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Introduction

The overvaluation of immediate rewards and the discount-
ing of future rewards, also known as high delay discount-
ing (DD), is an important factor in affecting how people 
make decisions. DD is a process related to a wide variety of 
transdiagnostic problems (Bickel & Mueller, 2009; Bickel 
et al., 2012). One challenge of a narrow temporal window 
is encouraging people who discount the future to see the 
benefit of engaging in preventive health behaviors. Axi-
omatically, engaging in preventative health requires a focus 
on the effects of your behavior on future outcomes rather 
than focusing on immediately reinforcing effects of cur-
rent behavior. One prototypical example of the relationship 
between DD and preventive health is prediabetes.

Prediabetes is an intermediate phase in the trajectory 
from normoglycemia to type 2 diabetes (Nichols et al., 2007; 
Tabak et al., 2012). People with prediabetes often are high in 
DD and engage in less healthy diets, less physical activity, 
and have lower medication adherence (Epstein et al., 2020). 
Lifestyle change can prevent the transition from prediabetes 
to type 2 diabetes (Knowler et al., 2002). However, those at 
risk for diabetes may excessively discount the future (Reach 
et al., 2011), which, in turn, may lead to a failure to adopt 
or engage in behaviors that would prevent this transition to 
type 2 diabetes. The majority of people with prediabetes 
are obese, and discount the future more than leaner peers 
(Amlung et al., 2016). Those who are obese and who dis-
count the future eat less healthy diets and are less physically 
active than leaner peers (Epstein et al., 2020).
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We have demonstrated that changes in DD over a year 
are prospectively related to HbA1c, as those who increased 
DD the most also showed the most significant increases 
in HbA1c (Epstein et  al., 2019). This relationship was 
independent of the relationship between weight gain and 
increases in HbA1c, suggesting that adding an intervention 
that modifies DD might improve HbA1c beyond weight 
control, and might also enhance the efficacy of behavioral 
weight loss (BWL). Devaluing of future rewards may lead 
individuals with prediabetes to overvalue present rewards 
and limit the effectiveness of BWL treatments. For this rea-
son, interventions designed to have people focus more on the 
future may be useful to prevent type 2 diabetes. A proven 
intervention to reduce DD is episodic future thinking (EFT), 
which teaches people to think about positive future events 
(EFT cues) when faced with a situation that involves choos-
ing a small immediate reward versus a larger, but delayed 
reward. EFT has also been shown to reduce energy intake, 
and reduce the behavioral economic demand for food (Sze 
et al., 2017). We have demonstrated in two studies that EFT 
improves DD in people with prediabetes (Bickel et al., 2020; 
Stein et al., 2021)., and that EFT improves weight loss (Sze 
et al., 2015) Also, we have shown that the effect of EFT 
on DD can improve over time, with repeated revision of 
episodic future cues, suggesting people learn to create more 
usable cues and how to use those cues in tempting situations 
(Mellis et al., 2019).

One important EFT component in experimental lab-based 
studies is prompting the use of positive, vivid EFT cues 
when engaged in a DD task. A long-term goal of EFT is to 
change the default prospective thinking of people when they 
are making choices, even if they have not been prompted to 
engage in EFT. At present, no research has shown the effect 
of EFT training and rehearsal on DD without the explicit 
prompt to think about EFT cues, suggesting that the goal 
of modifying default prospective thinking has not been 
achieved.

Lifestyle programs for diabetes target improving diet 
and increasing activity, but diet represents the most crucial 
component for weight loss and glycemic control changes 
(Knowler et al., 2002). Dietary changes to reduce type 2 
diabetes risk may involve reducing energy intake, carbo-
hydrate intake (Wood & Fernandez, 2009), or consuming 
lower glycemic index carbohydrates, which can stabilize 
blood glucose levels and improve glycemic control (Lud-
wig, 2002). This may be challenging since highly palatable, 
high glycemic foods, such as baked goods and ice cream, 
and everyday dietary staples including breads, rice, and 
pastas may be very reinforcing (Epstein et al., 2007). The 
reinforcing effects of these foods may make it difficult to 
limit their consumption or to consume other less reinforcing 
foods. Deprivation of these foods only increases their value 
(Epstein et al., 2003; Flack et al., 2019; Raynor & Epstein, 

