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Effects of the Dietary Approaches to Stop Hypertension
Diet, Exercise, and Caloric Restriction on Neurocognition in

Overweight Adults With High Blood Pressure
Patrick J. Smith, James A. Blumenthal, Michael A. Babyak, Linda Craighead,

Kathleen A. Welsh-Bohmer, Jeffrey N. Browndyke, Timothy A. Strauman, Andrew Sherwood

Abstract—High blood pressure increases the risks of stroke, dementia, and neurocognitive dysfunction. Although aerobic
exercise and dietary modifications have been shown to reduce blood pressure, no randomized trials have examined the
effects of aerobic exercise combined with dietary modification on neurocognitive functioning in individuals with high
blood pressure (ie, prehypertension and stage 1 hypertension). As part of a larger investigation, 124 participants with
elevated blood pressure (systolic blood pressure 130 to 159 mm Hg or diastolic blood pressure 85 to 99 mm Hg) who
were sedentary and overweight or obese (body mass index: 25 to 40 kg/m2) were randomized to the Dietary Approaches
to Stop Hypertension (DASH) diet alone, DASH combined with a behavioral weight management program including
exercise and caloric restriction, or a usual diet control group. Participants completed a battery of neurocognitive tests
of executive function-memory-learning and psychomotor speed at baseline and again after the 4-month intervention.
Participants on the DASH diet combined with a behavioral weight management program exhibited greater improve-
ments in executive function-memory-learning (Cohen’s D�0.562; P�0.008) and psychomotor speed (Cohen’s
D�0.480; P�0.023), and DASH diet alone participants exhibited better psychomotor speed (Cohen’s D�0.440;
P�0.036) compared with the usual diet control. Neurocognitive improvements appeared to be mediated by increased
aerobic fitness and weight loss. Also, participants with greater intima-medial thickness and higher systolic blood
pressure showed greater improvements in executive function-memory-learning in the group on the DASH diet
combined with a behavioral weight management program. In conclusion, combining aerobic exercise with the
DASH diet and caloric restriction improves neurocognitive function among sedentary and overweight/obese
individuals with prehypertension and hypertension. (Hypertension. 2010;55:00-00.)
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It is estimated that 1 billion men and women worldwide
experience prehypertension or hypertension.1,2 Blood pres-

sure (BP) increases with age, with high BP (HBP) affecting
50% of adults aged �60 years3 and a lifetime prevalence of
90%.4 HBP is associated with increased risk for Alzheimer’s
disease (AD),5 mild cognitive impairment,6 and vascular
dementia,7 and the World Health Organization estimates
that suboptimal BP (�115 mm Hg systolic BP [SBP]) is
responsible for 62% of cerebrovascular disease.8 Further-
more, HBP is associated with subtle neurocognitive defi-
cits,9 –11 which may be potentiated by obesity12–14 and may
further increase the risk of dementia.15 Although pharma-
cological treatments for HBP have been shown to effec-
tively lower BP,1 a recent meta-analysis concluded that
antihypertensive medications did not reliably reduce the
incidence of dementia.16

Lifestyle modifications, including diet and exercise,
have been shown to reduce BP17 and weight,18 improve
neurocognitive function,19,20 and may protect against inci-
dent AD.21,22 However, to our knowledge, no randomized
clinical trial has examined the combined effects of dietary
modification and aerobic exercise on neurocognitive func-
tion among overweight individuals with HBP. Because
previous randomized trials have demonstrated that aerobic
exercise improves neurocognitive functioning,19 and recent
observational studies have shown that dietary habits also
may benefit neurocognition,21,22 we hypothesized that aer-
obic exercise combined with dietary modification would
improve neurocognitive function and that diet alone also
would be associated with improvement in neurocognition
compared with a typical American diet without exercise or
weight loss.
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Methods
Participants
A total of 124 overweight (body mass index [BMI]: 25 to 40 kg/m2)
men (N�45) and women (N�79) with HBP (SBP 130 to
159 mm Hg or diastolic BP [DBP] 85 to 99 mm Hg) who were
enrolled in the Exercise and Nutrition Interventions for Cardiovas-
cular Health (ENCORE) Study served as participants. The details of
patient recruitment are described elsewhere.23 In brief, participants
consisted of healthy but overweight (BMI: 25 to 40) and sedentary
adults with HBP. Participants were eligible if they were not taking
antihypertensive medication and had HBP on the basis of the average
of 4 screening visits.

