A Dietary Intervention in Urban African
Americans
Results of the “Five Plus Nuts and Beans” Randomized Trial
Edgar R. Miller III, MD, PhD,1,2,3 Lisa A. Cooper, MD, MPH,1,2,3 Kathryn A. Carson, ScM,1,2,3,4
Nae-Yuh Wang, PhD,1,2,3 Lawrence J. Appel, MD, MPH,1,2,3 Debra Gayles, BS,1,2
Jeanne Charleston, BSN, RN,1,2 Karen White, MS, RDN,1 Na You, PhD,5 Yingjie Weng, MHS,4
Michelle Martin-Daniels, MA,1,2 Barbara Bates-Hopkins,1,2 Inez Robb,2
Whitney K. Franz, MPH, RDN,1 Emily L. Brown, MS, RDN,1 Jennifer P. Halbert, MSPH,1,2
Michael C. Albert, MD,1,6 Arlene T. Dalcin, RDN,1,3 Hsin-Chieh Yeh, PhD1,2,3,4
Introduction: Unhealthy diets, often low in potassium, likely contribute to racial disparities in
blood pressure. We tested the effectiveness of providing weekly dietary advice, assistance with
selection of higher potassium grocery items, and a $30 per week food allowance on blood pressure
and other outcomes in African American adults with hypertension.
Design: We conducted an 8-week RCT with two parallel arms between May 2012 and November 2013.
Setting/participants: We randomized 123 African Americans with controlled hypertension from an
urban primary care clinic in Baltimore, Maryland, and implemented the trial in partnership with a community
supermarket and the Baltimore City Health Department. Mean (SD) age was 58.6 (9.5) years; 71% were female;
blood pressure was 131.3 (14.7)/77.2 (10.5) mmHg; BMI was 34.5 (8.2); and 28% had diabetes.
Intervention: Participants randomized to the active intervention group (Dietary Approaches to
Stop Hypertension [DASH]–Plus) received coach-directed dietary advice and assistance with weekly
online ordering and purchasing of high-potassium foods ($30/week) delivered by a community
supermarket to a neighborhood library. Participants in the control group received a printed DASH
diet brochure along with a debit account of equivalent value to that of the DASH-Plus group.
Main outcome measures: The primary outcome was blood pressure change. Analyses were
conducted in January to October 2014.
Results: Compared with the control group, the DASH-Plus group increased self-reported
consumption of fruits and vegetables (mean¼1.4, 95% CI¼0.7, 2.1 servings/day); estimated intake
of potassium (mean¼0.4, 95% CI¼0.1, 0.7 grams/day); and urine potassium excretion (mean¼19%,
95% CI¼1%, 38%). There was no signiﬁcant effect on blood pressure.
Conclusions: A program providing dietary advice, assistance with grocery ordering, and $30/week
of high-potassium foods in African American patients with controlled hypertension in a
community-based clinic did not reduce BP. However, the intervention increased consumption of
fruits, vegetables, and urinary excretion of potassium.
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Introduction

E

levated blood pressure (BP) is an extraordinarily
common and important risk factor for cardiovascular disease and stroke, particularly among
African Americans.1,2 Recommendations to adopt the
Dietary Approaches to Stop Hypertension (DASH) diet
are recognized as integral to medical management of
hypertension, yet suboptimal diets persist among
patients with hypertension and likely contribute to racial
disparities in BP control.3 African American race and low
income are strongly associated with unhealthy food
intake.4,5 There is a markedly lower availability of
components of DASH diet foods such as fruits, vegetables, low-fat dairy, and nuts in predominantly African
American and lower-income neighborhoods compared
with Caucasian and higher-income neighborhoods.5,6
Unhealthy dietary patterns may contribute to risk of
hypertension, in part because deﬁciencies in potassium, a
micronutrient with independent BP-lowering effects, and
from excess sodium intake, which elevates BP. Even
moderate potassium deﬁciencies are associated with
increased BP and salt sensitivity.7 Furthermore, use of
thiazide-based antihypertensive therapy, which is otherwise highly effective as an antihypertensive agent, worsens potassium deﬁciencies via increased urinary
potassium excretion.8 Inadequate intake and accelerated
loss of potassium not only affect BP control but have also
been directly linked to development of glucose
intolerance.9
Strategies, such as tailored dietary advice, to improve
adherence to dietary recommendations and reverse
micronutrient deﬁciencies in African American adults
with hypertension are needed.4,10 We designed the trial
to test the hypothesis that in African American adults
with controlled hypertension on stable doses of antihypertensive medications, an intervention delivered by a
health coach, with weekly provision of $30 worth of highpotassium foods consistent with key elements of the
DASH diet, will lower BP; increase consumption of fruits,
vegetables, nuts, and beans; increase urine potassium
excretion; and improve cardiovascular disease risk factors, such as fasting glucose and low-density lipoprotein
(LDL) cholesterol.

