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Abstract

Introduction—Over 100 million adults in the United States have hypertension. The DASH 

(Dietary Approaches to Stop Hypertension) eating pattern is an evidence-based first-line treatment 

option for hypertension; however, adherence to the DASH eating pattern at a population level 

remains low. To address this gap, we will implement Nourish, a randomized controlled efficacy 

trial that will leverage a commercially-available smartphone application and evidence-based 

behavior change principles to improve adherence to the DASH eating pattern among adults with 

hypertension.

Methods—The Nourish trial is a two-arm, 12-month randomized control trial that will enroll 

adults (N=300) with hypertension, defined as a systolic blood pressure of 120-159 mmHg; a 

diastolic blood pressure of 80-99 mmHg; and/or adults on blood pressure-lowering medication. 

Nourish will test the efficacy of a digital health intervention, as compared to the attention control 

arm, on DASH eating pattern adherence and blood pressure. Intervention components will include 

skills training, self-monitoring, personalized feedback, and responsive coaching. The primary 

outcome of the trial is 6-month changes in adherence to the DASH eating pattern, as measured by 

24-hour dietary recalls.
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Discussion—Millions of Americans remain in need of effective behavioral interventions 

to manage and improve their hypertension and its adverse consequences. The ubiquity of 

smartphones offers a promising approach to disseminate the DASH eating pattern. By leveraging 

these widely used smartphone applications, combined with evidence-based behavior change 

principles and the DASH eating plan, Nourish will demonstrate the effectiveness of a digital 

health intervention to improve DASH adherence, and ultimately, to reduce blood pressure.
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Introduction

Nearly one in two adults has hypertension in the United States (U.S.).1 Hypertension is 

a leading risk factor for stroke, kidney disease, heart disease, and premature mortality.2-4 

Lifestyle treatment approaches, including dietary interventions, are recommended for 

the 108 million adults with hypertension, regardless of pharmacological therapy 

recommendations.1,5 The American College of Cardiology and the American Heart 

Association recommends the DASH (Dietary Approaches to Stop Hypertension) eating 

pattern as a nonpharmacological intervention for hypertension that can be implemented on 

its own or in combination with hypertensive medications.5

DASH has been shown to significantly lower blood pressure in various populations and 

is particularly effective for individuals with hypertension.6 In fact, among those with 

hypertension in a seminal DASH trial, the DASH eating pattern lowered systolic and 

diastolic blood pressure by 10.7 mmHg and 4.7 mmHg, respectively, compared to a typical 

U.S. diet.7 Importantly, the positive effects of DASH have been observed among adults from 

diverse backgrounds, including Black Americans and persons who are socioeconomically 

disadvantaged.6,7 Despite the efficacy of DASH, adherence to the eating pattern in 

behavioral trials is lower than in feeding trials8 and national data indicate that adoption 

of DASH at a population level is suboptimal.9 Innovative efforts are needed to disseminate 

DASH and increase adherence rates across the U.S. to ultimately lower blood pressure.

The proliferation of smartphone ownership offers a promising dissemination channel to 

encourage DASH eating pattern engagement. Around 81% of U.S. adults own a smartphone, 

with widespread use across different sociodemographic groups, including Black (80%) 

and Hispanic (79%) individuals; individuals earning less than $30,000 annually (71%); 

and individuals living in rural areas (71%).10 Smartphone owners have access to mobile 

applications (apps), including the top diet tracking apps, which are downloaded and used 

by millions of users each year.11 These publicly-available apps offer sophisticated tracking 

interfaces that are linked to robust nutritional databases, enabling users to quickly track their 

dietary intake and obtain detailed nutrition information. Despite the popularity and advanced 

user interface of these apps, they are often not supported by evidence-based behavior 

change principles, limiting the potential of their impact.12-14 Moreover, there is limited 

research regarding the effectiveness of using these apps, in combination with evidence-based 
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behavior change principles, to achieve dietary behavior change for the self-management of 

hypertension.12

Combining the large-scale reach of smartphone apps with evidence-based behavior change 

techniques to improve adoption of the evidence-based DASH eating pattern increases the 

potential to reduce blood pressure on a population level. As such, we describe the Nourish 

trial, a 12-month randomized controlled efficacy trial that combines a dietary smartphone 

app and evidence-based behavior change techniques,15 including DASH education and skills 

training,16,17 nutrient goal setting,18,19 daily dietary tracking/self-monitoring,18,20,21 text 

message feedback,19,22,23 and responsive health coaching,24,25 to improve adherence to the 

DASH eating pattern among U.S. adults with hypertension.

