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Abstract: Background. Older adults with obesity have an increased risk for cognitive decline and subsequent
Alzheimer’s disease. Previous research has focused on the impact of individual nutrients and overall dietary
patterns to improve cognitive function. The Brain and Body Health (BB-Health) study aims to demonstrate the
feasibility of a multicomponent nutritional supplement (MCNS) and weight loss (WL) intervention for
individuals with overweight and obesity who are not consuming a healthy diet. Methods. BB-Health is a
parallel-group randomized placebo-controlled 2x2 factorial pilot trial comparing the MCNS, WL, and
MCNS+WL with a Control group. Eligible participants are 55 to 85 years of age with a body mass index 27.0 to
39.9 kg/m?. Major exclusion criteria include type 2 diabetes, moderate or severe cognitive impairment, and self-
reported healthy dietary pattern. The BB-Health feasibility trial is registered as NCT05542199 at
clinicaltrials.gov. Results. The BB-Health objectives are to report: 1) recruitment and enrollment, including
pace and descriptive statistics of the study sample; 2) adherence to the administered interventions; 3) successful
data collection and performance of outcome assessments, including evaluation of change in key outcomes over
time that are powered for this pilot study; and 4) summary statistics on outcomes for use in planning a
subsequent, larger trial. The outcomes of interest are age-sensitive cognitive assessments, cerebral
hemodynamics, and related health parameters. All measurements are collected at baseline, 3-, 6-, and 12-month
visits. Conclusion. If the BB-Health protocol demonstrates feasibility, the novel MCNS with and without a
parallel WL intervention has potential to be administered in a confirmatory randomized trial to evaluate ability
to prevent age-related cognitive decline and improve brain health. The BB-Health Feasibility Study could
significantly contribute to our understanding of the influence of diet and weight management on cognitive
health.

Keywords: cognitive decline; aging; obesity; nutrition; clinical trial; protocol; Alzheimer's;
neurodegenerative; food

Introduction

Declines in age-sensitive cognitive functions occur in most adults as they grow older[1] and are
the primary risk factor for the development of Alzheimer’s disease (AD) and other forms of
dementia.[2] Although the severity of cognitive decline is variable, approximately 50% of adults older
than 65 who exhibit reduced cognitive function will develop dementia within five years.[3,4] It is
further estimated that the number of people living with dementia will increase from 57.4 million to
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152.8 million cases globally from 2019 to 2050,[5] and preserving cognitive function in an increasingly
older population is a global public health priority. Multiple lifestyle factors are known to impact the
onset and progression of cognitive impairment,[6] presenting modifiable targets that could alleviate
the burden of age-specific cognitive decline.

Individuals with overweight or obesity are especially vulnerable to major cognitive decline,
dementia, and AD.[7-13] Obesity in particular is now considered a modifiable risk factor for
dementia[6] because carrying excess weight may increase vulnerability by accelerating the cognitive
aging process.[2] Individuals with obesity are also more likely to consume a lower-quality diet, and
importantly, accumulating evidence suggests that improvements in nutrition might attenuate the rate
of age-related cognitive decline.[14-16] In addition to poor diet, exercise is known to play a role in
improving cognitive function and to prevent cognitive decline in healthy adults.[17,18]

Recent epidemiologic studies demonstrate positive associations between several dietary
patterns and reduced progression of cognitive decline in old age, including consuming a healthy
diet[19-22] and adherence to the Mediterranean[23] and MIND (Mediterranean-DASH Intervention for
Neurodegenerative Delay) [24] dietary patterns. These patterns are typically characterized by high
consumption of whole fruits and vegetables, fish, olive oil, nuts, whole grains, and legumes and are
hypothesized to improve cognitive health due to routine, sufficient intake of essential nutrients, and
anti-inflammatory and antioxidant components. Indeed, a recent meta-analysis of 56 studies of
dietary patterns suggested that there may be stronger benefits from a MIND or Mediterranean-style
dietary pattern compared with the U.S. Dietary Guidelines.[25] Regular intake of a diversity of
specific nutrients, including choline,[26] vitamin E,[27] omega-3 fatty acids,[28] and cocoa,[29-31]
have additionally been associated with beneficial cognitive effects in older adults. Taken together,
these nutrients are hypothesized to promote cognitive improvements through beneficial effects on
inflammatory markers and a reduction in reactive oxygen species,[32-36] as well as an increase in
cerebral blood flow (CBF).[37—41] However, not all epidemiological studies report significant
associations with observed intakes.[42,43] In addition, a recent MIND diet randomized trial
demonstrated no significant effect, perhaps reflecting the difficulty of achieving sustainable dietary
change through conventional behavioral approaches. However, to our knowledge, no interventional
research has assessed the effect of a comprehensive multi-component nutritional supplement on
cognition, which may be a more feasible method to implement long-term dietary change.

