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ABSTRACT

Background: Many systematic reviews and meta-analyses have
assessed the efficacy of dietary patterns on blood pressure (BP)
lowering but their findings are largely conflicting.

Objective: This umbrella review aims to provide an update on the
available evidence for the efficacy of different dietary patterns on
BP lowering.

Methods: PubMed and Scopus databases were searched to
identify relevant studies through to June 2020. Systematic reviews
with meta-analyses of randomized controlled trials (RCTs) were
eligible if they measured the effect of dietary patterns on
systolic (SBP) and/or diastolic blood pressure (DBP) levels.
The methodological quality of included systematic reviews
was assessed by A Measurement Tool to Assess Systematic
Review version 2. The efficacy of each dietary pattern was
summarized qualitatively. The confidence of the effect estimates
for each dietary pattern was graded using the NutriGrade scoring
system.

Results: Fifty systematic reviews and meta-analyses of RCTs were
eligible for review. Twelve dietary patterns namely the Dietary
Approaches to Stop Hypertension (DASH), Mediterranean, Nordic,
vegetarian, low-salt, low-carbohydrate, low-fat, high-protein,
low glycemic index, portfolio, pulse, and Paleolithic diets were
included in this umbrella review. Among these dietary patterns, the
DASH diet was associated with the greatest overall reduction in
BP with unstandardized mean differences ranging from —3.20 to
—7.62 mmHg for SBP and from —2.50 to —4.22 mmHg for DBP.
Adherence to Nordic, portfolio, and low-salt diets also significantly
decreased SBP and DBP levels. In contrast, evidence for the efficacy
of BP lowering using the Mediterranean, vegetarian, Paleolithic,
low-carbohydrate, low glycemic index, high-protein, and low-fat
diets was inconsistent.

Conclusion: Adherence to the DASH, Nordic, and portfolio diets
effectively reduced BP. Low-salt diets significantly decreased
BP levels in normotensive Afro-Caribbean people and in
hypertensive patients of all ethnic origins. This review was
registered at PROSPERO as CRD42018104733. Am J Clin
Nutr 2020;112:1584-1598.
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Introduction

Hypertension is a major risk factor for cardiovascular disease,
the leading cause of death worldwide. It affects ~1.4 billion
people and is likely to exceed 1.6 billion by 2025 (1). Adoption
of a healthy diet is one of many approaches widely endorsed for
preventing hypertension in the general population.

Research in nutrition has advanced remarkably in recent
decades and has established an understanding of the association
between dietary habits, foods, and cardiometabolic risk factors,
including blood pressure (BP). The concept of an overall “dietary
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pattern” has also been developed to counter the limitations of
a single nutrient focus leading to paradoxical dietary choices
and industry formulations. Dietary patterns represent the overall
combination of foods habitually consumed, which together
produce synergistic health effects. This approach facilitates
dietary recommendations at both individual and population levels
(2) with most guidelines now suggesting that dietary patterns play
an important role in the primary and secondary prevention of
hypertension (3, 4).

Recently, several systematic reviews and meta-analyses of
randomized controlled trials (RCTs) have investigated the
efficacy of different dietary patterns in lowering BP. Most of
these focus on Dietary Approaches to Stop Hypertension (DASH)
(5-7), the Mediterranean diet (7-9), and low-salt diet (10-12)
but other dietary patterns have also been examined, including
vegetarian (13, 14) and Nordic diets (15). Evidence for the
efficacy of each of these is often conflicting. For instance,
when assessing the possible benefits of a vegetarian diet, 1
study demonstrated significant BP reduction (13) whereas 2
others showed nonsignificant effects (14, 16). The plethora
of diets recommended for lowering BP in hypertensive and
normotensive people makes it difficult for healthcare providers
to offer consistent advice and many dietary approaches lack
sufficient evidence to allow their inclusion in guidelines. There
is an urgent need for a comprehensive review of the quality
of available evidence together with clear recommendations.
The term “umbrella review” refers to tertiary research that
comprehensively examines evidence from systematic reviews
and meta-analyses. An umbrella review can assess the strength
and precision of effect estimates and evaluate possible bias in
previous systematic reviews. We therefore performed an umbrella
review to summarize the available evidence from existing
systematic reviews and meta-analyses of RCTs on different
dietary patterns and BP lowering effect together with an overview
of the methodological quality and credibility of included meta-
analyses. The results from this review should assist healthcare
providers to offer informed advice as well as identify areas where
further research is necessary.