Monitoring Board and Community Advisory Board participated
in ﬁnalizing the design and in oversight throughout implementation.12 Study visits occurred at an urban community-based clinic
within Johns Hopkins Community Physicians in Baltimore, Maryland, serving a predominately low-income and African American
patient population. Participants were randomized to one of the
two intervention arms: (1) those receiving minimal intervention
(control) and (2) those receiving coach-directed, tailored DASH
diet advice (DASH-Plus). It was not possible to mask the
participant or interventionist to the randomization assignment,
but study personnel who performed the outcome follow-up
assessments were masked. The total intervention period was 8
weeks, and study visits occurred between May 2012 and November
2013. The study was approved by the Johns Hopkins Medicine
IRB. All participants provided written informed consent. The
study was registered at clinicaltrials.gov (NCT01689844).

Study Sample
Inclusion criteria were an electronic medical record diagnosis of
hypertension (ICD-9 code 401.1); age Z21 years; self-reported
African American race; average systolic BP (SBP) of 120–140
mmHg or diastolic BP (DBP) of 80–90 mmHg at the two most
recent clinic visits, and stable doses of antihypertensive medications for a minimum of 2 months prior to randomization. Major
exclusion criteria were self-report of a cardiovascular event within
6 months; a chronic disease that might interfere with trial
participation (e.g., chronic kidney disease deﬁned as an estimated
glomerular ﬁltration rate o60 mL/minute); unwillingness or
inability to adopt a DASH-like diet; consumption of 414 alcoholic
drinks per week; poorly controlled diabetes (hemoglobin A1c
49%); or use of insulin. Those using potassium supplements
could enroll if they were willing to stop supplements 1 month prior
to randomization and refrain from the supplements during
the study.
We mailed brochures inviting potentially eligible participants
identiﬁed through the clinic electronic medical record database to
participate in the study. We recruited exclusively from those who
responded with an interest in participating. Each invitation
included a letter signed by the person’s physician endorsing
participation in the trial.
After informed consent and screening visits, eligible participants
were randomly assigned in a 1:1 ratio. The study biostatistician
generated the assignments using a pseudorandom number generator program with permuted block sizes of two, four, and six.
Assignments were placed in consecutively numbered manila
envelopes. Two participants lived together and a single randomization allocated both to the same treatment group.

Interventions
Methods
Study Design
We conducted a single-center RCT with two parallel arms as one
project in the Johns Hopkins Center to Eliminate Cardiovascular
Health Disparities.11 Our center used the principles of
community-based participatory research to build strong ties
between the researchers, healthcare provider networks, community members, and policymakers. The Center’s Data and Safety

Control Group
Those assigned to the control group received printed
materials on improving BP control by adoption of the
DASH diet at their ﬁrst visit with the study coordinator.
This visit lasted 15 minutes and the coordinator gave no
advice during or after this initial visit. Participants in this
arm received a total of $240 in a debit account to
purchase foods at the same community supermarket.
www.ajpmonline.org
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The account had $90 credit for the ﬁrst 3 weeks and $150
for the last 5 weeks. This amount is the same dollar
amount that was available to the DASH-Plus group over
the 8-week study period. The supermarket provided us
with an electronic, itemized receipt of all purchases made
on each individual in the control group.