Identifying nutritional and lifestyle interventions that slow or prevent cognitive decline and
neurodegeneration in older adults would have great societal value and reduce the number of
individuals who become eligible for emerging drug treatments.[44] This paper describes the
objectives of the Nutrition for Brain and Body Health (BB-Health) Feasibility Trial, a 12-month pilot
randomized controlled trial designed to evaluate a comprehensive nutrition supplement and
participation in a behavioral weight loss (WL) program in older adults with overweight or obesity.
A SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) schedule of
enrollment, interventions, and assessments is provided in Figure 1.
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STUDY PERIOD
Enrollment Allocation Post-allocation Close out
TIMEPOINT** -4 Baseline | 3mo. | 6-mo. | 12 12-mo.
ENROLLMENT: X
Eligibility screen X
Informed consent p- |
Allocation X
INTERVENTIONS:
MCNS alone X X ¢ D X
WL + placebo MCNS X X ¢ % X
MCNS + WL X X ’ ¢ X
Placebo MCNS + no ¢ 4
WI X X X
ASSESSMENTS:
Demographics, X
medical history
Anthropometry,
biospecimens,
cereb.ral X X X X X
hemodynamics,
cognifive assessments,
questionnaires
24-hour dietary X X X X X
recalls

Figure 1. SPIRIT schedule of enrollment, interventions, and assessments.*.

The working hypothesis is that comprehensive nutrition, supplied across four major areas of
cerebral nutrition needs, creates a favorable brain milieu with no limiting nutritional factors to
hamper the brain’s neuroregenerative potential. Our conceptual model is displayed in Figure 2,
illustrating optimal nutritional support for the brain and consequent cognitive processes via a multi-
component nutrition supplement (MCNS) in older adults with overweight and obesity. This model
postulates that a single limiting nutritional factor has the potential to impede the collective work of
supporting brain health, with potentially synergistic effects of a behavioral WL intervention.
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Figure 2. Conceptual framework for nutritional synergy to promote brain health.

Specific Aims and Hypotheses

Data collected during the BB-Health Feasibility trial will be used to support an NIH proposal for
afully-  powered randomized trial with the primary hypothesis that improvements in cognitive
function will occur with randomization to MCNS, WL, and MCNS+WL compared to a Control
condition, with the greatest improvements occurring in the MCNS+WL participants. The primary
objectives of the BB-Health Feasibility trial are to report: 1) recruitment and enrollment, including
pace of recruitment and descriptive statistics of the study sample; 2) adherence to the allocated
interventions; 3) successful data collection and performance of outcome assessments, including
evaluation of change in key outcomes over time that are powered for this pilot study; and 4) summary
statistics on outcomes for use in planning a subsequent, larger trial. We report herein the main design
features of the BB-Health trial, including the study population, eligibility criteria, an overview of the
intervention, and the frequency of outcome assessments.

Materials and Methods

The BB-Health study was approved by the Institutional Review Board at Tufts University. All
participants provided written informed consent prior to enrollment in the study. The BB-Health
Feasibility trial was prospectively registered at ClinicalTrials.gov (NCT05542199).

Study Design

This is a parallel-group randomized placebo-controlled 2x2 factorial trial to examine cognitive
function, cerebral hemodynamics, and other health outcomes (e.g., weight loss, biospecimens, and
self-reported health). Older adults (age 55 to 85 years) with overweight or obesity (body mass index
[BMI] between 27.0 kg/m? and < 40 kg/m?) were randomized to receive: 1) the MCNS alone; 2) the
behavioral WL intervention alone (with placebo MCNS); 3) the MCNS with the behavioral WL
intervention (MCNS+WL); or 4) a Control condition (placebo MCNS, no WL intervention). All
interventions have a study duration of 12 months. Study outcomes were assessed at baseline, 3
months, 6 months, and 12 months. An overview of the study design is provided in Figure 3.
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Figure 3. Overview of the BB-Health Feasibility Trial.

Setting and Recruitment

The BB-Health Feasibility Trial was conducted at the Jean Mayer USDA Human Nutrition
Research Center on Aging (HNRCA) at Tufts University. Participants were recruited (July 1, 2022 to
January 31, 2023) using several strategies by the research team and the HNRCA Volunteer Services
unit. These included local print and electronic media (e.g., advertisements in newspapers,
newsletters, bulletin boards, websites, and social media) as well as posting flyers in public places,
such as local senior centers, health centers, supermarkets, libraries, laundromats, and local
community organizations. The research team also gave informational presentations at local
organizations and hosted information tables at these organizations and public meetings. Volunteer
Services additionally has an existing roster of >40,000 potentially qualifying men and women who
can be contacted using direct mailings if their age and BMI fall within the study’s inclusion criteria
as outlined below.

Participants

Inclusion Criteria

Adult men and women 55 to 85 years of age; BMI of 27.0 kg/m? to 39.9 kg/m? score of 34 or
greater on the Modified Telephone Interview for Cognitive Status (TICS-M); willingness to be
randomized and participate in all study activities, including daily consumption of supplemental
MCNS and attending scheduled outcome assessments; participating in WL intervention and using
the provided home wireless scale and activity monitor; satisfactory screening review of health history
questionnaire by nursing staff, including verbal confirmation of completing a course of vaccination
against COVID-19 (two doses plus one booster); having access to a computer or smartphone with
wireless and possessing a freezer at home with sufficient space for MCNS storage.

