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Abstract

Obesity has been linked to cognitive impairment, cognitive decline and dementia. Given that 

38.5% of U.S. adults 60 years and older are obese and these numbers are rapidly increasing, 

strategies to decouple obesity from cognitive decline are needed. Innovative lifestyle strategies that 

may postpone the onset of subclinical symptoms or even arrest the transition to overt dementia in 

at-risk individuals are critically needed. Poor diet is central to the development of obesity and diet 

may affect cognition. Adherence to a Mediterranean Diet (MedDiet) is associated with reduced 

risk of cognitive impairment and dementia. Furthermore, weight loss through caloric restriction 

improves cognitive function. This paper describes the Building Research in Diet and CoGnition 

(BRIDGE) study, a randomized trial examining the effect of the MedDiet, with and without weight 

loss, on cognitive functioning in obese older adults. Obese (BMI ≥30 and ≤50 kg/m2) older adults 
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(≥ 55 years) (n = 180) will be randomized in a 2:2:1 allocation scheme to: Typical Diet Control; 

MedDiet alone, without weight loss; or MedDiet lifestyle intervention to promote weight loss and 

weight loss maintenance. Both MedDiet intervention groups will meet for one individual session 

and 27 group sessions over an 8-month period. Individuals in the control group will be asked to 

maintain their current lifestyle. Outcomes will be assessed at baseline, 8 and 14 months. The 

primary outcome is cognitive functioning; secondary outcomes will include changes in body 

weight, diet, cardiovascular, metabolic, and inflammatory biomarkers.
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1. Introduction

In the United States (U.S.), dementia affects approximately 10% of adults over 65 and 30% 

of adults over 80. (1, 2) Moreover, > 20% of older adults exhibit subclinical cognitive 

impairments (3) African Americans and Hispanics are more likely than non-Hispanic whites 

to suffer from cognitive impairment, dementia and Alzheimer’s disease (4-6) and are also 

disproportionately affected by obesity. (7) While the deleterious effects of obesity on 

cardiovascular (CVD) and metabolic disease risk are well-documented, (8) some 

preliminary evidence also suggests that obesity is independently linked to cognitive decline 

and dementia. (8, 9) Obesity may contribute independently to cognitive decline and 

dementia through metabolic, inflammatory and neuronal abnormalities. (10) Although, a 

recent systematic review questions the independence of this relationship given the 

methodologic limitations of the current literature, specifically failure to control for 

comorbidities that are known to influence cognition including CVD, type 2 diabetes, 

dyslipidemia, and depression. (10) Nonetheless, when these comorbidities are considered, 

there is modest evidence of an independent relationship between obesity and psychomotor 

performance and speed, visual construction, verbal memory, concept formation, and 

decision-making. Given the paucity of efficacious pharmacological treatments to prevent 

cognitive decline, (11) innovative lifestyle strategies that may postpone the onset of 

subclinical symptoms or even arrest the transition to overt dementia in at-risk individuals are 

critically needed. (12-14)

Lifestyle behaviors are central to the development and maintenance of obesity and may 

influence onset and progression of cognitive decline. (12) In cross-sectional and 

observational studies, the consumption of foods high in saturated fat and calories and 

physical inactivity (15, 16), increase the risk of cognitive decline. (17) Observational studies 

show that adhering to a Mediterranean Diet (MedDiet), characterized by high intake of 

vegetables, fruits, whole grains, nuts, legumes, unsaturated fatty acids, and modest alcohol 

consumption with meals, is associated with slower cognitive decline, improved cognitive 

function, and decreased risk for dementia, independent of body weight. (18) Furthermore, 

early evidence from the European PREDIMED intervention trial indicates that adoption and 

adherence to a MedDiet rich in olive oil or nuts is associated with better cognitive 

performance in older adults at vascular risk compared to a individuals randomized to a low-
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fat eating pattern. (19) Healthy dietary fats and antioxidant- and polyphenol-rich foods 

abundant in the MedDiet may work synergistically to improve cognitive function through 

improved glucose metabolism, reduced blood pressure and lipids, and lower systemic 

inflammation and oxidative stress. (19-21) Lifestyle interventions leading to weight loss 

may also improve functional capacity and cognitive function in obese individuals (22-24) 

through similar beneficial changes to lipid and glucose metabolism, inflammation, and 

oxidative stress. (25-27) Thus, we hypothesize that the combined effect of the MedDiet plus 

lifestyle intervention for weight loss will result in even greater improvements in metabolic, 

inflammatory, and other CVD risk factors, but also in cognitive functioning, compared to a 

MedDiet alone. However, to our knowledge, no randomized clinical trials (RCTs) in the U.S. 

have examined the effect of the MedDiet alone or combined with lifestyle intervention to 

promote weight loss on cognitive functioning in a racially and ethnically diverse sample of 

obese older adults.

This paper describes the design of the Building Research in Diet and CoGnition (BRIDGE) 

trial that will test whether a MedDiet with caloric restriction to promote weight loss 

(MedDiet-WL) produces better results than a MedDiet alone without caloric restriction 

(MedDiet-A) or Typical Diet Control condition on the primary outcomes of cognitive 

functioning, and secondary outcomes of weight control, dietary intake, cardiovascular, 

metabolic, and immune-related biomarkers within a sample of obese older primarily 

minority adults.

2. Methods

The BRIDGE trial was approved by the University of Illinois at Chicago (UIC) Institutional 

Review Board. All participants will provide informed written consent prior to study 

participation. The BRIDGE trial is registered at ClinicalTrials.gov (NCT03129048).

2.1. Study Design

This study is a three-arm RCT that will randomize in a 2:2:1 allocation scheme, 180 obese 

(BMI ≥ 30 kg/m2 and ≤ 50.0 kg/m2) older adults (55 - 85 years of age) to: 1) Typical Diet 

Control; 2) a MedDiet alone (MedDiet-A) lifestyle program; or 3) a MedDiet with lifestyle 

program to promote weight loss (MedDiet-WL). Both MedDiet lifestyle interventions are 8 

months long and include one individual and 27 group sessions at community sites such as 

local park districts and senior centers. Following the 8-month intervention, there will be a 6-

month minimal contact maintenance period. Participants randomized to the Typical Diet 

Control condition will not receive encouragement to change current lifestyle behaviors. 

