
DASH for asthma: A pilot study of the DASH diet in not-well-
controlled adult asthma⋆

Jun Maa,b,*, Peg Strubc, Phillip W. Lavorid, A. Sonia Buiste, Carlos A. Camargo Jr.f, Kari C. 
Nadeaug, Sandra R. Wilsona,h, and Lan Xiaoa

aDepartment of Health Services Research, Palo Alto Medical Foundation Research Institute, Palo 
Alto, CA, USA

bStanford Prevention Research Center, Department of Medicine, Stanford University School of 
Medicine, Stanford, CA, USA

cDepartments of Allergy, Asthma, and Immunology, The Permanente Medical Group, San 
Francisco Medical Center, San Francisco, CA, USA

dDepartment of Health Research & Policy, Stanford University School of Medicine, Stanford, CA, 
USA

ePulmonary & Critical Care Medicine, Oregon Health & Science University, Portland, OR, USA

fDepartment of Emergency Medicine, Massachusetts General Hospital, Harvard Medical School, 
Boston, MA, USA

gDivision of Immunology and Allergy, Department of Pediatrics, Lucile Packard Children's 
Hospital and Stanford University School of Medicine, Stanford, CA, USA

hDivision of Pulmonary & Critical Care Medicine, Department of Medicine, Stanford University 
School of Medicine, Stanford, CA, USA

Abstract

This pilot study aims to provide effect size confidence intervals, clinical trial and intervention 

feasibility data, and procedural materials for a full-scale randomized controlled trial that will 
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determine the efficacy of Dietary Approaches to Stop Hypertension (DASH) as adjunct therapy to 

standard care for adults with uncontrolled asthma. The DASH diet encompasses foods (e.g., fresh 

fruit, vegetables, and nuts) and antioxidant nutrients (e.g., vitamins A, C, E, and zinc) with 

potential benefits for persons with asthma, but it is unknown whether the whole diet is beneficial. 

Participants (n = 90) will be randomized to receive usual care alone or combined with a DASH 

intervention consisting of 8 group and 3 individual sessions during the first 3 months, followed by 

at least monthly phone consultations for another 3 months. Follow-up assessments will occur at 3 

and 6 months. The primary outcome measure is the 7-item Juniper Asthma Control Questionnaire, 

a validated composite measure of daytime and nocturnal symptoms, activity limitations, rescue 

medication use, and percentage predicted forced expiratory volume in 1 second. We will explore 

changes in inflammatory markers important to asthma pathophysiology (e.g., fractional exhaled 

nitric oxide) and their potential to mediate the intervention effect on disease control. We will also 

conduct pre-specified subgroup analyses by genotype (e.g., polymorphisms on the glutathione S 

transferase gene) and phenotype (e.g., atopy, obesity). By evaluating a dietary pattern approach to 

improving asthma control, this study could advance the evidence base for refining clinical 

guidelines and public health recommendations regarding the role of dietary modifications in 

asthma management.
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1. Introduction

Asthma is a chronic inflammatory, obstructive disorder of the airways, involving a complex 

interplay of several inflammatory cells and multiple inflammatory mediators [1,2]. Asthma 

prevalence has increased in the U.S. over recent decades, affecting more than 20 million 

Americans currently [3]. Dietary change is one in a host of environmental exposures 

implicated in this trend [1,2]. As a hallmark of westernization, rapid changes in diet, 

including adoption of a more processed and “convenience-oriented” diet, have resulted in a 

chronic metabolic surplus and a relative reduction in the intake of complex carbohydrates 

and micronutrients [4]. The available literature on the relationship between diet and asthma 

has largely focused on individual nutrients. Epidemiologic and mechanistic studies have 

shown encouraging evidence of a plausible therapeutic or protective effect in asthma of a 

wide range of nutrients, such as increased intake of antioxidant nutrients (e.g., vitamins A, 

C, E, and zinc) and ω-3 fatty acids and decreased intake of saturated fat and sodium [5,6]. 

Numerous hypotheses and emerging data, albeit no definitive conclusions, underscore that 

the underlying mechanisms are likely multifactorial, involving changes in redox status, 

inflammatory and immune response [5,7-11]. However, many of these nutrients have not 

been tested in intervention studies with asthma patients, and in the few that have been 

studied by supplementation (e.g., vitamin C, fish oil/ω-3 fatty acid, and selenium) or dietary 

modification (e.g., sodium reduction), the results have been conflicting [12-16]. Moreover, a 

conceptual disadvantage of the single-nutrient approach is that people do not eat individual 

nutrients, but rather a combination of foods from various groups that form a dietary pattern.
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Studying dietary patterns, rather than specific foods or nutrients, is a relatively new 

approach in nutritional epidemiology [17,18], which has been used to investigate the effect 

of overall diet in several non-respiratory chronic diseases [19-21]. Only more recently has 

this approach been applied in epidemiologic studies of chronic obstructive pulmonary 

disease [22-24] and asthma [25-35]. However, very limited intervention studies [11,36] have 

investigated whether any dietary pattern affects the clinical course of asthma.

Dietary Approaches to Stop Hypertension (DASH) is a recommended diet in the U.S. 

Dietary Guidelines for Americans [37] because of its proven cardiovascular benefits, 

particularly for the prevention and control of high blood pressure [38-40]. The DASH diet 

also may be associated with improved bio-markers of oxidative stress, bone turnover, and 

calcium metabolism [41,42], and lower all-cause mortality [43]. The DASH diet 

encompasses foods (e.g., fresh fruit, vegetables, and nuts) and antioxidant nutrients (e.g., 

vitamins A, C, E, and zinc) that have shown potential benefits for people with asthma 

[5,11,29,44], but it is unknown whether the whole diet is beneficial. To date, no firm 

recommendations can be made for (or against) dietary change, let alone a specific dietary 

pattern, as an evidence-based approach to asthma treatment or prevention.

The “DASH for Asthma” pilot study aims to provide effect size confidence intervals for the 

change in asthma control. It will also deliver clinical trial and intervention feasibility data 

and procedural materials for a full-scale randomized controlled trial that will determine the 

efficacy and mechanisms of action of the DASH diet as adjunct therapy to standard care for 

adults with uncontrolled asthma. This paper describes the study design and methodology.