Exclusion Criteria

Ineligibility based on age, BMI, or baseline cognitive status; consuming > 2 servings of fatty fish
per month; routine consumption of a multivitamin, cacao/cocoa supplement, choline supplement,
omega-3 fatty acids docosahexaenoic acid (DHA)/eicosapentaenoic acid (EPA) supplement, or any
supplement advertised for brain health or cognitive function; dislikes or reports consuming > 1
serving per week of 60% chocolate or cocoa; significant health conditions including severe
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cardiovascular disease, history of neurological brain disease or traumatic brain injury (e.g., injury
with loss of consciousness), history of major psychiatric disorder, inadequately controlled
hypertension, diabetes (type 1 and type 2) or use of any pharmacologic treatment for diabetes or
hemoglobin Alc (HbAlc) > 6.5%, history of stomach or bowel resection, bariatric weight loss
procedure, gastrointestinal disease or conditions known to influence absorption, chronic kidney
disease or history of kidney stones, history of diagnosed eating disorders, active treatment for cancer
of any type in < 3 years (excludes non-melanoma skin cancer), thyroid disease or other significant
endocrine disorder, uncontrolled hypercholesterolemia, history of acute or chronic pancreatitis or
gallbladder disease, metabolic disorders or conditions that interfere with nutrient absorption, dose
adjustment to statin or antihypertensive medication within 3 months, screening lab results outside
normal parameters that may interfere with study outcomes at the discretion of the study physician,
inadequate venous access or history of a bilateral mastectomy with nodal dissection, history of
inflammatory diseases; active WL or weight change > 4 kg in the past 6 months; consuming a
restrictive diet (e.g., gluten-free, vegan); reports consumption of > 2 alcoholic drinks per day; reports
consumption of > 2 cups of green or black tea per day; reports use of recreational or illegal drugs;
reports regular smoking or vaping tobacco or marijuana including the use of edibles within the last
6 months; unwilling to use a mobile phone or computer with videoconference software to participate
in intervention group meetings and adherence assessments; unwilling to consume MCNS on camera
for weekly adherence assessment; non-English speakers; no social security number.

Screening

A series of screening steps were conducted to implement comprehensive screening with
minimal researcher burden, progressing from telephone screening to in-person screening. Potential
participants were first screened for eligibility via telephone by research staff. One or more screening
telephone interviews ensured that the volunteers were fully aware of all study activities, the full
participant study burden, and exclusion criteria. A health history was conducted as part of this
screening phase, as well as a cognitive screen, BMI screen, and preliminary diet screen.

If a potential participant was eligible during the initial phone screening, they were invited to an
in-person screening visit to further assess eligibility. During the screening visit, written informed
consent limited to the screening visit was obtained. Potential participants underwent routine blood
tests, weight and height were measured, and the inclusion and exclusion criteria were reviewed. At
screening, prospective participants also sampled a representative food with characteristics of the
MCNS and were required to rate the food at least 4 on a 5-point scale and report that they were
willing to consume the MCNS daily.

In the following 1-2 weeks, participants underwent three 24-hour dietary recalls on random days
(i.e., two weekdays and one weekend day). to confirm their ability to give a plausible dietary record
and to ensure that their intake fits the inclusion and exclusion criteria. The average energy intake for
the dietary recalls were within a plausible range for all enrolled participants. Individuals who met all
eligibility criteria were invited to enroll in the study with an additional informed consent procedure
and undergo baseline assessments followed by randomization.

The first participant was enrolled on September 13, 2022, and completed the study on August
15, 2023. The final participant enrolled on March 20, 2023, and is scheduled to complete the study on
March 1, 2024.

Randomization and Blinding

Randomization occurred after the completion of baseline testing. Participants were randomized
in a 1:1:1:1 allocation and remained in their randomized group throughout the entire study.
Randomization was stratified by age (55-69; 70-85) and BMI (27-32.9; 33-39.9). The built-in random
number generator included in the Research Electronic Data Capture (REDCap) randomization
module was used to randomly assign participants to one of the four study conditions: MCNS, WL,
MCNS+WL, or Control.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 March 2024 i:10. reprints202403.1038.v1

For the MCNS supplement, only the Bioinformatics team leader and Metabolic Research Unit
kitchen staff had access to the randomization schema. For the WL intervention, the Research
Coordinator, Principal Investigator, Study Physician, interventionists, and participants were
unblinded to their randomized assignment into the WL intervention but remained blinded for
assignment to MCNS group assignment. The participants, research staff conducting outcome
measurements, and statistician were blinded throughout the study except for above and when safety
events require unblinding.