Methods

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline. The protocol of this umbrella review is
registered at the PROSPERO website (CRD42018104733).

Study selection

Medline and Scopus databases were searched to identify
relevant studies from January 1960 for Scopus and January 1946
for Medline through to 17 June, 2020. Search terms and strategies
for each database are presented in the Supplementary Methods.
Studies identified from both databases were independently
selected by 2 reviewers (KS and KA). Disagreement between
2 reviewers was resolved by consensus with a third party
(TA). Only systematic reviews with meta-analyses of RCTs were
eligible for review if: /) study participants were nonhypertensive,
2) interventions of interest were prescribing dietary patterns,
3) outcomes of interest were systolic blood pressure (SBP)
and/or diastolic blood pressure (DBP), and 4) pooled effect sizes
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of interventions were reported, such as unstandardized mean
difference (USMD) of SBP and/or DBP between intervention
and control groups.

Data extraction.

Data was extracted independently by 2 reviewers (KS and
KA). Characteristics of eligible studies, including author’s name,
year of publication, number of included studies, funding source,
conflict of interest (COI), characteristics of study participants
including mean age and sex, and characteristics of interventions,
including types of dietary pattern, duration of intervention, mode
of delivery, and types of comparator were extracted. Primary
outcomes of interest were SBP and DBP. The efficacies of
each dietary pattern in terms of decreasing SBP and DBP were
extracted, including USMD of SBP and DBP and their 95% Cls,
as well as the results of heterogeneity between studies (i.e., 2
statistic or P value from the heterogeneity test) and publication
bias (i.e., P value from Egger’s test and Funnel plot).

Risk of bias assessment.

The quality of included systematic reviews was assessed using
A Measurement Tool to Assess Systematic Review version 2
(AMSTAR-2) that comprises 16 domains (7 critical domains
and 9 noncritical domains). Overall confidence in the results
of included systematic reviews was rated as: /) high, if
the systematic review had no or 1 noncritical weakness, 2)
moderate, if the systematic review had > 1 noncritical weakness,
3) low, if the systematic review had 1 critical flaw with or
without noncritical weakness, and 4) critically low, if the
systematic review had > 1 critical flaw with or without noncritical
weakness. Two reviewers independently performed the risk of
bias assessment.

Data analysis.

Results of included studies were qualitatively summarized.
Characteristics of included studies were presented as frequency
and percentage. USMDs of SBP and DBP for each dietary pattern
from the meta-analyses that had the highest quality as assessed
by AMSTAR-2 were selected for presentation in the forest plot.
In addition, the confidence of the effect estimates for each
dietary pattern were graded using NutriGrade, a scoring system
used to assess and judge the meta-evidence of RCT and cohort
studies in nutrition research (17). The NutriGrade scoring system
comprises 7 items with a total score of 10 for systematic reviews
and meta-analyses of RCTs. The 7 items include: /) risk of bias,
study quality, and study limitations (3 points), 2) precision (1
point), 3) heterogeneity (1 point), 4) directness of evidence (1
point), 5) publication bias (1 point), 6) funding bias (1 point),
and 7) study design (2 points). Studies with total scores of >8,
6-7.99, 4-5.99, and 0-3.99 points were graded as having high,
moderate, low, and very low confidence in the effect estimate,
respectively.

Results

Our literature search identified 3347 articles for review, of
which 50 systematic reviews and meta-analyses of RCTs were
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included in our umbrella review (see Figure 1). Interventions of
included systematic reviews and meta-analyses were classified
into 12 dietary patterns as follows: DASH diet (N = 5) (5-7, 15,
18), Mediterranean diet (N = 6) (7-9, 15, 19, 20), vegetarian diet
(N=15)(13, 14, 16, 21, 22), low-salt diet (N = 11) (7, 10-12, 23—
29), low glycemic index diet (N = 3) (30-32), low-carbohydrate
diet (N = 9) (33-41), low-fat diet (N = 3) (42—44), high-protein
diet (N = 7) (45-51), Nordic diet (N = 2) (15, 52), Paleolithic
diet (N = 2) (53, 54), portfolio diet (N = 1) (55), and pulse diet
(N=1) (56).