2. Methods

2.1. Study design

This pilot study is a small, short-term randomized controlled trial in which patients ages 18–

70 years with uncontrolled, persistent asthma (n = 90) will be equally randomized to receive 

usual care alone or combined with a DASH diet intervention. All procedures and materials 

are approved by the Kaiser Foundation Research Institute's Institutional Review Board. The 

study's specific aims are as follows:

Aim 1. Determine the 95% confidence interval of the effect of the DASH diet on asthma control measured by change 
in the 7-item Juniper Asthma Control Questionnaire (ACQ) [45,46] at 6 months.

Aim 2. Estimate the confidence intervals of the effects of the DASH diet on specific manifestations of asthma that are 
indicative of current impairment (e.g., lung function, symptoms, and rescue medication use) and future risk 
(e.g, asthma exacerbations).

Aim 3. Explore changes in inflammatory markers important to asthma pathophysiology and their potential mediating 
effects on treatment response: total and differential leukocyte counts, fractional exhaled nitric oxide (FeNO), 
exhaled breath condensate pH, and serum cytokines (e.g., IL-5, IL-6, IL-13, IL-8, IL-17, TNF-α, and IFN-γ).

Aim 4. Conduct pre-specified subgroup analyses to examine genotypes ([e.g., polymorphisms on glutathione S 
transferase and microsomal epoxide hydrolase genes), phenotypes (e.g., age of onset, atopy, and obesity), and 
sociodemographic factors (sex, race/ethnicity, education, and income) that may modify the therapeutic effect 
of the DASH diet.

2.2. Eligibility criteria

Participants will be recruited from the Kaiser Permanente (KP) medical centers in San 

Francisco and Hayward. Patients ages 18–70 years who have uncontrolled, persistent asthma 

will be eligible to participate. Table 1 enumerates the inclusion and exclusion criteria. 
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Exclusion criteria are applied to ensure each participant's ability and safety to complete the 

study requirements, minimize error associated with the primary outcome, and prevent 

possible missing data. Individuals of both genders and any racial or ethnic background who 

speak English, meet the inclusion criteria, and have no exclusion criteria will be enrolled. 

Based on the demographics of asthma patients at the study recruitment sites, the gender and 

ethnic composition of the target enrollment population is expected to include 69% female, 

15% non-Hispanic black, 23% Hispanic/Latino, and 6% Asian/Pacific Islander.

2.3. Recruitment and screening process

Recruitment will begin by querying the KP electronic asthma registry to identify adult 

patients who are likely to have uncontrolled, persistent asthma based on their past ER visits, 

hospitalizations, and/or pharmacy dispensing records. We will obtain approval from primary 

care providers (PCPs) to further screen patients in their practices. Patients will receive 

recruitment letters briefly explaining the study and inviting them to complete initial 

eligibility screening, online or by phone, that will include the Asthma Control Test [47], 

Alcohol Use Disorders Identification Test [48], and questions pertaining to other eligibility 

criteria that patients can reliably assess themselves (e.g., age, pregnancy).

Patients eligible on initial screening will be scheduled to attend a 1-hour group orientation. 

The sessions will begin with height and weight measurements in private. Participants with 

body mass index (calculated as weight in kilograms divided by height in meters squared) 

between 18.5 and 39.9 can stay for the remainder of the session. After a trained study staff 

person presents the informed consent in detail, participants will discuss in small groups (3 or 

4 people each) the pros and cons of being assigned to the intervention and control 

conditions, respectively, which they will then share with the entire group. The sharing 

segment of the session will provide an opportunity for the study staff to ask open-ended 

questions and engage in reflective listening, which is consistent with motivational 

interviewing principles [49], and for participants to hear a variety of pros and cons (from 

their fellow participants rather than from the researcher), which is consistent with active 

learning principles [50]. As others have shown [51], using these techniques to explicitly 

address ambivalence about joining a randomized controlled trial prior to enrollment can 

increase motivation, decrease potential for disappointment, and consequently, improve 

retention. The last portion of the orientation will be one-on-one participant and staff 

meetings during which participants can ask further questions and sign the informed consent 

if they decide to join the study. A staff person will call to follow up with any undecided 

participants in a week.

Consenting participants will be tentatively scheduled for their baseline clinic visit and 

receive written instructions and the forms for completing a fasting blood draw, 2-week 

asthma diary, and self-administered questionnaire before their visit. Also, the study staff will 

call participants to conduct unannounced 24-hour dietary recalls on 3 nonconsecutive days 

(2 weekdays and 1 weekend day within a 7-day period).

Participants with an eligible DASH concordance index (Table 1) according to the dietary 

recalls will be confirmed for their baseline clinic visit. At the visit, a trained staff person will 

review the participant's 2-week asthma diary and self-administered questionnaire for 
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completeness, measure weight, waist circumference, and blood pressure, measure FeNO 

[52], collect EBC [53], and perform spirometry before and after administration of a short-

acting beta agonist (typically albuterol) [54–56]. Patients with very poor lung function (i.e., 

pre-bronchodilator forced expiratory volume in one second [FEV1] less than 40% predicted 

or post-bronchodilator FEV1 less than 50% predicted), or who fail to demonstrate reversible 

obstruction of the airways may only participate if approved by the study physician based on 

a review of the patient's full medical record. Patients with severe airway obstruction (i.e., 

patients who may need more intense and immediate step-up in their asthma care, which 

would perhaps remove all “room” for intervention benefit) and fixed airway obstruction 

(i.e., patients who probably have COPD) are to be excluded. We include physician review to 

confirm asthma diagnosis, ensure patient safety, and allow exceptions that do not fit the 

crude exclusions and that can still make a valuable contribution in the study.