Methods

The Nourish trial is a two-arm, 12-month randomized control trial (N=300) that tests the 

efficacy of a digital health intervention, as compared to an attention control arm, on DASH 

eating pattern adherence, blood pressure, and other clinical, behavioral, and psychosocial 

outcomes. The primary outcome of the trial is 6-month change in adherence to the DASH 

eating pattern as measured by 24-hour dietary recalls. The secondary outcome is 6-month 

change in blood pressure as measured during online study visits. Initial approvals from the 

Duke Health Institutional Review Board were obtained in 2019.

Population

The Nourish trial will enroll adults (≥18 years of age) with hypertension, defined as a 

systolic blood pressure of 120-159 mmHg; a diastolic blood pressure of 80-99 mmHg;5 

and/or adults on blood pressure-lowering medications. Individuals with a systolic or 

diastolic blood pressure above these ranges will not be enrolled out of concern for 

participant safety. Because this is a digital health trial, eligible participants must have a 

smartphone with a data plan and an active email address; be willing to receive daily text 

messages; and be able to participate in online video conferencing visits. Eligible participants 

must also have a BMI ≥18.5 kg/m2 and reside in the U.S. Lastly, due to budgetary and time 

constraints to adapt intervention materials, participants must be fluent in English to enroll in 

Nourish.

Individuals will be excluded from Nourish if they have: a cardiovascular disease event in 

the previous 6 months; active cancer; bariatric surgery in the previous 12 months or planned 

bariatric surgery within the next 12 months; recent hospitalization due to a psychiatric 

condition or event; documented dementia; or are pregnant or planning to be pregnant during 

the study period. Individuals who are currently participating in another related research 

study will also be excluded from Nourish.

Intervention Delivery

The intervention will be delivered remotely using data collected through a smartphone 

app, which contains dietary tracking capability and educational content. The app is hosted 

by Pattern Health, a software company, and will provide text message feedback about 

adherence to the DASH eating pattern; motivational messages to support behavior change; 
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and skills training. There will be no in-person research visits required during the intervention 

period.

Participant recruitment

Our target enrollment is 300 randomized participants. To ensure a diverse sample with broad 

generalizability, we aim to recruit 120 participants (40% of our total sample) who identify 

as a member of a racial and/or ethnic group that is underrepresented in research.26,27 We 

also aim to recruit at least 90 participants (30% of our total sample) who identify as male. In 

order to do so, we will use a multi-pronged approach. First, we will list Nourish on clinical 

trial websites hosted by Duke University and the National Institutes of Health. Second, we 

will leverage social media platforms, such as Facebook, Twitter, and Reddit, to disseminate 

trial information. Third, we will use ResearchMatch, a national health volunteer registry, 

to identify and contact adults residing in the U.S. with hypertension. ResearchMatch has 

a large population of volunteers who have consented to be contacted by researchers about 

health studies for which they may be eligible. Fourth, we will identify patients at Duke 

Health with hypertension using a computable phenotype in the electronic health record. 

Individuals who have active patient portals (logged into within the last 12 months) will 

be contacted through patient portal messaging and individuals who lack an active patient 

portal will be contacted via email. The third and fourth recruitment methods are especially 

critical to enroll a wide array of participants with varying sociodemographic characteristics 

(e.g., race, ethnicity, geographic location, gender, etc.). Fifth, we will leverage networks 

within community organizations, such as local churches, health departments, and other 

community-based organizations with a health focus. Lastly, we will recruit Black and 

African American individuals participating in DIP (Digital Intervention Participation) in 

DASH (NCT04515303), a supplemental formative research grant that aims to elicit the 

barriers and facilitators to hypertension management for Black and African American adults.

All recruitment sources will direct individuals to visit the Nourish trial website which will 

include details regarding the trial and trial participation. The website also includes contact 

information for study staff and a link to complete a pre-screening online eligibility survey.

