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Summary of Protocol Versions and Changes 
Version 1.0 

• Original version submitted 
Version 1.1 

• Incorporated edits from the IRB on 12/23/21 and 1/7/22 
Version 1.2 

• Removed cardiac ectopy as a secondary outcome and all procedures related to Holter 
monitoring 

Version 1.3 
• Added cardiac ectopy as a secondary outcome and all procedures related to including a 24-

hour electrocardiograph monitor (Holter) 
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1. Abstract 
The population of older Americans is growing rapidly. As these older adults continue to live 
longer, accruing greater health care costs, the health needs of this portion of the population are of 
truly paramount importance. Although much is already known about the benefits of a healthy 
diet for prevention of a wide range of chronic disease, including the particular health benefits of 
anthocyanin-rich foods, these effects have been examined with much less frequency in older 
adults, who tend to be excluded from formal feeding studies and, until recently, have represented 
a small proportion of ongoing cohort studies. 

This parallel-design trial will evaluate the effects of whole blueberry consumption in older adults 
by leveraging a novel senior living campus. Participants will be randomly assigned to one of two 
fruits: whole frozen blueberries, equivalent to 1 cup per day, or a daily isocaloric serving of 2-3 
dried dates. Dried dates are an attractive control because they contain negligible polyphenols, 
proportionately high caloric content, and a convenient form of storage. Participants will consume 
their assigned fruit for 12 weeks after enrollment. We anticipate to enroll approximately 70 
participants over the length of the project. 

The primary outcomes of this trial relate to blood pressure, including 24-hour ambulatory blood 
pressure monitoring and seated and standing office blood pressure measured at the baseline and 
final visits. Other outcomes include physical function, falls, cognition, sleep quality, 
incontinence, bone turnover, cardiovascular risk, cardiac ectopy, liver and kidney function, and 
glucose metabolism. The in-person follow-up visit will occur at Week 12, with weekly remote 
compliance checks starting at baseline. This trial aims to determine a wide range of health effects 
of whole blueberry intake in older adults in an innovative, cost-effective, and pragmatic manner. 
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2. Specific Aims 

Blueberries and other anthocyanin-rich foods have been shown to prevent a wide range of 
chronic diseases, yet older adults are rarely included in feeding and cohort studies. Many of the 
known effects of blueberries could have particular importance for older adults, but because of 
their unique physiological needs, it is difficult to extrapolate the effects of diet from studies 
completed in younger populations. This randomized parallel-design trial will examine the 
clinical and physiological effects of 3-months of daily whole blueberry consumption in adults 
ages 70+, who are independent-living residents of the senior living facility NewBridge on the 
Charles in Dedham, Massachusetts. 

Participants will be randomly assigned to consume either whole frozen blueberries or dried dates 
daily for 12 weeks. We anticipate enrolling approximately 70 adults (~60% female, ~40% male). 
In-person follow-up will occur at Week 12 post-randomization. 

Primary Outcome: Blood pressure measured by 24-hour ambulatory blood pressure monitoring 
and seated and standing automated office blood pressure measuring at baseline and follow-up. 

Primary Aims: 

• Physical function, measured by grip strength and the Short Physical Performance Battery 
of balance/walk/chair stands 

• Falls, defined as any fall, slip, or trip in which participant loses balance and lands on the 
floor, ground, or at a lower level, as measured by the Study To Understand Fall 
Reduction and Vitamin D in You (STURDY) screening protocol 

• Cognition, measured by the Cogstate Brief Battery of four core cognitive domains 
including processing speed, attention, visual learning, and working memory 

Secondary Aims: 

• Sleep, measured by the Pittsburgh Sleep Quality Index (PSQI) 
• Incontinence, measured by the Questionnaire for Urinary Incontinence Diagnosis (QUID) 
• Bone turnover, measured by C-terminal telopeptide of type 1 collagen 
• Cardiovascular risk, measured by troponin I, total and HDL cholesterol 
• Cardiac ectopy, measured by atrial premature beats detected by Holter monitor 
• Liver function, measured by AST, ALT, albumin, total and direct bilirubin 
• Kidney function, measured by creatinine and albuminuria 
• Glucose metabolism, measuring by fasting glucose and insulin, fructosamine, and free 

fatty acids 
• Inflammation, measured by C-reactive protein and white blood cell count 

We hypothesize that improved vascular function could ameliorate the high rates of hypertension 
while simultaneously also improving orthostatic hypotension in older adults. Orthostatic 
hypotension is the phenomenon of a drop in blood pressure upon standing that can lead to falls. 
Other clinical domains mentioned above, such as cardiac arrhythmias, falls, and physical 
function, are also critically important to older adults and require greater attention. 
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3. Significance and Scientific Background 

Background 

The population of older Americans is growing rapidly. The number of American adults aged ≥65 
years will double between 2012 and 2050, reaching 84 million adults and a full 21% of the 
population. As these older adults continue to live longer, accruing greater health care costs, the 
health needs of this portion of the population are of truly paramount importance. 

Although much is already known about the benefits of a healthy diet for prevention of a wide 
range of chronic disease,(1, 2) including the particular health benefits of anthocyanin-rich 
foods,(3-6) these effects have been examined with much less frequency in older adults, who tend 
to be excluded from formal feeding studies and, until recently, have represented a small 
proportion of ongoing cohort studies. Because older adults have unique physiological needs and 
are susceptible to specific geriatric syndromes like frailty or cognitive impairment, it is difficult 
to extrapolate the full health effects of diet on older adults from studies of younger populations. 
In addition, there may be potentially paradoxical effects of some lifestyle interventions, such as 
weight loss, on functional status in older women,(7) even though formal studies of those 
interventions have not clearly demonstrated different effects in younger and older participants.(8) 

Many of the known effects of anthocyanin-rich foods like blueberries could have particular 
importance for older adults. For example, a recent comprehensive review of research on the 
health effects of blueberries by Kalt and colleagues identified potential benefits on lipids, 
vascular endothelial function, cognition, and (in many studies) glucose metabolism.(9) Glucose 
metabolism in particular remains associated with adverse events, even late in life.(10) 
Blueberries have also been associated with improved bone density.(11) Intriguingly, a few 
studies of blueberries (largely in the form of supplemented flavonoids or powder) did include 
older adults and suggested a possible benefit on cognitive function in as little as 3 months.(12- 
15) Other studies have demonstrated activation of specific brain regions with blueberry or 
anthocyanin intake, supporting the possibility of improved brain function with 
supplementation.(16) 

Important limitations exist in the current body of evidence regarding blueberries in older adults. 
First, these studies have, to date, largely focused on blueberry extracts, rather than whole berries. 
Extracts have important advantages in reproducibility, blinding, and packaging, ensuring that 
studies have maximum internal validity. However, their acceptability to older adults is likely to 
be limited, reducing their generalizability and utility for longer-term studies. In our view, 
pragmatic designs that test real-world foods have the potential for the greatest impact on public 
policy and clinical practice, as they can be immediately translated into discrete behavioral 
changes, especially after preliminary studies using extracts or supplements have established 
plausible health effects. That is, studies using whole foods can be directly translated into clinical 
and public health guidelines that have profound societal impact and can be incorporated into 
specific diets and dietary patterns. While pragmatic designs can introduce more variability, 
studies conducted in well-controlled settings can overcome this limitation. 
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Second, truly older adults – in the fastest growing age groups – have not been included in 
representative numbers. For example, participants in the trial conducted by Miller and colleagues 
of ‘older adults’ had an average age of 67 years;(17) whether the provocative benefits they 
identified can be extrapolated to adults in their seventies and eighties remains unknown. 