Assessment Procedures

Neurocognitive Measures
Participants completed a battery of neurocognitive tests to assess
performance in the domains of executive function-memory-learning
(EFML) and psychomotor speed before and after a 4-month treat-
ment program (Table 1). Neurocognitive tests were selected for the
availability of multiple test versions, well-established psychometric
properties, and accepted clinical use.

Clinic BP and Medical History
Clinic BP measurements were measured using standardized
procedures.23 Medical history information was obtained from a
standard medical examination. History of depression was as-
sessed by self-report.

Cardiovascular Health Measures
Aerobic capacity was assessed by symptom-limited exercise tread-
mill testing using a modified Balke protocol.24 Vascular health was
estimated using the Framingham Stroke Risk Profile (FSRP), which
is a risk assessment tool used to assess the 10-year incidence of
stroke,25 and was determined at the time of a baseline physical
examination. Because age served as a covariate in our final analyses,
it was not included in calculating FSRP scores. Carotid artery
intima-medial thickness (IMT) of the left and right common carotid
arteries was measured using high-resolution B-mode ultrasound.
Longitudinal images spanning 2 cm proximal to the carotid bulb
were acquired, and far wall IMT was measured over a 1-cm segment
using edge detection software. Body weight and height were mea-
sured using a standard balance scale. Left ventricular mass index was
assessed at end diastole from 2D echocardiogram images, and left
ventricular mass was calculated as left ventricular mass/height2.7 to
adjust for variations in heart size because of differences in body size.
Body composition and fat distribution were assessed by dual energy
absorptiometry, which was used to estimate abdominal adiposity. All
of the neurocognitive and cardiovascular assessments were con-
ducted by research staff blinded to treatment assignment.

Interventions
The Exercise and Nutrition Interventions for Cardiovascular Health
Study was designed to examine the effects of the DASH diet in
reducing BP and improving cardiovascular biomarkers among indi-
viduals with HBP in an outpatient setting.23 To determine whether
the DASH diet alone or when combined with exercise and caloric
restriction would reduce BP, participants were randomly assigned to
1 of 3 groups: DASH diet alone (DASH-A), DASH�weight man-
agement (DASH�WM), or to usual care control (UC). Participants
in the DASH-A condition received instruction in modifying the
content of their diet to meet DASH guidelines but did not exercise or
lose weight. The DASH�WM group also received the DASH
dietary intervention and also participated in a behavioral weight
management program consisting of supervised aerobic exercise and
behavior modification. Participants engaged in a 30-minute super-
vised aerobic exercise program 3 times per week and received
weekly counseling sessions delivered in a group setting focused on
teaching behavioral strategies for weight loss. Patients in the UC

group maintained their usual dietary habits and did not lose weight
or exercise for 4 months.

Statistical Analysis

Data Reduction
To minimize the number of statistical tests in examining the effects
of treatment on neurocognitive performance, we used principle axis
factor analysis to combine information from the 8 individual neuro-
psychological tests into 2 cognitive domain scores using a Scree test,

Table 1. Neurocognitive Test Descriptions

Test Description

EFML

Trail making test
B-A35

Participants draw consecutive lines between
numbers (part A: numbers 1 through 25) and then
numbers and letters (part B: alternating between
numbers �1 through 13� and letters �A through L�)
as fast as possible. Score is the total time in
seconds to complete section B minus the time to
complete section A.

Stroop
Interference36

Test consists of word (W), color (C), and
color-word (CW) sections, during which
participants read aloud as many items as possible
from a 100-item list during a 45-s time period.
The CW section consists of color names in which
the names of the items differ from the colors in
which they are printed (eg, the word “RED” is
printed in blue ink). The stroop interference score
was used in the current analysis
{CW��(W*C)/(W�C)�}.

Digit span37 Participants are asked to recall a list of
consecutive numbers over 2 trials that become
sequentially longer as they answer more trials
correctly. On the first trial, numbers are recalled
in the same order of presentation, and in the
second trial numbers are recalled in reverse
order.

Verbal fluency test
(animal naming)38

Participants generate as many words as possible
from a semantic category (ie, animals) as quickly
as possible in a 60-s time period.

