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ABSTRACT

The Dietary Approaches to Stop Hypertension (DASH) diet is recognized as an effective dietary intervention to reduce blood pressure (BP). However,
among randomized controlled trials (RCTs) investigating the DASH diet–mediated BP reduction, there are significant methodological and clinical
differences. The purpose of this study was to comprehensively assess the DASH diet effect on BP in adults with and without hypertension, accounting
for underlying methodological and clinical confounders. We systematically searched Medline and the Cochrane Collaboration Library databases
and identified 30 RCTs (n = 5545 participants) that investigated the BP effects of the DASH diet compared with a control diet in hypertensive and
nonhypertensive adults. Both random-effects and fixed-effect models were used to calculate the mean attained systolic BP (SBP) and diastolic BP
(DBP) differences during follow-up. Subgroup and meta-regression analyses were also conducted. Compared with a control diet, the DASH diet
reduced both SBP and DBP (difference in means: −3.2 mm Hg; 95% CI: −4.2, −2.3 mm Hg; P < 0.001, and −2.5 mm Hg; 95% CI: −3.5, −1.5 mm
Hg; P < 0.001, respectively). Hypertension status did not modify the effect on BP reduction. The DASH diet compared with a control diet reduced
SBP levels to a higher extent in trials with sodium intake > 2400 mg/d than in trials with sodium intake ≤2400 mg/d, whereas both SBP and DBP
were reduced more in trials with mean age < 50 y than in trials of older participants. The quality of evidence was rated as moderate for both
outcomes according to the Grading of Recommendations, Assessment, Development and Evaluation approach. The adoption of the DASH diet
was accompanied by significant BP reduction in adults with and without hypertension, although higher daily sodium intake and younger age
enhanced the BP-lowering effect of the intervention.This meta-analysis was registered at www.crd.york.ac.uk/prospero as CRD42019128120. Adv
Nutr 2020;11:1150–1160.
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Introduction
Hypertension remains one of the most significant causes of
premature morbidity and mortality worldwide (1), because
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elevated blood pressure (BP) influences adversely cardiovas-
cular and renal outcomes (2, 3). Raised BP levels result from
complex interactions between genetic and environmental
factors (4). Consistent evidence suggests that individual
nutrients, such as sodium and potassium, but also different
dietary patterns such as the Dietary Approaches to Stop
Hypertension (DASH) diet, are directly associated with BP
reduction (5). For the reduction of hypertension burden
and BP control within the goal, the current hypertension
management guidelines recommend as an integral part of
ongoing treatment the adoption of lifestyle modifications,
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including a healthy diet, independently of the underlying
antihypertensive drug treatment (6, 7).

The BP-lowering effect of the DASH diet was first noted
>20 y ago, when the first DASH clinical trial, which was a
controlled feeding trial, tested the effects of 3 different diets
on BP levels. The “combination” diet, which was rich in fruits,
vegetables, and low-fat dairy products, currently named
the “DASH” diet, reduced systolic BP (SBP) and diastolic
BP (DBP) compared with both the control and fruits-and-
vegetables diets (8). Since then, different clinical trials have
suggested that the DASH diet alone or in combination with
other lifestyle changes, such as sodium restriction, weight
loss, or physical exercise, is effective for BP reduction across
a wide range of BP levels (9).

The existing clinical trials examining the effect of the
DASH diet on BP levels vary in terms of study design,
implemented dietary protocol, and clinical characteristics
of the recruited patients. Consequently, methodological and
clinical differences, such as sodium and/or energy restriction
or hypertensive compared with normotensive baseline BP
levels, can differently modulate the achieved BP reduction.
Previous pairwise meta-analyses of randomized controlled
trials (RCTs) investigating the effect of the DASH diet on
BP demonstrated that the DASH diet significantly reduced
both SBP and DBP (10–13). However, all these meta-analyses
presented the absolute mean BP difference from baseline
levels, a measure that is related to outcome-related bias,
because baseline BP levels may vary across studies and
the randomized arms of each study demonstrate different
baseline BP levels.