2.4. Randomization and blinding

Participants will be randomly assigned in a 1:1 ratio to receive usual care alone or usual care 

plus the DASH intervention (n = 45/arm). Using Pocock and Simon's “minimization” 

procedure [57], randomization will assure better-than-chance group balance at baseline in 

terms of age, sex, race/ethnicity, smoking status, DASH concordance index, and the 7-item 

ACQ score. We will use a Web-based random allocation system that we developed and 

successfully implemented in a recent trial [58]. The system's computational algorithm 

automatically adjusts the randomization probability on each occasion based on the selected 

baseline characteristics of all participants previously randomized to each arm, thus 

minimizing the total covariate imbalance between study arms after each new patient is 

randomized. Following Efron's recommendations [59,60], the algorithm uses biased, non-

extreme randomization probabilities to protect allocation unpredictability. Specifically, for 

each patient about to be randomized, the system will automatically calculate an imbalance 

score for each of the above-mentioned baseline covariates, as the excess or deficit of 

previously randomized patients in either arm matching the current patient on that covariate. 

Next, these scores will be summed over covariates to form the total imbalance score, S. If S 

= 0, the randomization probability for receiving the intervention for that patient will be set to 

½, and if S < 0 (S > 0) the randomization probability will be set to 2/3 (1/3) following 

Efron's recommendation [59].

Randomization will be performed by a designated study staff person who does not have the 

ability to influence its execution. By design, group assignments will be identifiable to 

participants and the interventionist, but blinding of outcome assessment and adjudication, 

data and safety monitoring, and data analysis will be enforced. Further, the interventionist 

will be masked to participants' official study measurements, but not to their self-

measurements tracked as part of the intervention.

2.5. Continuation of usual care

We will recruit from patients who have used Kaiser Permanente Northern California for 

routine care for at least 1 year and thus have a higher likelihood of establishing a 

relationship with their PCP. During informed consent, patients will be clearly instructed that 

they continue to receive medical care as usual—no medical care is provided by this research 
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study. For patient safety and generalizability, no standard care will be withheld at any time 

after enrollment; participants in either arm can use all primary care or specialty care services 

available to them in routine practice.

Participants in the control group will receive no intervention from the study. In theory, the 

control group could receive a generic health education intervention so as to separate the 

active intervention's therapeutic effects from potential nonspecific, e.g., attention, effects. 

However, randomized controlled trials are most useful in testing interventions as they would 

be delivered in real world settings. Also importantly, research has shown that use of 

attention control in behavioral randomized trials does not always have a positive effect on 

outcome but may be unnecessary and possibly even detrimental [61]. It is therefore 

recommended that attention control be considered only when prior data have demonstrated 

an effect of attention on the outcome of interest or an important mediator of that outcome 

[61]. Guidelines for the treatment of asthma do not call for nonspecific intervention. No 

empirical evidence suggests that attention alone results in improved asthma control or 

dietary changes, which are known to be difficult to initiate and even harder to maintain. The 

attention accompanying the DASH diet intervention under study is intrinsic to behavioral 

interventions of similar nature and intensity.

2.6. Intervention

In addition to usual care, participants in the intervention arm will complete a 6-month 

DASH diet intervention.

2.6.1. Theoretical basis—The theoretical bases of the intervention are Social Cognitive 

Theory and the Transtheoretical Model of Behavior Change [62]. The former emphasizes a 

triadic, reciprocally deterministic relationship between the individual, environment, and 

behavior, whereas the latter recognizes that behavior change is a dynamic process that 

moves, at variable speed, through stages of readiness to change. Positive outcome 

expectancies through realistic goal setting and guided action planning are associated with 

initiation of behavior change, and self-efficacy developed for specific behaviors (e.g., eating 

more fruit and vegetables) predict establishment and maintenance of behavior change. 

Social Cognitive Theory suggests that self-efficacy is enhanced through social support and 

gradual mastery of self-regulation skills (e.g., self-monitoring, problem solving) [63]. The 

interventionist will work closely with each participant to elicit outcome expectations, 

perform realistic, individualized goal-setting, and develop a customized action plan in the 

form of a mutually agreed-upon contract. To improve adherence, throughout the intervention 

the interventionist will attend to the presence of any disincentives and relapse warning signs 

and will apply motivational interviewing techniques to help participants explore and resolve 

ambivalence about making dietary changes.

2.6.2. Evidence-based intervention goals—A goal-based approach will be used to 

promote DASH dietary targets. Three primary daily dietary goals are (1) 9– 12 servings of 

fruits and vegetables, (2) 2–3 servings of low-fat dairy products, and (3) total fat grams at 

27% of estimated caloric needs for weight maintenance. Reduction of saturated fat also will 

be emphasized by focusing on reduced consumption of red meat and regular-fat dairy 
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products. These goals are critical because each represents a key aspect of the DASH dietary 

pattern [37,64,65]. We also will promote ingestion of no more than 2300 mg of sodium a 

day, increased intake of whole grains, nuts, seeds, and legumes, decreased intake of sweets 

and added sugars, and moderate alcohol intake for those who drink.

The intervention will employ clear criteria (branch points) and appropriate strategies to 

tailor the dietary change goals to each individual participant while maintaining the same 

essential goals and delivering common core information to all. The recommended food 

servings will be tailored to individual calorie needs for maintaining stable weight during the 

6-month intervention period. We will base caloric requirements on the Harris Benedict 

formula, using baseline weights and physical activity levels estimated from the 7-Day 

Physical Activity Recall survey [66,67]. Intervention participants will be weighed in private 

before each individual and group session and their food servings will be adjusted, if 

necessary. The same approach was used in previous studies of the effects of the DASH diet, 

independent of weight change, on cardiovascular risk factors in free-living individuals 

[40,68]. Without intervention, significant weight change among usual care participants over 

6 months is unlikely; the general U.S. adult population gains ∼1% weight each year [69]. In 

previous DASH intervention trials, caloric intake did not differ between the DASH diet 

group (without a concurrent weight loss intervention) and the usual care control group. We 

will exclude underweight (body mass index [BMI] in kg/m2 < 18.5) and severely obese 

patients (BMI ≥ 40) and patients who have cardiovascular and/or metabolic conditions 

(Table 1) that would make it inappropriate clinically to ask patients to maintain their weight, 

even for just 6 months, if they are overweight or obese.

2.6.3. Intervention format, structure, and content—The 6-month intervention will 

consist of an intensive phase and a maintenance phase.