Verbal paired
associates37

Participants learn 8 word pairs, half of which are
highly associated (eg, baby-cries) and half of
which are not associated (eg, school-grocery),
across 4 consecutive trials. During each trial,
participants are read the list aloud and then
presented with 1 word from each pair and asked
to recall the corresponding word. Score is the
total number of correctly recalled word pairs.

Controlled oral
Word Association
Test38

Participants generate as many words as possible
beginning within 3 phonemic categories during a
60-s time period for each category.

Psychomotor speed

Ruff 2 and 7 test
(total correct)39

Participants read through lines of letters
(automatic detection) and numbers (controlled
detection) and cross out specific targets (ie, digits
2 and 7) while ignoring other items. Score is the
total number of correct cancellations in a 5-min
time period.

Digit symbol
substitution test37

Participants are given a code table displaying the
correspondence between pairs of digits (from 1 to
9) and symbols and are asked to draw as many
symbols copied from the code table in a 90-s
time limit.
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a minimum loading of 0.40, and a Promax rotation. On the basis of
these results, we created unit-weighted composite scores (eg, z
scores) by standardizing the individual neuropsychological test
scores and then summing all of the subtests relevant to a given
domain. This score was then scaled using the pretreatment sample
SD for both pretreatment and posttreatment test composite scores,
providing an index of change in neurocognitive performance in
standardized effect sizes (ESs). These composites were then used as
the criterion variable in the linear models described below. The use
of composites has been shown to reduce type I error rates in studies
using multiple outcomes.

Primary Analyses
Separate analyses were conducted to examine the following: (1) the
effects of treatment on neurocognitive function; (2) potential mod-
erators of treatment outcome; and (3) mediators of any observed
treatment effects. Separate general linear models were used to
examine the effects of treatment on each cognitive domain. Each
model included group assignment as the primary predictor with
posttreatment cognitive performance (the linear composites derived
from the factor analysis) as the outcome variable. Models also
included the corresponding pretreatment cognitive performance
composite, age, years of education, IMT, FSRP, and abdominal
adiposity as adjustment variables. All of the participants with
pretreatment neurocognitive data were included in analyses, regard-
less of their adherence to the study protocol. In the few instances
(n�4) when posttreatment values were not available for analysis,
pretreatment values were used. Within each model, planned contrasts
were used to compare the DASH�WM group with UC controls and
the DASH-A group with UC. We hypothesized that the DASH�WM
and DASH-A groups would each exhibit significant improvements in
neurocognition relative to UC participants. To examine treatment
mediation, 2 dummy variables were created corresponding with
these planned contrasts. To provide an interpretable measure of the
clinical significance of any observed treatment effects, we used

available standardized regression-based modeling strategies26,27 to
estimate changes in predicted age using pretreatment and then
posttreatment neurocognitive performance, holding education and
demographic factors constant.

Mediation was established if the regression coefficients for these
dummy variables were substantially reduced after the inclusion of
the mediating variable. To provide a statistical test for mediation, we
used a Sobel test in which SEs were estimated using bootstrap
resampling techniques.28 On the basis of previous work,29–31 we
examined 3 cardiovascular mediators of neurocognitive improve-
ments: peak exercise maximal oxygen uptake, SBP, and weight.
Treatment moderation was assessed by examining the interaction
term between pretreatment characteristics and treatment group as-
signment. Three pretreatment health indices were examined a priori
as possible moderators: SBP, FSRP, and IMT.

Model Assumptions and Power
Model assumptions of additivity, linearity, and distribution of
residuals were evaluated and found to be adequate before analysis.
Regression coefficients for continuous predictor variables were scaled
using the interquartile range of the predictor variable. The design and
sample size were based on the primary outcomes.23 The present
sample provided 80% power to detect a treatment difference of an
�0.32 SD between groups on any given neurocognitive outcome at
an � of 0.05.