Characteristics of included systematic reviews and
meta-analyses

Characteristics of included systematic reviews and meta-
analyses are presented in Table 1. The included systematic
reviews and meta-analyses were published between 2010 and
2020. The number of databases applied for searching ranged from
1 to 8, with a median of 4 databases. Most corresponding authors
were from the UK (11/50), the USA and Canada (11/50), and
Asia (11/50), followed by Europe (10/50), Australia and New
Zealand (5/50), South America (1/50), and South Africa (1/50).
All included systematic reviews and meta-analyses included
primary studies from Europe, North America, South America,
Asia, or Australia and New Zealand. Five of the 50 systematic
reviews and meta-analyses did not report risk of bias or quality
assessments. Governments were the main funding source (23/50)
with 2 systematic reviews and meta-analyses funded by the
food industry. Twelve systematic reviews and meta-analyses did
not report their funding source. The number of primary studies
pooled in each meta-analysis ranged from 3 to 89 studies, with the
number of enrolled participants ranging from 7 to 5050. The total
number of participants was >1000 in 22 of the meta-analyses.
The percentage of male participants varied from 0% to 100% and
the mean age ranged from 18 to 77 y.

Methodological quality

Overall scores of AMSTAR-2 for each meta-analysis are
shown in Table 1, and the scores for single items are summarized
in Supplementary Figure 1. One (2.0%), 7 (14.0%), 21 (42%),
and 21 (42%) of the systematic reviews and meta-analyses were
rated as high, moderate, low, and critically low, respectively. The
most common critical domain flaws in included studies were
failure to mention established review methods prior to conducting
the review (64 %) and not accounting for risk of bias in individual
studies when interpreting the results (36%).

Efficacy of dietary patterns in SBP and DBP reductions
DASH diet.

Five meta-analyses assessed the efficacy of the DASH diet in
reducing BP in general populations. Different comparators were
applied among these studies [e.g., usual diet, healthy diet, weight-
reducing diet (6, 7, 15, 18), and isocaloric diet (5)]. Results from
each meta-analysis are presented in Table 2 and Figure 2. There
was consistent evidence from 5 meta-analyses of RCTs (5-7,
15, 18) reporting statistically significant reductions for SBP and
DBP compared with any control group. The USMDs of SBP
and DBP ranged from —3.20 mmHg (95% CI: —4.20, —2.30) to
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—7.62 mmHg (95% CI: —9.95, —5.29) and from —2.50 mmHg
(95% CI: —3.50, —1.50) to —4.22 mmHg (95% CIL: —5.87,
—2.57), respectively. Three of the 5 included studies reported
high heterogeneity between studies (I> >50%) (5, 7, 15). One
study (5) conducted subgroup analyses of energy intake and types
of participants (normotensive and hypertensive). The results of
this study found that the DASH diet, with or without energy
restriction, significantly decreased SBP and DBP and suggested
that the effect was independent of weight reduction. The same
study also indicated that DASH significantly reduced SBP and
DBP in both normotensive and hypertensive patients.

Results of the NutriGrade assessment are presented in
Supplementary Table 1. Evidence for the efficacy of the
DASH diet was mostly rated as having moderate strength of
confidence (3 out of 5 studies) with 2 studies rated as having high
confidence.

Mediterranean diet.

There were 6 meta-analyses of RCTs (7-9, 15, 19, 20)
assessing the effect of a Mediterranean diet on BP reduction. The
included primary studies of these meta-analyses were conducted
only in the USA, Italy, France, Poland, Spain, and Israel.