Thus, in the present systematic review and meta-analysis
we aimed to estimate the effect of the DASH diet compared
with a control diet on the attained BP reduction (i.e., inde-
pendent of the baseline BP) by considering all available RCTs
in hypertensive and nonhypertensive adults and accounting
for underlying methodological and clinical confounders not
previously considered.

Methods
Protocol and registration
We undertook a systematic review and meta-analysis
(CRD42019128120), assessing the effect of the DASH diet
on BP levels in hypertensive and nonhypertensive adults,
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (14).

Eligibility criteria
RCTs examining the effect of the DASH diet compared with a
control diet on BP levels in hypertensive or nonhypertensive
adults, irrespective of accompanying comorbidities (e.g.,
metabolic syndrome, type 2 diabetes mellitus, obesity), were
eligible for inclusion, whether they considered BP changes
either as a primary or as a secondary outcome. Studies
examining the DASH diet in combination with other lifestyle
changes, such as sodium restriction, weight loss, or physical
exercise, were also included, whether or not the control

group underwent equal lifestyle changes. Eligible studies
were evaluated for potentially overlapping populations. In the
case of multiple publications from the same population, the
study with the largest sample size was retained.

Nonrandomized trials, studies with no control group,
studies not reporting outcomes about BP, studies with
internet-based interventions, and studies conducted either in
children/adolescents or in pregnant women were excluded.
We also excluded head-to-head RCTs between the DASH diet
and other active comparator “DASH-like” diets, such as the
modified DASH diet with altered macronutrient content.

Information sources and search
In the first week of March 2019, 2 independent reviewers
(CDF and CGT) performed a systematic literature search in
Medline and the Cochrane Collaboration Library databases
for publications up until 28 February, 2019, to select eligible
RCTs.

The search strategy was organized around the PICO
approach (Problem: hypertension; Intervention: DASH diet–
mediated BP reduction; Comparison: Control diet; Out-
comes: attained SBP and DBP reduction). Appropriate
keywords were combined based on the following search
algorithm: (DASH diet OR dietary approaches to stop
hypertension) AND (hypertension OR blood pressure OR
high blood pressure OR office blood pressure OR ambulatory
blood pressure OR cardiovascular disease). The filter “clinical
trial” was activated. No language or time restriction was
applied. In addition, references of the included studies and
previous relevant meta-analyses in the field were searched to
identify any missing articles.

Study selection
Titles and/or abstracts of studies retrieved through the
database searching and those from additional sources were
screened by 2 independent reviewers (CDF and CGT) to
identify studies potentially meeting the inclusion criteria.
The full texts of these studies were retrieved and indepen-
dently assessed for eligibility by the same 2 reviewers. Any
disagreement was resolved through discussion.

Data collection process
A standardized, prepiloted form was used to extract data
from the included studies. Two authors (CDF and CGT)
extracted data independently; discrepancies were identified
and resolved through discussion.

Data items
For each trial the following information was extracted:
publication details (first author’s name, journal, year of
publication); study characteristics (country of conduct,
type of study—i.e., single or multicenter, mean age of
participants, male sex prevalence, baseline antihypertensive
medication, hypertension prevalence, mean BMI, type of BP
measurement—i.e., office or home or ambulatory, number
of participants); study design (parallel or crossover); type
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of implemented data analysis (intention-to-treat or per-
protocol); study quality; dropout rate; dietary adherence rate;
follow-up period; baseline mean SBP and DBP; attained
mean SBP and DBP during follow-up; attained difference
in means of SBP and DBP between the 2 randomized
arms during follow-up; attained difference in weight change
during follow-up; and change in 24-h urinary excretion of
sodium during follow-up. We also considered the overall
context in which the dietary intervention was administered
in terms of controlled or noncontrolled feeding, as well as
sodium restriction and/or energy restriction along with the
implemented diet. Although the main outcome of the study
was the difference in the means of office SBP and DBP during
follow-up, the difference in the means of daytime or home
SBP and DBP was also used for studies exclusively reporting
ambulatory or home BP measurements, respectively.