Results
Neurocognitive data were obtained from 124 (79 women and
45 men) of the original 144 participants (86%; Figure 1). Four
participants with baseline neurocognitive data were not avail-
able for testing at posttreatment: 3 participants dropped out (2
from DASH�WM and 1 from UC), and 1 participant (from
DASH�WM) did not complete neurocognitive posttreatment

3129
Initial Contact

613 305 Not Randomized613
Initially Eligible

449
Screened

144 BP too low / high
18 BMI too low / high
12 Dietary Reasons
87 Patient Request
44 OtherScreened 44 Other

144 Enrolled 20 Without Baseline 
Neurocognitive Data

124 Randomized

43
Usual Care

38
DASH - Alone

43
DASH + WM

0 withdrew2 withdrew due to family issues
1 withdrew due to scheduling

1 withdrew due to 
dissatisfaction with treatment 

assignment

38 completed protocol
38 included in ITT analysis

40 completed protocol
43 included in ITT analyses

42 completed protocol
43 included in ITT analyses

Figure 1. Flowchart of study participants.
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assessments, but completed all other posttreatment assessments.
Participants were generally middle aged, white (61%) or black
(38%), had mildly to moderately elevated SBP and DBP (mean
SBP: 138.3, SD�8.4; mean DBP: 86.1, SD�6.5), and were
overweight (mean BMI: 32.8, SD�3.8; Table 2). No partici-
pants reported a history of stroke, whereas 4 participants re-
ported a diagnosis of attention deficit hyperactivity disorder, and
5 reported a history of major depression.

Treatment Adherence
Examination of changes in the Healthy Eating Index32

showed that the DASH�WM and DASH-A groups exhibited
significant dietary improvements relative to the UC group.
DASH dietary class attendance was excellent, with partici-
pants attending 92% of classes in the DASH�WM and
DASH-A groups. DASH�WM participants were adherent to
their exercise prescription, attending 90% of their exercise
sessions and exhibiting heart rate levels in their target heart
rate range on 94% of random checks.

Changes in Cardiovascular Health
Participants in the DASH�WM group exhibited improved
cardiovascular fitness, lower weight, and reduced BP (Table
3). As reported previously,23 both DASH�WM and DASH-A
groups achieved lower clinic BPs compared with UC, and the
DASH�WM group achieved greater reductions compared
with the DASH-A group; as expected, the DASH�WM
group also achieved greater weight loss and improved aerobic
capacity relative to the other groups.

Neurocognitive Functioning
Examination of linear model revealed that the DASH�WM
group demonstrated improved EFML relative to UC controls
(ES: 0.21 [95% CI: 0.03 to 0.39]; Cohen’s D�0.562;
P�0.008), although the DASH-A group did not improve
relative to UC (ES: 0.02 [95% CI: �0.15 to 0.19]; Cohen’s
D�0.260; P�0.214; Table 3 and Figure 2). Examination of
changes in individual neurocognitive measures revealed that
the DASH�WM group exhibited improvements in Trail
Making Test B-A, Verbal Paired Associates, and the Stroop

Interference Test, whereas performances on the Controlled
Oral Word Association Test, Animal Naming, and the Digit
Span were unchanged (for Figure displaying treatment effects
on individual subtests please see the online Data Supplement at
http://hyper.ahajournals.org). Using available standardized
regression-based models, the observed improvements in the
DASH�WM group were comparable to a 14.6-year improve-
ment in predicted age for Trail Making Test B-A performance
and a 6.1-year improvement for Stroop Interference Test
performance. In contrast, the UC group’s performance was
comparable to a 9.4-year poorer performance for Trail Making
Test B-A and an 11.7-year poorer Stroop Interference Test
performance. No available standardized regression-based prece-
dents were available to perform these analyses for Verbal Paired
Associates. In exploratory analyses requested by an anonymous
reviewer, the DASH�WM and DASH-A groups showed simi-
lar improvements in EFML when compared directly (P�0.130).

Similar results were observed for psychomotor speed, with
the DASH�WM (ES: 0.18 [95% CI: 0.02 to 0.33]; Cohen’s
D�0.480; P�0.023) and DASH-A (ES: 0.15 [95% CI: 0.00
to 0.30]; Cohen’s D�0.440; P�0.036) groups exhibiting
significant improvements relative to UC participants (Figure
2). Examination of changes in individual neurocognitive
measures demonstrated that both the DASH�WM and
DASH-A groups exhibited improvements in the Ruff 2 and 7
Test relative to UC participants. Using available standardized
regression-based models, the observed improvements in the
DASH�WM group were comparable to a 7.6-year improve-
ment in automatic detection speed and an 8.7-year improve-
ment in controlled detection speed. Improvements in the
DASH-A group were comparable to an 8.3-year improvement
in automatic detection speed and a 9.6-year improvement in
controlled detection speed. The UC group exhibited relatively
smaller improvements, exhibiting a 3.6-year improvement in
controlled detection speed and a 0.6-year improvement in
automatic detection speed. Neither the DASH�WM nor the
DASH-A group exhibited improvements on the Digit Symbol
Substitution Test. In exploratory analyses requested by an
anonymous reviewer, the DASH�WM and DASH-A groups