Study outcomes will be assessed at baseline, 8 months, and 14 months. Figure 1 provides an 

overview of the study design.

2.2. Setting and recruitment

We are partnering with the Chicago Park District (CPD) to conduct the BRIDGE trial. We 

will implement the trial in three waves with 60 people randomized per wave (24 participants 

per MedDiet intervention arm and 12 participants in the control arm) to enroll a total of 180 
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individuals. We plan to involve three CPD sites on the south, west, and north sides of 

Chicago.

Participants will be recruited through advertisements and research staff presentations at the 

CPD sites and City of Chicago Senior Centers located in close proximity to the CPD sites. 

The trial will also be advertised through paid print ads placed on Chicago public transit (i.e., 

buses and subway trains). We expect the full cohort to be 20% male and 80% female and 

approximately 50% African American, 25% Hispanic, and 25% Caucasian, which is 

representative of the racial/ethnic mix of older adults residing in and around the intervention 

site neighborhoods.

2.3 Participants

2.3.1. Phone screen for basic inclusion/exclusion criteria—Potential participants 

will first be screened for eligibility over the phone by research staff.

Inclusion criteria:  Men and women 55 - 85 years of age, BMI 30.0 – 50.0 kg/m2 based on 

self-report height and weight, willingness to: participate in measurements and intervention 

procedures including maintaining current dietary intake and level of physical activity; 

provide informed consent; and be randomized. Participants must also understand English 

and plan to reside in the Chicago area for the upcoming 14 months.

Exclusion criteria:  < 55 or > 85 years of age, BMI < 30.0 or > 50.0 kg/m2, significant 

health conditions including a diagnosis of dementia, renal disease, autoimmune disorders, 

immunodeficiency, severe pulmonary disease, bariatric surgery, neurological disease, 

schizophrenia, bipolar disorder, treatment for cancer in the previous 12 months, using 

Coumadin, illicit drug use, excessive alcohol intake defined as greater than 2 alcoholic 

drinks daily, > 450 lbs. due to the weight limitations of the body composition scanner, 

currently on a weight loss diet or enrolled in a formal weight loss program, or participating 

in memory/concentration research in the previous 12 months.

2.3.2. In-person eligibility screening visit: If a potential participant meets the initial 

eligibility criteria during the phone screen, he/she will be invited to an in-person eligibility 

screening visit at UIC. During this visit, BMI will be verified by measuring height with a 

fixed stadiometer and weight with an electronic scale. Individuals will then be screened 

using the Montreal Cognitive Assessment (MoCA), (28) a sensitive screen for cognitive 

impairment recommended by the National Institute of Neurological Diseases and Stroke and 

Canadian Stroke Network’s Neuropsychology working group. (29) Participants obtaining 

scores ≥19 will be included in an effort to increase the generalizability of the study and 

accrue participants with objectively assessed mild cognitive deficits (e.g., MoCA 19-26) 

who could potentially benefit most from the intervention. We will also assess current 

adherence to a MedDiet using a 13-item screener developed by Martinez-Gonzalez and 

colleagues (30) and adapted by our team for a U.S. population. Those scoring ≤6 points on 

the screener will qualify for study inclusion. Persons meeting the eligibility criteria for BMI, 

MoCA, and MedDiet adherence will be invited to enroll in the study and to undergo baseline 

assessments.
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2.4 Interventions

2.4.1. Theoretical underpinnings—The Social Cognitive Theory (SCT) (31, 32) and 

Self-Determination Theory (SDT) (33, 34) were used to guide the development, intervention 

design, and measures selection. SCT suggests that behavior change occurs as a result of the 

dynamic interaction between modifications of behavior, cognition (self-efficacy, perceptions 

of barriers to lifestyle changes), and the environment (social support), and that modeling and 

reinforcement can be used to encourage change. SDT is a broad-based theory of human 

motivation (35) that is increasingly cited to explain how personal and intrinsic motivation 

leads to improved eating patterns. (36) According to SDT, an individual’s increased intrinsic 

motivation to improve eating patterns should positively relate to self-efficacy and the ability 

to overcome barriers and solicit support. Both the MedDiet-A and MedDiet-WL intervention 

arms will use self-monitoring food diaries, individualized goal setting, and shared problem-

solving to increase mastery and goal achievement in small incremental steps to enhance self-

regulatory skills related to the MedDiet interventions.

2.4.2. Intervention instructors—Instructors delivering the MedDiet-A and MedDiet-

WL interventions will be certified and licensed registered dietitians referred to herein as the 

study RD(s). One study RD will be assigned to the MedDiet-A intervention and one study 

RD to the MedDiet-WL intervention. A third study RD will serve as the master intervention 

trainer, will perform intervention fidelity checks, and will also conduct the one-on-one in-

person counseling sessions for control participants as described below. A certified physical 

activity instructor will lead the once weekly supervised physical activity session included in 

the MedDiet-WL intervention arm only.

2.4.3. Intervention instructor training—The study RDs implementing the MedDiet 

interventions will engage in one-on-one and group training sessions with the master 

intervention trainer. Topics covered during the training include: aims of the study; concept of 

and health benefits of a MedDiet; theoretical underpinnings of the trial including how to 

promote behavior change strategies consistent with the SCT and SDT models; overview of 

the dietary intervention (MedDiet-A or MedDiet-WL) specifically the food exchange list 

approach; discussion of establishing rapport with participants during the one-on-one 

meetings and group sessions to promote enthusiasm and retention; and instruction regarding 

weekly body weight assessment and dietary adoption and adherence checks using a MedDiet 

adherence screener. (30) The study RDs will also review and role play the group-based 

curriculum during the training sessions.