Risk of bias in individual studies and quality of evidence
rating
Two independent reviewers (CDF and CGT) assessed the
risk of bias of the included studies using the Cochrane
Collaboration risk of bias tool for RCTs (15) to reflect the
overall quality. The evaluation of each of the 7 criteria was
categorically reported as high, low, or unclear risk of bias.
Studies with >2 high or unclear risk of bias elements were
considered of lower quality. The same 2 reviewers rated the
quality of evidence for each outcome separately, using the
Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach (16). Disagreements
between the 2 review authors over the risk of bias in studies
and the quality assessment of the evidence were resolved by
discussion, with the involvement of a third author (CPT)
whenever necessary.

Summary measures
Because the BP-lowering effects of any pharmacological
or nonpharmacological antihypertensive intervention are
related to the mean attained BP difference between the ran-
domized arms during follow-up (i.e., mean postintervention
BP difference) and not to the extent of the absolute mean
BP difference from baseline levels (17), the main outcome
explored in the present meta-analysis was the attained mean
SBP and DBP difference (i.e., the ongoing BP reduction)
between randomized arms.

Statistical analysis
Data analysis was done using Comprehensive Meta-Analysis
version 3 (Biostat). Outcome variables were pooled as mean
differences with 95% CIs, using tabulated data from the
original publications. SD of the BP difference between
the 2 independent randomized arms during follow-up was
computed according to the formula: SDdiff = square root
(SD1

2/n1 + SD2
2/n2), where SDdiff is the SD of the BP

difference, SD1 and SD2 are the individual SDs of the 2 ran-
domized arms, and n1 and n2 are the numbers of participants
in each arm (18). The proportion of inconsistency across
studies not explained by chance was assessed by the I2 index.

Whenever no significant heterogeneity was detected by the
χ2 Cochran Q statistic (P > 0.1), a fixed-effect model was
implemented; otherwise, a random-effects model was used.
The influence of individual RCTs on the pooled effect sizes
was tested by excluding 1 trial at a time: if the point estimate
of the combined effect size with a given trial excluded lay
outside the 95% CI of the overall BP estimate with all available
trials, the trial in question was considered to have excessive
influence. Quality-guided sensitivity analysis including only
studies of higher quality was also performed. Additional
sensitivity analyses were performed and limited to, first,
studies reporting intention-to-treat analysis to control for
investigator bias or protocol violation; second, studies with
office BP measurements to control for ecological bias result-
ing from out-of-clinic BP evaluation; and third, studies with
a parallel design to control for bias of the carryover effects
related to crossover design. Different subgroup analyses were
conducted according to specific clinical characteristics of the
participants and study design variables (hypertension status,
underlying antihypertensive drug treatment, baseline SBP
and DBP, age, BMI, type of feeding, daily sodium intake,
energy restriction along with the implemented diet, duration
of the follow-up period, and type of device used for office BP
measurements), whereas separate univariate meta-regression
analyses of the mean difference against SE (random-effects
plotting) were performed for relevant clinical variables (age,
BMI, baseline SBP and DBP, duration of the follow-up period,
weight change, and change in 24-h urinary sodium during
follow-up) to explain heterogeneity across studies. Owing
to the relatively small number of the included studies, a
multivariate meta-regression analysis with a limited and
selective number of covariates (i.e., baseline SBP and DBP,
age, male sex, BMI, duration of the follow-up period)
was conducted to determine whether the modulating effect
of clinical variables remained significant. The presence of
publication bias was graphically investigated by funnel plots
(random-effects model) and by using Egger’s and Begg’s
tests. A P value < 0.05 (2-tailed) was considered statistically
significant.

Results
Study selection and study characteristics
Figure 1 indicates the flow diagram of the study selection
process. A total of 576 records were identified through
the database searching, whereas 3 additional records were
identified through other sources. After duplicates were
removed (n = 179), 400 records were screened. Among
them, 326 records were excluded based on the title and/or
abstract evaluation, whereas 74 articles were assessed for
eligibility at the full-text level. Supplemental Table 1 lists
the excluded articles (n = 44) along with the reasons
for exclusion and their references. Therefore, 30 studies
(n = 5545 participants, 45% men, mean age 51 y, mean
BMI 29.2 kg/m2, mean baseline SBP/DBP 134.3/84.9 mm
Hg, mean follow-up period 15.3 wk) were selected. Table 1
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the study identification and selection
process for eligible RCTs. DASH, Dietary Approaches to Stop Hypertension; RCT, randomized controlled trial.

summarizes the baseline and follow-up characteristics of the
included studies (19–48).