Table 2. Background Characteristics of Sample

Variable

Treatment Group

DASH�WM (n�43) DASH-A (n�38) Control (n�38) Full Cohort (n�124)

Men, n (%) 15 (35) 15 (39) 15 (35) 45 (36)

Whites, n (%) 29 (74) 17 (47) 22 (54) 68 (59)

Age, y 52.9 (10.4) 52.3 (9.5) 51.7 (9.0) 52.3 (9.6)

College degree, n (%) 27 (63) 23 (61) 18 (42) 68 (55)

IMT, mm 0.68 (0.17) 0.70 (0.11) 0.71 (0.13) 0.70 (0.14)

FSRP 6.0 (2.6) 6.2 (3.2) 5.8 (2.5) 6.0 (2.8)

Clinic SBP, mm Hg 138.6 (8.1) 137.5 (8.5) 138.6 (8.7) 138.3 (8.4)

Clinic DBP, mm Hg 85.4 (7.2) 87.2 (6.4) 85.7 (5.9) 86.1 (6.5)

Peak oxygen consumption,
mL/kg per min

23.7 (6.5) 23.5 (6.7) 23.6 (6.0) 23.6 (6.3)

Weight, kg 93.9 (14.5) 93.9 (13.2) 92.8 (15.2) 93.5 (14.3)

BMI, kg/m2 32.8 (4.1) 32.8 (3.4) 32.7 (3.9) 32.8 (3.8)

Data are given as mean (SD) unless otherwise indicated. FSRP indicates Framingham Stroke Risk Profile.
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showed similar improvements in psychomotor speed when
compared directly (P�0.932).

Moderation Analyses
Examination of individual differences in vascular health in
response to treatment revealed an IMT-by-treatment-group
interaction for EFML (P�0.033). Participants with higher
IMT (eg, poorer vascular health) in the DASH�WM group
exhibited larger cognitive gains compared with participants
with lower IMT or participants in the UC and the DASH-A
groups. Increasing baseline levels of IMT in the UC group
were associated with reductions in neurocognitive perfor-
mance from pretreatment to posttreatment (r��0.31;
P�0.077), whereas higher baseline IMT in the DASH�WM
group was associated with neurocognitive improvements
(r�0.38; P�0.030). Baseline IMT was not related to changes

in neurocognition in the DASH-A group (r��0.13;
P�0.460), and treatment effects on EFML were not moder-
ated by baseline FSRP levels (P�0.782). We also found a
pretreatment-SBP-by-treatment-group interaction for SBP on
EFML (P�0.020). Individuals with higher pretreatment SBP
exhibited greater improvements in EFML (ES: 0.31) relative
to participants with higher SBP in the DASH-A (ES: �0.18)
and UC (ES: �0.03) groups. IMT (P�0.354), FSRP,
(P�0.862), and SBP (P�0.118) did not moderate the effects
of treatment on psychomotor speed.

Mediation Analyses
Results from our meditational analyses are presented in Table
4. Regression analyses demonstrated that the relationship
between the DASH�WM group and improvements in EFML
were attenuated once changes in peak oxygen volume were