Participant screening and pre-randomization assessments

The pre-screening eligibility survey will be administered via REDCap (Research Electronic 

Data Capture), a secure, web-based software platform designed to support data capture 

and management for research studies.28,29 The survey will include questions regarding 

major eligibility criteria, as described above. If eligible, the potential participant will be 

directed to an electronic consent form and an additional online evaluation survey. Following 

completion of these steps, the participant will be asked to complete two 24-hour dietary 

recalls using the Automated Self-Administered 24-hour (ASA24®) recall tool developed by 

the National Cancer Institute. The ASA24 provides comprehensive nutrient data on all foods 

and beverages consumed during the previous 24-hour period. If both ASA24s are completed, 

the participant is invited to participate in a secure video conference visit (visit 1), conducted 

via Zoom, a cloud-based videoconferencing service.30 During visit 1, study staff will orient 

the participant to the study, the Nourish dietary tracking app, and use of the at-home blood 

pressure monitor to be used during future data collection visits. Following completion of 
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the first video conference visit, participants will be asked to track their daily intake for the 

next 7 days using the smartphone app. Daily dietary tracking is considered complete if the 

participant tracks ≥600 calories in one day, as this is typically the minimum level of calories 

needed to determine if the data represent a complete day of tracking.31

If all of the above tasks are completed, visit 2 is confirmed and participants are shipped 

study materials, which includes a measuring tape and an at-home digital blood pressure 

monitor (Omron® Series 3, Model BP7100). Final eligibility is determined during visit 2 

based on the average of three blood pressure readings. Additional detail on the measurement 

of blood pressure is described below (see Data collection and outcome assessments). 

Participants with an average systolic blood pressure ≥160 mm Hg or a diastolic blood 

pressure ≥100 mm Hg are excluded at this point. See Figure 1 for visit flow.

Randomization

We will randomize eligible participants at visit 2 to one of two arms using a stratified block 

randomization method. Participants will be stratified by their baseline blood pressure risk 

category and blood pressure medication status to minimize the imbalance of these important 

prognostic factors between study arms. Blood pressure risk categories, including elevated 

blood pressure, hypertension stage 1 and hypertension stage 2, will be defined using the 

current American Heart Association guidelines. Allocation tables with random block sizes 

of 2, 4, 6 or 8 will be created by the study statistician using an online randomization service 

(www.sealedenvelope.com)32 and stored securely within REDCap. The random assignment 

will be revealed to the study staff and participant during visit 2. Trial investigators will be 

blind to participant allocation status.

Treatment arms

Participants will be assigned to one of two treatment arms: the intervention arm or the 

attention control arm. Both treatment arms are asked to track what they eat and drink 

every day using the Nourish smartphone application (Nourish app). Both treatment arms 

also receive educational materials and skills training on the DASH eating pattern within the 

Nourish app. The intervention arm receives daily nutrients goals, daily text messages and 

personalized feedback, a health coach visit, and may also receive responsive coaching, an 

algorithmic coaching approach that varies based on progress toward DASH adherence. The 

intervention components are described in greater detail below.

Health coach visit

All intervention arm participants will be onboarded at an initial videoconferencing visit 

with a Nourish registered dietitian shortly after randomization. This visit is expected to last 

20 minutes. During this visit, the registered dietitian will discuss the DASH eating plan, 

answer any nutrition-related questions, and use motivational interviewing principles to elicit 

intrinsic motivation, engage in problem-solving, and facilitate increased engagement with 

using the Nourish smartphone app and adopting the DASH eating pattern.
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Follow-up visits

There will be a total of 4 follow-up visits after randomization, as depicted in Figure 1. All 

follow-up visits will be held in video conference format via Zoom. These will be held at 

2-months, 4-months, 6-months and 12-months post-randomization.

Intervention components

Skills training—Both treatment arms will have access to several skills training videos 

and informational documents within the Nourish app. These videos and documents will 

cover a variety of topics, including an overview of the DASH nutrients and daily targets; 

adapting the DASH eating pattern, including menu-planning while following DASH; dining 

out on the DASH eating pattern; and adapting the DASH eating pattern on a budget. 

Evidence-based behavioral principles will be used to develop additional skills training on 

dietary behavior change including intuitive eating, managing stress, self-monitoring, and 

improving social support. Electronic versions of government-created materials, such as the 

NHLBI booklet describing the DASH eating pattern and recipes for the DASH eating plan, 

will also be electronically available within the Nourish app. Intervention curriculum is 

outlined in Supplementary Table 1.