Four out of 6 meta-analyses included participants from the
general population and patients with metabolic syndrome (7, 15,
19, 20), whereas 2 meta-analyses included only patients who
were obese or overweight and had cardiovascular risk factors
(8, 9). In 2 meta-analyses, the comparator was a low-fat diet (8,
9), whereas in 4 meta-analyses comparators differed among the
included primary studies (i.e., low-fat diet, usual diet, and high-
carbohydrate diet) (7, 15, 19). All meta-analyses reported that a
Mediterranean diet significantly decreased DBP compared with
control groups, with USMDs ranging from —0.70 mmHg (95%
CI: —1.34, —0.07) to —1.99 mmHg (95% CI. —2.28, —1.71)
(Table 2 and Figure 2). However, the effects of a Mediterranean
diet on SBP were inconsistent in 5 studies. Three meta-analyses
(8, 15, 19) found significant benefit from a Mediterranean diet for
SBP reduction, with USMDs ranging from —1.45 mmHg (95%
CI: —1.97, —0.94) to —3.02 mmHg (95% CI. —3.47, —2.58),
whereas 2 meta-analyses reported nonsignificant benefit (7, 9)
(Table 2 and Figure 2). One meta-analysis performed stratified
analysis according to the types of control diet. This study found
that a Mediterranean diet significantly reduced SBP (USMD =
—2.99; 95% CI: —3.45, —2.53) and DBP (USMD = —2.0; 95%
CI: —2.29, —1.71) when compared with the usual diet. However,
the efficacy of a Mediterranean diet was not significant, when
compared with other dietary interventions.

The NutriGrade assessment suggests that evidence for the
efficacy of a Mediterranean diet on BP reduction had moderate
strength of confidence for all included studies (Supplementary
Table 1).

Vegetarian diet.

Five meta-analyses of RCTs (13, 14, 16, 21, 22) examined
the effect of a vegetarian diet on BP reduction. Four studies
involved the general population (13, 14, 21, 22) with 1 including
only diabetic patients (16). Evidence was inconsistent across
the 5 meta-analyses. Compared with an omnivorous diet, 3
meta-analyses revealed nonsignificant decreases in SBP/DBP
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1258 studies identified 2924 studies identified from
from Medline Scopus
| 833 studies deleted because of
g duplication

abstracts

3347 studies were reviewsd by titles and

2903 studies excluded because of

- 1097: No diets/supplement
intervention (pharmacological/
exercise)

h 4

- 586: Original articles/ Narrative
reviews/letters/protocols/
only systematic review

- 329: Not relevant (intraoccular-
cerebral hypertension, other
diseases)

- 338: Studyin children, pregnancy

- 303: No BP measured outcomes

- 25: Animal studies

- 25:Nonrandomized intervention

A 4

+2 reference lists

444 studies were reviewed by full texts

396 studies excluded because of

- 182:Food group/single nutrients’
micronutrients/supplement

- 72: Systematic review without
quantitative analysis

P 45: Narrative review/GL
- 40:NotRCTs
- 21:No BPoutcomes
- 11: No intervention of interest
- 13: Duplicate
3: NotEnglish
: Original study
: Genetic study
: Study in pregnancyichildren
: No direct meta-analysis

\
[l S S

50 studies eligible for review

FIGURE 1 Flow chart of study selection. BP, blood pressure; RCT, randomized controlled trial.

(14, 16, 22). The remaining 2 meta-analyses reported significant
decreases in SBP/DBP with USMDs ranging from —4.80 mmHg
(95% CI. —6.6, —3.1) to —2.51 (95% CI. —3.63, —1.39)
for SBP and from —2.20 (95% CI: —3.50, —1.00) to —1.65
(95% CI: —2.96, —0.35) for DBP, see Table 2 and Figure 2.

However, these studies were assessed as having low (21) and
critically low quality (13) based on the AMSTAR-2 quality
assessment. Evidence for the efficacy of a vegetarian diet was
rated as having moderate and low confidence in 2 and 3 studies,
respectively.
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FIGURE 2 Pooled mean differences of systolic and diastolic blood pressures of different dietary patterns. DASH, Dietary Approaches to Stop Hypertension.

Low-sodium diet.