2.4.4. In-person session with intervention instructor—Participants in both the 

MedDiet-A and MedDiet-WL groups will attend a one-hour, individual, in-person session 

with a study RD during the two weeks prior to the start of the group-based sessions. The 

study RDs will provide a brief overview of the program, the benefits of consuming a 

MedDiet, and detailed instructions on adopting an eating pattern consistent with the 

MedDiet using an easy to follow MedDiet exchange list approach originally developed by 

Djuric and colleagues (37) with an accompanying exchange list booklet developed by our 

team. For the MedDiet-A group, dietary advice and corresponding MedDiet exchange lists 

will be given within the context of promoting weight stability. For the MedDiet-WL group, 
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advice and exchange lists will be designed to promote a 1-2 lb. per week weight loss (an 

approximately 30% calorie restriction or a reduction of approximately 600 calories per day) 

for an end goal of a 7% weight loss from baseline body weight at 8 months that should be 

maintained through 14 months. Daily energy needs in both groups will be determined using 

the sex-specific Institute of Medicine Dietary Reference Intakes Macronutrient Report 

Estimated Energy Requirements (EER) equation with an activity factor representative of the 

participant's self-reported baseline physical activity. (38) During this meeting, the study RD 

will also work with the participants to tailor the MedDiet Exchange list to accommodate for 

existing health conditions, taste, and cultural preferences. Participants in both MedDiet 

groups will receive a tracking booklet and instructions on how to self-monitor daily food and 

beverage intake using a checklist format corresponding to their individual MedDiet 

exchange list recommendations. The in-person session with the study RD will incorporate 

behavioral change strategies consistent with the SCT and SDT theories. Thus, this training 

will underscore the concepts of self-efficacy and intrinsic motivation through goal setting 

problem solving self-monitoring and social support to enhance adherence to the dietary 

recommendations. (37, 39, 40)

2.4.5. Intervention diets—As described above, the MedDiet intervention groups will 

be advised to adopt and consume a MedDiet by utilizing an individualized dietary exchange 

list. The MedDiet-A and MedDiet-WL groups will be prescribed diets with similar macro- 

and micronutrient composition that diverge only in total calories (Table 1). Both groups will 

be advised to consume 6 - 10 exchanges of a variety of non-starchy fruits and vegetables; 5 - 

11 exchanges of grain foods, with an emphasis on whole grain selections; 2 - 4 exchanges of 

low-fat dairy; 5 - 6 ounces of lean or very lean poultry, meat, or seafood; and at least one 

exchange of tree nuts, including almonds, per day and 1 - 2 exchanges of red wine with 

meals (this will be omitted and swapped for another exchange for participants who abstain 

from alcohol). Emphasis will be placed on consuming olive oil as the main fat, with a 

recommended consumption of at least 2 tablespoons daily. Consumption of fast foods, red 

and processed meats, fried foods, pastries, typical snack foods (e.g., chips), refined 

carbohydrates (e.g., white bread, pasta, and rice), sugared beverages, and high-fat dairy 

foods will be discouraged.

2.4.6. Group-based interventions—The MedDiet-A (60 minutes) and MedDiet-WL 

(90 minutes) interventions will each include 27 in-person group sessions conducted by the 

study RDs. Group sessions will be approximately weekly for though month 6 and bi-weekly 

thereafter. Table 2 describes the session content. For sessions 1 – 19, both MedDiet-WL and 

MedDiet-A groups will receive the content presented in Table 2, column 1. This content 

focuses on making lifestyle changes and adopting and maintaining a MedDiet eating pattern. 

Additional content will be presented to the MedDiet-WL group during sessions 1 – 19 that 

focuses on weight loss through caloric restriction and engaging in physical activity at a level 

consistent with public health recommendations (Table 2, column 2). In sessions 20 – 27, 

both intervention arms will receive content pertaining to maintaining lifestyle changes 

consistent with a MedDiet eating pattern. The Med-WL arm will also receive content 

pertaining to weight loss maintenance. To increase adoption and adherence to a MedDiet 

pattern, we will also provide 1 ounce of almonds daily, olive oil, and $10.00 weekly to 
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participants in both the MedDiet-A and MedDiet-WL who bring in a grocery receipts 

reflecting food purchases consistent with the MedDiet (e.g., fruits, vegetables, whole grains, 

and legumes). To help facilitate physical activity in the Med-WL arm, primarily through 

increasing daily steps, participants will be provided with a FitBit ™that will track steps, 

distance, calories burned, active minutes, and stationary time.

2.4.7. Physical activity—The MedDiet-WL group will be prescribed an activity 

program consistent with the American College of Sports Medicine (41) and to programming 

prescribed in the DPP (42) and Look Ahead trials (43, 44) with an initial recommendation of 

100 min/week progressing to 150 min/week within six weeks. Participants will be 

encouraged to be active in bouts of > 10 minutes and at a moderate-to-vigorous intensity 

level, i.e., walking briskly or jogging. (45) Increasing daily steps will also be encouraged 

with a goal of 10,000 steps per day consistent with the goals of America on the Move (http://

anschutzwellness.com/community-programs/), a nonprofit initiative designed to advance 

“small change’” approaches to addressing obesity by modifying diet and physical activity. 

(46) In addition, at each group session, 30 minutes of supervised structured physical activity 

conducted by a certified physical activity instructor will be implemented. Sessions will be 

set to music and will focus on strength, flexibility, and cardio exercises. Participants in the 

MedDiet-A and Typical Diet Control group will not be encouraged to change their level of 

physical activity during the trial.

2.4.8. Monitoring participant adherence—Several methods will be implemented to 

optimize and assess compliance throughout the trial. First, we will monitor session 

attendance. Participants that screen eligible but anticipate missing more than three sessions 

if randomized to the interventions will be asked to defer to a later iteration. For MedDiet-A 

and MedDiet-WL, participants that miss more than two consecutive classes (staff not alerted 

prior to absence), will be called by research staff to encourage regular attendance. Second, 

the study RDs will call each participant during the first two weeks of the trial to assess 

adherence to the dietary recommendations using a MedDiet adherence screener. (32) Third, 

body weight will be privately assessed at each group session, and participants’ randomized 

to the MedDiet-WL group who lose < 1 pound per week will meet one-on-one with the 

study RD to identify barriers to adoption and adherence. When necessary, the study RD will 

revise the participant’s MedDiet exchange list and meet with the participant to review the 

new dietary targets. Similarly, in the MedDiet-A group, if weight changes ± 2% from 

baseline, the study RDs will adjust the MedDiet exchange list and review it with the 

participant in order to promote weight stability.