Daily dietary tracking—As described above, both treatment arms will be asked to 

track their daily dietary intake using the Nourish app, which is powered by a nutritional 

database created and maintained by Nutritionix (www.nutritionix.com). Nutritionix has a 

comprehensive database that includes all data available from the USDA Food Composition 

Database, data from restaurant chains, and foods added by registered dietitians at 

Nutritionix. The Nourish app will store foods and drinks that a participant regularly logs for 

convenience and quick tracking. It will also contain a “recipe” feature in which a participant 

can add favorite recipes; these recipes will be locally stored within the participant’s app 

and will be available for the participant to track. For foods in the Nutritionix database 

with incomplete nutrient data, particularly nutrients recommended in the DASH eating 

pattern (e.g., magnesium, potassium) registered dietitians on the Nourish staff will manually 

populate these data for the intervention.

Goals—The intervention arm will receive daily goals to encourage dietary tracking and 

adherence to the DASH eating pattern (see Table 1) during the active 6-month intervention 

phase. These goals will occur over four modules, detailed in Table 1. Module one will 

focus on dietary tracking; modules two and three will focus on achieving target ranges 

for micro and macro nutrients important for DASH adherence as noted by Mellen et al.9 

These include potassium, fiber, calcium, magnesium, sodium, saturated fat and protein. Each 

week will focus on an individual nutrient and in module four, a DASH adherence summary 

score of these seven nutrients will be generated; the participant’s goal is to achieve a score 

based on target nutrient ranges. We chose not to include intervention goals for total fat 

or cholesterol. The 2015-2020 Dietary Guidelines for Americans, which were current at 

the time of study development,33 do not include explicit guidance for dietary cholesterol, 

a notion supported by the American Heart Association and the American College of 

Cardiology, or restrictions on total fat intake.34 Evidence supporting the need to reduce 

dietary cholesterol for blood pressure reduction is limited and cholesterol is not considered a 
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nutrient of concern for overconsumption.35 Additionally, the DASH eating pattern naturally 

supports limited consumption of dietary cholesterol, which coexists with food sources of 

saturated fat, and increased consumption of unsaturated fatty acids, found in nuts, seafood 

and plant foods.

Feedback—Intervention arm participants will receive daily responsive feedback, based 

on their dietary tracking data during the active 6-month intervention phase, and tailored 

to the goal for the corresponding week of the intervention. Specifically, our system will 

calculate participant adherence to the DASH eating pattern using target ranges for the 

micro and macro nutrients. Participants will receive tailored feedback messages that will 

begin with a personalized greeting (e.g., Hello, [name]) and include the participant’s DASH 

adherence from the previous day (e.g., Nice job working on potassium this week. Your 
average potassium intake was X.).

Self-identified participant characteristics (e.g., having young children in the home; working 

full-time; eating out often; dietary restrictions, etc.) will also be incorporated into the daily 

automated text message feedback. Figure 2 illustrates how personal characteristics will 

be used to determine automated feedback for two different participants in the study who 

have the same nutrient intake. In addition to scores for DASH adherence, our system will 

calculate changes in scores over time, such as change from the previous day, week or month, 

to inform feedback.

Participants allocated to the intervention arm will also receive motivational messages based 

on core principles of Social Cognitive Theory and the Social Ecological Model.36 Examples 

of these motivational messages can be found in Figure 3.

Responsive coaching—During the active 6-month intervention phase, participants 

allocated to the intervention arm may also receive responsive coaching from a Nourish 

registered dietitian depending on their level of engagement with the Nourish app and how 

well they are meeting DASH eating pattern targets. The Nourish registered dietitian is 

trained in nutritional counseling, motivational interviewing, and intuitive eating principles. 

Responsive coaching will be delivered via text message, video and/or phone-based 

modalities and will be informed by an algorithm that utilizes dietary tracking data and 

participant characteristics, as described above. Our system will use the dietary tracking 

data to automatically categorize participants into one of four progress zones: orange, green, 

yellow, or red. Zones will be determined based upon adherence to DASH nutrient goals 

and engagement in dietary tracking. The zones inform the frequency, intensity, and mode of 

the responsive coaching. All coaching interactions are captured and deployed by computer 

algorithms in a custom server behind the Nourish app. See Figure 4 for zone description and 

sample messages.