Eleven meta-analyses of RCTs analyzed the efficacy of a
low-sodium/salt diet (7, 10-12, 23-29) in BP reduction. The
numbers of participants in these interventions were higher than
in other interventions. Seven out of 11 studies included 1000-
5000 participants (7, 10, 12, 24, 26, 27, 29) and 3 studies
included >5000 participants (23, 25, 28). Eight meta-analyses
were general population based, including participants with and
without a history of hypertension (7, 12, 23, 25-29). One meta-
analysis included only normotensive people (10), whereas 2
meta-analyses included high-risk populations, namely chronic
kidney disease stage 1-4 (24) and diabetes mellitus (11). The
included meta-analyses compared a low-salt diet with usual or
other healthy diets. Low-salt/sodium diets significantly reduced
SBP and DBP in 8 meta-analyses (7, 11, 12, 23, 24, 26, 27) with
USMDs of SBP ranging from —4.14 (95% CI: —5.84, —2.43)
to —7.04 (95% CI: —8.71, —5.38) and USMDs of DBP ranging
from —1.17 (95% CI: —2.08, —0.26) to —3.22 (95% CI: —3.74,
—2.70) (Table 2 and Figure 2). For the remaining 2 nonsignificant
studies, results from Kelly et al. (10) and Jin et al. (29) showed
that sodium reduction did not significantly decrease SBP and
DBP in normotensive participants when compared with usual or
healthy diets. A study by Graudal et al. (25) performed subgroup
analyses according to ethnicity and BP status. Their results
showed that in normotensive Afro-Caribbean and Caucasian
populations low-sodium diets significantly reduced SBP but
in normotensive Asians no statistically significant reduction
was observed. For hypertensive participants, reductions were
statistically significant for both SBP and DBP in all 3 ethnic

groups, with the greatest reductions in Asian and Afro-Caribbean
people.

According to the NutriGrade assessment, 5, 3, and 3 meta-
analyses of a low-sodium diet were graded as having moderate,
high, and low confidence, respectively.

Low glycemic index diet.

Three meta-analyses investigated the effect of a low glycemic
index diet (30-32). Two of these included general population par-
ticipants (30, 32), whereas the other included obese/overweight
populations (31). Findings from the 3 studies suggested that SBP
in the low glycemic index group was not significantly different
from SBP in a high glycemic index diet group. For reducing
DBP, the results of 2 meta-analyses were inconsistent in that 1
study reported a nonsignificant effect (USMD = —0.23; 95% CI:
—1.42, 0.96) (31) whereas another found a significant effect for
a low glycemic index diet (USMD = —1.26; 95% CI: —2.30,
—0.22) (30) (Table 2 and Figure 2). Evidence from the study
reporting significant efficacy for alow glycemic index in reducing
DBP was rated as having high confidence, and evidence for the
2 meta-analyses suggesting nonsignificant benefit was graded as
low.

Low-carbohydrate diet.

Two out of 8 meta-analyses examining low-carbohydrate diets
assessed the effect of a very low-carbohydrate/ketogenic diet
(<50 g carbohydrate per day) (33) and the Atkins diet (20-40
g carbohydrate per day or <20% of total energy intake) (35)
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compared with a conventional low-fat diet in overweight/obese
patients. Results of each meta-analysis are presented in Table 2
and Figure 2. Consumption of a very low-carbohydrate/ketogenic
diet and Atkins diet decreased SBP and DBP but the results
failed to reach statistical significance [USMDs of SBP ranging
from —1.47 (95% CI: —3.44, 0.50) to —1.02 (95% CI: —2.98,
0.94) and USMDs of DBP ranging from —1.43 (95% CI: —2.49,
—0.37)to —1.01 (95% CI: —2.75,0.74)]. Seven studies examined
the effects of all types of low-carbohydrate diets, including low-
and very low-carbohydrate, compared with a conventional low-
fat diet, usual diet, and other balanced weight-loss diet in a
general population, obese subjects, and diabetic patients. The
results reveal differences in the direction of treatment effect
and statistical significance of the effect (34, 36-39). The mean
differences of SBP ranged from —4.80 (95% CI: —5.53, —4.29)
to 0.61 (95% CI. —3.14, 4.36) with the mean differences of
DBP ranging from —3.10 (95% CI: —3.45, —2.74) to 0.77 (95%
CI: —1.77, 3.30). Three meta-analyses of the efficacy of a low-
carbohydrate diet had their evidence graded as high confidence
and 1 as moderate, whereas 3 were rated as low and 1 as very
low.

Low-fat diet.

Three meta-analyses assessed the effects of a low-fat diet. One
study compared this with a high-fat diet in patients with impaired
fasting glucose or type 2 diabetes mellitus (43) and the other 2
compared this with the usual diet in a general population (42,
44). The results of these meta-analyses showed no significant
difference in SBP and DBP between a low-fat diet and high-fat
or usual diet. Evidence for efficacy of a low-fat diet was rated
as having moderate confidence for all studies (Supplementary
Table 1).