2.6.3.1. Format: The intervention will employ a series of small group and individual 

sessions, followed by periodic telephone contacts, to help participants achieve and maintain 

appropriate dietary changes. The initial 3 months of intensive intervention will involve 8 

group and 3 individual sessions for 45–60 min each. During the next 3 months, participants 

will receive counseling phone calls once per month for 20– 30 minutes each call. Group 

session sizes may range from 8 to 15 participants, and each session will take place on 2 or 3 

evenings during the week at the participating KP sites. Participants will be assigned a 

primary group, but may attend another one in the same week if they miss a session. They 

will be encouraged to bring a family member or significant other, especially if this guest is 

primarily in charge of meal planning and preparation at home.

2.6.3.2. Structure: The intervention will begin with an individual session within 3 weeks of 

the baseline clinic visit. Group sessions will start with 4 weekly meetings, then a 2-week 

break in which a second individual session will take place, then another 4 weekly meetings, 

and end with the third and final individual session. This will be followed by 3 monthly 

counseling phone calls (Table 3). Based on indices of ongoing participation in intervention 

activities, interventionists also may schedule additional visits or calls with participants who 

have difficulties adhering to the intervention protocol (e.g., frequently missed sessions 

and/or self-monitoring records, lack of progress to DASH diet goals).
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2.6.3.3. Content and curriculum: The weekly group sessions will teach participants how to 

buy and prepare foods consistent with the DASH meal plans, reinforce their motivation to 

follow the diet, give feedback on their adherence, and provide training on problem-solving 

and relapse prevention skills. Each group session will include 6 main curriculum 

components: (1) food tasting and group sharing for social support, (2) review of progress 

since last session, (3) main content area (e.g., meal patterns, DASH dietary goals, fruit and 

vegetables and grains, low-fat dairy products, calories and dietary fat, and sodium), (4) 

behavioral skills training, (5) self-monitoring activity, and (6) goal setting and action 

planning for the next session. The sessions will be instructional, but not didactic, and will 

provide ample opportunities for participant input and smaller group activities that foster 

problem solving, support, and program ownership. The individual sessions and follow-up 

phone calls are designed to specifically tailor intervention strategies to individual 

participants' cultural, social, and environmental contexts.

2.7. Participant safety

Participants will be carefully screened, and individuals for whom the intervention is deemed 

medically inappropriate or unsafe will be excluded. PCP approval will be required before 

potentially eligible patients are contacted for study screening. During screening, women who 

are pregnant, lactating, or planning to become pregnant during the study period will be 

excluded. If a participant becomes pregnant during the study, she will be excluded from 

further participation in all study activities, and her PCP will be notified. Participants who are 

diagnosed with any other exclusionary condition (e.g., coronary heart disease, stroke, 

diabetes, and cancer) following randomization may continue in the trial with approval of the 

study physician. Established alert levels (e.g., for low lung function and high blood pressure) 

and alert conditions (e.g., cardiovascular events, and musculoskeletal injuries) (Appendix 

online) will help ensure that participants are referred for further evaluation and therapy when 

clinically indicated.

To ensure unbiased ascertainment between the intervention and control groups, participants 

will be systematically asked at baseline and 3- and 6-month clinic visits to report any 

possible adverse events occurring during baseline (from initial contact by mail to baseline 

clinic visit) and follow-up surveillance periods (from baseline clinic visit to 3-month visit 

and then to 6-month visit). Positive responses will be recorded and then reviewed by the 

study physician for seriousness, study relatedness, and expectedness. An adverse event is 

defined as any untoward medical or psychological event experienced by a patient during or 

as a result of his/her participation in the study that represents a new symptom or an 

exacerbation of an existing condition whether or not considered study-related based on 

appropriate medical judgment. Documentation in the electronic health records will be used 

to verify patient self-reports. Adverse events discovered outside these planned evaluations 

(e.g., during intervention encounters) will be duly noted and followed up with, as needed, to 

assure participant safety.

2.8. Retention

As we have done in our other studies [58,70,71], we will implement the following strategies 

to minimize loss to follow-up: (1) careful staff selection and standardized training in rapport 
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building, motivational interviewing techniques, trial-specific protocols, and problem solving 

techniques as appropriate to their study roles; (2) legally adequate and effective informed 

consent; (3) careful eligibility screening, including assessment of willingness and motivation 

to adhere to data collection and treatment requirements; (4) education of participants about 

the importance of follow-up assessments regardless of treatment adherence; (5) prudent 

participant incentives and flexible scheduling; (6) promotion of study identity; (7) ongoing 

monitoring of recruitment and retention; (8) up-to-date contact information for the 

participant and two emergency contacts; (9) diligent efforts to re-engage inactive 

participants; and (10) prioritization of outcome measures when not all measures may be 

obtained from a participant.

2.9. Study measures and data collection schedule (Table 2)

2.9.1. Primary and secondary outcomes—As the primary outcome measure, the ACQ 

[45,46] is a reliable, validated 7-item instrument assessing the components of current asthma 

impairment as defined in the asthma treatment guidelines [1], i.e., daytime and nocturnal 

asthma symptoms, activity limitations, rescue medication use (excluding use to prevent 

exercise-induced bronchospasm), and lung function (FEV1). The ACQ is the only composite 

measure of asthma control that is recommended for research purposes that includes an 

objective lung function measure in its overall rating [72,73].

Secondary asthma outcomes include spirometric lung function measurements [56], asthma 

symptom-free and [β2-agonist-free days in 2 weeks [74], a global health-related [75] and an 

asthma-related quality of life measure [76]. The NIH Asthma Outcomes Workshop [77] 

recommended development of a new measure of patients' perceived impact of asthma on 

quality of life. As part of its psychometric evaluation, the Asthma-Impact on Quality of Life 

Scale, developed by Wilson, will be administered along with the Importance and 

Satisfaction scales of the Flanagan Quality of Life Scale [78]. The Asthma-Impact on 

Quality of Life Scale utilizes the 15 Flanagan dimensions of quality of life plus one 

additional dimension [79]. Asthma-related health care utilization will be assessed through 

data extraction from KP electronic databases for the 6-month periods pre- and post-

randomization. These databases contain information on all outpatient and inpatient 

encounters at KP facilities and non-KP facilities with which KP contracts for emergency and 

hospital services, and on any reimbursable emergency hospital care at non-contract facilities. 