Table 3. Changes in Weight, Aerobic Fitness, BP, and Neurocognition

Variable Treatment Time

Treatment Group* Contrast P†

DASH�WM DASH-A Control DASH�WM vs Control DASH-A vs Control

Weight, kg Before 93.9 (14.5) 93.9 (13.2) 92.8 (15.2) 0.841 0.828

After 85.0 (13.1) 93.1 (13.6) 92.8 (15.2) �0.0001 0.505

BMI, kg/m2 Before 33.3 (4.4) 33.3 (3.9) 33.2 (4.4) 0.943 0.981

After 30.0 (4.2) 32.9 (3.4) 33.1 (3.9) �0.0001 0.483

Peak VO2, mL/kg per min Before 23.8 (6.6) 23.5 (6.7) 23.6 (6.0) 0.884 0.954

After 29.0 (9.0) 23.1 (6.7) 22.5 (5.7) �0.0001 0.482

SBP, mm Hg Before 138.6 (8.1) 137.5 (8.5) 138.6 (8.7) 0.881 0.604

After 125.1 (12.3) 127.8 (13.9) 136.2 (15.2) �0.001 0.033

DBP, mm Hg Before 85.4 (7.2) 87.2 (6.4) 85.7 (5.9) 0.907 0.375

After 77.2 (9.1) 79.5 (8.3) 82.7 (8.2) 0.003 0.033

EFML composite Before 0.06 (1.02) �0.20 (1.14) 0.14 (0.89) 0.739 0.135

After 0.14 (1.09) �0.19 (1.11) 0.05 (0.85) 0.014 0.266

Psychomotor speed
composite

Before 0.14 (0.95) �0.21 (1.12) 0.07 (0.97) 0.774 0.206

After 0.24 (1.04) �0.15 (1.05) �0.07 (1.0) 0.023 0.036

DSST Before 60.2 (8.9) 54.2 (13.3) 57.4 (9.7) 0.225 0.184

After 62.6 (11.2) 56.9 (12.4) 57.9 (10.8) 0.599 0.715

Ruff 2 and 7 Before 236.0 (53.7) 230.8 (46.1) 243.2 (50.5) 0.513 0.278

After 250.0 (53.6) 241.4 (48.4) 240.2 (51.6) 0.006 0.021

Trail’s B-A Before 44.0 (34.7) 47.2 (37.0) 37.6 (27.8) 0.372 0.198

After 40.3 (30.1) 45.4 (32.7) 40.0 (28.4) 0.026 0.696

VPA Before 17.3 (3.2) 17.0 (3.9) 17.2 (4.5) 0.883 0.786

After 18.5 (3.3) 17.6 (3.5) 17.5 (4.0) 0.045 0.541

COWAT Before 39.0 (11.7) 37.8 (11.4) 38.0 (10.7) 0.689 0.932

After 40.4 (12.9) 39.0 (9.9) 40.3 (10.5) 0.986 0.699

Animals Before 21.2 (5.6) 20.5 (5.3) 21.7 (5.5) 0.650 0.357

After 21.3 (5.5) 21.2 (6.0) 21.5 (4.8) 0.853 0.447

Stroop Before �1.4 (8.2) �4.1 (7.3) �0.3 (7.7) 0.515 0.031

After 0.52 (9.3) �3.3 (7.3) �2.4 (8.2) 0.024 0.523

Digit span Before 15.0 (3.4) 14.8 (4.2) 15.5 (3.3) 0.536 0.389

After 15.5 (3.7) 14.8 (3.7) 16.5 (3.9) 0.853 0.131

COWAT indicates Controlled Oral Word Association Test; DSST, Digit Symbol Substitution Test; VPA, verbal paired associates.
*Data are given as unadjusted mean (SD).
†Contrasts for pretreatment means compare raw group means. Posttreatment values were compared after adjusting for pretreatment values, age, education, IMT,

Framingham Stroke Risk Profile, and abdominal adiposity.
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entered in our model (Sobel Z101�2.14; P�0.032). In con-
trast, there was no evidence of mediation for either weight
(Sobel Z101��0.62; P�0.533) or SBP (Sobel Z101�1.53;
P�0.126) for EFML. Similarly, we found that the relation-
ship between the DASH�WM group and improved psy-
chomotor speed was attenuated when weight loss was in-
cluded in our model (Sobel Z101�2.21; P�0.027) and
approached significance for peak oxygen volume (Sobel
Z101�1.72; P�0.085). Reductions in SBP did not mediate the
effects of DASH�WM treatment on psychomotor speed
(Sobel Z101��0.13; P�0.894). Examination of mediators
for the effects of DASH-A treatment on neurocognition
showed that this effect was not attenuated after controlling for
weight reduction (Sobel Z101�0.944; P�0.345), improve-
ments in peak oxygen volume (Sobel Z101�0.72; P�0.475),
or reductions in SBP (Sobel Z101��0.13; P�0.894).