Third, many important clinical domains have yet to be fully tested in these studies. In particular, 
our group has substantial expertise in the evaluation of blood pressure in older adults, including 
24-hour blood pressure monitoring.(18) Blood pressure in older adults poses enormous 
challenges because older adults have extremely high rates of hypertension yet also high rates of 
orthostatic hypotension, the phenomenon of a drop in blood pressure upon standing that can lead 
to falls.(19-21) Medications to decrease resting hypertension can potentially exacerbate standing 
hypotension, posing a specific risk of pharmacological antihypertensive therapy in this age 
group. We hypothesize that improved vascular function, as previously demonstrated with 
blueberry extracts,(22) could ameliorate both abnormalities, as expected from their associations 
with endothelial health,(23, 24) but this has never been tested. Other clinical domains that 
require greater attention because of their specific importance to adults late in life include cardiac 
arrhythmias (particularly paroxysmal atrial fibrillation), falls, and physical function. 

Our research group has particular expertise in both clinical trials of diet and in assessment of 
older adults. We have conducted clinical trials of specific macronutrients (e.g., marine fatty 
acids), dietary elements (e.g., black tea), and whole diets.(25-29) We recently completed a full- 
diet replacement study at Jack Satter House, a HUD-subsidized congregate living facility for 
low-income elders in Revere, MA, in which we randomized 20 participants to receive a standard 
or low-sodium diet for two weeks and measured their effects on blood pressure, urine sodium 
excretion, functional status, and other outcomes.(30) In addition to epidemiological work 
studying the health effects of anthocyanins and other polyphenols,(5, 6) our group has also had 
major roles in ongoing cohort studies of older adults like the Cardiovascular Health Study and 
the Study to Understand Fall Reduction and Vitamin D in You (STURDY).(31, 32) Within these 
studies, we have examined all of the outcomes relevant to older adults that we propose in this 
trial, ensuring that we have the requisite experience to measure the health effects of blueberries 
in older adults with precision and accuracy. 

To produce a useful contrast with blueberries, a control food would ideally have several 
characteristics. These include: 1) low-to-no polyphenol content; 2) sugar content at least as high 
as blueberries (to enable ready caloric equilibration); 3) availability as a discrete item (to enable 
easier distribution and simplify instructions on consumption; 4) limited content of other 
biologically-active factors (e.g., fiber, minerals); 5) appeal to older adults; and 6) long shelf-life. 
Based on these criteria, we propose to study dates, which have considerable appeal to health- 
conscious elders, moderate fiber and potassium content (similar to blueberries), long shelf-life 
(in their dried form), and very low polyphenol content.(33) Conveniently, their high sugar 
density enables an isocaloric contrast with ~2 dates per day, maximizing ease and adherence 
among participants. 
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Significance 

Each of our primary and secondary aims has important implications for the health of older adults, 
can be measured effectively with resources available through the Clinical Research Center 
(CRC), and has the potential to change in a 12-week period of observation. Moreover, our 
primary domains have already been linked directly or indirectly to polyphenol intake. This trial 
takes advantage of a unique partnership between a Harvard-affiliated teaching hospital, Beth 
Israel Deaconess Medical Center, a Harvard-affiliated geriatric research center, Hebrew 
SeniorLife, and a congregate living facility, NewBridge on the Charles, to determine a wide 
range of health effects of whole blueberry intake in older adults in an innovative, cost-efficient, 
and pragmatic manner. 
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4. Design 
Principal research objective 
To conduct a single-center, randomized, parallel-design experimental trial comparing whole 
frozen blueberries (equivalent to 1 cup of fresh blueberries) to an isocaloric control, with single- 
blind assessment of outcomes among approximately 46 women and 24 men. Participants must be 
aged 70 years or older and independent-living residents of NewBridge on the Charles for at least 
3 months at randomization. For feasibility, the study uses a pragmatic intervention, comparing 
blueberries to 2 dried dates daily for 12 weeks. Our specific objectives are to determine the 
clinical and physiological effects of 12 weeks of daily blueberry consumption primarily on blood 
pressure, physical function, falls, and cognition in older adults. 
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5. Study Population and Eligibility 
The study population will consist of approximately 70 adults, aged 70 and older, who are 
independent-living residents of NewBridge on the Charles (NBoC) for at least 3 months at 
baseline. To enhance the generalizability of this trial, we have a few exclusion criteria. Eligibility 
will be determined over a series of contacts, including telephone contacts and in-person visits. 
Table 1 lists eligibility criteria. 

Table 1. Eligibility Criteria. 

Inclusion Criteria 
• Age 70 and older 
• Independent-living 
• Resident of NewBridge on the Charles for at least 3 months 
• Willing to accept randomization to each fruit after tasting both options 

Exclusion Criteria 
• Myocardial infarction, stroke, or revascularization procedures ≤3 months prior to 

randomization 
• AHA Class III-IV heart failure 
• Active titration of blood pressure medication or titration within the last 3 months 
• Intolerance or allergy to blueberries or dates; allergy to tree nuts, peanuts, soy, or milk 

products 
• History of gastric bypass surgery 
• Planned hospitalization in the ensuing 4 months 
• Planned vacation lasting >1 week in the ensuing 4 months 
• Any current cancer treatment 
• End-stage renal disease 
• Any organ transplant 
• Uncontrolled diabetes mellitus with hemoglobin A1c >9% 
• Inability to provide personal informed consent (e.g., cognitive impairment) 
• Seated systolic blood pressure > 200 mm Hg at Screening Visit 
• Investigator concern 
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6. Recruitment 
Field Center 
The trial will take place at a single center facility, NewBridge on the Charles, in Dedham, MA. 
NBoC is a senior living campus operated by Hebrew SeniorLife, a Harvard-affiliated, non-profit 
care organization. All recruitment and clinical visits, aside from phlebotomy, will be conducted 
in private space on the NBoC campus. Conducting the study visits at NBoC will be extremely 
convenient for participants and thus increase retention. Phlebotomy appointments will be 
conducted at the CRC in Boston, MA. Reimbursement for transportation (i.e. Lyft, Uber) or 
parking will be provided. All residents have freezers in their kitchens for blueberry storage. 
There will also be a freezer in the central kitchen dedicated to blueberry storage for later 
distribution. 

 
Recruitment Strategies 
Participants will be recruited on-site at NewBridge on the Charles by study staff. Because 
residents live on the campus, we will undertake numerous precautions to educate them regarding 
the voluntary nature and potential specific importance of our protocol. We will conduct several 
site-wide introductory presentations about the study to garner interest and awareness. Study staff 
will be available to answer questions for those interested. 