Dietary Approaches to Stop Hypertension–Plus
Group
Participants in the DASH-Plus group received a single,
1-hour, in-person, one-on-one session with the study
coach who delivered a dietitian-developed module on
adoption of the DASH diet. This was followed by weekly
15-minute calls with the participant during the 8-week
study period. Key aspects of the intervention were
adapted from those used in lifestyle intervention trials12,13 and also included a $30/week allowance for the
purchase of high-potassium foods.
The coach used literacy-sensitive modules about
hypertension and barriers to self-management and
individual food preferences, including the DASH diet,
to guide the discussion. The participants chose from a list
of foods that were available for online purchase and
delivery each week from our partnering community
supermarket (Appendix Table 1). The selections included
fruits (11 fresh, six canned, four dried, two frozen, and
three juices); vegetables (13 fresh, six canned [no added
salt], or six frozen); nuts (four); or dried beans (six). We
pre-selected these speciﬁc items because of the high perserving content of potassium. Purchases targeted a goal
of 17,000 mg/week of potassium in order to increase
dietary intake of potassium to 4.7 grams/day (DASH diet
target) based on an estimated daily baseline intake of 2.4
grams/day in this population.5 The coach provided
education and recommendations speciﬁc to the participant’s needs, preferences, and local context and assisted
with online or phone ordering from the supermarket.
The community supermarket provided free packaging
of food orders and delivery by a supermarket employee to
a public library in close proximity to the clinic for the
participants to pick up. This process built upon an
ongoing partnership between the supermarket and the
public library (for food pick-up) that had been established by the Baltimore City Health Department “Virtual
Supermarket” Program. Weekly food pick-up by participants occurred on the same day of the week between the
hours of 4:00PM and 5:00PM over the course of the study.
Data Collection Visits
Baseline data collection occurred over two screening
visits and a randomization visit. The average BP from the
two screening visits determined BP eligibility prior to
] 2015
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randomization. Participant follow-up visits occurred at
3 and 8 weeks following randomization and were
conducted by study personnel blinded to intervention
status. The total intervention period was 8 weeks. All
visits (screening, randomization, and follow-ups)
occurred at the primary care clinic at times other than
the participants’ scheduled visits with their physicians.

Measures
Blood pressure was measured at the two screening visits,
the randomization visit, and at both follow-up visits
using an OMRON 907-XL automated BP machine
programmed with a 5-minute delay followed by three
measurements separated by 30 seconds. Trained certiﬁed
staff performed and recorded all three measures and the
average at each visit. The average BP of the Screening
Visits 1 and 2 established baseline BP, and the average
BPs measured at Weeks 3 and 8 determined intervention
effects.
Following an overnight fast, a fasting blood specimen
was collected at baseline and at the 8-week follow-up
visit. Assays included fasting glucose; total cholesterol;
high-density lipoprotein (HDL); and triglycerides. LDL
was estimated by the Friedewald equation (LDL ¼ total
cholesterol – HDL – triglycerides / 5).14
Fasting, second-void urine collections were also collected at the baseline and 8-week follow-up visits, and
urinary potassium and creatinine excretion were assayed
in order to estimate group compliance with dietary
aspects of the intervention (i.e., potassium excretion for
fruit and vegetable intake). To ease participants’ burden
and to alleviate some of the expected difﬁculties that
might occur in trying to collect complete 24-hour urines
in the primary care setting, we chose to use spot fasting
urine. Although spot urines may be used to estimate 24hour potassium consumption by the Kawasaki equation,15 accurately quantifying 24-hour urine excretion is
not possible. Hence, our primary comparisons report the
percentage change from baseline, pre–post intervention
effects using creatinine-normalized measures as an
indication of adherence to the dietary intervention.
The Block Fruit/Vegetable/Fiber Screener and Dietary
Fat Screener are self-reported assessments that provide
validated16 measures of fruit, vegetable, ﬁber, and fat
intake. Both the screeners were administered at Screening Visit 1, the randomization visit, and the 8-week
follow-up. Respondents were asked to indicate how often
they ate a variety of speciﬁc foods and food groups in the
prior 8 weeks.
The screener estimates average 24-hour intake of
potassium, magnesium, and vitamin C and number of
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Table 1. Baseline Demographic and Clinical Characteristics by Randomized Group
Characteristic
Number of participants

DASH-Plus

Control

62

61

Sex

0.32

Female

41 (66)

46 (75)

Male

21 (34)

15 (25)

58.8 (8.7)

58.5 (10.4)

Age, years, M (SD)
Marital status:

0.85
0.85

Married or living with partner

22 (35)

23 (38)

Single, divorced, or widowed

40 (65)

38 (62)

Education:
Less than high school degree

p-value

0.40
11 (18)

medications used to treat
hypertension, diabetes, and
hypercholesterolemia.
Participants were asked to
remain on stable doses of
their current BP-lowering
medications for the duration
of the study if possible. Medication use was reviewed by
questionnaire at each visit to
assess for changes in BP medications and for use of new
over-the-counter or prescription medications that might
affect BP.