Discussion
The DASH diet, combined with aerobic exercise and reduced
calories, was associated with improved EFML and psy-
chomotor speed performance relative to controls. The bene-
ficial effects in the DASH�WM group were particularly
pronounced for individuals with higher levels of IMT at
baseline, a group at increased risk of stroke. Individuals who
ate the DASH diet without losing weight or exercising
exhibited improved psychomotor speed performance relative
to controls, although EFML was not improved. We also
observed that improvements in EFML in the DASH�WM
group were mediated by improved cardiorespiratory fitness,
whereas improvements in psychomotor speed were mediated
by weight loss. It is unclear what mediated the effects of the
improvements in psychomotor speed among the DASH-A
group.
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Figure 2. Posttreatment performance in
EFML and psychomotor speed composites
adjusted for baseline performance, age,
education, IMT, Framingham Stroke Risk
Profile, and abdominal adiposity. *Signifi-
cantly different from control group at
P�0.05. Error bars represent SEs.

Table 4. Mediators of Neurocognitive Change in EFML and Psychomotor Speed

Mediator
	 Neurocognitive

Performance
Adjustment
for Mediator DASH�WM vs UC

DASH�WM Sobel
Test DASH-A vs UC

DASH-A Sobel
Test

EFML

	 weight, kg �0.30‡ Unadjusted 0.35* § §

Adjusted 0.46* Z101��0.62

	 peak V̇O2, mL/kg
per min

0.19** Unadjusted 0.35* § §

Adjusted 0.10† Z101�2.14†

	 SBP, mm Hg �0.16† Unadjusted 0.35* § §

Adjusted 0.26‡ Z101�1.53

Psychomotor speed

	 weight, kg �0.36† Unadjusted 0.26† 0.23† Z101�0.944

Adjusted �0.09 Z101�2.21† 0.20†

	 peak V̇O2, mL/kg
per min

0.13† Unadjusted 0.26† 0.23† Z101�0.72

Adjusted 0.10 Z101�1.72‡ 0.21†

	 SBP, mm Hg �0.04 Unadjusted 0.26† 0.23† Z101��0.13

Adjusted § Z101��0.13 0.23†

Contrasts are adjusted for pretreatment neurocognitive performance, age, education, IMT, Framingham Stroke Risk Profile, and
abdominal adiposity.

*P�0.01.
†P�0.05.
‡P�0.10.
§Data show mediation analyses that were not conducted because either there was no main effect of treatment or changes in the

mediating variable were not significantly related to neurocognitive outcomes.
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Several recent observational studies have reported that diet
and exercise are related to improved neurocognition. Scar-
meas et al21 demonstrated that physical activity and high
adherence to the Mediterranean diet (similar in nutrient
content to the DASH diet) were associated with reduced risk
of AD and that exercise and diet had an additive effect. In
addition, Feart et al22 demonstrated that better adherence to
the Mediterranean diet was associated with slower cognitive
decline on the Mini-Mental Status Examination but did not
reduce the incidence of AD.

Aerobic exercise interventions generally have been found
to result in modest neurocognitive improvements in attention
and executive function, although the majority of individual
trials have yielded null or equivocal findings.19 Interventional
studies of dietary supplements and neurocognition, including
antioxidants (vitamins C and E); vitamins B6, B12, and
folate; fatty acids33; and caloric restriction34 also have pro-
vided negative or equivocal results. To our knowledge, the
present study is the first randomized trial to examine the
combined effects of diet and exercise on neurocognition in
adults at risk for neurocognitive decline because of HBP.

We also explored potential treatment moderators and
possible mechanisms of improvement in neurocognition. Our
finding that improved aerobic fitness mediated improvements
in EFML supports findings from several smaller interventions
using neuroimaging, which have shown that improved peak
oxygen volume increases anterior white matter integrity and
gray matter volume.29 Our findings that both SBP and IMT
moderated the effects of diet and exercise on neurocognition
suggest that individuals with vascular disease may be espe-
cially likely to benefit from aerobic exercise and diet.

Limitations
Because our trial consisted of a 4-month intervention, the
extent that these improvements could be maintained over
time is not known. Second, the clinical significance of these
improvements is not known, and a larger cohort followed
over a longer time interval would be required to determine
whether the intervention affected rates of AD. Third, the
mechanisms for these improvements are not known, and it is
possible that the observed improvements in neurocognitive
function could be mediated by other factors, such as inflam-
mation, growth factors, or other neurochemical changes not
measured in the present study. Fourth, other diets, such as the
Mediterranean diet alone or combined with exercise or
weight loss, also could be beneficial. Fifth, because the
current trial design did not use an exercise control group
without dietary modification or a weight loss control group, it
is unclear to what extent exercise or caloric restriction
contributed to the observed pattern of findings. Although the
DASH�WM and DASH-A groups were not statistically
different when compared directly, our study was not powered
to detect treatment group differences in neurocognitive per-
formance specifically. Finally, although our sample included
individuals with HBP who were not on medication, it is
unclear whether our findings generalize to individuals with
higher BP or more severe cardiovascular disease. Future
studies should, therefore, examine the effects of aerobic

exercise, dietary modification, and caloric restriction in other
populations.