 
Staff will also provide informational flyers and advertise with posters around the site. Residents 
will receive a recruitment letter and/or postcard from the study with general information. NBoC 
has several display monitors throughout campus that are used to share information, activities, 
and events on campus that the study will use to advertise. In addition, study information will be 
included in the weekly flyer that is distributed to residents by NBoC. Given the demographic 
characteristics of individuals at NBoC, we anticipate that women will make up approximately 
65% of our study population. 
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7. Data Collection and Measurements 
Data Collection Contact Schedule 
Eligibility, baseline, and follow-up data will be collected by phone and at in-person meetings. In- 
person data collection will be primarily conducted at NBoC in Dedham, MA by the Research 
Coordinator. However, we will have participants complete blood draws and spot urine 
collections at the Clinical Research Center in Boston, MA. In some situations and with 
participant consent, we may have to collect data in other locations (e.g., the participant’s 
apartment on-site), if they cannot get to our clinical location. This would be due to illness or 
immobility. In general, we will try to be as flexible as possible to meet the needs of our 
participants. For example, we may divide or bundle data collection, as needed. See Table 2 for 
proposed data collection items by contact. The primary data collection points for participant- 
level data are as follows: 

 
Pre-Screen Visit (PSV): A brief medical history questionnaire that asks about conditions noted 
in the exclusion criteria will be administered by telephone or in person to identify potentially 
eligible participants quickly and efficiently. Contact information will be recorded for potential 
participants. 
Screening Visit (SV): This in-person visit will be conducted at NBoC. It will include written 
informed consent, questions about demographics and confirming eligibility, a taste test of the 
frozen blueberries and dried dates, and a seated blood pressure measure to determine eligibility. 
Wash-Out (WO): The Wash-Out will be the 1-2 week period leading up to the Baseline Visit. 
Participants will be asked to avoid all anthocyanin-rich foods for at minimum 1 week before 
baseline. 
Baseline Visit (BV): After confirming eligibility and signed consent form and orally re- 
affirming consent, participants will complete fasting blood draw, spot urine collection, 
questionnaires, physical assessments, and set-up with a 24-hour ambulatory blood pressure 
monitor and Holter monitor. After successful completion of all BV data collection, participant 
will be randomized using REDCap. Participants will be given at least a 1-month supply of 
assigned fruit. They will also receive various handouts for compliance and adherence, tracking 
intake and falls, reporting unexpected events, and fruit pick-up. 
Intervention (INT): Participants will receive a weekly email check-in from BV to FV to 
measure self-reported compliance with consuming study fruit and avoiding other anthocyanin- 
rich foods. The questionnaire will also include a section on reporting falls, as defined by the 
protocol. The purpose of the compliance questionnaire is to maintain rapport and improve 
adherence. If a participant does report a fall, study staff will call the participant within 3 days to 
administer the Fall Follow-Up Questionnaire. Additional fruit pick-ups will occur as needed. 
Follow-Up Visit (FV): Participants will have an in-person visit at Week 12 after BV to re-do all 
BV assessments including phlebotomy, questionnaires, and physical function testing. Study staff 
will debrief with participants and provide some individualized results from the trial. 
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Table 2. Data collection schedule. 
 

Study Visit 
Timeline 

Visit 1 
Screening 

(Week -2+) 

Visit 2 
Baseline 
(Week 0) 

 
Week 4 

 
Week 8 

 
Visit 3 

Week 12 

Consent X     

Demographic and 
medical questionnaires 

 
X 

    

Vital signs X     

Taste test X     

24-hour 
electrocardiographic 
monitoring 

  
X 

   
X 

24-hour ambulatory 
blood pressure 
monitoring 

  
X 

   
X 

 
Fasting blood draw and 
spot urine 

  
X 

   
X 

Randomization  X    

Fruit pick-up  X X X  

Compliance and 
STURDY questionnaires 

   
X 

 
X 

 
X 

Seated and standing 
blood pressure measures 
and anthropometrics 

  

X 

   

X 

 
Physical function 

  
X 

   
X 

Cognitive function  X   X 

Sleep, quality of life, 
incontinence, and 
dietary questionnaires 

  
X 

   
X 
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Debrief     X 

 

Measurements 
The following sections describe the specific measurements to be collected from participants, in 
accordance with the above Data Collection Schedule. We have used all of the surveys and 
questionnaires proposed below in other studies, and all are suitable for older adults. Surveys 
include the PSQI, (34) the Cogstate Brief Battery, (35) the QUID, (36) the NHANES 2009-10 
Dietary Screener Questionnaire (DSQ), (37) and the Health-Related Quality of Life (38). 
Functional measures include the SPPB and grip strength (39). 

 
For the primary outcomes: 
Blood pressure. In this trial, blood pressure will be assessed in several ways. At the BV and the 
FV, participants will be fitted with and instructed on a 24-hour Ambulatory Blood Pressure 
Monitor (ABPM). Blood pressure will be continuously monitored and recorded; average wake-
time systolic blood pressure will be the primary outcome. Participants will return the ABPM for 
data upload the following day. At the BV and the FV, participants will undergo seated and 
supine-to-standing orthostatic blood pressure measurements. A&D Medical ABPMs and 
software will be used. Omron 907 AOBP machines will be used to measure seated and standing 
blood pressure. 

 
Physical function. We will assess physical function in various ways. Participants will undergo a 
grip strength assessment using the average of two measurements in the dominant hand with a 
Jamar digital handheld dynamometer at the BV and the FV. We will measure functional 
limitations using the Short Physical Performance Battery (SPPB), an objective assessment 
developed at the NIA. The SPPB includes timed tests for usual gait speed, balance, and the 
ability to rise from a chair. A usual-paced 4-meter walk is timed to assess gait speed. For 
balance, participants are asked to maintain their feet in side-by-side, semi-tandem, and tandem 
positions for 10 seconds each. Finally, participants are asked to stand up and sit down five times 
as quickly as possible. Each test is scored from 0 to 4 using cut points from a large population- 
based study. The final SPPB score, which will serve as the primary functional outcome, is 
calculated as the sum of the three tests with a range between 0 and 12, with higher scores 
reflecting better physical performance. Individual components will be secondary outcomes of the 
trial. 

 
Falls. We will follow the STURDY screening protocol to identify falls in this study. According 
to STURDY, a fall is defined as any fall, slip, or trip, in which the participant loses his or her 
balance and lands on the floor, ground, or at a lower level. Following the BV, we will ask 
participants to document any incidence of a fall on their compliance calendar at the end of each 
day or the morning of each subsequent day. Participants will be instructed to contact the research 
coordinator after any fall (after seeking medical attention, if needed). 

 
A standardized follow-up interview will be administered to obtain details about when the fall 
occurred, the circumstances of the fall, and any resulting injuries and treatment. If a previously 
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unreported fall is reported during a follow-up interview, a second fall follow-up interview will be 
administered. 

 
Cognition. Cognitive performance will be measured using the standard Cogstate Brief Battery. 
The Cogstate Brief Battery measures four core cognitive domains including processing speed, 
attention, visual learning, and working memory. Participants will complete the Brief Battery at 
the BV and the FV. The assessment will be administered on a standard PC laptop in a quiet, 
private room. 

 
The Cogstate Brief Battery has been used extensively in research as a rapid and reliable 
screening assessment in a range of clinical indications. It has also been widely used in the 
context of measuring cognitive dysfunction relative to healthy groups in adult populations. Each 
of the tests maintains high reliability across repeated testing and cross-sectional research designs. 