Risk of bias within studies and rating of evidence
quality (GRADE)
As Supplemental Table 2 indicates, according to the quality
procedure assessment, 50% (n = 15) of the included studies
(20–22, 24, 25, 27, 30, 33, 34, 36–39, 44, 46) were of higher
quality, whereas the remaining studies demonstrated >2
elements that were judged either as unclear or as high risk
of bias. According to the GRADE approach, the quality
of evidence was rated as moderate, for both outcomes.
The level of evidence was downgraded because of either
inappropriate blinding of participants and personnel or
incomplete outcome data (Supplemental Tables 3 and 4).

Effect of the DASH diet on BP levels
When all selected RCTs (n = 30) (19–48) were analyzed
together, the mean difference of SBP and DBP between the
2 randomized arms during follow-up was −3.2 mm Hg;
95% CI: −4.2, −2.3 mm Hg; P < 0.001 and −2.5 mm Hg;
95% CI: −3.5, −1.5 mm Hg; P < 0.001, respectively. By

excluding 1 trial at a time, no trial demonstrated an excessive
influence on the overall BP estimate (data not shown).
Limiting our analysis to studies of higher quality (n = 15)
(20–22, 24, 25, 27, 30, 33, 34, 36–39, 44, 46), the overall
interventional effect on BP did not change, whereas between-
study heterogeneity was reduced. When only intention-to-
treat trials were considered (n = 18) (20–22, 24, 25, 28–31,
33–37, 43, 44, 46, 47), the obtained BP estimates were not
different from the primary analysis and the heterogeneity
across trials faded away. Whenever either only trials with
office BP measurements (n = 27) (19–25, 27–40, 43–48) or
only trials with a parallel design (n = 24) (20–22, 24–26, 28–
34, 36–40, 42–44, 46–48) were considered, again the extent
of BP reduction was not different from the primary analysis
in both cases (Figure 2).

The role of hypertension, antihypertensive drug
treatment, and baseline BP levels
Ten trials or subgroups of trials (19–21, 24, 35, 36, 38,
43, 45, 46) included patients without hypertension and 16
trials or subgroups of trials (19–21, 26, 28, 31–35, 39, 40,
43, 44, 46, 48) included only hypertensive patients. The
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FIGURE 2 BP-lowering effect of the DASH diet in adults with and without hypertension: total analysis for SBP and DBP outcomes and
sensitivity analyses, according to clinical and methodological characteristics of the selected trials. Difference in means of attained SBP and
DBP difference in trials investigating the effect of the DASH diet compared with a control diet. From left to right, the columns indicate the
type of analysis, the number of trials analyzed, the number of subjects per randomized arm in each separate analysis for both BP
outcomes, the heterogeneity in each analysis for each outcome, the difference in means and 95% CIs for each outcome under the
appropriate model based on heterogeneity (the minus sign indicates a lower BP value in the first group), and the forest plots of the
difference in means and 95% CIs (black = SBP reduction and gray = DBP reduction). BP, blood pressure; DASH, Dietary Approaches to Stop
Hypertension; DBP, diastolic blood pressure; ITT, intention-to-treat; RCT, randomized controlled trial; SBP, systolic blood pressure.

observed SBP and DBP reductions between the 2 randomized
arms were not different between the hypertensive and the
nonhypertensive subgroups (P = 0.96 and P = 0.70 for SBP
and DBP reduction, respectively) and heterogeneity was of
the same extent in both hypertensive and nonhypertensive
populations for BP outcomes. In trials or subgroups of
trials conducted in hypertensive patients without underlying
antihypertensive treatment (n = 8) (19–21, 28, 34, 35, 46,
48), the extent of the mean SBP and DBP reduction was
by absolute means higher than that observed for the entire
group of hypertensive patients (by 2.0 mm Hg and 0.8 mm