2.4.9. Intervention fidelity checks—Program fidelity will be monitored throughout 

the trial to ensure that the interventions are implemented as intended. During a given 

iteration, the master intervention trainer will attend two individual sessions per study RD 

and three group sessions for both the MedDiet-A and MedDiet-WL arms to assess fidelity to 

the program content using a checklist developed by the study team.
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2.5. Typical Diet Control Condition

A study RD will meet with each participant randomized to the control group for 60 minutes 

in weeks 1/2 of the 14-month program. The participant will be instructed to maintain current 

eating and activity patterns and weight over the upcoming 14 months. No dietary or physical 

activity change recommendations will be provided. The control group will receive weekly 

health-related newsletters (e.g., dental health, flu facts, poison control, and sun safety). To 

assure compliance with eating, activity, and weight maintenance instructions, participant 

weight will be assessed in-person by an intervention instructor at around 3 months. During 

this visit, the instructor will also evaluate if the participant has adopted a MedDiet eating 

pattern using the MedDiet adherence screener. (30) Individuals who have > 2% weight loss 

from baseline or dietary changes consistent with adoption of a MedDiet will receive 

additional instruction from the study RD to maintain baseline lifestyle patterns. Like the 

MedDiet groups, the control participants can also receive $10 weekly for bringing in their 

grocery receipts for any foods purchased; this will also serve as an additional opportunity to 

monitor dietary intake. No other contact will be made except for the baseline, 8 and 14-

month follow-up data collection visits. At the end of the 14-month trial, all MedDiet-WL 

intervention materials in a self-directed format and an in-person visit with a study RD will 

be offered to participants in the control group. The minimal contact in the control condition 

could pose a challenge for retention. However, we have found that an individual session 

following the completion of the intervention and a self-guided program is effective as a 

retention tool.(47, 48)

2.6. Data collection and measures

2.6.1. Procedures and training—All data collection staff will be trained by the project 

coordinator and the Diet and Behavior Shared Resource staff of the Cancer Center to ensure 

high-quality and standardized consent and assessment procedures. A protocol manual will 

be developed for all study measures and will include step-by step instructions for written 

informed consent, survey administration, anthropometric assessment, cognitive testing, body 

composition measurement via Dual Energy X-ray Absorptiometry (DXA), diet assessment, 

and biological sample procurement, processing and storage. Data will be collected at 

baseline, post-intervention (8 months) and end of study (14 months). Data collection will 

occur on the UIC campus or at the participating CPD intervention sites.

2.6.2. Measures—An overview of all study measures and time-points that each measure 

will be assessed is presented in Table 3.

2.6.2.1. Cognitive protocol.: We have selected a 60-minute neuropsychological protocol 

in keeping with standards for the description and study of cognition associated with vascular 

risk developed by the National Institute of Neurological Disorders and Stroke and the 

Stroke-Canadian Stroke Network’s Neuropsychology working group. (29) Alternate forms 

of test measures will be used where possible to guard against practice effects from repeat 

testing. The cognitive protocol is comprised of the following and will be administered by 

trained psychometrists overseen by a licensed Clinical Neuropsychologist (Lamar):
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Digit span test.: This test from the Wechsler Adult Memory Scale – III (WAIS-III) (49) 

assesses auditory attention (Forward) and working memory in the form of mental 

manipulation (Backward and Sequencing). Participants repeat digits of increasing length, 

first in the forward direction as they have heard the numbers, and then are required to either 

hold the sequence in mind while re-ordering the information into the reverse order 

(Backward) or while identifying either numbers or letters and re-ordering the information 

accordingly. Aspects of this task have been shown to rely not only on working memory 

associated with the prefrontal cortex, but also spatial memory and sequencing associated 

with the parietal lobe. (50, 51)

Trail making test.(52): This test measures visuomotor attention and visual search (Part A) as 

well as working memory in the form of shifting mental set between two distinct categories 

of information (Part B). Participants draw lines to connect consecutively numbered circles in 

Part A and then to connect consecutively numbered or lettered circles by alternating between 

sequences (1-A-2-B-3-C, etc.) in Part B.

Digital symbol.: This test (also part of the WAIS-III) (49) assesses attention and information 

processing speed by requiring participants to use a key to match numbers and symbols under 

time constraints.

Verbal fluency. (53): Verbal flexibility, establishing and maintaining mental set are 

measured by asking participants to rapidly generate words to a particular letter (F-A-S or C-

F-L) or category (animals) in 60 seconds. This task also requires semantic knowledge and 

language functioning.

Stroop color and word test. (54): Assessing sustained attention and cognitive interference 

inhibition, participants are asked to read a list of color words printed in black ink (attention), 

followed by X’s printed in color, and finally color words printed in incongruent colors 

(cognitive interference inhibition).

California Verbal Learning Test – II (CVLT-II) (55): This test measures auditory verbal list 

learning and short as well as long delay memory and recognition. A 16-item list is repeated 

across 5 learning trials and then followed by a distracter list, prior to short free and cued 

recall; after a 20-minute delay, free and cued recall are again tested followed by recognition 

memory to allow for distinctions between encoding and retrieval performance. Forced 

choice will also be assessed as a measure of effort.

2.6.2.2 Blood pressure and anthropomorphic measures.

Blood pressure.: Blood pressure will be assessed in duplicate using the Omron HEM-907 

(Lake Forest, IL) electronic blood pressure monitor with the participant comfortably seated 

and taking into consideration proper cuff size selection for the participant. (56) The 

participant will sit quietly for 5 minutes prior to the first assessment. Between the first and 

second reading, the participant will again sit quietly for 5 minutes prior to the second 

measurement.
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Height (baseline only).: Participant height will be assessed in duplicate to the nearest 0.5 

cm using a fixed stadiometer (seca, Birmingham, UK).

Body weight.: Participant body weight will be measured in duplicate to the nearest 0.1 kg 

using a digital scale (Tanita, Arlington Heights, IL). Body mass index (BMI) will be 

calculated as weight (kg) divided by height (m2).