Data also will be extracted on all medications prescribed and dispensed for the same time 

periods. In KP, it is estimated that well over 95% of all prescriptions are filled at a KP 

pharmacy, and patients are very unlikely to have concurrent non-KP sources of asthma care 

or prescription medications. The dispensing records will allow calculation of reliable, 

unbiased indices of medication refill adherence and regimen potency, to be calculated as in 

Wilson et al. [80].

Additional secondary outcomes include diet adherence, psychosocial predictors of dietary 

change, and comorbidities. Participants' adherence to the DASH diet will be assessed by 

multiple-pass 24-hour diet recalls [81-83] for intake of fruits, vegetables, dairy products, 

whole grains, fats, and sodium; increases in serum carotenoids, folate and vitamin B12; and 

reductions in fasting plasma lipids. Self-efficacy and social support for dietary change will 
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be assessed using previously validated instruments [84-86]. Sleep apnea, gastroesophageal 

reflux disease, and depression are common comorbidities of asthma and will be assessed by 

the Berlin Questionnaire for Sleep Apnea [87], Pittsburg Sleep Quality Index [88], 

Gastroesophageal Reflux Disease Symptom Assessment Scale [89], and 9-item Patient 

Health Questionnaire [90], respectively.

2.9.2. Potential mediators—Markers of inflammation will be examined as mechanistic 

outcomes and potential mediators of the intervention effect on asthma control, including 

FeNO (using a NIOX MINO portable hand-held NO analyzer [91-95]), EBC pH (by CO2 

standardization method) [96,97], serum total and differential leukocyte counts, and serum 

markers of lymphocytic inflammation important to asthma pathophysiology [98,99] (e.g., 

IL-5, IL-6,IL-13,IL-17, TNF-α, and IFN-γ).

2.9.3. Potential effect modifiers—To explore potential differences in the intervention 

effect among subgroups, we will measure participants' socio-demographics (age, sex, race/

ethnicity, education, marital status, and household income), phenotypes (e.g., age of asthma 

onset, atopy, and obesity), and genotypes (e.g., glutathione S transferase and microsomal 

epoxide hydrolase polymorphisms, which have been shown to contribute strongly to the 

susceptibility and occurrence of asthma [100–104]). Asthma is a complex syndrome 

comprised of distinct, yet overlapping phenotypes that can be recognized by characteristics 

such as age of onset, atopic status, and obesity [105]. Phenotypes of disease as well as 

genetic alterations may play a critical role in the response to therapy. Among studies 

examining the link between genes and oxidative stress and inflammation [100–103], results 

by Salam et al. [104] suggested that certain variants in the glutathione S transferase and 

microsomal epoxide hydrolase genes contribute strongly to the susceptibility and occurrence 

of asthma.

2.9.4. Process measures—We will collect data on the screening process, e.g., the 

proportion and representativeness of patients who are eligible at initial and subsequent 

screenings, reasons for exclusions, demographics of patients who screen ineligible or decline 

participation. We also will assess the proportion and representativeness of physicians willing 

to approve screening of their potentially eligible patients, retention rates, the 

representativeness of patients who complete follow-up assessments, and reasons for dropout.

Intervention exposure and adherence measures will include attendance at group and 

individual sessions, reasons for missed sessions, frequency and completeness of self-

monitoring records, and completion of counseling phone calls. Self-monitoring data 

obtained during the intervention program will be used for adherence monitoring and for 

individual feedback. The 6-month assessment visit will include an exit interview to elicit 

participants' feedback regarding their overall satisfaction with this pilot study and with the 

intervention (for intervention participants only), perceived benefits, relevance, feasibility, 

problems encountered, and suggestions for improvement in a subsequent full trial.
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2.10. Statistical analysis

2.10.1. Analytic plan—We will evaluate between-group differences in primary (Aim 1) 

and secondary outcomes (Aim 2) by intention-to-treat using tests of group by time 

interactions in repeated-measures mixed-effects linear (for continuous outcomes) or logistic 

models (for categorical outcomes). The fixed effects of each model will include the baseline 

value of the outcome of interest, randomization balancing factors, group, time point (3 or 6 

months), and group-by-time interaction. The models will account for the non-independence 

of repeated measures using a covariance structure within participants to be determined by 

the least Bayesian information criterion. The primary analysis will use all available follow-

up data, with missing data handled directly through maximum likelihood estimation in 

mixed modeling. We will document the extent and pattern of missing data and the reasons, 

and will conduct sensitivity analyses of the impact of missing data (e.g., with multiple 

imputation) on stability of the primary results. We will check residuals after fitting a model 

using residual plots, and the model will be adjusted accordingly if nonlinearity and/or 

unequal variances are detected. Polynomial terms may be included if indicated. Appropriate 

transformation of the outcome variable (e.g., logarithmic) will be considered as a remedy for 

unequal variances. Also, the model could be altered to a heterogeneous variance model if 

participants in different intervention arms are found to have different variances. We will 

verify that mixed model-based results are not sensitive to violations of model assumptions 

with permutation and bootstrap resampling tests [106,107]. Least-square means and CIs will 

be obtained from the models. Supportive analyses will include DASH concordance index as 

a covariate to examine the impact of intervention adherence on outcome and hence elucidate 

the primary intention-to-treat findings.

We will conduct mediation analyses to explore changes in inflammatory markers implicated 

in asthma pathophysiology and their potential mediating effects on treatment response (Aim 

3). Longitudinal [i.e., changes in mediators from baseline to 3 months and change in an 

outcome (e.g., ACQ) from 3 to 6 months] and contemporaneous (i.e., changes in mediators 

and change in the outcome from baseline to 6 months) mediation will be examined 

separately by MacKinnon's product of coefficients test (αβ) [108]. Asymmetric confidence 

limits will be constructed based on the distribution of the product using the PRODCLIN 

program [109]. Because multicollinearity may be present in a multiple mediator model, we 

first will test each mediator separately in a single-mediator model. Next, multiple-mediator 

models will be used to test for independent and suppression effects when all variables found 

to be at least marginally significant in the single-mediator models are entered 

simultaneously. To determine the extent of mediated effect, the percentage of total effect 

mediated will be calculated for each significant mediator as αβ / (αβ + γ), where γ is the 

direct intervention effect on outcome.