14 (23)

Measures of Intervention
Adherence
Some college
18 (29)
10 (16)
In order to track purchases
Unknown
2 (3)
2 (3)
for the control group, we
Household income, $
0.80
collected individual electronic account receipts supo10,000
16 (26)
11 (18)
plied by the supermarket. We
10,000–29,999
21 (34)
24 (39)
categorized the control group
30,000–49,999
14 (23)
12 (20)
food purchases into those
that were consistent with the
Z50,000
6 (10)
7 (11)
DASH dietary pattern versus
Don’t know or refused
5 (8)
7 (11)
those that were processed
Health insurancea
56 (92)
54 (92)
0.99
foods. For the DASH-Plus
group, the coach tracked
Diabetes
21 (34)
13 (21)
0.16
weekly purchases, and we
Antihypertensive medications, M (SD)
1.9 (0.9)
1.7 (0.9)
0.38
monitored self-reported conHistory of stroke
5 (8)
2 (3)
0.31
sumption of foods provided
by the intervention. Each
History of heart attack
2 (3)
2 (3)
0.60
week, participants in the
b
97.8 (25.0)
92.9 (21.6)
0.25
Weight, kg, M (SD)
DASH-Plus group were
BMI, M (SD)b
34.9 (8.4)
34.1 (8.0)
0.59
asked whether they consumed the foods provided
Note: Values represent n (%) unless otherwise noted.
a
Missing data: one in DASH-Plus group, two in Control group.
the prior week. An adherence
b
Missing data: one in each randomization group.
score was developed based on
DASH-Plus, Dietary Approaches to Stop Hypertension–Plus; GED, General Educational Development test.
the potassium content of the
servings of fruits and vegetables per day. The fat screener
foods multiplied by the self-reported consumption score.
estimates daily cholesterol and percent fat intake.
The consumption scores were assigned as 0%, 25%, 50%,
Weight was measured at Screening Visit 1 and the 875%, or 100% corresponding to none, less than half, half,
week follow-up visit. Height was measured at Screening
more than half, or all of the foods provided the
Visit 1 along with self-reported characteristics, including
prior week.
age, gender, tobacco use, health insurance status, postStatistical Analysis
menopausal status, income and employment, education
The analysis was conducted under the intent-to-treat
level, and current health status (presence of diabetes and
principle for all outcomes. Demographic and clinical
cardiovascular disease) through demographic and medcharacteristics of the participants by randomization
ical history questionnaires. Self-reported medication use
group were summarized using mean (SD); median
was collected at each visit. Of primary interest were
High school degree or GED

31 (50)

35 (57)

www.ajpmonline.org
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(interquartile range [IQR]); or n (%). Distributions of
data were checked and transformed where appropriate.
We calculated within-participant change in the outcome
measures between baseline and follow-up. For the urine
markers, we calculated the within-participant percentage
change. Differences in mean change of outcomes
between the DASH-Plus group and the control group
were tested using two-sample t-tests or Wilcoxon rank
sums tests. Ninety-ﬁve percent CIs of the estimated mean
between-group differences were constructed for each
outcome.
The trial had sufﬁcient resources to enroll 120
participants. For power calculations on SBP, we used
an SD of 6.7 mmHg, which was the within-group SD of
change in the DASH trial,17 and estimated 90% power to
detect a treatment effect of Z2.5 mmHg at a two-sided
α¼0.05. Secondary analyses were evaluated at the nominal α¼0.05 level and ﬁxed sample size of N¼120. Based
on these and the SD of change of 9.9 mg/dL observed in
the DASH study, the minimal detectable difference for
glucose was 5.6 mg/dL.18
Statistical analyses were performed between March
2014 and April 2015 using SAS, version 9.3, and Stata,
version 11.1. Missing data were assumed to be missing at
random, and no imputation was performed. All reported
p-values are two-sided with signiﬁcance set at po0.05.