 
Other data collected: 

 
Medical history. A brief prescreening questionnaire will be administered to collect general 
medical history information and specifically information related to the inclusion and exclusion 
criteria. This will be administered by telephone or in-person. Information will be confirmed at 
the SV. 

 
Contact information. Detailed contact information for the participant and an emergency contact 
will be obtained at the PSV. Contact information will be updated at subsequent visits, if 
necessary. 

 
Demographics. At the SV, detailed demographic information will be collected. 

 

Vital Signs. Seated blood pressure measurement and heart rate will be recorded at the SV. This is 
to partially determine eligibility. A systolic blood pressure >200 mm Hg will exclude 
participation. 

 
Taste test. Participants will be asked to taste a sample of each study fruit at the SV to ensure 
palatability. Responses will be recorded to document participant agreement to comply with either 
assignment at randomization. 

 
Anthropometrics. Height will be measured at the BV using a floor stadiometer. Weight will be 
obtained at the BV and the FV using a digital calibrated scale. 

 
Medications. Participants will provide a list of their current medications at the BV, which will be 
updated at the FV, if necessary. 

 
Sleep. The Pittsburgh Sleep Quality Index will be administered at the BV and the FV. 
Participants can complete this questionnaire on their own, but it will be reviewed for 
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completeness and entered by study staff. The PSQI is a self-rated questionnaire which assesses 
sleep quality and disturbances over a 1-month time interval. Measures include subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, and daytime dysfunction. The sum of scores yields one global score. It has 
been shown to be consistent, valid, sensitive, and specific in distinguishing good and poor 
sleepers in research settings. 

 
Incontinence. The Questionnaire for Urinary Incontinence Diagnosis will be given at the BV and 
the FV. QUID is a self-administered, 6-item questionnaire used to distinguish between stress 
urinary incontinence and urge urinary incontinence. It is a reliable and valid diagnosing tool for 
incontinence when compared to standard clinical evaluation in an outpatient setting. 

 
Dietary Intake. The NHANES 2009-10 Dietary Screener Questionnaire (DSQ) will be given at 
the BV and the FV. It is a self-administered questionnaire, which asks about the frequency of 
consumption in the past month of selected foods and drinks. The DSQ captures intakes of fruits 
and vegetables, dairy/calcium, added sugars, whole grains/fiber, red meat, and processed meat. 

 
Quality of Life. The CDC Health-Related Quality of Life Measures will be administered to 
participants at the BV and the FV. The HRQOL includes 4 self-reported questions related to 
overall health, physical health, mental health, and their effects on day-to-day living. 

 
Cardiac ectopy. Atrial and ventricular premature beats will be detected by a 24-hour Holter 
monitor. Holter monitors will be fitted to participants at the BV and the FV and worn for at least 
24-hours before returning them for data upload. 

 
Specimen collection. Participants will undergo 8-hour fasting blood draws and spot urine 
collections prior to their BV and their FV. Collections will occur at the CRC by a registered 
nurse. A total of 45 mL of blood will be taken at both the BV and the FV. Approximately 30 mL 
of urine will also be collected at each visit. The CRC will process and aliquot serum, plasma, 
whole blood and spot urine samples. Samples will be stored at -80°C in BIDMC freezers. 
Following the conclusion of the trial, all samples from BV and FV will be sent to Quest 
Diagnostics, a CLIA-certified laboratory for analysis. For each participant’s BV and FV samples, 
laboratory testing will include C-terminal telopeptide of type I collagen, troponin I, total and 
HDL-cholesterol, AST, ALT, albumin, total and direct bilirubin, creatinine, albuminuria, fasting 
glucose and insulin, fructosamine, free fatty acids, C-reactive protein, and white blood cell count. 

 
For immune diversity measurement, 3-5 mL of freshly spun specimens will be transported from 
the CRC at baseline and at the end of 12 weeks of intervention to the laboratory of collaborator 
Ramy Arnaout, MD, PhD. In addition to conducting high-throughput AIRR-seq at low cost, his 
laboratory has developed new computational methods to assess the overall diversity of the 
40,000+ sequences measured in a given blood sample, along with cutting-edge methods for 
measuring the overlap between repertoires. His laboratory will perform AIRR-seq as previously 
described, sequencing every measureable component of the immune repertoire (~40,000 
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sequences for each participant at each time point – approximately 3.7 million sequences) and 
will provide multiple calculated measures of diversity on each individual at each time point, 
including species richness and entropy. 

 
Adherence. Study staff will remind participants about the importance of adherence at the BV and 
any in-person or phone contacts. Various tools will be used to measure and promote adherence. 
Participants will receive various tracking tools, instructions, and ideas for consuming their 
assigned fruit. Participants will complete a short questionnaire on a weekly basis to self-report 
intake of assigned fruit, intake of any of the anthocyanin-rich foods to avoid, and incidence of 
falls. If participants are unable to complete the questionnaire remotely, study staff will 
administer by telephone. If participants missed >2 servings or consumed >1 serving of a 
restricted food, study staff will provide a follow-up counseling telephone call, text, or email, at 
participant discretion. 

 
Participants will also be asked to return their containers of fruit at subsequent food pick-ups or at 
the FV. This will be used to measure compliance based on the weight/amount of leftover fruit 
since the last distribution. 

 
Symptoms and adverse events. Study staff will collect information on symptoms and adverse 
events when reported by participants during the study and at the FV. Adverse events will be 
recorded. Serious adverse events will be recorded and reported to the PI and the BIDMC CCI. 
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8. Quality Assurance and Quality Control 
The investigative team understands the critical importance of collecting complete, high-quality 
data and developing procedures to accomplish this important objective. Core activities include: 

• Standardization - maintaining common study documents (protocol, MOP, case report 
forms) with special efforts to minimize version control issues. 

• Training – developing training procedures led by experienced investigators and license 
holders, developing and implementing certification procedures and performance metrics, 
and conducting annual training. 

• Robust data systems – implementing web-based data entry system through REDCap; 
using off-site data storage with automated back-up systems; checking logic and 
consistency of data between forms and over time. 

• Performance monitoring with feedback – tracking enrollment and follow-up 
(observed/expected, overall and by key subgroups); monitoring missed visits, data 
completeness, protocol deviations, and data entry errors; distributing feedback through 
routine trial monitoring reports for the investigators, safety monitor, and IRB as needed. 
These reports, together with constructive feedback, have an important role in identifying 
and resolving issues expeditiously. 
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9. Randomization and Masking 
Randomization 
Random treatment assignment will be generated via a web-based system available to the research 
staff. Allocation uses centrally-allocated 1:1 permuted block randomization in blocks of 2 and 4. 
Eligibility and baseline data will be collected and entered into the database. The system will 
confirm eligibility and assign the study fruit. 