Hg, respectively). In comparison with trials conducted
in hypertensive patients with underlying antihypertensive
treatment (n = 7) (26, 31–33, 39, 40, 44), the result pointed
in the same direction, but it did not reach significance
regarding both SBP and DBP reduction (P = 0.07 and
P = 0.23, respectively). Stratification of trials by a baseline
SBP threshold of ≥140 mm Hg (n = 8) (22, 28, 29, 31, 33, 34,
44, 48) compared with <140 mm Hg (n = 22) (19–21, 23–27,
30, 32, 35–43, 45–47) was not accompanied by a differential
DASH-diet effect on SBP and DBP difference (P = 0.70 and
P = 0.56, respectively) (Figure 3). Whenever trials were
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FIGURE 3 BP-lowering effect of the DASH diet in adults with and without hypertension: subgroup analyses for SBP and DBP outcomes,
according to clinical and methodological characteristics of the selected trials. Difference in means of attained SBP and DBP difference in
trials investigating the effect of the DASH diet compared with control diet in different conditions: hypertension, normotension, untreated
hypertension, treated hypertension, and stratified by the SBP threshold of 140 mm Hg. From left to right, the columns indicate condition,
the number of trials analyzed, the number of subjects per randomized arm in each separate analysis for both BP outcomes, the
heterogeneity in each analysis for each outcome, the difference in means and 95% CIs for each outcome under the appropriate model
based on heterogeneity (the minus sign indicates a lower BP value in the first group), and the forest plots of the difference in means and
95% CIs (black = SBP reduction and gray = DBP reduction). BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; DBP,
diastolic blood pressure; RCT, randomized controlled trial; SBP, systolic blood pressure.

DASH diet and blood pressure 1155



TABLE 2 BP-lowering effect of the Dietary Approaches to Stop Hypertension diet in adults with and without hypertension: subgroup
analyses for SBP and DBP outcomes, according to clinical and methodological characteristics of the selected trials1

Subgroups RCTs, n
Subjects,

n

Difference in
means for SBP

difference (95%,
CI), mm Hg

P between-
groups I2

P-
heterogeneity

Difference in
means for DBP

difference (95%
CI), mm Hg

P between-
groups I2

P-
heterogeneity

Age, y <0.001 0.009
≥50 16 4027 − 2.0 (−2.4, −1.8) 0% 0.79 − 1.3 (−2.2, −0.4) 50% 0.01
<50 13 1396 − 4.9 (−6.2, −3.5) 2% 0.43 − 3.5 (−4.8, −2.1) 43% 0.05

BMI, kg/m2 0.12 0.14
≥30 12 1456 − 3.9 (−6.1, −1.7) 48% 0.03 − 3.3 (−5.0, −1.7) 57% 0.01
<30 15 3620 − 2.6 (−2.5, −1.8) 0% 0.49 − 1.8 (−2.9, −0.7) 64% <0.001

Controlled feeding 0.23 0.52
No 23 4564 − 3.1 (−4.1, −2.0) 43% 0.02 − 2.3 (−3.4, −1.2) 73% <0.001
Yes 7 981 − 4.4 (−6.4, −2.4) 0% 0.94 − 2.8 (−4.1, −1.7) 0% 0.55

Daily sodium intake, mg 0.003 0.39
>2400 9 790 − 4.5 (−6.1, −3.0) 0% 0.95 − 2.7 (−3.8, −1.6) 0% 0.65
≤2400 14 3292 − 2.1 (−2.5, −1.8) 0% 0.59 − 1.9 (−3.3, −0.6) 54% 0.009

Energy restriction 0.48 0.09
No 19 4074 − 2.9 (−3.9, −1.9) 21% 0.19 − 1.8 (−2.8, −0.8) 59% <0.001
Yes 11 1471 − 3.7 (−5.7, −1.7) 48% 0.04 − 3.5 (−5.1, −1.8) 57% 0.009

Follow-up period, mo 0.67 0.75
≥3 15 2594 − 3.0 (−4.6, −1.4) 47% 0.02 − 2.6 (−3.8, −1.4) 48% 0.01
<3 15 1428 − 3.5 (−4.6, −2.3) 23% 0.19 − 2.3 (−3.7, −0.9) 69% <0.001