Results
Screening, Eligibility, Randomization
Invitations were mailed to 4,056 potential participants,
based on BP eligibility determined through the clinic
electronic medical record (Figure 1) and we received 460
responses (11.3% response rate). There were 246 inperson screening visits from which 123 participants were
randomized. The most common reasons for exclusion at
the time of the telephone prescreening was being uninterested in participation in the trial owing to trial
obligations (n¼150).
Participant Characteristics
Baseline characteristics are reported in Table 1. Mean
(SD) age was 58.6 (9.5) years; 71% were women; 100%
were African American; mean BMI was 34.5 (8.2); and
28% had self-reported diabetes. The mean number of
antihypertensive medications was 1.7 (0.9) and 1.9 (0.9)
in the control and DASH-plus groups, respectively.
Income, educational attainment, marital status, and
insurance status were similar between groups. Few
participants self-reported a history of heart failure
(n¼3); angina (n¼1); or coronary bypass or angioplasty
(n¼1).
] 2015
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Figure 1. Recruitment ﬂow-chart of participants leading to
randomization.

Measures of Adherence and Process Variables
Baseline and change from baseline at 8 weeks in daily
servings of fruits and vegetables, minerals, dietary fat,
and cholesterol intake are reported in Table 2. Overall,
the DASH-Plus group reported consuming a mean (SD)
of 5.9 (1.8) servings of fruits and vegetables per day at 8
weeks, an increase of 3.4 (1.9) servings per day from
baseline. There were signiﬁcant increases in potassium,
magnesium, vitamin C, and ﬁber in the DASH-Plus
group compared with the control group, but no change in
self-reported consumption of daily dietary fat or
cholesterol.
Electronic purchase receipts of the control group were
tracked. Median (IQR) purchases were $234 ($211,
$246). An analysis of purchases made by the control
group revealed that 53% of the dollars were spent on
foods that would be considered part of the DASH diet
(e.g., fruits, vegetables, lean meats, and low-fat dairy),
and 47% of the dollars were spent on non-DASH foods
(e.g., processed foods or sweetened beverages). All foods
purchased in the DASH-Plus group were consistent with
the DASH diet plan.
Over the 8-week study period, participants in the
DASH-Plus group spent median (IQR) of $232 ($209,
$237) on study-recommend food. On average, most
participants consumed 475% of foods provided each

6
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Table 2. Dietary Adherence Measures Between the DASH-Plus and Control Groups
DASH-Plus

Control

Baseline

Change from
baseline

Difference
(95% CI)
in change

p-value

Dietary intake

Baseline

Change from
baseline

Servings of fruits and
vegetables/day

3.7 (1.9)

2.3 (2.2)

3.4 (1.9)

0.9 (1.8)

1.4 (0.7, 2.1)

o0.001

2.84 (0.81)

0.86 (0.84)

2.67 (0.93)

0.44 (0.83)

0.42 (0.12, 0.71)

0.007

Magnesium, mg/day

293 (86)

87 (85)

275 (96)

45 (83)

42 (12, 72)

0.007

Vitamin C, mg/day

116 (44)

49 (48)

108 (51)

26 (47)

24 (7, 41)

0.007

Fiber, g/day

11.9 (5.5)

5.8 (5.6)

10.8 (6.5)

3.0 (5.5)

2.8 (0.8, 4.8)

0.007

Dietary fat, % of calories

32.6 (5.0)

–2.5 (6.7)

33.6 (6.0)

–3.9 (6.7)

1.0 (–0.7, 2.6)

0.25

Cholesterol, mg/day

267 (70)

–23 (59)

272 (82)

–35 (60)

12 (–9, 34)

0.25

19.0 (0.8, 37.5)

0.04

Potassium, g/day

Urine potassium,
mmol/g creatinine

32.9 (26.1, 47.4) 21.1 (–13.8, 71.2) 34.3 (29.6, 49.3) –1.4 (–18.8, 34.8)

Note: Change was calculated as follow-up – baseline, and difference was calculated as the change for DASH-Plus – change for control. p-values
correspond to between-group differences using the two-sample t test. Values presented are M (SD) unless otherwise noted. Boldface indicates
statistical signiﬁcance (po0.05).
DASH-Plus, Dietary Approaches to Stop Hypertension–Plus.

week. Weekly milligrams of potassium provided in
purchased foods were estimated. Based on self-reported
consumption of foods, weekly milligrams of consumed
potassium from the supplemented foods were median
(IQR) potassium 18,366 (17055, 20422) per week (target
was 17,000 mg/week).