Perspectives
The results of this study indicated that the DASH diet,
especially when associated with caloric restriction and aero-
bic exercise, improve neurocognitive performance among
individuals with HBP. Improvements in neurocognitive per-
formance were most pronounced among individuals with
poorer vascular health. Dietary modification according to the
DASH diet also appears to improve psychomotor functions.
These improvements appear to be mediated by improved
cardiorespiratory fitness and reduced body weight. The pres-
ent findings could have important implications for improving
neurocognitive function among older adults with HBP, at
greater risk for cognitive decline and AD. Future studies
should, therefore, examine the effects of diet and exercise in
adults at elevated risk for dementia.
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Supp1ement 1: Factor loadings for Executive Function-Memory-Learning (EFML) and 

Psychomotor Speed subtests. Neurocognitive tests in bold indicate inclusion on the 

respective composite neurocognitive measure. 

 

Supplemental Table S1: Loadings for neurocognitive test measures of Executive 

Function and Learning/Memory and Psychomotor Speed.   

Test Executive Function-Memory-Learning Psychomotor Speed 

Pretreatment 

Trail Making Test B – A  -57 -41 

Stroop Interference  48 19 

Verbal Paired Associates  55 -2 

COWAT  43 55 

Digit Span  61 36 

Verbal Fluency Test 72 1 

Ruff 2 & 7 Test 6 84 

Digit Symbol Substitution 

Test  

14 72 

Posttreatment 

Trail Making Test B – A  -52 -59 

Stroop Interference  40 25 

Verbal Paired Associates  66 11 

COWAT  75 32 

Digit Span  45 54 

Verbal Fluency Test 71 12 

Ruff 2 & 7 Test 9 86 
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Digit Symbol Substitution 

Test  

23 83 

 

Supplemental Figure S1: Baseline intima medial thickness (IMT) by treatment group 

interaction.  Participants with higher IMT exhibited larger cognitive gains in the DASH + 

WM group (r = 0.38, P = .030) compared to participants with lower IMT or to 

participants in the control group and the DASH-A groups.  Increasing baseline levels of 

IMT in the UC group were associated with reductions in neurocognitive performance 

from pre-to-post treatment (r = -0.31, P = .077), whereas higher baseline IMT in the 

DASH + WM group was associated with neurocognitive improvements (r = 0.38, P = 

.030).  Baseline IMT was not related to changes in neurocognition in the DASH-A group 

(r = -0.13, P = .460).   
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Supplemental Figure S2: Posttreatment performance in Executive Function-Memory-

Learning subtests adjusted for baseline performance, age, education, intima medial 

thickness, Framingham Stroke Risk Profile, visceral fat, and pretreatment performance.  

COWAT = controlled oral word association test.  * = significantly different from control 

group at P < .05.  Error bars represent standard errors.  The DASH + WM group showed 

significant improvements relative to the UC group on Trail Making Test B – A (P = 

.022), Verbal Paired Associates (P = .040), and the Stroop Interference Test (P = .017), 

but showed no improvement in COWAT (P = .982), Animal Naming (P = .894), or Digit 

Span (P = .883).  The DASH-A group showed no improvement across measures: Trail 

Making Test B-A (P = .696), Verbal Paired Associates (P = .541), and the Stroop 

Interference Test (P = .523), COWAT (P = .699), Animal Naming (P = .447), or Digit 

Span (P = .131). 
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Supplemental Figure S3: Posttreatment performance in Psychomotor Speed subtests 

adjusted for baseline performance, age, education, intima medial thickness, Framingham 

Stroke Risk Profile, visceral fat, and pretreatment performance.  RUFF = Ruff 2 & 7 test.  
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* = significantly different from control group at P < .05.  Error bars represent standard 

errors.  Both the DASH + WM and DASH-A groups showed significant improvements 

relative to the UC group on Ruff 2 & 7 Test (P = .006; P = .021), but not in the Digit 

Symbol Substitution Test (P = .599; P = .715).   
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