Office BP methodology 0.95 0.98
Manual 14 3562 − 2.3 (−2.7, −1.8) 1% 0.44 − 1.9 (−3.1, −0.7) 67% <0.001
Automated 7 1061 − 2.2 (−4.0, −0.4) 14% 0.32 − 1.9 (−3.0, −0.7) 6% 0.38

1Trials or subgroups of trials entered in subgroup analyses: age (21, 25, 26, 28, 31–33, 36, 39–41, 43–45, 47, 48 compared with 19, 20, 22, 24, 27, 29, 30, 34, 35, 37, 38, 42, 46); BMI
(21, 25, 26, 28–30, 32, 34, 37–39, 47 compared with 19, 20, 22, 24, 27, 35, 36, 40–46, 48); controlled feeding (19, 21, 22–26, 29–33, 35–38, 40–44, 47, 48 compared with 20, 27, 28, 34,
39, 45, 46); daily sodium intake (19, 20, 27, 28, 34, 35, 37, 45, 46 compared with 21–25, 31, 36, 39–43, 46, 47); energy restriction (19, 20, 23, 25, 27, 28, 31, 33–37, 40, 41, 43, 45–48
compared with 21, 22, 24, 26, 29, 30, 32, 38, 39, 42, 44); follow-up period (21, 22, 25, 26, 29–33, 36, 38, 42, 43, 47, 48 compared with 19, 20, 23, 24, 27, 28, 34, 35, 37, 39–41, 44–46);
and office BP methodology (19–22, 25, 28, 31, 32, 35–37, 39, 40, 46 compared with 27, 33, 34, 43–45, 48). BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood
pressure.

stratified by the threshold of 80 mm Hg for baseline DBP,
again no differential effect of the DASH diet was observed
(data not shown).

Subgroup and meta-regression analyses by relevant
variables
We tested different variables as effect modifiers in our analy-
sis. Age, BMI, controlled feeding, daily sodium intake, energy
restriction along with the implemented diet, duration of the
follow-up period, and type of device used to measure office
BP were separately considered as dichotomous variables. The
treatment effect of the DASH diet was more pronounced
regarding SBP reduction in trials or subgroups of trials with
sodium intake > 2400 mg/d (n = 9) (19, 20, 27, 28, 34, 35,
37, 45, 46) than in trials or subgroups of trials with sodium
intake ≤2400 mg/d (n = 14) (21–25, 31, 36, 39–43, 46, 47)
(P = 0.003). Also, the treatment effect of the DASH diet was
more pronounced regarding both SBP and DBP reduction
in trials with mean age <50 y (n = 13) (19, 20, 22, 24,
27, 29, 30, 34, 35, 37, 38, 42, 46) than in the trials with
mean age ≥50 y (n = 16) (21, 25, 26, 28, 31–33, 36, 39–
41, 43–45, 47, 48) (P < 0.001 and P = 0.009 for SBP and
DBP reduction, respectively). The remaining effect modifiers
had no differential effect on either of the 2 BP components
(Table 2). To examine the potential modifying effect of
continuous variables (age, BMI, baseline SBP and DBP,

duration of the follow-up period, attained weight change
during follow up, and change in 24-h urinary sodium during
follow-up) on the association between the DASH diet and
SBP/DBP reduction, we ran meta-regression analyses. Only
age was negatively associated with the extent of SBP-lowering
between the 2 arms (P = 0.002), whereas the remaining
variables had no significant modifying effect on SBP and
DBP reduction (Supplemental Figure 1). The results from
the multivariate meta-regression analysis showed that among
selective effect modifiers (baseline SBP and DBP, age, male
sex, BMI, duration of the follow-up period), duration of
the DASH diet treatment and marginally age determined
SBP reduction. Although age positively determined DBP
reduction, baseline SBP and BMI were negative determinants
of the same outcome (Supplemental Table 5).

Publication bias
As presented in the funnel plots, no publication bias was
produced for both SBP and DBP under the random-effects
plotting, a finding further suggested by the Egger’s and Begg’s
tests (Supplemental Figure 2).