Change in Urine Biomarkers
Urinary potassium/creatinine ratio (mmol/grams creatinine), a biomarker of consumption of dietary potassium, increased by approximately 19% (p¼0.04) in the
DASH-Plus compared with the control group (Table 2).
Cardiovascular Disease Risk Factors
Mean SBP at baseline was 130.7 (11.2) and 132.0 (11.7)
mmHg in the DASH-Plus and control group, respectively. There were modest reductions from baseline in
SBP in both the DASH-Plus and control group (–1.1
[11.9] and –2.6 [11.1], respectively). There was no
signiﬁcant difference in change in BP between the
DASH-Plus compared to the control group mean (95%
CI): SBP, 1.5 (–2.6, 5.6 mmHg, p¼0.48); DBP, 1.3 (–1.3,
3.9, p¼0.33). There were non-signiﬁcant differences in
change between the DASH-Plus and control groups in
serum cholesterol, triglycerides, HDL, LDL, and weight
but an unexpected and signiﬁcant increase in fasting
glucose of 10.9 mg/dL (p¼0.002) (Table 3). In a subgroup
analysis stratiﬁed by self-reported diabetes status, this
effect in the DASH-Plus group compared with the
control group on glucose was signiﬁcant in those with

diabetes (31.5 mg/dL, p¼0.002), but not among those
without diabetes at baseline (3.9 mg/dL, p¼0.20)
(Table 3).
Although we recommended that participants not
change their BP medications during the trial, change in
BP medication, often initiated by participants, occurred
in eight of 61 (13%) and nine of 62 (15%) participants in
the control and DASH-Plus groups, respectively. In
addition, 16 of 61 (26%) in the control and eight of 62
(13%) in the DASH-Plus group took other medications
that may affect BP (non-steroidal anti-inﬂammatory
drugs, steroids, opiates) or skipped their morning dose
of antihypertensive medications on the day of the ﬁnal
BP measurements. Hence, the observed SD of change in
the control group was 11.5 mmHg, which greatly
exceeded the SD of 6.7 mmHg we used in our power
calculations.

Discussion
This RCT of a dietary intervention for urban African
American adults with controlled hypertension compared
a program of tailored dietary advice, assistance with
selecting and ordering food purchases, and weekly
delivery of $30 of high-potassium foods including fruits,
vegetables, nuts, and beans (DASH-Plus) to a minimum
intervention of dietary advice in a printed brochure and
self-directed food purchases at the supermarket’s physical location (control). The DASH-Plus intervention
resulted in increased self-reported consumption of fruits
www.ajpmonline.org
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Table 3. Blood Pressure, Weight, Lipids, and Glucose Outcomes Between the DASH-Plus and Control Groups
DASH-Plus

Dietary intake
Systolic BP, mmHg
Diastolic BP, mmHg
Cholesterol, mg/dL

a

Control

Baseline

Change from
baseline

Difference
(95% CI)
in change

p-value

–1.1 (11.9)

132.0 (11.7)

–2.6 (11.1)

1.5 (–2.6, 5.6)

0.48

77.0 (9.4)

0.3 (7.5)

77.4 (9.3)

–1.0 (7.2)

1.3 (–1.3, 3.9)

0.33

185.7 (39.8)

–2.2 (26.9)

193.1 (58.1)

–3.4 (25.5)

1.2 (–8.2, 10.7)

0.80

Baseline

Change from
baseline

130.7 (11.2)

117.7 (56.2)

13.4 (92.5)

104.4 (62.2)

–0.0 (32.9)

13.4 (–11.7, 38.5)

0.29

a,b

109.8 (34.6)