We will conduct moderation analyses to explore differences in intervention effect by 

genotypes and phenotypes (Aim 4). These analyses will follow the same general analytic 

approach as described above for Aims 1 and 2, with the inclusion of appropriate moderator 

main effects and moderator-by-group interaction terms.
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2.10.2. Sample size and data interpretation—An efficacy-based power analysis is 

beyond the scope of a pilot study. Instead, we will use a confidence interval (CI) approach to 

guide our interpretation of the pilot results by considering sampling variability of both the 

outcome measure and the CI width in reference to conventional effect size standards of 

clinical significance. A follow-up sample of 40 participants each arm (after a projected 10% 

loss to follow-up) at 6 months will achieve 90% power for the expected 2-sided 95% CI to 

have a standardized half-width no greater than 0.5 [110-112]. With this level of precision, 

we will be unlikely to miss a between-group mean ACQ score difference that has a Cohen's 

d = 0.5 (medium effect) or larger because the confidence intervals for these scenarios (A-B, 

Fig. 1) are to the right of the null; such findings will be convincing enough to justify a full 

trial. Scenarios C-E are less decided, demonstrating varying degrees of certainty depending 

on the location of the point estimate relative to null. If the pilot study demonstrates one of 

these scenarios, we will consider the ACQ results in the context of secondary outcomes 

(e.g., asthma symptoms, lung function, and quality of life) and markers of potential 

mechanisms (e.g., FeNO, EBC pH, and serum cytokines) and results from other studies to 

decide whether a full trial is warranted. If findings of likely favorable response to the DASH 

diet are consistent among these data, we will proceed to a full trial. But lack of consistent 

findings will prompt us to do the same as we would for Scenario F. Finally, if we encounter 

Scenario F, in which the upper confidence limit is less than d = 0.2 (considered a small 

effect), we will conclude that a full trial is not warranted without substantive modifications 

to the design or approach. We will assess findings on secondary outcomes, inflammatory 

markers, and subgroups as well as process evaluation data to determine if modifications to 

the design, intervention, or target population should be made prior to a larger trial and/or if 

additional pilot trials (e.g., with further intervention tailoring to particular subgroups) are 

indicated instead.

2.11. Quality control

2.11.1. Data management—All study data will be entered into computerized data files 

utilizing the following: (1) Microsoft Access for enrollment, follow-up, and intervention 

process data entry and verification; (2) a secure web-based survey tool for entry and 

verification of self- and interviewer-administered questionnaire data and physical 

measurements; and (3) the Nutrition Data System for Research (Minneapolis, MN) for 

dietary data collection and analysis. Data sets will be cleaned, verified and archived, and 

then read into SAS data sets (Version 9.2, SAS Institute Inc., Cary, North Carolina), which 

also will be archived. One official copy of all the study data and a master data dictionary 

will be maintained and updated regularly. All analytic and tracking database files will be 

stored in a password-protected, encrypted network drive with continuous backups. For the 

protection of patient confidentiality, unique, anonymous study IDs will be used for data 

storing, tracking and reporting. Protected health information will be stored separately from 

all other study data and will be used and disclosed in accordance with the Health Insurance 

Portability and Accountability Act regulations. Reports will be produced regularly to track 

the following: (1) patient accrual and follow-up completion/retention in relation to goals and 

timeline; (2) the randomization process and group comparability on the balancing variables; 

(3) key baseline characteristics of the sample; (4) intervention exposure and adherence; and 

(5) protocol deviations and violations. Any observed delays in the recruitment and 
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intervention processes or data irregularities will be followed up and resolved in a timely 

manner.

2.11.2. Intervention fidelity—Following recommendations for behavioral intervention 

studies [113], we will standardize intervention materials and provide rigorous interventionist 

training and oversight to ensure intervention fidelity. All group and individual sessions will 

be audiotaped and a random 10% sample from the “early,” “middle” and “late” sessions will 

be reviewed and rated for protocol adherence using a structured rating scale. Interventionists 

score below a priori performance standards (e.g., 90% of session objectives achieved) will 

receive more frequent audit and feedback and “booster” training (if necessary). 

Interventionists will complete a checklist of critical intervention behaviors and materials 

delivered in each session, and will document the frequency, duration, and content of phone 

contacts with participants. They also will report enabling factors and challenges to 

intervention delivery and participant adherence.

To monitor and support participants' receipt of and adherence to the intervention, 

interventionists will review and give feedback on homework and self-monitoring records 

and document participants' mastery of protocol-specific, achievement-based objectives. 

During in-person sessions and phone contacts, interventionists will routinely inquire about 

barriers to intervention receipt and adherence, recommend problem-solving strategies, and 

provide ongoing counseling using motivational interviewing techniques [49]. Participants 

will complete a brief survey after each in-person session that assesses their understanding 

and satisfaction with content and activities. Participant exit interviews will be conducted at 6 

months to elicit feedback on the relevance and acceptability of knowledge and skills gained 

from the intervention, practice of program strategies, perceived benefits, problems 

encountered, overall satisfaction with program format and materials, and suggestions for 

changes. These intervention process data will be used to refine the intervention.