MCNS Intervention

Specific components of the MCNS are commercially available and are widely used by
Americans, and therefore no investigational device exemption was required for use of the
supplement. These components included epicatechin and epigallocatechin in green tea and
cacao,[45-51] the cocoa-based product Cocovia as cocoa is the food with the strongest evidence for
beneficial effects on brain health via reducing inflammation, [34,39,52-57] as well as omega-3 fatty
acids DHA and EPA, which could theoretically improve brain health by the following mechanisms:
suppression of inflammation via effects on fatty acid composition of cell membranes[35,36] and
increased cerebral blood flow (CBF).[37-40] In addition, the MCNS includes essential micronutrients,
specifically choline, that are consumed in generally inadequate amounts by U.S. older adults.[58] In
addition to high nutrient density, low energy density (<200 kcal per serving), portability, and long-
term storage, five considerations were applied to developing the MCNS: a) fidelity to the intervention
requirements as outlined below; b) acceptability to participants (e.g., palatability and convenience);
¢) hunger suppression (as this is a population with overweight and obesity); d) multiple flavors and
flexible ways to consume the food to leverage the science of dietary variety[59] to support high levels
of adherence; e) food safety.

Three palatable food concentrates containing ~200 kcal/daily serving were developed. They
contain a minimum of 990 mg total cocoa flavanols,[60,61] with a high-satiety profile to support
weight management (10 g protein + 5 g fiber).[62-64] Based on prior studies of cognition, additional
composition specifications are: 1600 mg DHA and 400 mg EPA;[65] 550 mg choline; >250 mg
epicatechin and epigallocatechin; multivitamin/mineral supplements providing 75% all
micronutrients except calcium (to prevent competitive absorption with other divalent cations).

The MRU at the HNRCA prepared the MCNS. Participants came to the center every four weeks
to collect their supply of portioned daily servings and keep them in their freezer prior to daily
consumption. The supply was provided as a frozen concentrate in individual plastic cups with lids.
Multiple preparation methods were outlined for participants to enable the use of the concentrate as
a reconstituted health shake, eaten thawed but otherwise unprepared as a pudding, or frozen and
otherwise unprepared as a popsicle. All the supplements have similar composition and are
interchangeable, allowing participants to request the flavors of their choice. The experimental MCNS
is made with commonly available consumer products.

MCNS Control

An isocaloric control designed to imitate the color, taste, and texture of the active concentrate
with the same range of applications was designed with a base of canola oil and smaller quantities of
a culinary cocoa-alternative with a different flavonoid composition, and low or undetectable
concentrations of the phenolic compounds of interest.[60] These placebos are also food concentrates,
with equivalent palatability and appearance to the active intervention foods, and are also made with
commonly available consumer products.

Weight Loss Intervention

For the WL intervention, an interventionist blinded to supplement randomization implemented
a remote version of the behavioral intervention in the CDC-recognized Diabetes Prevention Program
(DPP), which involves a total of 22 meetings: weekly meetings for 13 weeks, two to four biweekly
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meetings, and monthly group meetings thereafter, based on online materials.[66] The program
utilized food logging, self-weighing, and activity monitoring with the support of wearable fitness
devices and an online fitness dashboard. Starting Week 1, goals for exercise (5000 steps/day) and diet
(calorie control with healthy food plan) were implemented in parallel with targets changing at
increments throughout the intervention. We offered videoconference sessions[67] that were delivered
by a member of the study team who completed the online DPP training. We also included regular
individual check-ins by email, videoconference, or phone or text as in our previous use of this
method.[67] Because the study featured rolling enrollment, new participants had individual or small-
group meetings for 1-4 weeks before joining larger group sessions. Participants were assigned to
group meetings without consideration of supplement randomization.

Meeting content and delivery were implemented consistent with our previous work after
interventionist training.[68] Twenty-two weeks of DPP behavioral intervention content have been
used by our team in a videoconference-delivered intervention for military families in five US
states;[69] these materials, with updates to support remote delivery to older adults, were used.
Meeting attendance, adherence to self-monitoring activities, and all contact with participants were
tracked by the interventionist. In this study, participants were provided with information supporting
consumption of foods in the Mediterranean-DASH Intervention for Neurodegenerative Delay
(MIND) diet, such as berries and green leafy vegetables.[24] They also received a set of measuring
cups and a calorie-counting book for daily use. Each participant received a Wi-Fi-enabled scale (Fitbit
Aria Air) and a wrist-worn activity monitor (Fitbit Inspire 2) to facilitate tracking for weight and
activity. These tools and circumstances were only applicable to participants randomized to the WL
intervention. No similar devices were provided to the WL control.

Weight Loss Control

Participants who were not assigned to the immediate WL group were wait-listed to receive a 12-
week version of the DPP WL intervention after the end of the 12-month trial. They were instructed
to continue with their current lifestyle activities during the study.

Monitoring Participant Adherence to the Administered Interventions

Adherence metrics for the MCNS/placebo were derived from weekly logs of food and
supplement consumption plus 1 day/week videoconference monitoring for the first six months, and
1 day/month thereafter. Adherence metrics for the WL intervention included physical activity goal
attainment, food logging, self-weighing, attendance, active engagement in sessions, and caloric intake
goal attainment. Wireless scales and wrist-worn activity monitors were provided for remote data
collection with daily use to reduce participant burden related to activity tracking. Participants
connected their devices to personal cellphones for ease of use, self-monitoring, and data retrieval.

Data collection and Measures

Procedures and Training

All research team members involved in data collection were trained to ensure high-quality,
standardized assessment procedures. A detailed manual of procedures was developed for all study
measures. Data were collected at baseline, 3 months, 6 months, and 12 months.