Orange zone: Participants will be automatically categorized into the orange zone if they 

do not engage in dietary tracking in the Nourish app by tracking ≥600 calories for at 

least one day per week. Orange zone participants will be sent automated texts encouraging 

tracking. If participants do not engage for more than seven days consecutively, a custom text 

will be sent by the registered dietitian. After over 14 days of consecutively not tracking, 
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the registered dietitian will make an additional attempt with the participant to employ 

motivational interviewing to identify barriers and facilitators to re-engagement.

Green zone: Participants will be categorized into the green zone if they track ≥600 calories 

per day for three or more days of the week and meet weekly targets for specific DASH 

nutrients (Table 1) on at least half of those days. Green zone participants will receive no 

responsive coaching; they will receive automated text messages congratulating them on their 

adherence.

Yellow zone: Participants will be categorized into the yellow zone if they track ≥600 

calories per day for three or more days of the week and they are not meeting their weekly 

nutrient target on more than half of those days. Yellow zone participants will receive brief 

coaching through text messages from the registered dietitian. The purpose of the texting is to 

provide psychoeducation about changes in dietary intake, to enhance motivation and efficacy 

for behavior change, and/or to engage in problem-solving.

Red zone: Participants will be automatically categorized into the red zone if they do not 

meet their nutrient target ranges (are in the yellow zone) for three consecutive weeks. 

When a participant enters the red zone, the registered dietitian will contact the participant 

to schedule a coaching call. These calls will be approximately 15-20 minutes and will 

be performed using the participant’s preferred modality of choice, either video or phone. 

These sessions are designed to assess and enhance motivation and self-efficacy for behavior 

change, deliver in-depth behavioral skills training, and provide social support. On each 

call, the registered dietitian will: 1) review changes in DASH nutrient adherence and self

monitoring data; 2) discuss problem-solving strategies; 3) deliver skills training content; and 

4) discuss community resources, if applicable. Participants who do not meet nutrient goals 

in subsequent weeks after being categorized in the red zone will remain in the red zone until 

they complete a nutrient-focused week where they meet a nutrient goal on at least half of the 

days they track ≥600 calories.

Data collection and outcome assessments

Self-reported sociodemographic characteristics, including age, race, ethnicity, gender 

identity, health insurance status, income, employment status, education, household size, 

eating habits, and technology usage, will be solicited prior to randomization through 

REDCap online surveys. Outcome assessments, detailed below, will occur throughout the 

course of the trial period. Additional details regarding outcome assessments can be found in 

Table 2.

DASH adherence—The primary outcome of the trial is 6-month change in DASH 

adherence. To assess change in adherence to the DASH eating pattern, dietary intake will be 

measured using the ASA24® recall tool. The ASA24 is an automated tool that uses USDA’s 

validated multiple pass method to obtain total intake of all food and beverages throughout 

a given day.37 Participants will be asked via email to complete 2 separate dietary recalls 

(1 weekday and 1 weekend day) within a 14-day period prior to randomization and at 2

months, 4-months, 6-months and 12-months post-randomization. These data will be used to 
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calculate a nutrient-based DASH score, using a validated scoring index developed by Mellen 

and colleagues.9 The Mellen et al. index uses a 9-point scale based on the previous day’s 

intake for potassium, sodium, magnesium, calcium, saturated fat, total fat, total protein, 

cholesterol, and fiber. Nutrient targets are standardized to total calorie intake. A score of 0, 

0.5, or 1 will be applied to each nutrient based on distance from the recommended target. 

Individual nutrient scores are then summed to calculate a total DASH adherence score. The 

range is from 0 to 9; higher scores indicate greater adherence to the DASH eating pattern 

with 9 representing full adherence.

Blood pressure—At-home blood pressure measurements will occur during select video 

conference visits (Table 2). A standardized protocol will be followed by trained research 

staff to guide participants in taking their blood pressure during video conference visits. 