Discussion
Summary of evidence
Our updated analysis confirmed that the adoption of the
DASH diet results in a significant SBP and DBP reduction,
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and to our knowledge for the first time provided summary
evidence that this effect is independent of baseline BP levels.
Although no differential BP effect was noticed between
hypertensive and nonhypertensive patients, the extent of
SBP and DBP reduction was higher by absolute means in
hypertensive patients without underlying antihypertensive
treatment than that observed in all hypertensive patients.
The BP effect of the DASH diet was consistent across a wide
range of baseline SBP and DBP levels, i.e., from normotensive
BP levels to grade 1 hypertension, according to the Joint
National Committee 7 definition of hypertension (49), and
it was independent of the concomitant energy restriction.
However, regarding sodium intake, it was found that higher
amounts of daily sodium intake enhance the DASH diet BP-
lowering effect. Moreover, our study raised the hypothesis
that age may be an inverse modulator of the DASH diet–
mediated effect on BP reduction.

Because the extent of BP reduction is semilogarithmically
related to the incidence of cardiovascular outcomes (17),
even a small reduction of BP levels, such as the one suggested
by the present meta-analysis, may result in nonpharmaco-
logical treatment benefits. We resisted estimating the change
of SBP and DBP from baseline in each randomized trial, be-
cause the extent of BP reduction is largely related to Wilder’s
principle (i.e., different baseline BP levels across studies)
(50) and also baseline BP levels were not equal between
the randomized arms in individual studies. Therefore, our
analysis was based exclusively on the attained BP difference
between the 2 randomized arms during follow-up not only
to overcome these methodological drawbacks, but also to
parallel with the estimated BP reductions observed in drug
BP-lowering RCTs (7).

Interpretation of findings
We were unable to demonstrate any modulating role of
hypertension status on BP reduction, potentially because
of the underlying “regression to the mean” phenomenon,
which operates in a bidirectional fashion, i.e., from higher
to lower BP levels in case of hypertension trials and from
lower to higher BP levels in case of normotension trials
(51). In addition, different operating pathophysiological
pathways in hypertension, such as endothelial dysfunction
and increased sympathetic tone, may limit the BP-lowering
effect of the DASH diet at variance with normotension or
prehypertension in which vascular integrity is less impaired
(52, 53). The implementation of the DASH diet at baseline
SBP levels above and below 140 mm Hg was not associated
with differential mean SBP and DBP reduction, but this
type of analysis should be interpreted with caution because
it includes patients with treated hypertension. Our finding
that untreated hypertension was associated with greater BP
reduction after the DASH diet intervention supports the
hypothesis that lifestyle measures can result in a larger BP
change in untreated individuals, who usually demonstrate
higher baseline BP levels than hypertensive individuals
already treated with antihypertensive agents. Beyond the
accelerated vascular aging in hypertension compared with

either prehypertension or normotension, the higher the
age the lower the BP reduction after the DASH diet
intervention (54). However, age-increase represents per se
a nonmodifiable trigger of vascular damage that may result
in reduced responsiveness to antihypertensive interventions,
including the DASH diet.

The DASH diet seems to exert natriuretic action (55) and
to interact with the renin–angiotensin–aldosterone system,
resulting in vascular and hormonal responses which induce
a hypotensive effect (56, 57). Our finding that the DASH
diet was accompanied by a greater BP reduction in those
with higher sodium intake than in their lower sodium intake
counterparts is not without precedents. Indeed, Sacks et al.
(46) suggested that the BP-lowering effect of the DASH diet
compared with the control diet was almost 3-fold higher for
those at higher than for those at lower sodium intake. It
was assumed that low amounts of dietary sodium attenuated
the hypotensive effects of potassium or, inversely, the high
potassium or calcium content of the DASH diet attenuated
the effects of low amounts of sodium. We did not observe any
modulating role of energy restriction on BP levels, meaning
that the DASH diet may result in BP reduction with or
without concomitant energy restriction.

In studies with controlled feeding, dietary adherence to
the prescribed diets was assessed by direct observation of the
participants during on-site meals, participants’ reports about
the consumption of the “take-home” study foods, and urine
collections. In studies with noncontrolled feeding, dietary
adherence was assessed by different methods, such as 3-
d food records, 24-h dietary recalls, photographs of food
and beverages consumed, urine collections, and attendance
at the dietary sessions. Although the vast majority of
studies did not provide data about dietary adherence rates,
studies with controlled feeding are expected to demonstrate
higher adherence rates than studies conducted in free-living
environments.