High-protein diet.

Six meta-analyses looked at the efficacy of a high-protein diet
in reducing BP in a general population with and without a history
of hypertension (45-50), with 1 meta-analysis including only
patients with diabetes (51). The comparators were low-protein
diet (45, 47, 50, 51), low-protein and low-fat diet (49), low-
protein and low-carbohydrate diet (46), and low-carbohydrate
diet (48). Three meta-analyses showed that a high-protein diet
had marginal benefit for SBP/DBP reduction but failed to reach
statistical significance (47, 49, 50). However, findings from 4
meta-analyses suggested a small beneficial effect from a high-
protein diet on reducing BP in a general population (45, 46, 48)
and in diabetic patients (51). SBP in the high-protein diet groups
was significantly lower than SBP in the low-protein diet groups
(USMD ranging from —0.21; 95% CI: —0.32, —0.09 to —0.27,
95% CI. —0.47, —0.06) (45, 51), low-carbohydrate and low-fat
diet groups (USMD = —2.11; 95% CI: —2.86, —1.37) (46), and
low carbohydrate diet groups (USMD = —1.76; 95% CI: —2.33,
—1.20) (48). The mean differences of DBP ranged from —0.18
(95% CI: —0.29, —0.06) to —1.15 (95% CI: —1.59, —0.71) (45,
48) (Table 2 and Figure 2). Most of the meta-analyses for the
efficacy of a high-protein diet were rated as having moderate
confidence, whereas 2 meta-analyses were rated as having low
confidence.
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Nordic diet.

The Nordic diet emphasizes a high consumption of whole
grains, root vegetables, legumes, berries, fatty fish, and a
low consumption of sweets and red meat. Two meta-analyses
examined the effects of a Nordic diet in a general population (15,
52). All primary studies included in these meta-analyses were
conducted only in Scandinavian and Nordic regions. The results
of both meta-analyses were consistent in showing that a Nordic
diet could significantly lower SBP and DBP when compared with
usual/other healthy diets. USMDs of SBP ranged from —3.97
(95% CI: —6.40, —1.54) to —5.20 (95% CI: —7.30, —3.11) and
USMDs of DBP ranged from —2.08 (95% CI: —3.44, —0.73) to
—3.85 (95% CI: —5.50, —2.19) (Table 2 and Figure 2). There
was a mild degree of heterogeneity between studies for both
meta-analyses. Evidence for the efficacy of a Nordic diet was
rated as having moderate confidence.

Paleolithic diet.

A Paleolithic diet is a dietary approach based on foods that
might have been eaten during the Paleolithic era (from ~2.5
million to 10,000 y ago). Typically, this includes lean meat, fish,
fruit, vegetables, nuts and seeds, foods that in the past could have
been obtained by hunting and gathering. This diet limits foods
that became common when farming emerged about 10,000 y ago,
including dairy products, legumes, and grains (57). One meta-
analysis (53) showed that a Paleolithic diet marginally lowered
BP when compared with other healthy diets but failed to reach
significance. The USMDs of SBP and DBP were —3.64 (95%
CI: —7.36, 0.08) and —2.48 (95% CI: —4.98, 0.02), respectively
(Table 2). However, an updated meta-analysis that included
2 additional RCTs found that a Paleolithic diet significantly
decreased SBP and DBP, with USMDs of —4.75 (95% CI: —7.54,
—1.96) and —3.23 (95% CI. —4.77, —1.69) (54) (Figure 2).
Evidence for these studies was graded as having moderate and
low confidence.

Portfolio dietary pattern.

The portfolio diet is a plant-based dietary pattern that combines
recognized cholesterol-lowering foods (e.g., nuts, plant protein,
viscous fiber, and plant sterols) (55). One meta-analysis assessing
the effect of a portfolio diet on BP reduction (55) included 5
RCTs conducted in Canada, each published by the same group
of researchers. The consumption of a portfolio diet significantly
reduced SBP/DBP when compared with the National Cholesterol
Education Program (NCEP) II diet. The USMDs of SBP and
DBP were —1.75 (95% CI: —3.23, —0.26) and —1.36 (95% CI:
—2.33, —0.38), respectively (Table 2 and Figure 2). Evidence
for the efficacy of a portfolio dietary pattern was rated as having
moderate confidence.