Participants will be instructed to be on-camera and observed by the research staff for the 

duration of the visit, including during blood pressure measurements. Prior to randomization, 

an Omron® Series 3 blood pressure monitor and a measuring tape will be shipped to the 

participant’s home. Participants will also be shown a video made by the American Heart 

Association to orient them to taking an accurate at-home blood pressure measurement.38 

Participants will be asked to measure their upper arm circumference at the randomization 

visit. This measurement will inform placement of blood pressure cuff (upper arm vs. 

forearm); a forearm measurement will be taken if the upper arm circumference is greater 

than 17.5 inches. After guiding the participant through the arm measurement and cuff 

placement, trained research staff will ask the participant to sit with their back supported and 

feet flat on the floor. The first blood pressure reading will occur after an initial five-minute 

quiet sitting period and the following two readings will take place after one-minute quiet 

sitting intervals. After each reading, the participant will be asked to hold up the blood 

pressure device to the camera, showing the research staff each blood pressure reading. An 

average of the three readings is used to establish eligibility for participant randomization. 

However, only the second and third readings will be averaged for analysis of a secondary 

outcome: blood pressure change between Visit 2 (randomization), Visit 5 (6-months post

randomization) and Visit 6 (12-months post-randomization).

Clinical, behavioral and psychosocial outcomes—Physical activity, self-efficacy for 

healthy eating, intuitive eating behaviors, and depressive symptoms will be collected via 

online surveys administered using REDCap at baseline screening and at visits 5 and 6, 

i.e., 6 and 12 months. Perceived discrimination will be assessed at baseline screening. All 

prescription medication (including names, dosage etc.) will be self-reported in the online 

survey at baseline screening and at 6 and 12 months; blood pressure medication adherence 

will also be assessed at these timepoints via survey. Prescriptions will also be confirmed 

and recorded by the study staff at each videoconference visit. Additional details on all study 

measures are displayed in Table 2.

Engagement—Intervention engagement will be calculated by dividing the number of days 

with valid dietary tracking data (numerator) over the total number of possible tracking days 

(denominator). We will calculate and compare engagement rates by week and intervention 

period (i.e., months 0 to 6 verse months 6 to 12). Using typical standards for dietary 
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assessment, if the daily calorie intake is <600 calories, that tracking day will be considered 

incomplete and will be marked as invalid.37,39

Analytic Approach

Power and Sample Size—We hypothesize that the intervention will lead to an increase 

in average DASH score of 2 units at 6 months and the control arm will achieve a 1-unit 

increase in DASH score. These estimates are based on the pilot study we conducted where 

both intervention and control arms achieved a 1-unit increase in DASH adherence from 

baseline to 3 months.40 Given the Nourish intervention is more intensive than what was 

delivered in the pilot, we anticipate a greater increase in DASH adherence. We estimate a 

standard deviation of 2 units for both intervention and control arms. This results in an effect 

size of 0.5, which is considered a medium effect size by Cohen’s d.41 With 90% power and a 

type I error rate (alpha) of .01, a sample size of 242 will allow us to detect a difference of 1 

unit in DASH adherence mean change score between study arms. We conservatively assume 

20% attrition for this length of follow-up, resulting in the final analytic sample size of 300 

total participants. With this sample size, we will also have power to examine intervention 

effects in systolic and diastolic blood pressure. Using data from the pilot study we anticipate 

systolic blood pressure changes in intervention vs control as follows: −3.4 (SD=8.6) mmHg 

and −2 (SD=9.3) mmHg respectively, which results in an effect size of 0.6. The effect size 

for diastolic blood pressure is 0.75 based on changes in intervention vs control of −3.8 

(SD=7.9) mmHg vs. −1.6 (SD=6.4) mmHg, respectively. With 90% power and a type I error 

rate (alpha) of .01, we can detect the expected effect size with the proposed sample size of 

300.

Statistical analysis plan—Demographic and baseline data will be examined for integrity 

of randomization scheme and the homogeneity of study arms. If any demographic and 

baseline data are not balanced between the two study arms and are believed to affect the 

outcome, we will consider adjusting these variables in the modeling process. All analyses 

will be based on intention-to-treat (ITT) principles.