 
Masking 
Because this is a whole foods study, it is not feasible for treatment assignments to be masked to 
the participants or the research coordinator. Clinicians conducting ABPM and Holter readings 
and laboratory technicians will be blinded to study groups. 
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10. Intervention and Control Arms 
This trial uses a pragmatic design to maximize generalizability and adherence. Participants 
randomized to the blueberry arm consume the equivalent of 1 cup of fresh blueberries daily in 
the form of frozen whole blueberries for 12 weeks. Blueberries are provided in a single-batch 
from the U.S. Highbush Blueberry Council. All participants have freezers in their apartments to 
store a supply of blueberries. Surplus storage will be kept in a freezer in the main kitchen for 
subsequent pick-ups at week 4 and week 8 after randomization. 

 
Those in the control arm are asked to consume no blueberries and to consume an isocaloric 
portion of dried dates, equivalent to 2 dates daily for 12 weeks. All dates will be pitted and 
purchased from the same supplier. Dates are an ideal control because they have similar amounts 
of fiber, potassium, and calories compared to blueberries. The USDA estimates that dates contain 
approximately 1.6 mg of total polyphenols per 100 gm of edible content (~3 dates). By contrast, 
blueberries contain approximately 100 mg or more. Therefore, we expect a substantial 
anthocyanin difference between arms. 

 
Participants that share a residence will be randomized as a household. That is to say, the second 
participant from the same household enrolled in the study will not be randomized, but rather 
automatically assigned to the study fruit that their spouse was assigned. This approach is 
intended to prevent cross-contamination and promote adherence and statistical plans will account 
for clustering if multiple household members are enrolled. 

 
In both arms, participants are asked to avoid other anthocyanin-rich foods, including blackberry, 
cherry, concord grape, cranberry, currant, eggplant, plum, purple potato, red and black raspberry, 
red cabbage, red wine, rhubarb, and strawberry.(40) Participants will be provided a list of foods 
to avoid. They will also receive counseling and materials at the BV and throughout the study on 
ways to track and incorporate the assigned fruit. All participants will also be asked to maintain 
their ‘usual’ lifestyle throughout the 12-week period. This includes restricting changes to their 
exercise, diet, medication use, and other behaviors. 
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11. Safety 
Safety monitoring 
The study will actively monitor participant safety. One aspect of safety monitoring is to evaluate 
screenees to determine whether it is safe for them to participate. Key safety related eligibility 
criteria are the exclusion of persons with (a) an intolerance or allergy to blueberries or dates or 
(b) allergy to tree nuts, peanuts, soy, or milk products. The dried dates procured for the study are 
purchased from a supplier that also handles tree nuts, peanuts, soy, and milk products. 

 
A second aspect is monitoring enrolled participants for safety issues potentially related to the 
study. Surveillance for serious adverse events and other relevant clinical events will occur by 
questionnaire and contact with participants. If a participant develops a medical problem, the 
safety of continuing or resuming the study will be ascertained by the PI and other clinical study 
team members. 

 
In addition, blood pressure values at the SV, BV, and FV will be compared to the alert values 
based on average seated measurement. All participants with an elevated seated blood pressure 
measurement (SBP >180 or DBP >110 mm Hg) should be asked if they have the following 
symptoms: headache, vision change, chest pain, shortness of breath, or change in urine color. 
Study physician and/or PCP will be notified as necessary. 

 
Table 3. Blood pressure alert values. 

Issue Action 
SBP >200 Notify PI and advise participant to follow-up with PCP within 1 day (refer 

to emergency room if symptomatic) 
SBP >180 Notify PI and advise participant to follow-up with PCP within 3 days 

(same day if symptomatic) 
SBP >160, ≤180 Advise participant to follow-up with PCP within 1 month 
DPB >120 Notify PI and advise participant to follow-up with PCP within 1 day (refer 

to emergency room if symptomatic) 
DBP >110 Notify PI and advise participant to follow-up with PCP within 3 days 

(same day if symptomatic) 
DBP >100, ≤110 Advise participant to follow-up with PCP within 1 month 
Pulse >120 bpm Do not have participant participate in the SPPB and advise them to 

follow-up with their PCP within 7 days 
SBP <90 Notify PI and advise participant to follow-up with PCP within 7 days 
DBP <40 Advise participant to follow-up with PCP within 1 month 

 
Table 4. ABPM daytime average alert values. 

Issue Action 
SBP <90 Notify PI and advise participant to follow-up with PCP within 2 weeks 
DBP <50 Notify PI and advise participant to follow-up with PCP within 2 weeks 
SPB 130-149 Notify PI and advise participant to follow-up with PCP within 2 months 
DBP 80-89 Notify PI and advise participant to follow-up with PCP within 2 months 
SBP 150-174 Notify PI and advise participant to follow-up with PCP within 1 month 
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DBP 90-104 Notify PI and advise participant to follow-up with PCP within 1 month 
SBP 175-194 Notify PI and advise participant with follow-up with PCP within 1 week 
DBP 105-114 Notify PI and advise participant to follow-up with PCP within 1 week 
SBP ≥195 Notify PI and call participant immediately to advise them to follow-up 

with PCP within 1 day (go to emergency room if symptomatic) 
DBP ≥115 Notify PI and call participant immediately to advise them to follow-up 

with PCP within 1 day (go to emergency room if symptomatic) 
 

Participants that undergo the fasting blood draw will receive their results, along with standard 
ranges for interpretation, at the end of the study with two exceptions. A Comprehensive 
Metabolic Panel (CMP) and a Complete Blood Count (CBC) will be run in real-time and 
participants will receive those results once they are available. The PI will review all CMPs and 
CBCs at baseline and follow-up within 1 day as a safety check. Participants will be notified via 
phone of any results that require immediate medical attention. 

 
This trial will also be advised by an independent safety monitor. Rahul Ganatra, MD, director of 
continuing medical education at the West Roxbury Veterans Affairs Medical Center, will serve 
as safety monitor. Recurring meetings between Dr. Ganatra, the study PI, and the study research 
coordinator will be held at least every 6 months to discuss any safety concerns and review all 
adverse events. 

 
Potential risks 
This study should not involve any major risks to screenees or participants and represents minimal 
risk above usual activities. Both dates and blueberries are widely consumed, readily 
commercially available, and (as whole fruits) considered healthy food choices. However, there 
are some potential risks associated with participation in this study, which are as follows: 

• Participants may be uncomfortable with certain sensitive questions or questionnaires 
• Bruising and a rare chance of local infection from venipuncture to collect blood samples 

could occur 
• Participants may experience transient dizziness during measurement of orthostatic blood 

pressure 
• Application of ABPM and ambulatory electrocardiographic monitoring may disrupt sleep 
• There might be loss of confidentiality and privacy 

 
Adverse event surveillance and reporting procedures 
An adverse event is defined by the OHRP as “Any untoward or unfavorable medical occurrence 
in a human subject, including any abnormal sign,… symptoms, or disease, temporally associated 
with the subject’s participation in the research, whether or not considered related to the subject’s 
participation in the research.” The National Institute on Aging defines serious adverse events as 
any adverse event that: 

• Results in death, 
• Is life-threatening or places the participant at immediate risk of death from the event as it 

occurred, 
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• Requires or prolongs hospitalization, 
• Causes persistent or significant disability or incapacity, 
• Results in congenital anomalies or birth defects, 
• Is another condition which investigators judge to represent significant hazards 

 
Surveillance for SAEs and other relevant clinical events that may be associated with study 
participation will occur at in-person and telephone visits. In addition to the fixed time points, 
participants may report events in other settings, such as telephone contacts. The PI will review 
completed forms, will classify the event according to several dimensions (expectedness, 
relatedness to participation in the trial, and type), and take appropriate action. 