Comparison with previous evidence
The effect of the DASH diet on BP levels has been investigated
in previous pairwise meta-analyses by Saneei et al. (10)
(17 studies; 2561 participants), Ndanuko et al. (10 studies;
2798 participants) (11), Siervo et al. (12) (16 studies; 1581
participants), and Gay et al. (13) (4 studies; 668 participants).
Overall, the results in these meta-analyses showed that
the DASH diet reduced SBP/DBP by −6.7/−3.5 mm Hg,
−4.9/−3.6 mm Hg, −5.2/−2.6 mm Hg, and −7.6/−4.2 mm
Hg, respectively. However, the BP estimates in all these
meta-analyses represented the mean difference as a change
from baseline BP, a measure that is dependent on both the
baseline BP levels and the unequal baseline BP between
arms. Consequently, the previously reported BP reduction
introduces outcome-related bias and, therefore, is hardly
comparable with our BP estimates. At variance with the
previous evidence, we provided a more comprehensive
and updated meta-analysis, because we considered a larger
number of RCTs (30 studies; 5545 participants). Also, we
considered the attained mean BP difference between the
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randomized arms (i.e., mean postintervention BP difference)
to overcome outcome-related bias and we accounted for
methodological and clinical confounders not previously
approached. A network meta-analysis which considered
the postintervention SBP/DBP difference similarly to our
setting found that the DASH diet reduced SBP/DBP by
−7.4/−3.4 mm Hg compared with a control diet (58).
However, this analysis did not consider trials with duration
<12 wk and with baseline BP <130/85 mm Hg; moreover,
owing to its network nature the control diet arm was
disproportionally larger than the DASH diet arm, suggesting
loss of randomization. Consequently, these results are not
comparable with traditional pairwise meta-analysis results in
which randomization is preserved.

Limitations
In this comprehensive and updated meta-analysis, we ac-
knowledge several limitations. First, the quality of the
included studies was suboptimal, because 50% of them had
>2 elements scored either as unclear or as high risk of bias.
The unblinded nature of the randomized trials considered
here introduces investigator-related bias and discloses that
the Hawthorne effect (59) at the participant level might be
increased compared with blinded studies. Also, the moderate
grade of evidence observed in the present synthesis indicates
that the true effect of the DASH diet on BP levels is likely to
be close to our mean estimate, but the possibility that this
effect might be substantially different cannot be excluded.
Moreover, the measurement of office BP was problematic
or unclear in all the selected trials (outcome-based bias).
Although subgroup analyses were conducted across mean
clinical thresholds in each separate trial, it is undetermined
whether individual trial patients were above or below this
preselected threshold. No subgroup analysis was attempted
by sex because of the very limited available data and lack
of statistical power (20, 22, 26, 32). Also, meta-regression
analyses should be interpreted with a critical view, because
they represent cross-sectional tools without a prospective
potential. The multivariable regression analysis included
only a small number of confounders to preserve enough
statistical power, but this power was still suboptimal because
of the limited number of the included studies. The mean
follow-up time was relatively small (almost 15 wk), thus
it cannot be suggested that the BP-lowering effect of the
DASH diet is extended to longer periods. The heterogeneity
across studies was overall moderate and partly downgraded
by explanatory analyses (i.e., subgroup and meta-regression
analyses based on different clinical and methodological
characteristics). Lastly, both the recommended DASH and
control diets in each trial were not identical in terms of
macro- and micronutrient content; moreover, some of the
included trials were designed with a different purpose to that
of exploring the BP-lowering effect of the DASH diet.

Conclusions
In conclusion, this synthesis of moderate quality according
to the GRADE system demonstrated that the adoption of

the DASH diet reduces BP in subjects with or without
hypertension, irrespective of baseline BP levels or ongoing
antihypertensive treatment, although the extent of BP-
lowering is greater in those with higher sodium intake and
younger individuals. Our findings give further support to
the recommendations of current hypertension guidelines,
supporting that the DASH diet should be pursued to
delay hypertension onset and increase the effectiveness of
antihypertensive drug treatment.
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