Measures

An overview of all study measures and time points is presented in Table 1.

Table 1. Brain and Body Health (BB-Health) Feasibility Trial measures and data collection.

Measure Screening | Baseline | 3-month | 6-month | 12-month

Demographics X
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Medical history X
Anthropometry

Height (cm) X

Weight (kg) X X X X X

Blood pressure (mmHg) X X X X X

Pulse (BPM) X X X X X
Biological samples

Blood X X X X

Urine X X X X

Cerebral hemodynamics

Fasted X X X X

Post-prandial X X X X

Cognitive assessments

Auditory Verbal Learning Test X X X X

(AVLT)

Controlled Oral Word Association X X X X

Test (COWAT)

Single Digit Modalities Test (SDMT) X X X X

Stroop Interference Test X X X X

Trails Making Test (A) X X X X

Trails Making Test (B) X X X X

NIH Toolbox (NIH-TB) X X X X
Dietary

Multi-pass 24-hour recall X X X X
Questionnaires

36-Item Short Form Health Survey X X X X

(SE-36)

Adult Eating Behavior X X X X

Center for Epidemiologic Studies X X X X

Depression Scale (CES-D)

Cognitive & Leisure Activity Scale X X X X
(CLAS)
Community Healthy Activities X X X X

Model Programs for Seniors

(CHAMPS)

Factors Influencing Food Choice X X X X
(ECQ)

General Nutrition Knowledge X X X X
Survey

Sarason Social Support (SSQSR) X X X X
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Self-Regulation of Eating Behavior X X X X
(SREBQ)
Stigmatizing Situations Inventory X X X X
Three-Factor Eating (TFEQ) X X X X
Weight-Striving Stress Scale X X X X
Yale Food Addiction Scale X X X X

1. Cognitive function (primary outcome). Assessments of cognitive function were derived from
performance on well-established neuropsychological tests and the NIH-Toolbox cognitive
module. All cognitive assessments were completed at baseline, 3 months, 6 months, and 12
months at 30 minutes postprandial. Five standardized scores from five tests were obtained and
summed to yield a composite executive function z-score as the primary outcome. These tests
include: Controlled Oral Word Association Test (COWAT),[70,71] Single Digit Modalities Test
(SDMT),[72] Stroop Interference Test (Stroop),[73] Trails Making Test (TMTA, B).[74,75] The
Auditory Verbal Learning Test (AVLT): Total Learning and Delayed Recall[76] and the NIH
Toolbox (NIH-TB) will also be administered and were considered secondary outcomes. A
detailed overview of the cognitive assessments is presented in Table 2. All cognitive assessments
were audiotaped for quality control and proper coding of verbal tasks and were reviewed by a
member of the research team.

Table 2. Details of BB-Health cognitive assessment measures.

TEST DOMAIN(S) DESCRIPTION
ASSESSED
Primary Outcomes
COWAT Controlled response | Examines phonemic verbal fluency and response
generation generation. Participants verbalize during 1-minute periods

as many words as possible that begin with particular letters
(e.g., H, O). The restriction of response set requires
executive control and executive function for controlled

response production.

SDMT Working  memory, | Widely used and well standardized test speed and accuracy
focused  attention, | in the coding symbols associated with specific numbers is a
processing speed highly sensitive tests of brain dysfunction. The final score is

the total number of correctly entered symbols in 90 seconds.

Stroop Executive inhibitory | Assesses the extent of slowing created by attentional
control, focused | interference created by the demand of naming colors that
attention are discordant with the printed word of a different color.

The score on the Color-Word interference trial is compared
with scores on color word reading and color naming in the
absence of interference. For each of the 3 tasks, scores are
based on the number of colors correctly named in 45
seconds, with these scores computed to yield a Stroop

Interference z-score.

TMT-A Attention, speed of | Involves the use of a pencil to connect a series of numbers

processing in ascending order that are distributed over a sheet of paper
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as quickly as possible. Completion time provides the

performance measure that is converted to a z-score.

TMT-B Attention and | Similar to Trail A, except that alternation of an ascending
executive control - | sequence between numbers and letters distributed over the
inhibition (set | page is required (e.g., 1-A-2-B...). The number-letter
switching, sequence is connected by pencil. Completion time provides
processing speed) the performance measure that is converted to a z-score.

Additional Outcomes

AVLT Learning and | The AVLT is a verbal learning and memory test. A list of 15

memory words is presented to the participant over five trials with

recall assessed immediately following each trial. Recall for
these words is assessed after presentation of an interference
list B after the five trials. Delayed recall of the first 15 word
list is then assessed after a 15-minute interval.

NIH-TB Fluid and crystalized | The cognitive module of the NIH-TB was developed to

cognitive function assess fluid and crystalized cognitive functions via
computerized (IPAD) administration. It takes 30-45
minutes to complete and contains seven primary tasks
(Flanker Inhibitory ~Control and Attention Test,
Dimensional Change Card Sort Test, List Sorting Test,
Pattern Comparison Processing Speed Test, Picture
Sequence Memory Test, Picture Vocabulary Test, and Oral
Reading Test).