Body composition.: We will assess body composition using the General Electric Lunar 

iDXA machine (GE Healthcare, US). Total body fat (grams), total body fat percentage, 

regional fat mass (trunk & extremities in grams), estimated visceral fat area (grams), total 

lean mass (grams), and regional lean mass (trunk & extremities in grams) will be extracted 

from the raw data output file and used for analysis.

2.6.2.3. Dietary intake.: Dietary intake will be estimated using the Harvard Food 

Frequency Questionnaire (HFFQ). (57) The HFFQ is a semi-quantitative, 131 food and 

beverage item questionnaire that includes responses on serving sizes and intake frequency. 

(58) This survey has been validated against food diaries, (59) and blood based biomarkers 

representative of actual nutrient intake.(60) The HFFQ will be interviewer-administered by 

trained members of our research team. The survey takes approximately 30 - 40 minutes to 

complete. Completed surveys will be processed by the Channing Lab at Harvard University.

2.6.2.4. Calculating adherence to a Mediterranean Diet pattern.: Data from the 

Harvard FFQ will be used to calculate a MedDiet adherence score. We will calculate 

adherence using the Alternate MedDiet score (aMED). (61) The aMED score is based on 

intake of 9 dietary items including vegetables (excludes potatoes), legumes, fruits, nuts, 

whole grains, red and processed meats, fish, alcohol, and the ratio of monounsaturated to 

saturated fats. The score ranges from 0 – 9 points; higher scores reflect greater adherence. 

Intake above the median is awarded 1 point each for vegetables (excluding potatoes), 

legumes, fruits, nuts, whole grains, fish and the ratio of monounsaturated fat, and 1 point is 

awarded for intake below the median for red and processed meats and for alcohol intake 

between 5-15 grams/day.

2.6.2.5. Physical activity, self-report and objectively measured.

Self-report physical activity.: The Godin-Shepard Leisure Time Physical Activity 

Questionnaire will be used to measure self-reported leisure time physical activity. (62) This 

questionnaire allows for the ranking of individuals from lowest to highest level of leisure 

time physical activity and has been validated in healthy adults and those at risk for cognitive 

impairment. (63)

Accelerometry.: To objectively measure participant physical activity, we will use the 

ActiGraph wGT3X triaxial accelerometer. (64) Participants will be asked to wear the 

accelerometer on their non-dominant wrist for 7 days. Accelerometry data will be 

downloaded and analyzed using the ActiLife program provided by the manufacturer. We 

selected the wrist-worn model for participant ease and comfort, which may translate to 
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higher compliance with our 7-day protocol. Furthermore, previous reports have cited 

moderate agreement between the wrist-worn and hip-worn Actigraph models. (65)

2.6.2.6. Functional activity capacity.: To assess functional activity capacity, we will use 

the Six-Minute Walk Test, (66) which employs a standard protocol to determine exercise 

tolerance. The test measures the distance that a subject can walk on a hard fat surface in a 

period of 6 minutes. (66)

2.6.2.7. Blood-based biomarkers: Fasting venous blood will be processed for serum and 

plasma at each time-point, according to standard protocols, and immediately sent for 

analysis to a commercial lab (Quest Diagnostics, Wood Dale, IL), or stored at −80°C until 

analysis.

Blood lipids.: Total cholesterol, low density lipoprotein cholesterol, high density lipoprotein 

cholesterol, and triglycerides will be measured by spectrophotometry at Quest Diagnostics 

(Wood Dale, IL).

Markers of metabolic risk.: Insulin, glucose, and HbA1c will be measured from serum via 

immunoassay (insulin), spectrophotometry (glucose), or immunoturbidity (HbA1c) by Quest 

Diagnostics (Wood Dale, IL).

Systemic inflammation.: Serum levels of high sensitivity C-reactive protein will be assessed 

with an enzyme linked immunosorbant assay (ELISA) (R &D systems, Minneapolis, MN).

Adipokines.: Adiponectin modulates the body’s sensitivity to insulin, is involved in glucose 

and fatty acid metabolism, and has potent anti-inflammatory effects. (67) Serum levels of 

adiponectin will be assessed via ELISA (R & D Systems, Minneapolis, MN).

Oxidative stress.: F2-isoprostanes (F2_IsoPs) are considered the best available in vivo 
biomarkers of oxidative stress, are chemically stable, detectable in all normal tissues and 

biological fluids, and increase substantially with increased oxidative stress. (68) The current 

gold standard for measuring F2_IsoPs in biological fluids, gas chromatography mass 

spectrometry (GC-MS) will be utilized to assess F2-IsoPs in plasma. (68)

2.6.2.8. Psychosocial measures.: Perceived quality of life will be assessed using the 

PROMIS© Global Health Scale version 1.2. (69) Concepts of the SCT, self-efficacy and 

social support will be evaluated via Perceived Competence Scale for Healthy Eating (70) 

and the Medical Outcomes Study Social Support Survey. (71) Intrinsic motivation, a concept 

of the SDT, will be assessed using the Treatment Self-regulation Questionnaire (72) which 

examines autonomous and intrinsic motivation and controlled and extrinsic motivation for 

weight management. Depression will be evaluated using the Center for Epidemiologic 

Studies Depression Scale (CES-D). (73)

2.6.2.9. Cardiovascular disease risk assessment.: To assess cardiovascular disease risk, 

the Framingham Risk Score will be calculated. (74) The Framingham Risk Score is a sex-

specific algorithm used to estimate an individual's 10-year cardiovascular disease risk. 
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Variable used to calculate this score include age, sex, total cholesterol, HDL cholesterol, 

systolic blood pressure, current smoker (yes/no), and currently on medication to treat 

hypertension (yes/no).

2.6.2.10. Socio-demographics.: Socio-demographic variables including race/ethnicity, 

date of birth, marital status, educational attainment, occupation, and family household 

income will be obtained.