3. Discussion

There is a paucity of epidemiologic studies, and an absence of intervention studies, on the 

effect of overall diet on asthma control in adults. Two U.S.-based prospective studies found 

that a “prudent” pattern (high intake of fruit, vegetables, fish, and whole grains) was 

associated with a decreased risk of incident COPD among adults [22,23], whereas a 

“Western” pattern (high intake of refined grains, cured and red meats, desserts, and French 

fries) was associated with an increased risk. These studies also investigated incident asthma 

as a secondary outcome but reported no significant findings. But a positive association 

between a “Western” dietary pattern and the risk of frequent asthma exacerbations was 

reported in a large cohort of French females [30]. Several studies of the Mediterranean diet, 

which is characterized by high fruit and vegetable intake and low consumption of saturated 

fatty acids from animal sources, have shown an inverse association with asthma symptoms 

among children in Spain [25,27], Greece [26,35], and Mexico [28]. Also, in a study with 174 

Portuguese adults (mean [SD] age, 40 [15] years; 82% female), Barros et al. showed that 

adherence to the Mediterranean diet was associated with a 78% lower risk of uncontrolled 

asthma (adjusted odds ratio, 0.22; 95% CI, 0.05-0.85; P for trend, 0.028) [29]. These results 

suggest a strong association between the Mediterranean diet and asthma control—the 
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primary outcome of the current study. We chose the DASH diet because it is officially 

embraced in the U.S. Dietary Guidelines [37] and very similar to the Mediterranean diet 

with 2 notable differences: Mediterranean promotes high monounsaturated fatty acids 

(mainly from olive oil) and regular alcohol (red wine) consumption. Data regarding the role 

of individual oils and fatty acids in asthma are highly inconsistent [5,114], and the Barros 

study found that higher alcohol intake was associated with an increased risk of uncontrolled 

asthma. The DASH diet emphasizes fresh fruit, vegetables, and low-fat dairy products; 

includes whole grains, poultry, fish, and nuts; contains only small amounts of red meat, 

sweets, and sugar-containing beverages; and contains decreased amounts of total and 

saturated fat, cholesterol, and sodium [64,65]. The typical American diet differs markedly 

from the DASH diet and 90% of U.S. adults consume a diet with low concordance with the 

DASH [43].

The current pilot study aims to provide critical data on the feasibility and potential efficacy 

of the DASH diet among adults with uncontrolled asthma. We will collect data needed to (1) 

justify whether a full trial is warranted, (2) estimate accrual and attrition rates, (3) determine 

whether adequate adherence to the DASH diet is achievable in the target study population, 

(4) identify the need and potential for further improvement in the intervention and trial 

procedures, and (5) explore potential mechanisms and effect modifiers to guide further 

investigation. This pilot study will enable us to refine the design and approach of a full-scale 

trial that will be adequately powered to test the efficacy of the DASH diet in improving 

asthma control among adults. If ultimately proven efficacious, the DASH diet would add a 

nonpharmacological approach to the armamentarium of medical and environmental 

strategies for the treatment of asthma, and an approach with demonstrated health benefits 

beyond asthma control. Process measures from the pilot and (if warranted) subsequent 

efficacy trial also will inform the intervention's potential for implementation into routine 

practice. It is worth noting that this research is being conducted by researchers embedded 

within large delivery systems in partnership with leading academic institutions—a model 

that members of the team have successfully used for translation of other efficacious lifestyle 

interventions, for example, for weight management in primary care settings [115]. Even 

though translation is out of the scope for a pilot study, the current intervention design takes 

into account the delivery setting so that primary care patients with asthma can participate 

and, potentially, benefit.

Suboptimal asthma control is prevalent and it exerts a significant burden for patients and on 

the healthcare system [116–118]. Even with the proper use of controller medications and 

other conventional therapies, clinical responses among asthma patients are variable, and a 

stepwise approach requires add-on therapeutic options [1]. The DASH diet could provide a 

practical, safe, and acceptable public health intervention in the form of dietary modification 

to reduce the burden of asthma. This line of investigation addresses an important area of 

research due to the growing problem of asthma and the need for additional adjunct therapy. 

It will contribute to the evidence base for refining public health recommendations and 

clinical guidelines regarding the roles of diet and nutrition in asthma.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Illustrative scenarios (A–F) of pilot study results for the primary outcome — ACQ score: 

effect size estimates are expressed in Cohen's d together with the expected 2-sided 95% 

confidence intervals (standardized half-width = 0.45 at n = 45/arm with a projected 10% 

attrition over 6 months). AUC (area under the receiver operating characteristic curve) values 

are given to indicate standards for assessing clinical significance corresponding to those for 

d. AUC measures the probability that a randomly selected subject in the intervention has a 

better response than a randomly selected subject in the control [122–124]. Above each line 

in parentheses is the decision concerning whether a full trial is warranted.
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Table 1

Participant inclusion and exclusion criteria.

Inclusion criteria (patients will be included if meeting all of the following)

• Ethnicity: All ethnic groups;

• Gender: Both men and women;

• Age (as of date of enrollment):

– Lower age limit: 18 years; and

– Upper age limit: 70 years;

• Body mass index 18.5–39.9 kg/m2;

• Suboptimally controlled asthma:

– Documented history of high asthma-related emergency and/or inpatient encounters and/or high reliever medication 
usage: using relevant data in electronic health records, an enriched pool of potentially eligible patients who likely have 
uncontrolled, persistent asthma will be identified according to 1 or more of the following criteria:

♦ at least 1 inpatient admission with a primary asthma diagnosis or a secondary asthma diagnosis 
accompanied by a primary asthma-related diagnosis during the past 12 months;

♦ at least 1 emergency visit with an asthma diagnosis during the past 6 months;

♦ at least 5 prescriptions for asthma medication filled during the past 6 months and at least 2 
prescriptions for oral corticosteroids filled within the past 12 months;

♦ at least 12 canisters of short-acting beta-agonists in the past 12 months;

♦ at least 3 short-acting beta-agonist dispensing events during the past 12 months.

– Physiological evidence of asthma with demonstrable reversibility of airway obstruction by spirometry, or a specialist's 
confirmation of asthma diagnosis based on chart review. As specified in our prior study [80], the airway obstruction 
reversibility criteria vary by individual depending upon smoking history and controller medication use and are as 
follows:

♦ For smokers and nonsmokers who do not use controller medications regularly (≥4 days a week), 
reversibility is determined by an increase in FEV1 of ≥12% and ≥200 mL from baseline after 
inhalation of 4 puffs of albuterol.

♦ For current or ex-smokers taking controller medications, reversibility is determined by an increase in 
FEV1 of ≥8% and ≥200 mL from baseline after inhalation of 4 puffs of albuterol.

♦ No reversibility criteria apply to never smokers who regularly use controller medications.