2. Cerebral hemodynamics. Measures of cerebral blood flow (CBF) and oxygenation were collected
at each study visit in fasted and two-to three-hours postprandial states. Microvascular CBF was
measured using continuous-wave diffuse correlation spectroscopy (CW-DCS) equipped with a
785 nm laser source and four single-photon avalanche diode detectors, which provided a
continuous index of blood flow (BFi).[77,78] A 3D-printed flexible sensing probe was designed
with a short source-detector distance of 5 mm for scalp blood flow and two long distances of 25
and 30 mm for cerebral blood flow monitoring, which was connected to the DCS source and
detectors and positioned on the subject’s forehead.[79-81] The DCS optical data were acquired
at 150 MHz. On the opposite forehead, cerebral oxygenation was measured using near-infrared
spectroscopy (NIRS), an established method which measures light attenuation due to absorption
of hemoglobin to non-invasively monitor hemoglobin oxygen saturation in biological
tissues.[82,83] This metric was also used as a surrogate measure of cerebral blood volume (CBV)
changes. The NIRS was a battery-operated headband with source-detector distances of 8, 28, and
33 mm, made of 735 and 850 nm LED light sources and photodiode detectors on a flexible printed
circuit board, as originally described.[84] The NIRS data were acquired at 266 Hz. Together, DCS
and NIRS provide an array of cerebral hemodynamic biomarkers that uniquely characterize
brain health and function. Respiratory pattern and EKG was recorded via Biopac. The acquired
data were time-synchronized using the devices” timestamps and common trigger signals.

3. Fasting duplicate measurements of weight were taken to 0.1 kg at each study visit. Our
standard protocol[85,86] requires the use of the same calibrated scale, and removal of shoes,
outer clothing, and heavy items. Brachial systolic and diastolic blood pressure were measured
after weight measurements, as an index of the effects of the supplements on cardiometabolic
health. Three measurements were performed after a defined rest period, with the last 2
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averaged.[86] An automatic blood pressure cuff was used, with cuff sizes based on each subject’s
left arm circumference.

4. Biospecimens. Fasting blood samples (25 ml) were taken at baseline, 6, and 12 months, and
processed for storage in our Clinical Laboratory Improvements Amendment (CLIA)-certified
laboratory. Because of anticipated changes in blood glucose and insulin sensitivity,[87] HbAlc,
fasting plasma glucose and fasting serum insulin levels were measured at each timepoint.
Apolipoprotein E4 (ApoE4) genotypes also influence risk of AD and were measured in our core
facility.[88,89] Fasting urine samples were also collected in order to evaluate adherence to
supplement consumption by assessing catechin metabolites.

5. Self-reported health outcomes via validated questionnaires. Demographic variables and family
history of dementia and AD were assessed at the start of the study and updated as relevant. In
addition, health-related quality of life, functional activities, sleep, depression, eating behaviors,
activity and activities of daily living were assessed, using NIH-recommended instruments when
available.[90-96] A complete list of questionnaires is included in Table 1.

6. Dietary adherence. For dietary adherence, we used the multiple-pass interviewer-administered
24-hour dietary recall method.[97] In past studies, we have achieved 90% accuracy relative to
gold-standard assessments with this method.[98] Three daily recalls were performed on random
days by telephone at screening (to determine if plausible records can be obtained[99]) and these
data were used as baseline data for enrollees. Three recalls were collected on random days after
each visit at the 3-, 6- and 12-month timepoints. The collected data includes efforts to obtain both
general dietary intake information for the period of collection and specific information relevant
to this study (e.g., type of chocolate consumed, if any). The records will be analyzed to quantify
daily nutrient intakes and intakes of nutrients of particular interest (cocoa polyphenols,
DHA+EPA, % adequacy of micronutrients relative to Dietary Reference Intakes), using Nutrition
Data System for Research software (Nutrition Coordinating Center, University of Minnesota,
Version 2021 or latest). Information will be used to calculate a Healthy Eating Index score[100]
and a MIND diet score,[24] which will be used as metrics for adherence to the dietary
recommendations of the WL intervention.

Participant Rights and Safety

The BB-Health Feasibility trial is being conducted in accordance with the tenets of the
Declaration of Helsinki. All participants review and sign an informed consent form prior to
completing any study-related assessments and are advised that they may withdraw from the study
at any time and for any reason. Oversight of the BB-Health Feasibility trial is provided by a data and
safety monitoring board (DSMB) that is independent of the study sponsor. Members were approved
by NIH prior to committee formation and provide NIH with their independent report on study
progress. The study protocol (including amendments) is reviewed and approved by the Institutional
Review Board at Tufts University. Reports summarizing participant safety and adverse events are
presented to the DSMB every 6 months. The occurrence of adverse events is inquired about during
each study visit and during each videoconferencing session. Adverse events are promptly reported
to the study physician on a schedule defined by the Tufts IRB, including serious adverse events
within 24 hours.