2.7. Randomization

Shortly before the intervention classes are scheduled to begin, participants who have 

completed the baseline visit will be contacted to confirm that they still wish to participate in 

the study. The data manager, who has no contact with participants, will then use the 

Research Electronic Data Capture (REDCap) randomization module to randomly assign 

participants to one of the three study conditions: Typical Diet Control, MedDiet-A, or 

MedDiet-WL. Randomization will be stratified by program cohort (3 iterations of 60 

participants each will be conducted) for age (55-69 or 70-85 years) and level of cognitive 

function (MoCA scores – 19-26 or 27-30). Stratification prior to random assignment will 

ensure approximately equal distribution of these variables between the three treatment arms. 

Stratified block randomization sequences will be created in SAS and uploaded into the 

REDCap randomization module. To increase our power to detect differences between 

MedDiet-A and MedDiet-WL, we will use a 2:2:1 allocation ratio: 72 of the 180 participants 

will be assigned to each MedDiet group, with the remaining 36 individuals assigned to the 

control group. Due to the nature of the intervention, it will not be possible for participants 

and research staff to be blinded to the randomization assignment.

2.8. Power and sample size considerations.

The primary effects of interest are the treatment group differences in the composite score of 

executive function, memory, and attention post-intervention (i.e., at 8 months), focusing on 

the contrasts outlined in the analysis section below. We calculated the power to detect group 

differences in cognitive function using the results of the ENCORE trial(75) as a guide. The 

power estimates are based on the following specifications: 1) separate general linear models 

for executive function, attention, and memory; 2) pre-treatment cognitive function, age and 

years of education as covariates in the model; 3) an initial sample of 180 participants 

assuming 20% attrition using the intention to treat principle for analysis; 4) alpha of 0.05; 

and 5) an R2 of 0.73 and 0.47 between the covariates and executive function and memory 

(these values are taken directly from the ENCORE trial).(75)

The proposed design will provide adequate power to detect clinically meaningful effects. 

Based on our prior estimates, the proposed sample will yield a power of about 0.80 to detect 

a treatment effect of 0.32 standard deviations between treatment groups and control, and 

0.38 standard deviations between the two treatment groups for executive function. Power for 

our attention composite score will be very similar to that of executive function, as these 

measures overlapped substantially in ENCORE. (75) Similarly, our sample will yield a 

power of 0.80 to detect a treatment effect of about 0.35 standard deviations between both 

MedDiet groups and control, and 0.44 standard deviations between the two active treatment 
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groups for memory. In the previous RCT of the DASH diet, moderate effect sizes of d=0.56 

on a composite score of executive function, memory, and attention in the combined DASH 

and weight management group (compared to usual care) were observed, and an effect size of 

d=0.30 when the DASH +WL group was compared to DASH alone. We note that these 

power estimates are likely to be conservative in that we have not accounted for the additional 

power that is obtained with methods for missing data. We have achieved similar effect sizes 

in our prior work, so that these effects are feasible for this trial. With respect to secondary 

endpoints, such as systemic inflammation, oxidative stress, and body composition, we will 

have power of 0.80 to detect at least a 0.40 standard deviation difference between the active 

treatment groups (MedDiet-A and MedDiet-WL) and control, and a 0.46 standard deviation 

difference between the two active treatment groups. Assuming a 0.2 correlation between 

changes in weight and improvements in neurocognition, which were observed in ENCORE, 

(75) we would need to observe an average 6.2-lb weight loss difference between participants 

in both MedDiet treatment groups and the control group, and a 7.1-lb weight loss difference 

between participants in the MedDiet-WL and MedDiet-A groups to have 80% power to 

detect treatment mediation for changes in body composition. (76) In the ethnically diverse 

ENCORE trial, an average weight loss difference of 11 lbs. across both treatment groups 

compared with controls was observed, and an 18-lb weight loss difference between the 

combined and diet-alone groups. Among a sample of African-American women in our 

ORBIT trial, women in the intervention lost 3.0 kg, compared to a 0.2 kg gain in the control 

group, and the adjusted difference between groups was; 3.27 kg (p < 0.001). This translates 

to 7.2 pounds(47) suggesting that these estimates are realistic.

2.9. Data management

Anthropometric data, blood pressure, 6-minute walk data, and psychosocial measures will 

be entered directly in REDCap, a secure web-based portal for building surveys and 

maintaining research-related data. Cognitive measures will be collected and scored on paper 

forms, and scores will be entered in REDCap. REDCap includes a number of features for 

ensuring data quality, such as data type validation (integer, date, etc.) and range checks.

Diet, blood, body composition, and accelerometer data will be processed as described in the 

Measures section above, and results will be received in electronic form.

2.10. Data analytic plan

The effect of treatments on the primary endpoint of the composite score for attention, 

executive function, and memory will be examined using the generalized linear model in the 

R software package (http://r-project.org). We will adapt the approach recommended by 

O’Brien, (77) constructing a weighted composite variable to represent each of our cognitive 

outcomes. The weights of the composite will be derived using confirmatory factor analysis 

in the Mplus software. (78)

Primary analyses will be carried out using Mplus. Components of the Attention composite 

will include the Digit Span Forward, Trail Making Test Part A, and the Digit Symbol test; 

our Executive function composite will include the Verbal Fluency Test, Digit Span 

Backward, Trail Making Test Part B, and Stroop Color-Word Interference, and the memory 
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composite will include the total learning, delayed free recall and recognition discriminability 

from the CVLT-II. The composite approach has advantages over testing multiple individual 

endpoints, including increased reliability, enhanced precision of the treatment estimate, 

improved power, and minimization of Type I Error. (79-81) The 8-month composite will 

serve as the response variable. Predictor variables will be specified a priori, with treatment 

group as the predictor of interest and age, education, and the pre-treatment level of each 

composite as adjustment covariables. A priori comparisons of group differences will be 

evaluated within the model by way of two orthogonal contrasts: 1) MedDiet-WL and 

MedDiet-A versus Typical Diet Control and 2) MedDiet-WL versus MedDiet-A. Analyses 

will follow the intention-to-treat principle using Full Information Maximum Likelihood 

available in Mplus to account for missing data. Mediational analyses examining the 

relationship between CVD/metabolic risk factors, body composition, systemic inflammation, 

oxidative stress, and improvements in cognitive function will proceed using procedures 

outlined by Kenny and MacKinnon. (82, 83) Formal tests of mediation will be conducted 

using the indirect effect approach with bootstrapped confidence intervals in Mplus Version 

7.3.1. We will also conduct analyses of potential treatment moderators, including baseline 

age, race/ethnicity, body weight, SES, and cognition.

