowering
effects.

In comparison to randomized controlled trials, observa-
tional studies do not have control over dietary patterns, so
not surprisingly, results from observational studies show
more conflicting results for the MD. For example, an in-
creased risk of developing hypertension (HR: 1.34; 95%
CI: 1.04, 1.73; P = 0.002) was identified in adults with a
higher adherence to the MD in Spain as identified through

86 Ndanuko et al.

an updated modified MD score (60), but in the United
States, an analysis of the Framingham Heart cohort found
no association between the MD and BP after 7 y of follow-
up in 2370 adults (61). In this case, and in comparison to
the DASH diet, the analysis of the MD pattern did not dis-
tinguish between full-fat and low-fat dairy. Because low-fat
dairy was used in the DASH diet, it has been assumed as
contributing to the BP-lowering effect. Likewise, many of
the randomized controlled trials chose to use low-fat dairy
in their interventions and did not compare with full-fat
dairy. Observational studies such as the Coronary Artery
Risk Development in Young Adults study (13) did not dis-
tinguish between low- and full-fat dairy. Similarly, the anal-
ysis of nutrient intakes and BP in the US population did not
discern any difference between low- and full-fat dairy (52).
Further research is therefore warranted to investigate the ef-
fect of low-fat dairy compared with full-fat dairy on BP.
The research on the Tibetan diet was conducted in Ger-
many and emphasized cereals from barley, wheat, rye, corn,
rice, oat and buckwheat, and meat such as beef, mutton,
roast hare, chicken, and venison (49). Compared with the
usual Western diet in a 12-mo clinical trial, there was no sig-
nificant change in BP between the 2 diets. Only one study on



the Tibetan diet was identified, and this means that addi-
tional research is required before conclusions on its efficacy
can be drawn.

In some studies, the amount of sodium was kept constant
in both the intervention and control diets. In the original
DASH study, sodium content was maintained at 3000 mg/d
in all groups (31), whereas the Brazilian DASH diet was
based on an intake of 2400 mg/d (40). In the original
DASH diet study, a significant reduction in BP was found
even when sodium intake was kept constant (31). When so-
dium reduction was added to the DASH diet (32), reduced
BP was still seen at all sodium amounts, with a greater re-
duction in the high sodium amount. This suggests that re-
gardless of the sodium content, the food pattern reflective
of the DASH diet lowers BP. Sodium intake was also reduced
in one of the Nordic diet studies (26) to <2730 mg/d and
2340 mg/d in men and women, respectively, making it dif-
ficult to separate out effects. These findings are consistent
with recent studies that did not find a significant association
between the amount of sodium intake and BP in normoten-
sive populations (62, 63).

Various other nutrients characteristic of the DASH diet
such as fiber (64), potassium (7), calcium (65), and magne-
sium (66) have been associated with reduced BP, but the
findings are inconsistent. It is well known that nutrients
have multiple interactions, for example, interactions be-
tween sodium, potassium, and calcium through either the
sodium-to-potassium ratio or the BP-lowering effect of po-
tassium and calcium due to their ability to increase sodium
excretion by the kidneys (67). This understanding highlights
the importance of considering the synergistic effects of
whole foods and diets in examining effects.

Finally, the interface between the adoption of healthy
diets and other behavioral lifestyle changes cannot be ig-
nored. Our results indicate that cointerventions such as
sodium restriction, exercise, and weight loss also led to
significant BP reductions. However, a range of combina-
tions of interventions may be effective for the manage-
ment of BP, and further research on relative efficacy
would be informative.

Various limitations in this review warrant discussion.
It should be noted that the nature of intervention differed
between studies, whereby some trials provided foods to
the participants, whereas others did not. This can influence
the amount of adherence to the intervention diet. Also, al-
though the dietary patterns identified may have had some
common basic characteristics, they were not homogeneous,
and each diet was set in a unique cultural context. The use
of BP as an endpoint for sodium intake has limitations. Re-
cent studies using mortality or occurrence of CVD events as
the composite outcomes for sodium intake have shown that
lower (<7 g salt/d; 2730 mg sodium/d) or higher (>14 g
salt/d; 5460 mg sodium/d) intakes are associated with in-
creased risk of death and cardiovascular events (68, 69).
In addition, the 2013 Institute of Medicine report (70)
pointed out that higher sodium intakes are associated
with the risk of CVD, and there is insufficient evidence

on the benefit or risk of intake <2300 mg/d. The report
did not assess the association of sodium intake with interme-
diate endpoints such as BP. In this review, we considered both
studies that restricted sodium intake and those that did not in
our subgroup analysis. The focus of our review, however, was
the entire dietary pattern rather than sodium intake alone.
Finally, there were limitations associated with individual stud-
ies used in the meta-analysis. Biases were identified, especially
as-treated data analysis in 8 studies, and 2 studies that did not
find a significant effect of the MD were not included. These
features may have affected the overall results.

Conclusion

The consumption of dietary patterns characterized by high
consumption of fruit, vegetables, whole grains, legumes,
seeds, nuts, fish, and dairy and low consumption of meat,
sweets, and alcohol resulted in significant reductions in
BP. These reductions were found across a range of sodium
intakes. Following a healthy lifestyle by incorporating exer-
cise in addition to a healthy diet may also have an additional
effect in lowering BP. Much of the population-level efforts to
reduce BP are through salt reduction in the food supply. This
meta-analysis supports the notion that dietary diversifica-
tion may also play a role. The association between the con-
sumption of the MD and BP warrants further investigation
due to inconsistency in findings between studies. This re-
search should consider an analysis of the effect of dietary
patterns on BP in different cultures other than those identi-
fied in this review.
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