–4.2 (29.1)

113.9 (53.7)

–3.1 (24.6)

–1.1 (–10.8, 8.6)

0.82

a

52.3 (11.7)

–0.6 (7.7)

58.3 (19.8)

–0.3 (7.7)

–0.3 (–3.1, 2.5)

0.84

97.8 (25.0)

0.3 (2.8)

92.9 (21.6)

0.0 (2.2)

0.3 (–0.6, 1.2)

0.51

All participants

104.2 (26.4)

7.6 (18.0)

104.0 (44.9)

–3.3 (19.8)

10.9 (4.1, 17.7)

0.002

With diabetes

124.0 (35.1)

14.9 (21.1)

136.5 (77.8)

–16.6 (33.8)

31.5 (12.4, 50.6)

0.002

Without diabetes

94.1 (11.6)

3.9 (15.1)

95.5 (26.4)

0.0 (12.0)

3.9 (–2.1, 9.8)

0.20

a

Triglycerides, mg/dL
LDL, mg/dL

HDL, mg/dL
Weight, kg

a

Glucose, mg/dL

a

Note: Change was calculated as follow-up – baseline and difference was calculated as the change for DASH-Plus – change for control. p-values are
from two-sample t test. Values represent M (SD) unless otherwise noted. Boldface indicates statistical signiﬁcance (po0.05).
a
Missing data: one in each randomization group.
b
One additional LDL in the DASH-Plus group could not be estimated because of high triglycerides.
BP, blood pressure; DASH-Plus, Dietary Approaches to Stop Hypertension–Plus; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

and vegetables; increased estimated intake of potassium,
magnesium, and vitamin C; and increased urine potassium excretion. However, there was no signiﬁcant effect
on SBP or DBP.
The DASH diet contains a mean of nine servings of
fruits and vegetables and 4.7 grams of potassium per
day.18 Our goal was to increase potassium intake through
consumption of fruits, vegetables, nuts, and beans
selected for high potassium content in order to increase
potassium over baseline by 2.4 grams per day. Participation in this intervention increased estimated potassium intake to 3.7 (0.8) grams per day, a signiﬁcant
increase, yet still below recommended levels.19 Participants in the control group had non-signiﬁcant improvements in fruits and vegetables, total cholesterol, LDL, and
SBP, perhaps reﬂecting the observed improvement in
dietary purchases. This change likely reﬂects a participant’s motivation to make dietary changes and ability to
make changes in diet in spite of being randomized to the
control group. The observed signiﬁcant increase in intake
from diet of magnesium and vitamin C intake would
expectantly have modest and potentially independent
BP-lowering effects.20,21

Limitations
There are several limitations of this trial, which may, in
part, contribute to the non-signiﬁcant BP effects. First,
] 2015