3. Discussion

t By 2040, 81 million older adults worldwide will be living with some form of dementia.(84) 

Obesity, which is also highly prevalent among older adults in the U.S. (35.4 % in adults aged 

60 and older) (7) is considered to be an important contributor to deficits in multiple 

cognitive domains. (24, 85, 86) Although, there is some controversy regarding an 

independent association between excess adiposity and cognitive functioning given many of 

the existing studies have failed to account for the effect of obesity-related comorbidities (i.e., 

CVD, depression) that also can adversely influence cognition. (10) In the studies that have 

controlled for these factors, obesity is moderately independently associated with deficits in 

several cognitive domains including psychomotor performance and speed, visual 

construction, verbal memory, concept formation, and decision-making. (10)The BRIDGE 

trial is designed to account for these comorbid factors including CVD risk factors and 

depression, which was recommended by Prickett and colleagues, (10) to allow for a more 

methodologically sound assessment of the association between obesity and cognition. .

Recent studies also indicate that variations in dietary practices are predictive of cognitive 

decline, dementia, and Alzheimer's disease. (21, 87) Fortunately, diet and body weight are 

both amenable to intervention. Independently, weight loss (22) and adherence to a MedDiet, 

(88) have been associated with reduced risk of cognitive decline and dementia. Although the 

MedLey study reported that a six month MedDiet intervention did not produce a beneficial 

effect on cognitive functioning among healthy older adults compared to a control group, (89) 

the combined impact of a MedDiet with weight loss on cognitive functioning and age-

related decline has not been explored in an RCT and may have a more profound effect than 

either intervention alone. To our knowledge, the BRIDGE trial is the first RCT in the U.S. to 

investigate if a MedDiet lifestyle intervention promoting weight loss produces better results 

than an isocaloric MedDiet lifestyle intervention or Typical Diet Control condition on the 

primary outcomes of cognitive functioning in a racially and ethnically diverse sample of 
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obese older adults. We are enrolling a largely African American and Hispanic sample given 

the higher prevalence of obesity and the growing body of evidence suggesting that cognitive 

decline and dementia may disproportionately affect minority groups in the US. (90-93)

In the BRIDGE trial, we are utilizing the MedDiet exchange list developed by Djuric and 

colleagues (37) to promote adoption and adherence to an isocaloric or calorie restricted 

MedDiet in the two treatment arms of the study. Exchange lists provide an easy-to-follow 

format for establishing new dietary patterns and allow a high degree of individual tailoring. 

(37) An exchange list classifies target foods and beverages into several categories with 

associated portion sizes. Individuals are assigned daily consumption goals in a given 

category, and they are allowed to choose from a large variety of foods within each category 

that are consistent with their taste and cultural preferences, as well as tolerance to a given 

food (e.g., in the low-fat dairy group, individuals with lactose intolerance can choose a food 

that does not promote gastrointestinal upset). This allows for maximal flexibility in food 

choice and encourages variety, which can enhance adherence and maintenance. (37)

Several mechanisms linked to a poor diet and excess adiposity including metabolic and 

cardiovascular perturbations, chronic inflammation, and oxidative stress are hypothesized to 

be pathophysiologic contributors to cognitive decline. (17, 21, 22, 86) Specifically, these 

factors may have an adverse effect on brain glucose metabolism, (94) neurotransmission, 

(95) brain structure, (96) and neuronal functioning and integrity (97) that are important to 

cognition. Within the context of the BRIDGE trial, the investigation of several metabolic and 

inflammatory mediators may provide evidence regarding the role of these systemic factors in 

cognitive health. Independently, intentional weight loss and adherence to an isocaloric 

MedDiet improve blood lipid profiles, (20, 98) lower blood pressure, (20, 99) reduce 

systemic inflammation (27, 100) and oxidative stress, (101, 102) and improve glucose 

metabolism, (99, 103). The combined effect of the MedDiet + WL has demonstrated 

superior effects on systemic inflammation compared to either intervention alone when tested 

in a group of men with metabolic syndrome. (104), but the inclusion of blood biomarkers 

may provide lurther insight into the underlying biological mechanisms of the MedDiet-A 

and MedDiet+WL for preventing and slowing the progression of age-related cognitive 

decline.

In summary, given the alarming statistics related to both dementia and obesity in older adults 

and the aging US population, the MedDiet-WL intervention of the BRIDGE trial could be an 

important approach to prevent and slow age-related cognitive decline if proven efficacious. 

It’s important to acknowledge that the European PREDIMED investigators have recently 

launched the PREDIMED PLUS trial, which is testing the effect of an isocaloric versus 

calorie restricted MedDiet lifestyle program on the primary outcomes of cardiovascular 

disease endpoints and weight loss and secondary outcomes related to cognition in a Spanish 

population of older adults with metabolic syndrome. (105) Given the necessity for advancing 

our understanding of age-related cognitive decline and the need to develop effective 

strategies to prevent and slow cognitive decline and progression to dementia, (106) our 

BRIDGE trial and the PREDIMED PLUS trial will contribute significantly to our 

understanding of the influence of diet and weight control on these processes as well the 

prevention and progression of chronic diseases that adversely affect older adults.
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Figure 1. 
Overview of the Building Research in Diet and Cognition (BRIDGE) Trial Design

Abbreviations: MedDiet – A = Mediterranean Diet isocaloric lifestyle intervention; 

MedDiet-WL = Mediterranean Diet caloric restricted for intentional weight loss lifestyle 

intervention.
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Table 1.