 
Although the duration of the study is relatively short, the older study population increases the 
likelihood of medical events occurring unrelated to participation in this trial. 

 
All serious adverse events and all unanticipated problems will be reported individually to Dr. 
Ganatra and the study PI within 7 days of when the research coordinator learned of the event. 

 
In general, all other adverse events will be reported in aggregate form to the study PI and 
independent safety monitor at the time of regular data reports. 
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12. Analysis 
Experimental design 
We will conduct a single-center, randomized, parallel-design trial comparing whole frozen 
blueberries to an isocaloric serving of dried dates, with single-blind assessment of outcomes 
among 70 adults aged 70 years and older. 

 
Analysis plan 
The trial statistician will conduct all analysis of study data. Working with the PI, the statistician 
will develop an appropriate analysis plan. Our analyses will be conducted using the intention-to- 
treat principle, with linear regression models that adjust for baseline values as our primary 
statistical method.(41) If missing data exist (e.g., due to attrition), linear mixed models that 
incorporate both baseline and end-of-treatment values will be used. Because randomization in 
studies of this size can be imperfect, we will also adjust for any baseline characteristics that 
appear to be uneven (typically at p<0.10). Because of the strong underlying hypotheses and 
correlated nature of our outcomes, we do not intent to adjust for multiple comparisons, but will 
treat results that are not corroborated by related outcomes with caution. Methods appropriate for 
clustered data (e.g., generalized estimating equations) will be used if multiple household 
members are recruited. 

 
Power and sample size 
We estimate power for our continuous endpoints, contrasting end-of-treatment values between 
arms (using N=70). With α=0.05 and power=80%, we can detect a 0.68 standardized effect size. 
This is considered a medium-to-large-sized effect, similar to that tested in many studies of 
blueberries. With power=50% (i.e., aiming for an exact p-value=0.05), we can detect a 0.48 
standardized effect size (medium). Thus, we should detect most moderate-to-large and many 
medium-sized effects. Thus, we should detect most moderate-to-large and many medium-sized 
effects. 
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13. Data Management 
Data will be collected from three main sources: 1) data collected by trial staff on case report 
forms for later entry into REDCap; 2) data entered by participants and/or trial staff directly into 
REDCap; and 3) data generated by ancillary facilities, such as laboratories, and sent to the trial 
analysis team directly. REDCap will only be accessible via the secure website and to authorized 
personnel. REDCap is a secure web application for building and managing online surveys and 
databases. It is secure behind the BIDMC firewall. All data collected on paper case report forms 
will be checked before data entry and maintained for later random audits. Any missing data will 
be marked as such, when possible. Data will be entered as soon as possible after it is collected. 

 
Data confidentiality 
All trial staff will be cognizant for strict controls to ensure data integrity. All staff with access to 
any portion of the study data will receive training on the importance of maintaining participant 
confidentiality, including appropriate BIDMC HIPAA training and CITI best research practices 
training. All data collected and stored electronically will be password protected and saved on 
secure servers. All study-related computers will be located behind BIDMC firewalls and 
maintain automated virus update mechanisms. Hard copies of data collection forms will be 
stored in secure areas (locked offices or cabinets). All staff will sign statements attesting to their 
understanding of and willingness to abide by policies designed to protect the integrity of the 
study data. General access to the data entry website is password protected with individual 
usernames and passwords. Data will be backed-up and checked periodically. 
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14. Timeline 
The trial consists of three pain phases: planning, implementation (recruitment, intervention, and 
data collection), and data analysis. Planning for the trial commenced in early 2020 but was put 
on hold due to COVID-19. Planning for the trial resumed in June 2021. Recruitment will be 
rolling, commencing in late 2021, and should last approximately 10 months, with randomization 
beginning within 1-2 months after recruitment. Participants will be followed for 12 weeks after 
randomization. Remaining time will be devoted to data analysis, presentation, and publication. 

 
Table 5. General Timeline of the Effects of Blueberries in Older Adults Trial. 

 
Activity Month 
Safety officer approval of final MOP M3 
Recruitment efforts and presentations begin M3-5 
Recruitment of participants M4-14 
Follow-up of participants M4-17 
IRB progress reports due M12, 24 
USHBC progress reports due M6, 12, 18, 24 
Final participant close-out M18 
Data cleaning and management M18-20 
Data analysis M19-22 
Data presentation and publication M21-24 



Effects of Blueberries in Older Adults Protocol 
Version 1.3 (3/17/2022) 

29  

15. References 
 

1. Sotos-Prieto M, Bhupathiraju SN, Mattei J, Fung TT, Li Y, Pan A, Willett WC, Rimm 
EB, Hu FB. Association of Changes in Diet Quality with Total and Cause-Specific 
Mortality. N Engl J Med. 2017;377(2):143-53. doi: 10.1056/NEJMoa1613502. 
PubMed PMID: 28700845; PMCID: PMC5589446. 

2. Li Y, Schoufour J, Wang DD, Dhana K, Pan A, Liu X, Song M, Liu G, Shin HJ, Sun Q, 
Al- Shaar L, Wang M, Rimm EB, Hertzmark E, Stampfer MJ, Willett WC, Franco OH, 
Hu FB. Healthy lifestyle and life expectancy free of cancer, cardiovascular disease, and 
type 2 diabetes: prospective cohort study. BMJ. 2020;368:l6669. doi: 
10.1136/bmj.l6669. PubMed PMID: 31915124. 

3. Hooper L, Kroon PA, Rimm EB, Cohn JS, Harvey I, Le Cornu KA, Ryder JJ, Hall 
WL, Cassidy A. Flavonoids, flavonoid-rich foods, and cardiovascular risk: a meta- 
analysis of randomized controlled trials. The American journal of clinical nutrition. 
2008;88(1):38-50. Epub 2008/07/11. PubMed PMID: 18614722. 

4. Cassidy A, O'Reilly EJ, Kay C, Sampson L, Franz M, Forman JP, Curhan G, Rimm 
EB. Habitual intake of flavonoid subclasses and incident hypertension in adults. The 
American journal of clinical nutrition. 2011;93(2):338-47. Epub 2010/11/26.doi: 
10.3945/ajcn.110.006783. PubMed PMID: 21106916; PMCID: 3021426. 

5. Cassidy A, Mukamal KJ, Liu L, Franz M, Eliassen AH, Rimm EB. High 
anthocyanin intake is associated with a reduced risk of myocardial infarction in 
young and middle-aged women. Circulation. 2013;127(2):188-96. doi: 
10.1161/CIRCULATIONAHA.112.122408. PubMed PMID: 23319811; PMCID: 
PMC3762447. 

6. Bertoia ML, Rimm EB, Mukamal KJ, Hu FB, Willett WC, Cassidy A. Dietary 
flavonoid intake and weight maintenance: three prospective cohorts of 124,086 US men 
and women followed for up to 24 years. BMJ. 2016;352:i17. doi: 10.1136/bmj.i17. 
PubMed PMID: 26823518; PMCID: PMC4730111. 