We will assess the overall intervention effect on change of DASH score from baseline to 6 

months by a two-sample t-test. To understand how DASH score improves over time from 

baseline to 6 months, and sustains through 12-month follow-up between study arms, we will 

plot observed DASH score vs. time (baseline, 2-month, 4- month, 6-month, 12-month) by 

two study arms. Linear mixed models will be built to test the primary hypotheses. If we 

observe a linear trend in the previous plot, our model will contain fixed effects including 

a group variable (intervention vs. control), time, and intervention by time interaction. To 

account for the correlations within the same participant over time, we will include a random 

intercept and random slope for time in the model. If there is a quadratic trend in time, 

we will also include a quadratic term for time in the model. To account for the stratified 

block randomization design, our models will also include our randomization stratification 

variables, blood pressure risk category and blood pressure medication status.42 If any other 

demographic or baseline variables are statistically different between the two study arms, 

then these variables will be included in a stepwise model selection process for the linear 

mixed model. We will evaluate the primary hypotheses by testing the null hypothesis that the 
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time by intervention parameter is 0. Similar analysis will be conducted for changes in blood 

pressure and relevant clinical, behavioral and psychosocial variables. If the distribution of 

any of the outcomes is heavily skewed, then we will either appropriately transform the data 

so it’s normally distributed or use a generalized linear mixed model with an appropriate link 

function.

Our linear mixed models will be fitted with a full maximum likelihood estimation using all 

available data to address missing data. These models allow for responses to be missing at 

random (MAR), where the missing mechanism may be related to either observed covariates 

or response variables, but not related to the unobserved data. Linear mixed models provide 

valid estimates of the intervention effect under the MAR mechanism and allow for a broad 

array of possible reasons for missingness.

Discussion

The burden of hypertension cannot be overstated. As an efficacious first-line treatment 

option, increased adherence to the DASH eating pattern could have a substantial impact 

on the prevention and management of hypertension. However, innovative and accessible 

strategies to disseminate DASH are critically needed for the majority of Americans who 

do not follow the DASH eating pattern. The current trial addresses this need by testing the 

efficacy of a 6-month digital-health intervention on improving DASH adherence and blood 

pressure in U.S. adults with hypertension.

Like many other chronic diseases and conditions, stark disparities exist in rates of 

hypertension across racial, ethnic, and socioeconomic groups.43,44 Black Americans 

experience higher rates of hypertension compared to their White counterparts.44 They also 

possess lower rates of hypertension control. Similarly, individuals with lower income and 

those residing in rural areas experience higher rates of hypertension compared to their 

higher income and urban-residing counterparts.43,45 Unfortunately, these groups often face 

myriad barriers to obtaining healthcare and hypertension treatments,46 such as distance 

from and/or transportation challenges to access healthcare providers and facilities.47 The 

ubiquity of smartphone apps offers a unique opportunity to reach the populations that 

are disproportionately affected by hypertension and overcome frequently faced barriers. In 

fact, smartphone ownership continues to grow in the U.S., with ownership rates exceeding 

70% across most age groups, racial and ethnic groups, socioeconomic levels, and among 

individuals residing in urban, suburban and rural areas.10 Likewise, the use of health and 

fitness apps continues to climb annually, reaching 87.4 million users in 2020.11 Nourish will 

leverage these widely used digital technologies to test a remotely delivered intervention to 

adults from all sectors of the U.S. looking to manage their hypertension. If efficacious, the 

intervention can be scaled to positively impact population health.

In effort to further increase the inclusivity of Nourish, we will adopt several principles 

from the Health at Every Size (HAES),48 which disentangles health from weight status 

and allows for a more holistic and multifaceted definition of health at any size, to offer 

a weight-inclusive approach to hypertension management.49 In doing so, Nourish will 

de-emphasize messaging about weight loss or caloric monitoring in recruitment materials 
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and intervention content. For instance, the Nourish app will be designed to omit caloric 

monitoring completely, making it more applicable to HAES principles. Further, the DASH 

scoring approach and personalized feedback will be nutrient-focused, focusing on the 

addition of health-promoting DASH-congruent foods, rather than dietary restriction, and 

will encourage intuitive eating principles50 (i.e., honoring internal hunger and fullness 

cues). Study staff, including registered dietitians, will be trained to deliver content in a 

weight-inclusive manner and every effort will be made to depict a wide range of body sizes 

in recruitment and intervention materials (e.g., website, instructional videos). Structural 

barriers will be modified to allow Nourish to recruit individuals at all body sizes, such as 

implementing a robust protocol for blood pressure measurement using the forearm if blood 

pressure cuffs are too small to accommodate a participant’s upper arm. We believe this 

approach allows for increased acceptability of Nourish across populations that are often 

overlooked in traditional weight-normative approaches to hypertension management.