Power Calculations

Statistical power was calculated using simulations based on a mixed-effects linear model with
subject-specific random intercepts and fixed effects for group, time, and group by time interaction
using outcome-specific correlations among the four repeated measures. The primary outcome is age-
sensitive cognitive composite z-score based on well-established standardized scores on 5
neuropsychological tests: Controlled Oral Word Association Test (COWAT),[70,71] Single Digit
Modalities Test (SDMT),[72] Stroop Interference Test (Stroop),[73] Trails Making Test (TMTA,
B).[74,75] Secondary endpoints are cerebral hemodynamics (i.e., CBFi measured with NIRS/DCS and
macrovascular CBFV measured with TCD) during fasting and postprandial states. We aimed to
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screen 144 participants (all at Tufts), enroll and randomize 48 participants, and have at least 36
completers.

Primary outcome: In a previous study, high cocoa flavanol supplementation (8 week change=0.7,
SE=0.03, n=30) improved cognition z score 0.63 units more than the low flavanol group (8 week
change=0.1, SE=0.07, n=30).[53] In a 12-month diet and exercise study, where the diet-only group is
similar to WL group in this study, the diet-only group (12 month change=1.7, SE=0.4, n=26) improved
3MS by 1.5 compared to the control group (12 month change=0.1, SE=0.4, n=27).[101] With 50 subjects
per group, we have 87% statistical power for the omnibus test for group effects (time by group
interaction term in the mixed-effects model) for changes in the cognitive z-score of 0.31 between
control group compared to each of MCNS and WL arms.

Secondary Outcomes: In a previous 12 month study, mean for overall perfusion increased from
74.4 ml/100g/min (SE=1.7, n=107) at baseline to 87.0 ml/100g/min (SE=2.4, n=107) at 12 months.[102]
The sample size yields 80% power to detect 12.6 ml/100g/min change in CBF in MCNS and WL arms.
Neurovascular coupling (NVC%) was reported in a previous 30-day cocoa intervention to measure
blood flow velocity. NVC had an 8% difference between flavanol-rich and flavanol-poor groups
(5.6%, SD=7.2% vs. -2.4%, SD=4.8%; n=17) in those with impaired NVC at baseline.[103] For CBFV,
the sample size yields 82% power to detect 5% change in neurovascular coupling in MCNS and WL

arms. Power calculations for all outcomes assume 25% additive increases in the MCNS+WL combined
treatment group over treatment arms with individual agents. As this is a pilot study, no multiple
comparison correction is incorporated into the power calculations.

Data Management

This study will generate primary data consisting of recruitment and retention statistics,
adherence metrics, and data on the primary and secondary outcomes: cognitive testing (administered
electronically via tablet or using hard copy forms), cerebral hemodynamic data, electronic survey
questionnaires, clinical measures (weight, vitals, cerebral hemodynamics, cognitive measures), multi-
pass 24-hour dietary recalls, and blood measures. The cognitive and cerebral hemodynamic measures
were captured using instrument-specific software. Other data were collected primarily through
REDCap, a secure web-based portal for maintaining research-related data that includes features to
ensure data quality. Dietary data were recorded separately, stored in NDSR, and copied into
REDCap. We will utilize REDCap’s built-in features to ensure data quality, including features for
data validation and data range functions to prevent entry of impossible values (e.g., negative body
weight or implausible weight changes). All data entry was blinded to randomization, and raw scores
were entered in duplicate into REDCap by two different individuals. Hard copies and/or electronic
records of all responses on tests were stored as backup.

Statistical Analysis Plan

The primary analysis by intention-to-treat will include all randomized participants in their
assigned treatment arm. Treatment effects of MCNS, WL, and combined MCNS+WL will be
estimated through contrasts for comparisons between 1) MCNS vs. control, 2) WL vs. control, and 3)
MCNS+WL vs. control in the primary analysis.

Cognition (Primary Outcome)

Cognitive tests were administered at baseline, 3, 6, and 12 months. Duplicate measures on
separate days were obtained at baseline and averaged. The overall z-score will be computed by
converting log-transformed scores from the individual tests to standardized scores (all individual
tests except for global cognition), summing the individual tests and rescaling to obtain a standardized
composite score as the primary outcome. The intervention effect will be tested using linear mixed-
effects linear models to partition the fixed effects of treatment group, time, and their interaction.
Subject will be included as a grouping term and a random intercept will be included in the model.
Statistical significance will be set at a two-sided alpha of 0.05. The primary hypothesis will be tested
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by assessment of the interaction term between treatment group and time, assuming a linear time
trend which tests the overall group effect (omnibus test) between all 4 arms. Planned comparisons
will be estimated after the fitting of the model using contrasts with Dunnett’'s method to control
experiment-wise type I error rate. Sphericity assumption will be examined using Mauchly’s test and
variable transformations will be applied for outcomes that do not satisfy linear modeling
assumptions of normality. We will report primary analysis results from minimally adjusted models
as recommended in CONSORT guidelines,[104] adjusted for stratifying variables (age and BMI) and
baseline outcome measure only. Additional covariates will be used in sensitivity analyses to increase
precision in the estimated treatment effect and address potential confounding including sex, ApoE4
variant, education, race/ethnicity, presence of a known risk factor for accelerated cognitive decline
(any of the following diabetes, hypertension, family risk of dementia or AD before 60), physical
activity, and any subject characteristics found to be imbalanced at baseline. Treatment effects by sex
and ApoE4 gene will be estimated and reported from analyses.