7. Forrest KY, Zmuda JM, Cauley JA. Patterns and correlates of muscle strength loss 
in older women. Gerontology. 2007;53(3):140-7. doi: 10.1159/000097979. PubMed 
PMID: 17167267. 

8. Bouchard DR, Baillargeon J-P, Langlois M-F. The Independent Effect of Age Groups 
on the Effectiveness of Lifestyle Intervention. Current Obesity Reports. 
2013;2(2):107-19. 

9. Kalt W, Cassidy A, Howard LR, Krikorian R, Stull AJ, Tremblay F, Zamora-Ros 
R. Recent Research on the Health Benefits of Blueberries and Their 
Anthocyanins. AdvNutr. 2020;11(2):224-36. doi: 10.1093/advances/nmz065. 
PubMed PMID: 31329250. 

10. Brutsaert EF, Shitole S, Biggs ML, Mukamal KJ, deBoer IH, Thacker EL, Barzilay 
JI, Djousse L, Ix JH, Smith NL, Kaplan RC, Siscovick DS, Psaty BM, Kizer JR. 
Relations of Postload and Fasting Glucose With Incident Cardiovascular Disease and 
Mortality Late in Life: The Cardiovascular Health Study. J Gerontol A Biol Sci Med 
Sci. 2016;71(3):370-7. doi: 10.1093/gerona/glv106. PubMed PMID: 26314953. 



Effects of Blueberries in Older Adults Protocol 
Version 1.3 (3/17/2022) 

30  

11. Welch AA, Hardcastle AC. The effects of flavonoids on bone. Curr Osteoporos 
Rep. 2014;12(2):205-10. doi: 10.1007/s11914-014-0212-5. PubMed PMID: 
24671371. 

12. Eating more berries may reduce cognitive decline in the elderly: flavonoid- 
rich blueberries and strawberries offer most benefit. Am J Alzheimers Dis 
Other Demen. 2012;27(5):358. PubMed PMID: 22991706. 

13. Whyte AR, Cheng N, Fromentin E, Williams CM. A Randomized, Double- 
Blinded, Placebo-Controlled Study to Compare the Safety and Efficacy of Low 
Dose Enhanced Wild Blueberry Powder and Wild Blueberry Extract (ThinkBlue) 
in Maintenance of Episodic and Working Memory in Older Adults. Nutrients. 
2018;10(6). doi: 10.3390/nu10060660. PubMed PMID: 29882843; PMCID: 
PMC6024810. 

14. McNamara RK, Kalt W, Shidler MD, McDonald J, Summer SS, Stein AL, Stover 
AN, Krikorian R. Cognitive response to fish oil, blueberry, and combined 
supplementation inolder adults with subjective cognitive impairment. Neurobiol 
Aging. 2018;64:147-56. doi: 10.1016/j.neurobiolaging.2017.12.003. PubMed 
PMID: 29458842; PMCID: PMC5822748. 

15. Bensalem J, Dudonne S, Etchamendy N, Pellay H, Amadieu C, Gaudout D, Dubreuil 
S, Paradis ME, Pomerleau S, Capuron L, Hudon C, Laye S, Desjardins Y, Pallet V. 
Polyphenols From Grape and Blueberry Improve Episodic Memory in Healthy 
Elderly with Lower Level of Memory Performance: A Bicentric Double-Blind, 
Randomized, Placebo-Controlled Clinical Study. J Gerontol A Biol Sci Med Sci. 
2019;74(7):996-1007. doi: 10.1093/gerona/gly166. PubMed PMID: 30032176. 

16. Bowtell JL, Aboo-Bakkar Z, Conway ME, Adlam AR, Fulford J. Enhanced task- 
related brain activation and resting perfusion in healthy older adults after chronic 
blueberry supplementation. Appl Physiol Nutr Metab. 2017;42(7):773-9. doi: 
10.1139/apnm-2016-0550. PubMed PMID: 28249119. 

17. Miller MG, Hamilton DA, Joseph JA, Shukitt-Hale B. Dietary blueberry improves 
cognition among older adults in a randomized, double-blind, placebo-controlled trial. 
Eur J Nutr. 2018;57(3):1169-80. doi: 10.1007/s00394-017-1400-8. PubMed PMID: 
28283823. 

18. Juraschek SP, Ishak A, Mukamal KJ, Cohen ML, Beach JL. Impact of Clinic-Based 
Blood Pressure Approaches on Blood Pressure Measurement. Am J Hypertens. 
2020;33(1):26- 30. doi: 10.1093/ajh/hpz118. PubMed PMID: 31350541; PMCID: 
PMC6931893. 

19. Juraschek SP, Appel LJ, Miller ER, 3rd, Mukamal KJ, Lipsitz LA. Hypertension 
Treatment Effects on Orthostatic Hypotension and Its Relationship With 
Cardiovascular Disease. Hypertension. 2018;72(4):986-93. doi: 
10.1161/HYPERTENSIONAHA.118.11337. PubMed PMID: 30354704; PMCID: 
PMC6214359. 

20. Juraschek SP, Lipsitz LA, Beach JL, Mukamal KJ. Association of Orthostatic 
Hypotension Timing with Clinical Events in Adults with Diabetes and Hypertension: 
Results from the ACCORD Trial. Am J Hypertens. 2019. doi: 10.1093/ajh/hpz015. 
PubMed PMID: 30715100. 



Effects of Blueberries in Older Adults Protocol 
Version 1.3 (3/17/2022) 

31  

21. Juraschek SP, Simpson LM, Davis BR, Beach JL, Ishak A, Mukamal KJ. Effects of 
Antihypertensive Class on Falls, Syncope, and Orthostatic Hypotension in Older 
Adults: The ALLHAT Trial. Hypertension. 2019;74(4):1033-40. doi: 
10.1161/HYPERTENSIONAHA.119.13445. PubMed PMID: 31476905; PMCID: 
PMC6739183. 

22. Curtis PJ, van der Velpen V, Berends L, Jennings A, Feelisch M, Umpleby AM, Evans 
M, Fernandez BO, Meiss MS, Minnion M, Potter J, Minihane AM, Kay CD, Rimm EB, 
Cassidy A. Blueberries improve biomarkers of cardiometabolic function in participants 
with metabolic syndrome-results from a 6-month, double-blind, randomized controlled 
trial. Am J Clin Nutr. 2019;109(6):1535-45. doi: 10.1093/ajcn/nqy380. PubMed PMID: 
31136659; PMCID: PMC6537945. 

23. Rossi R, Chiurlia E, Nuzzo A, Cioni E, Origliani G, Modena MG. Flow-mediated 
vasodilation and the risk of developing hypertension in healthy postmenopausal 
women. J Am Coll Cardiol. 2004;44(8):1636-40. doi: 10.1016/j.jacc.2004.07.027. 
PubMed PMID: 15489096. 

24. Pietrucha AZ. Endothelial function in vasovagalsyncope. Expert Rev Cardiovasc 
Ther. 2014;12(12):1387-9. doi: 10.1586/14779072.2014.982095. PubMed PMID: 
25410020. 