– Asthma Control Test: total score <20 or item score <3 for any of the first 4 questions regarding symptoms (3–6×/week 
or more), nighttime awakening (1×/week or more), interference with normal activity (at least some of the time), and 
rescue medication use for symptom relief (2–3×/week or more);

• Kaiser member for ≥1 year;

• PCP approval of study screening;

• Able and willing to enroll and provide written informed consent, i.e., to meet the time and data collection requirements of the study, 
be randomized to 1 of 2 treatment arms, participate in follow-up for 6 months, and authorize extraction of relevant information from 
their medical records.

Exclusion criteria (patients will be excluded if meeting any of the following)

Medical history exclusions

• Primary diagnosis of intermittent asthma, defined as either seasonal asthma or (daytime asthma symptoms <2×/week and nocturnal 
symptoms <2×/month and no use of long-term control medications);

• Primary diagnosis of COPD (emphysema or chronic bronchitis) suggested by patient report of doctor diagnosis, spirometry, and 
smoking history;

• Previous diabetes (other than during pregnancy) or diabetes diagnosed as a result of fasting blood glucose or hemoglobin A1c levels 
obtained through study screening;

• Previous cardiovascular disease: e.g., coronary heart disease (myocardial infarction, angina pectoris, percutaneous coronary 
intervention, coronary artery bypass graft surgery), cerebrovascular disease (stroke, transient ischemic attack), peripheral vascular 
disease, heart failure, or aortic aneurysm;
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• Diagnosis of cancer (other than non-melanoma skin cancer) that is/was active or treated with radiation or chemotherapy within the 
past 2 years;

• Inflammatory bowel disease, colostomy, malabsorption, or major gastrointestinal resection;

• Diagnosis of bipolar or psychotic disorder or hospitalization for psychological or emotional problems within the last 2 years;

• Diagnosis of a terminal illness and/or in hospice care.

Medication exclusions

• Current use of insulin or oral hypoglycemic agents;

• Use of oral corticosteroids >5 days/month on average;

• Current use of medications for treatment of psychosis or manic-depressive illness;

• Current use of prescription or non-prescription weight-loss products or any dietary/herbal supplements and unwillingness to stop 
taking them for the duration of the study.

Other exclusions

• Inability to speak, read, or understand English at the 6th-grade level or above;

• Inability to perform pulmonary function tests by spirometry in a consistent manner;

• DASH concordance indexa >60%;

• Unwillingness to modify current diet;

• Current/planned participation in another structured program that overtly focuses on diet and nutrition;

• Planning to undergo bariatric surgery during the study period;

• Actively attempting to lose weight or weight change >15 lbs during prior 3 months;

• Consumption of >21 alcoholic drinks per week, or >=6 drinks on 1 occasion twice or more per week, or an alcohol abuse disorder 
as determined by the Alcohol Use Disorders Identification Test;

• Currently pregnant, lactating, or planning to become pregnant during the study period;

• No longer a Kaiser patient or planning to transfer care out of Kaiser or to move out of the area during the study period;

• Family/household member of another study participant or of a study staff member;

• Currently enrolled or planning to enroll in another research study that would limit full participation in the study or confound the 
interpretation of the study's findings;

• Investigator discretion for clinical safety or protocol adherence reasons.

a
DASH concordance index is calculated based on combining nine nutrient targets (i.e., total fat, saturated fat, protein, cholesterol, fiber, 

magnesium, calcium, sodium, and potassium) [119–121]. The intermediate target of each nutrient is half-way between the DASH target and 
population mean (based on the National Health and Nutrition Examination Surveys 2007–2008, most recent data available at the inception of this 
study). The table including the nine nutrient DASH targets, intermediate targets, and population means is included in the Appendix. For a nutrient, 
participants reaching the DASH target are assigned one point, those reaching the intermediate target are assigned a half-point, and those not 
meeting the intermediate target are given 0 point. The DASH concordance index is the sum of points for all nine nutrients.
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Table 2

List of measures and data collection schedule.

Baseline Follow-up month

3 6

Questionnaires

 Juniper Asthma Control Questionnaire (ACQ) X X X

 Juniper Mini Asthma-specific Quality of Life Questionnaire (mini-AQLQ) X X X

 Quality of Life Scales: Importance, Satisfaction, asthma impact X X X

 Two-week asthma symptom diary X X X

 Multiple-pass 24-hour diet recalls X X X

 Eating Habits Confidence Survey X X X

 Social Support and Eating Habits Survey X X X

 Stanford Seven-day Physical Activity Recall X X X

 Nine-item Patient Health Questionnaire X X

 12-item Short Form Health Survey (SF-12) X X

 Berlin Questionnaire for Sleep Apnea X X

 Pittsburgh Sleep Quality Index X X

 Gastroesophageal Reflux Disease Symptom Assessment Scale (GSAS) X X

 Symptoms and adverse events X X X

 Care at non-Kaiser health care facilities X X X

 Demographics, age of asthma onset, and asthma triggers X

Physical and laboratory measurements

 Height X

 Weight, waist circumference, and blood pressure X X X

 Forced spirometry: FEV1, FVC, and FEV1/FVC (absolute and % predicted for all) X X X

 Exhaled breath condensate pH X X

 Fractional exhaled nitric oxide (FeNO) X X X

 Fasting blood specimens: complete blood count (total and differential leukocyte counts); blood lipids; 
serum carotenoids (α-carotene, β-carotene, β-cryptoxanthin, lutein/zeaxanthin, and lycopene), folate, and 
vitamin B12; serum cytokines (e.g., IL-5, IL-6, IL-13, IL-17, TNF-α, and IFN-γ);

X X

 Serum total and allergen-specific IgEs X X X

 Genotypes (e.g., glutathione S transferase and microsomal epoxide hydrolase genes) X

Data from Patients' Electronic Health Recordsa

 Diagnoses X

 Medications prescribed and dispensed X X

 Health care encounters (e.g., office, ER/hospital) X X

Recruitment and intervention process measures (monitored continuously)

Safety of participants in the intervention arm (monitored continuously)

a
Data will be extracted for 6 months before and after randomization.
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