Pulse dietary pattern.

The pulse diet is characterized by a high consumption of
dried seeds and legumes high in fiber, plant protein, and various
micronutrients, and a low consumption of fat and high glycemic
index foods. One meta-analysis, including 8 RCTs, assessed the
effect of a pulse dietary pattern on SBP/DBP (56). There was a
significant reduction in SBP compared with other isocaloric diets
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with USMD = —2.25 (95% CI: —4.22, —0.28) but for DBP the
results failed to reach statistical significance [USMD = —0.71
(95% CI: —1.74, 0.31)] (Table 2 and Figure 2). Evidence for the
pulse dietary pattern was rated as having moderate confidence
(Supplementary Table 1).

Discussion

Principal findings

This umbrella review summarizes evidence for the effect of
different dietary patterns on BP reduction. Our results found
that DASH, Nordic, and portfolio dietary patterns significantly
decreased SBP and DBP in the general population. Among
these dietary patterns, the DASH diet was associated with the
greatest overall reduction in BP with USMDs ranging from
—3.20 mmHg (95% CI: —4.20, —2.30) to —7.62 mmHg (95%
CI: —9.95, —5.29) for SBP and from —2.50 mmHg (95% CI:
—3.50, —1.50) to —4.22 mmHg (95% CI: —5.87, —2.57) for
DBP. A low-salt/sodium diet also significantly reduced BP but
the benefit of this diet was mainly found in patients diagnosed
with hypertension. Evidence was inconsistent for the efficacy of a
Mediterranean diet, vegetarian diet, low glycemic index diet, low-
carbohydrate diet, high-protein diet, Paleolithic diet, and pulse
dietary pattern. A low-fat diet did not have significant effects on
BP reduction.

Findings in the context of the literature

The consistency of evidence in our umbrella review supporting
significant reductions of both SBP and DBP in DASH, Nordic,
and portfolio dietary patterns may be attributable to shared
foods encouraged in these dietary patterns. They are rich in
fruits, vegetables, whole grains, legumes, seeds, nuts, fish, and
dairy products and low in processed meats, saturated fat, and
sweets. The antihypertensive effect of these foods is linked to
the synergistic effects of important nutrients, such as magnesium,
potassium, calcium, phytochemicals, and antioxidants such as
polyphenols, vitamins, unsaturated fatty acids, and fiber, each of
which has been shown to lower BP (58, 59). The beneficial effect
of DASH highlighted in our umbrella review is in agreement with
the recently published network meta-analysis by Schwingshackl
et al. (58), which found DASH to be the most effective
dietary approach for lowering BP in both prehypertensive and
hypertensive patients. Observed reductions in DBP and SBP
with the DASH dietary pattern are clinically meaningful, based
on existing evidence that it can lower SBP by around 5-8
mmHg and DBP by around 3—-4 mmHg. Prospective studies show
that a 2 mmHg reduction in SBP and DBP is associated with
lower mortality from stroke (10%) and coronary artery disease
(7%) in middle-aged men and women (60, 61). The DASH
diet has several subtypes including DASH with and without
energy restriction and DASH higher protein. The efficacy of
these subtypes might be dissimilar in terms of lowering SBP
and DBP. Our results found that the DASH diet with or without
energy restriction could significantly reduce SBP and DBP but
the efficacy of DASH higher protein was not significant when
compared with a low-fat diet.

The Mediterranean diet is associated with a low concentration
of inflammatory biomarkers which may play a protective role

1595

in reducing cardiovascular events (62). In our review, we
found that adherence to a Mediterranean diet may reduce BP
levels. Every meta-analysis reported that a Mediterranean diet
significantly decreased DBP compared with control groups.
However, evidence for the effect of a Mediterranean diet on
SBP reduction is inconsistent in terms of statistical significance.
The USMDs of SBP of the significant studies ranged from
—1.45 (95% CIL: —1.97, —0.94) to —3.02 (95% CI. —3.47,
—2.58), which is debatable in terms of clinical significance.
These inconsistent findings may result from the different settings
and control diets among the primary studies included in the
systematic reviews and meta-analyses. These primary studies
were usually conducted in Italy, Greece, Spain, and the USA
which have different eating patterns. Even though they applied
the Mediterranean diet as an intervention of interest, details of
individual diets could differ.