Building Research in Diet and Cognition (BRIDGE) Trial Dietary Recommendations for MedDiet-A and 

MedDiet-WL intervention arms

Dietary Component Recommended Consumption

Calories MedDiet-A, Isocaloric
MedDiet-WL, ~ 600 kcal/day deficit

Total fat ~ 35% of total calories

Saturated fat ~ 5 - 7% of total calories

Monounsaturated fat ~ 20% of total calories

Polyunsaturated fat ~ 8 - 10% of total calories

Carbohydrates ~ 40% of total calories

Protein ~ 20% of total calories

Alcohol ~ 5% of total calories

Sodium < 2400 mg or < 1500 for African American and hypertensive participants

Dietary fiber 25 – 35 grams daily

Abbreviations: MedDiet – A = Mediterranean Diet isocaloric lifestyle intervention; MedDiet-W = Mediterranean Diet caloric restricted for 
intentional weight loss lifestyle intervention.
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Table 2.

Building Research in Diet and Cognition (BRIDGE) Trial Session Content for MedDiet-A and MedDiet-WL 

Interventions

MedDiet-A & MedDiet-WL Additional MedDiet-WL Content

Sessions 1-19 Making MedDiet Friendly Lifestyle Changes

1 Review of the intervention program. Discussion of MedDiet, 
MedDiet health benefits and using the MedDiet Food Exchange 
List Booklet.

Why MedDiet + weight loss?

2 MedDiet Food Exchange List Booklet review and self-
monitoring with activity.

Review physical activity recommendations.
Importance of weight and activity monitoring.

3 Meal planning and shopping guide on the
MedDiet.

Strategies to increase physical activity.

4 Eating out on the MedDiet. Losing weight and challenges when eating out.

5 Cooking with olive oil – health benefits & tasting. Portion control on the MedDiet (fats and oils).

6 Challenges to reducing intake of red meat and processed foods; 
the value of plant based protein.

Consistency: how to maintain weight loss efforts through physical 
activity planning

7 Increasing whole grains – health benefits, cooking 
demonstration & tasting.

Learning to identify fullness - "Hands on" practice during tasting.

8 Health benefits, strategies for increasing intake and purchasing 
fruits and vegetables.

Portion control on the MedDiet: fruits and vegetables

9 Hands-on cooking with vegetables Portion control on the MedDiet: plating correct portions

10 Consideration of cultural and family food preferences when 
incorporating the MedDiet.

Weight loss when cooking for and/or eating with family members 
and cultural preferences; challenges to activity.

11 Choosing meals over snacks: satisfying hunger and stress eating. Role of snacking and importance of monitoring calories with the 
MedDiet Exchange List Booklet.

12 Shopping on a budget and shopping tips when incorporating the 
MedDiet.

Shopping Do's and Don'ts when losing weight; incorporating activity 
into daily life.

13 Spouse/partner/family focus when changing to the MedDiet 
(participants will be encouraged to invite family and friends).

Challenges to weight loss and physical activity with spouses, 
partners, family members.

14 Utilizing leftovers, proper food storage and refrigerator 
organization to support healthy eating.
Preparing MedDiet comfort foods.

Revisiting fullness and hunger cues to support weight-loss.
Using physical activity to stay energized and accelerate weight loss.

15 Reviewing the benefits a plant based diet and consuming less 
processed foods and beverages.

Discuss weight management progress.

16 Review of the MedDiet Exchange List Booklet. Opportunities for engaging friends and family in an active lifestyle.

17 Review eating out on the MedDiet. Review challenges to portion control.

18 Review cooking with olive oil - what works and what doesn't. Planning meals with a focus on reducing calories; making time to be 
physically active.

19 Review incorporating cultural and family food preferences on 
the MedDiet

Review weight loss when cooking for or eating with family 
members, and challenges to physical activity

Sessions 20-27 Maintaining Lifestyle Changes

20 Solidifying changes and monitoring food purchasing and 
cooking patterns.

Solidifying weight loss strategies and activity patterns identifying 
"high risk" periods.

21 Budget considerations for adopting the MedDiet long-term. The importance of continued food, activity, and weight monitoring, 
and enhancing self-efficacy.

22 Maintaining MedDiet motivation when cooking and eating with 
others.

Long-term portion control and asking for support for activity goals.

23 Staying on track during special occasions. Maintaining physical activity throughout the year.
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MedDiet-A & MedDiet-WL Additional MedDiet-WL Content

24 Developing a MedDiet recipe repertoire for the long-term. Utilizing fitness and activity groups to maintain weight-loss and 
activity efforts.

25 Reinforcement: MedDiet tools to help you stay on track. Using your activity monitor to meet goals and maintain your 
progress long-term.

26 Reflection: things that work and things to improve. Varying activity to stay engaged in long-term physical activity.

27 Share dishes, recipes, and graduation Share calorie cutting tips and physical activity successes

Abbreviations: MedDiet – A = Mediterranean Diet isocaloric lifestyle intervention; MedDiet-WL = Mediterranean Diet caloric restricted for 
intentional weight loss lifestyle intervention.
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Table 3.

Building Research in Diet and Cognition (BRIDGE) Trial Measures and Data Collection

Measure Baseline 8 Months 14 Months

Anthropometrics

 Weight x x x

 Height x

 Body Composition (DXA) x x x

Demographics x

Framingham Risk Score x x x

Systemic Inflammation (hsCRP) x x x

Adipokines (Adiponectin) x x x

Oxidative Stress (F2IsoP) x x x

Blood Lipids

 Total Cholesterol x x x

 LDL Cholesterol x x x

 HDL Cholesterol x x x

 Triglycerides x x x

Blood Pressure x x x

Metabolic Risk

 Insulin x x x

 Glucose x x x

 Hemoglobin A1c x x x

Diet behavior (Harvard FFQ) x x x

Adherence to Med Diet x x x

Physical Activity (Godin & Accelerometer) x x x

Functional Capacity (6 min walk test) x x x

Psychosocial Variables

 Quality of Life x x x

 Self-efficacy x x x

 Social Support x x x

 Intrinsic Motivation x x x

 Depression x x x

Cognitive Variables

 Digit Span x x x

 Trail Making Test x x x

 Digit Symbol x x x

 Verbal Fluency x x x

 Stroop Color and Word Test x x x

 California Verbal Learning Test-II x x x

Abbreviations: DXA = Dual energy x-ray asborptiometry; hs-CRP = high sensitivity C-reactive protein; F2IsoP = plasma F2 isoprostane; LDL = 

low density lipoprotein; HDL = high density lipoprotein; FFQ = food frequency questionnaire
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