Cerebral Hemodynamics (Secondary Outcomes)

CBFi and CBFV were measured in fasting state and fed state on each study visit. Acute effects
of the interventions will also be explored using repeated measures ANOVA (within-subject change
between fasting and fed states on a single day) in subgroup analysis by intervention. If there are no
significant differences between the two states, an average of each will be used for analyses, while if
differences are observed the measurements will be analyzed separately. The statistical modeling
approach for CBFi and CBFV will be implemented in the same way as described for the primary
outcome. Statistical significance will be set at a two-sided alpha of 0.05 for each cerebral
hemodynamic outcome and no multiple comparison adjustment will be applied as these are
secondary outcomes. Descriptive outcomes (changes in cardiometabolic health, self-reported health,
and activities of daily living) will be summarized by randomized intervention group.

Time-Course Effects and Adherence (Exploratory Outcomes)

To examine the pattern of intervention effects over time for all cognitive variables, CBFi, and
CBFV, nonlinear time trends within the mixed-effects models will be fit using restricted cubic splines
or polynomial terms, and their use will be informed by local regression smoothing plots. Exploratory
per-protocol analysis will be conducted excluding low-adherent participants.

Predictors of Cognitive and Cerebral Hemodynamic Responses (Exploratory Outcomes)

Predictors of cognitive and cerebral hemodynamic responses will be identified using association
analysis. Predictors in consideration include adherence for the intervention, measured dietary intake
of constituents of the MCNS (flavanol, vitamins, and omega-3 fatty acids), and cardiometabolic
measures (including blood pressure, lipid panel, HbAlc, type 2 diabetes, obstructive sleep apnea,
and genetic variants of the ApoE4 gene). Multiple linear regression models will be used with
adjustment on the intervention group.

Individual Cognitive Functions (Exploratory Outcomes)

Assessment of individual cognitive functions will be performed using the modeling approach
described for the primary outcome.

Discussion

Due to rapid growth in the population of older adults, strategies specific to reducing the
increasing burden of cognitive decline[5,105,106] are a global public health priority and are critical to
a healthy and successful aging process.[107] Older adults will spend a comparatively larger
proportion of their lives at an older age compared to previous generations and consequently have a
marked increase in their risk of developing an age-related chronic disease.[108,109] Extending the
healthspan, or the number years spent in good health,[110] is therefore critically important. While



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 March 2024 i:10. reprints202403.1038.v1

15

great interest in compromised cognitive health is a top public health and research priority, the extent
to which nutritional components can help alleviate this burden has not been determined.

We recently reported the benefit of an MCNS approach for undernourished children,[111,112]
and observed significant improvements in cognitive function and CBF during a six-month
intervention. While this work was not conducted in older adults with obesity, similar principles of
comprehensive nutrition theoretically apply to children and adults, particularly because both groups
have low micronutrient intakes[113,114] and are known to have a vulnerability to cerebral
inflammation and oxidative damage[115-120] that amplify risk for cognitive impairment.

The prevalence of overweight and obesity in adults is high (currently >70% of adults over age
60 years have overweight and >40% have obesity).[121] Multiple factors are thought to be important
to the etiology of obesity-related cognitive impairment in older adulthood. The brain has the highest
energy expenditure per unit mass of any organ, and structural and functional integrity of the brain
depends on high blood flow to ensure an adequate supply of nutrients and oxygen plus structural
building blocks for synthesis of neurotransmitters and remodeling and repair of brain
tissues.[80,122,123] Cerebral blood flow (CBF) is therefore suspected to be a core biomarker of
cognitive health,[39,80,124] especially since declining CBF precedes longer-term changes in
cognition.[125] The reduced CBF observed in obesity[126] is likely both a cause and a consequence of
neuronal death, resulting in a negative cycle of obesity and reduced CBF contributing to
progressively worsening cognitive impairment.[123] Common comorbidities associated with obesity,
including hypertension and sleep apnea, cause additional reductions in CBF,[8,127-130] and several
of the biochemical processes associated with dementia and AD appear to share common mechanisms
with cerebrovascular disease markers.[130-132] Vascular etiologies increase AD risk, and reduced
CBF occurring with AD is linked to amyloid deposition.[133-137] The aging brain is also susceptible
to inflammation, oxidative damage, a negative cycle of reduced CBF, neuronal injury, and
suppression of neurogenesis.[115-119] Systemic inflammation due to obesity is also harmful because
it promotes cerebral inflammation and reduces the functionality of the blood-brain barrier.[138,139]

If proven efficacious, the novel MCNS has potential to attenuate age-related cognitive decline
and improve brain health. The BB-Health Feasibility Study could significantly contribute to our
understanding of the influence of diet and weight management. Further interventional studies will
be needed to elucidate our understanding of the relationship between food components, weight loss,
and cognitive health. This research is relevant to dietary recommendations for an older adult
population, and our results will contribute to the long-term understanding of how nutrition
modulates a variety of outcomes and may ultimately inform new preventative and therapeutic
strategies.
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