the study participants had well-controlled BP at baseline.
A low baseline BP limits the ability to detect effects of an
intervention on BP. Secondly, participants were on an
average of 1.8 BP medications (range, 0–5), and although
we had hoped to measure intervention effects on stable
doses of medications, a large percentage of participants
had medication changes. In addition, even in those who
remained on stable doses of antihypertensive medications, at the 8-week visit, many took medications that
may affect BP (e.g., non-steroidal anti-inﬂammatory
medications or “cold medications”) or skipped their BP
medication dose. Though the randomized trial approach
should assure that these non-adherence measures would
be equally distributed between the two groups, these
patterns may explain the higher-than-expected variances
of BP measurements, which would cause a reduction in
the power of the study to see differences (expected SD
used in power calculations was 6.7 mmHg, whereas
observed SD was 11.5 mmHg). In future trials, to increase
statistical power, the variance of the difference in BP
could be reduced by increasing the number of daily BP
measurements or using 24-hour ambulatory BP. Finally,
only 11.3% of potentially eligible participants responded
and expressed interest in screening for the trial. It is
possible that the responders were healthier than the nonresponders given the low prevalence of cardiovascular
disease in those randomized.
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An unexpected ﬁnding was the adverse effects of the
dietary intervention on fasting glucose. Contrary to our
hypothesis, the DASH-Plus intervention signiﬁcantly
increased fasting glucose, with the greatest effects noted
in the subgroup analysis stratiﬁed by diabetes status.
Although these results may be spurious as a result of a
subgroup analysis that includes an imbalance at baseline
in the number of participants with diabetes in the control
group (n=13) versus in the DASH-Plus group (n=21),
these results may also reﬂect a less-ideal dietary intervention for those with diabetes. The foods selected and
purchased by the DASH-Plus participants included
many foods that were high in potassium yet were also
high in natural sugars (e.g., fruits and fruit juices) or high
in starches (e.g., yams and potatoes). A future improvement to the intervention could be to provide a selection
of foods that are high in potassium yet appropriate for
those with or at risk for diabetes (e.g., food choices
reduced in carbohydrates, calories, or carbohydrates with
a low glycemic index).22,23 In a trial24 subsequent to
publication of the DASH diet, replacement of 10% of
carbohydrates with unsaturated fat, similar to a “Mediterranean” diet, resulted in increased insulin sensitivity.
Hence, modiﬁcation of a dietary approach is appropriate
for those with diabetes (e.g., high potassium content yet
reduced in carbohydrate amount).
Several important strengths of this trial should be
noted. First, the study took place in a community-based
clinic where the majority of patients seen live in the
surrounding neighborhoods. This provided an important
link for recruitment and successful implementation of
intervention. The advantage of this approach is that
participants were familiar with the clinic location and
sensed a partnership among the intervention, the clinic,
and provider. Also, with the study coordinator utilizing a
collaborative approach to provide disease-speciﬁc
(hypertension) dietary instructions, it might have
enhanced motivation for participation and adherence.
Furthermore, by partnering with the community supermarket and the Baltimore City Health Department’s
“Virtual Supermarket” program, we took advantage of
established community-based programs that provided
infrastructure and an opportunity for sustainability once
the trial was completed. Finally, the randomized trial
design and 100% follow-up on the primary endpoint
strengthen the internal validity of our ﬁndings.
It is important to note that several features of our
intervention were uniquely different from the “Virtual
Supermarket” program. Instead of participants being able
to order all available foods at the supermarket, we limited
purchases to a selection of 60 high-potassium foods
and a weekly budget allotment of $30. We also provided
individuals with nutritional advice at the time of

placing their orders. For example, if study participants’
preferred foods did not contain adequate micronutrient
content, our coach suggested alternatives to preferred
foods, and if study participants expressed an interest,
different methods of food preparation were shared.
The $30 per week amount was chosen in order to
demonstrate that daily consumption of high-potassium
foods is possible with a limited amount of money.
The weekly amount replicates the average weekly
allocations per individual for those who participate in the
federal “food stamp” program or Supplemental Nutrition
Assistance Program (SNAP). This approach, which adheres
to a simple strategy of enhanced education, restriction of
purchases of nutrient-poor foods, and increasing access to
fresh foods, enhances the generalizability of the program to
other low-income populations.10,25,26 The partnership with
a community supermarket offers an innovative model that
can be replicated in other communities with poor access to
nutritious and affordable foods and supermarkets, that is,
“food deserts.”27,28
From the viewpoint of determining the feasibly and
acceptability of an inexpensive community-based dietary
intervention, this trial was successful. Our community-based
participatory research approach built strong ties among
participants, a community-based healthcare provider network, the Baltimore City Health Department, a community
advisory board, and university-based researchers. Our study
was a success based on the high participation and retention
rates. Future research building on this approach should
include modifying the intervention to include DASH-Plus
food choices for patients with diabetes and testing the
intervention among those with uncontrolled BP or newly
diagnosed patients who wish to avoid starting antihypertensive medication, to determine whether effects on BP can
be demonstrated in these populations.

Conclusions
In this dietary intervention RCT, in African American
patients with hypertension recruited from a community
clinic, we were not able to demonstrate a signiﬁcant effect on
BP, likely as a result of an insufﬁcient number of BP
measurements used for outcome assessment and the
potential BP medication changes post-randomization. However, the intervention increased consumption of fruits and
vegetables, potassium, vitamin C, and magnesium. Our
results in the context of prior trials, and with the observed
beneﬁts in dietary consumption patterns on BP, provide a
strong rationale for larger trials that are adequately powered
and designed to detect BP effects.
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