25. Juraschek SP, Miller ER, 3rd, Selvin E, Carey VJ, Appel LJ, Christenson RH, Sacks 
FM. Effect of type and amount of dietary carbohydrate on biomarkers of glucose 
homeostasis and C reactive protein in overweight or obese adults: results from the 
OmniCarb trial. BMJ Open Diabetes Res Care. 2016;4(1):e000276. doi: 
10.1136/bmjdrc-2016-000276. PubMed PMID: 27933186; PMCID: PMC5128999. 

26. Juraschek SP, Miller ER, 3rd, Weaver CM, Appel LJ. Effects of Sodium Reduction 
and the DASH Diet in Relation to Baseline Blood Pressure. J Am Coll Cardiol. 
2017;70(23):2841-8. doi: 10.1016/j.jacc.2017.10.011. PubMed PMID: 29141784; 
PMCID: PMC5742671. 

27. Juraschek SP, Appel LJ, Anderson CA, Miller ER, 3rd. Effect of a high-protein diet 
on kidney function in healthy adults: results from the OmniHeart trial. Am J Kidney 
Dis. 2013;61(4):547-54. doi: 10.1053/j.ajkd.2012.10.017. PubMed PMID: 
23219108; PMCID: PMC3602135. 

28. Mukamal KJ, MacDermott K, Vinson JA, Oyama N, Manning WJ, Mittleman MA. 
A 6- month randomized pilot study of black tea and cardiovascular risk factors. Am 
Heart J. 2007;154(4):724 e1-6. doi: 10.1016/j.ahj.2007.07.008. PubMed PMID: 
17892999; PMCID: PMC2084262. 

29. Naqvi AZ, Hasturk H, Mu L, Phillips RS, Davis RB, Halem S, Campos H, Goodson 
JM, Van Dyke TE, Mukamal KJ. Docosahexaenoic Acid and Periodontitis in Adults: 
A Randomized Controlled Trial. J Dent Res. 2014;93(8):767-73. doi: 
10.1177/0022034514541125. PubMed PMID: 24970858; PMCID: PMC4126225. 

30. Juraschek SP, Millar CL, Foley A, Shtivelman M, Cohen A, McNally V, Crevatis R, 
Post SM, Mukamal KJ, Lipsitz LA, Cluett JL, Davis RB, Sahni S. The Effects of a 
Low Sodium Meal Plan on Blood Pressure in Older Adults: The SOTRUE 
Randomized Feasibility Trial. Nutrients. 2021 Mar 16;13(3):964. doi: 
10.3390/nu13030964. PMID: 33809796; PMCID: PMC8002543. 

31. Michos ED, Mitchell CM, Miller ER, 3rd, Sternberg AL, Juraschek SP, Schrack JA, 
Szanton SL, Walston JD, Kalyani RR, Plante TB, Christenson RH, Shade D, Tonascia 



Effects of Blueberries in Older Adults Protocol 
Version 1.3 (3/17/2022) 

32  

J, Roth DL, Appel LJ, Group SCR. Rationale and design of the Study To Understand 
Fall Reduction and Vitamin D in You (STURDY): A randomized clinical trial of 
Vitamin D supplement doses for the prevention of falls in older adults. Contemp Clin 
Trials. 2018;73:111-22. doi: 10.1016/j.cct.2018.08.004. PubMed PMID: 30138718; 
PMCID: PMC6251709. 

32. Mukamal KJ, Kronmal RA, Tracy RP, Cushman M, Siscovick DS. Traditional and 
novel risk factors in older adults: cardiovascular risk assessment late in life. Am J 
Geriatr Cardiol. 2004;13(2):69-80. PubMed PMID: 15010653. 

33. Harnly JM, Doherty RF, Beecher GR, Holden JM, Haytowitz DB, Bhagwat S, Gebhardt 
S. Flavonoid content of U.S. fruits, vegetables, and nuts. J Agric 
Food Chem. 2006;54(26):9966-77. doi: 10.1021/jf061478a. PubMed 
PMID: 17177529. 

34. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh 
Sleep Quality Index: a new instrument for psychiatric practice and research. 
Psychiatry Res. 1989;28(2):193-213. PubMed PMID: 2748771. 

35. Maruff P, Thomas E, Cysique L, Brew B, Collie A, Snyder P, Pietrzak RH. Validity of 
the CogState brief battery: relationship to standardized tests and sensitivity to 
cognitive impairment in mild traumatic brain injury, schizophrenia, and AIDS 
dementia complex. Arch Clin Neuropsychol. 2009;24(2):165-78. doi: 
10.1093/arclin/acp010. PubMed PMID: 19395350. 

36. Bradley CS, Rahn DD, Nygaard IE, Barber MD, Nager CW, Kenton KS, Siddiqui 
NY, Abel RB, Spino C, Richter HE. The questionnaire for urinary incontinence 
diagnosis (QUID): validity and responsiveness to change in women undergoing 
non-surgical therapies for treatment of stress predominant urinary incontinence. 
Neurourol Urodyn. 2010;29(5):727-34. doi: 10.1002/nau.20818. PubMed PMID: 
19787711; PMCID: PMC2891326. 

37. Thompson FE, Midthune D, Kahle L, Dodd KW. Development and Evaluation of 
the National Cancer Institute's Dietary Screener Questionnaire Scoring Algorithms. 
J Nutr. 2017 Jun;147(6):1226-1233. 

38. Slabaugh SL, Shah M, Zack M, Happe L, Cordier T, Havens E, Davidson E, Miao 
M, Prewitt T, Jia H. Leveraging Health-Related Quality of Life in Population Health 
Management: The Case for Healthy Days. Popul Health Manag. 2017;20(1):13-22. 
doi: 10.1089/pop.2015.0162. PubMed PMID: 27031869; PMCID: PMC5278802. 

39. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, Scherr 
PA, Wallace RB. A short physical performance battery assessing lower extremity 
function: association with self-reported disability and prediction of mortality and nursing 
home admission. J Gerontol. 1994;49(2):M85-94. PubMed PMID: 8126356. 

40. Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: food sources 
and bioavailability. Am J Clin Nutr. 2004;79(5):727-47. doi: 10.1093/ajcn/79.5.727. 
PubMed PMID: 15113710. 

41. Vickers AJ, Altman DG. Statistics notes: Analysing controlled trials with baseline 
and follow up measurements. BMJ. 2001;323(7321):1123-4. Epub 2001/11/10. 
PubMed PMID: 11701584; PMCID: 1121605. 


	Summary of Protocol Versions and Changes
	List of Tables
	List of Abbreviations / Glossary
	1. Abstract
	2. Specific Aims
	3. Significance and Scientific Background
	Background
	Significance

	4. Design
	Principal research objective

	5. Study Population and Eligibility
	6. Recruitment Field Center
	Recruitment Strategies
	7. Data Collection and Measurements
	Data Collection Contact Schedule
	Measurements

	For the primary outcomes:
	Other data collected:
	8. Quality Assurance and Quality Control
	9. Randomization and Masking
	Randomization
	Masking

	10. Intervention and Control Arms
	11. Safety
	Safety monitoring
	Potential risks
	Adverse event surveillance and reporting procedures

	12. Analysis
	Experimental design
	Analysis plan
	Power and sample size

	13. Data Management
	Data confidentiality

	14. Timeline
	15. References