The vegetarian, Paleolithic, portfolio, and pulse diets are
plant-based dietary patterns that favor foods such as vegetables
and fruits. Our umbrella review demonstrated that among 4
different plant-based dietary patterns, only the portfolio diet
was associated with significant reductions in SBP and DBP.
However, this effect was minimal (USMD = —1.75 mmHg for
SBP and —1.36 mmHg for DBP) and might not have clinical
significance. The results based on these dietary approaches
should be interpreted with caution, since in our review <3
meta-analyses were available for each dietary pattern. A recent
umbrella review of systematic reviews of meta-analyses of
observational and interventional studies showed that vegetarian
diets are associated with a reduced risk of ischemic heart disease
(63). This suggests that these dietary patterns may provide
alternative cardiovascular advantages beyond BP control. Further
research is needed to confirm or refute this.

Across all dietary patterns in our review the largest number of
meta-analyses (N = 9) involved low-sodium/salts diets. Most of
these (8/9) were very large trials (N >1000). Our review shows
sodium restriction to have a BP-lowering effect in most meta-
analyses (7/9). We also found that the effect is more consistent
in people with hypertension and is greater in Afro-Caribbean
and Asian populations than it is with Caucasians (25). Existing
evidence therefore suggests that any low-salt diet may potentially
reduce BP, especially in certain racial groups and for hypertensive
patients.

More recently, interest has extended into macronutrients,
including proteins, fats, and carbohydrates, with many clinical
trials investigating the effects of these on BP. Results from the
meta-analysis of RCTs included in this umbrella review reflect
uncertainty over the effect of these dietary interventions. This
accords with existing evidence that the effect on cardiovascular
mortality and morbidity of low-fat, low-carbohydrate, high-
protein diets remains a debatable issue (64—68).

Strengths and limitations

Our umbrella review has several strengths, including the
systematic searching, collecting, and assessment of the strength
and credibility of evidence derived from various systematic
reviews. We included data only from meta-analysis of RCTs,
incorporating new trial data up to 2020 and covering a wide
range of dietary approaches, participants, and studies. Our review
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comprehensively evaluates the methodological quality of meta-
analyses and assesses the quality of evidence for outcomes from
published meta-analyses of RCTs. Nevertheless, our findings
need to be considered in the light of some limitations. Firstly,
in terms of methodological quality, most of the included meta-
analyses were rated as low or critically low (42% and 42%,
respectively). Furthermore, the high level of heterogeneity across
existing trials should be noted in terms of baseline characteristics
of patients and interventions. Although the dietary patterns
identified may have shared some common basic characteristics
they were not homogenous, each diet being set in a unique
cultural context.

Perspectives/implication

The potential benefits identified in this review suggest that in
broad terms the adoption of a DASH diet, as recommended in
many clinical practice guidelines, should continue to be promoted
as a public health goal. However, it should be noted that the
diets under review are largely based on Western eating habits
and traditions. Eating patterns are culturally sensitive and vary
significantly in different settings. The widespread adoption of
any medically beneficial diet requires it to incorporate readily
available foodstuffs that are both affordable and gastronomically
acceptable across a range of tastes and regions.

Although we have seen that BP can be reduced by modifying
diet, studies are needed to assess whether or not these levels
of reduction impact on long-term mortality and morbidity.
Finally, there is no data relating quality of life to the difficulties
of adhering to dietary restrictions. For example, the likely
adverse effects and impact on quality of life from restricting
dietary protein should be studied before being recommended for
widespread use.

Conclusion

Our results found that adherence to the DASH diet effectively
reduced BP. Low-salt diets significantly decreased BP levels
in normotensive Afro-Caribbean people and in hypertensive
patients of all ethnic origins. Other dietary patterns such as
the Nordic and portfolio diets also significantly decreased BP
levels, but confidence in the evidence for these dietary patterns is
moderate due to the low number of primary studies. Large RCTs
are needed to confirm the benefits of these approaches.
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