Although we chose to use a nutrient-based scoring approach for this intervention,9 we 

recognize that there are alternative ways to measure DASH adherence, such as the food

group-based approach,51 that would be valuable to the participant and to the interpret the 

results. Due to the limitations of the automated feedback algorithms, we are unable to create 

a summary score based on food-level data or provide automated feedback on specific food 

intake. We will, however, incorporate suggestions within the personalized text feedback and 

health coaching sessions regarding which foods participants can consume/limit to increase/

decrease certain nutrients, and thus, improve their DASH scores.

The COVID-19 pandemic necessitated innovative modifications to maintain the health and 

safety of trial participants and research personnel alike. The original Nourish protocol 

included in-person recruitment, research visits and data collection, however, as a response 

to the pandemic, we adapted our protocol to be fully remote. There are limitations to 

these modifications. First, it necessitated using predominantly online recruitment approach, 

which may have implications on the generalizability of our trial sample. Online recruitment 

methods, such as patient portal messaging, have been shown to reach predominately White 

and non-Hispanic populations.52,53 Second, it limited our ability to collect urine and 

blood specimens, in addition to in-person blood pressure measurements. Third, due to the 

pandemic, we will not be able to perform a verification of our at-home blood pressure 

protocol or the Omron® Series 3 devices against a clinic-based gold standard measurement 

for each participant.

There were also strengths to adopting a fully remote protocol. Instead of limiting 

participation to individuals residing within a commutable distance of our study center, 

it allowed us to open enrollment to adults across the U.S., thus, increasing the 

representativeness of our sample population and generalizability of our results. Second, if 

successful, these remote protocols can be adapted in future trials to increase the accessibility 

of our interventions and findings to adults living across the U.S. from diverse groups.

As the absolute burden of hypertension continues to increase in the U.S., sustainable and 

scalable efforts aimed at prevention and control are critically needed.54 The use of publicly 

available smartphone apps, in conjunction with evidence-based behavior change principles, 
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offers a scalable approach to treat and prevent chronic diseases, like hypertension, and its 

related co-morbidities. This trial offers a widely available treatment option for the millions 

of Americans who remain in need of effective behavioral interventions to manage and 

improve their hypertension and its adverse consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Nourish study diagram and participant workflow
Note: Dashed line indicates intervention only event
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Figure 2. 
Personalized feedback for Nourish intervention-arm participants
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Figure 3. 
Behavior change theory used to develop motivational messages for Nourish intervention-arm 

participants
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Figure 4. 
Responsive coaching for Nourish intervention-arm participants
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Table 1.

Nourish Intervention Goals and Feedback Schedule

Topic Module 1 Module 2 Module 3 Module 4

Dietary tracking Weeks 1 and 2 --- ---

Potassium --- Week 3 Week 10 ---

Fiber --- Week 4 Week 11 ---

Calcium --- Week 5 Week 12 ---

Sodium --- Week 6 Week 13 ---

Magnesium --- Week 7 Week 14 ---

Saturated Fat --- Week 8 Week 15 ---

Protein --- Week 9 Week 16 ---

All nutrients --- --- --- Weeks 17 to 24
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Table 2.

Nourish Schedule of Outcome Assessments

Measure Screening Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6

Primary Outcome:

ASA 24 Dietary Tracking ASA-24 sent 
after baseline 
survey

- -
ASA-24 sent 
two weeks 
prior

ASA-24 sent 
two weeks 
prior

ASA-24 sent 
two weeks 
prior

ASA-24 sent 
two weeks 
prior

Secondary Outcome:

Blood Pressure - - ✓ ✓ ✓ ✓ ✓

Clinical, Behavioral, & Psychosocial Outcome

Self-Reported Weight ✓ - - - - - -

Blood Pressure 
Medication

✓ - ✓ ✓ ✓ ✓ ✓

Blood Pressure 
Adherence

✓ - - - - ✓ ✓

Physical Activity ✓ - - - - ✓ ✓

Self-Efficacy ✓ - - - - ✓ ✓

Intuitive Eating ✓ - - - - ✓ ✓

Depressive Symptoms ✓ - - - - ✓ ✓

Everyday Discrimination ✓ - - - - - -

Experiences of 
Discrimination

✓ - - - - - -
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