2003). Food deprivation focuses attention on the immediate 
reward of consuming food rather than the accrual of future 
benefits that can occur with ongoing lifestyle changes. Given 
that reducing carbohydrate intake can improve glycemic 
control, (Elhayany et al., 2010; Mayer et al., 2014; Wood & 
Fernandez, 2009) the BWL program utilized in this study 
modified diet in a stepwise fashion, focusing on reducing 
energy intake and then substituting low glycemic index car-
bohydrates for higher glycemic index carbohydrates, and 
finally reduced total carbohydrate intake.

The present study was designed to test the effects of EFT 
on cued and uncued delay discounting, weight, HbA1c and 
physical activity, and test whether changes in DD mediated 
effects of EFT on these variables. In addition, this study 
was implemented during the COVID-19 pandemic, which 
required the cessation of all in-person meetings and the 
switch to remote intervention part way through study com-
pletion. This provided the opportunity to compare in-person 
versus remote treatments for episodic future thinking, weight 
loss and glycemic control in people with prediabetes.

Methods

Participants and procedures

Participants with prediabetes (HbA1c between 5.7 and 6.4% 
(39–46 mmol/mol) (American Diabetes Association, 2021) 
were recruited from the Buffalo, New York and Roanoke, 
Virginia communities. Participants were at least 18 years 
of age, had no prior or current diagnosis of diabetes, were 
not pregnant, and were not taking medications that influ-
enced their blood glucose. Nine hundred and thirty three 
people completed a prescreen internet survey, two hundred 
and ninety four people were screened in our laboratories, 
and seventy two began the study. Sixty-four people were 
randomized to BWL + EFT or BWL + DCI control group. 
Characteristics of the participants are presented in Table 1. 
Procedures followed guidelines for the ethical conduct of 
human research outlined by the National Institute of Health 
and with approval of the University at Buffalo and the Vir-
ginia Tech Institutional Review Boards.

Design

All participants received the same BWL starting in weeks 
one through six. At week seven, participants were rand-
omized across three study cohorts to one of two groups, 
BWL + EFT or BWL + Daily Check In (DCI). An approxi-
mately equal number of people were randomized to experi-
mental and control groups at each site, with approximately 
10 people randomized per cohort at each site to each group. 
Participants attended assessments at 0, 3, and 6 months, 
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including measures of height, weight, cued and uncued DD 
and physical activity.

Procedure

Participants were recruited from primary care and endo-
crinology practices, advertisements on Facebook and in 
newspapers, community flyers, direct mailings of post-
cards, emails sent to staff at each site, and databases of 
prior research participants maintained by each study site. 
Interested people completed online screening questionnaires 
which included questionnaires about alcohol and drug use, 
eating disorder symptomology, and those who met the initial 
criteria were scheduled for an in-person laboratory visit that 
involved a collection of HbA1c values, measures of height 
and weight, the five-item adjusting delay DD task (Koffarnus 
& Bickel, 2014), and general lifestyle questions to screen for 
eligibility and were asked to wear an ActiGraph WGT3X-BT 
accelerometer (ActiGraph, Pensacola, FL, USA) over the 
week following the baseline visit. After completing baseline, 
participants were scheduled to begin treatment. Within each 
cohort at each site, treatment and control groups were run 
concurrently.

Common characteristics of BWL included group meet-
ings held weekly for the first 8 weeks, then every other week 
through week 12, and monthly from months 4 through 6. For 
the first six weeks of treatment, participants met with the 
same group on a week-to-week basis and learned essential 

components of the BWL intervention regarding diet, physi-
cal activity and other lifestyle changes. Before the week 7 
treatment session, participants were randomized into the 
BWL + EFT or DCI groups. The assignment was stratified 
by participant baseline HbA1c and weight loss from weeks 
1 to 6 to equate groups on important dependent measures.

Participants were weighed during each treatment meet-
ing, attended an interactive group meeting, and an individ-
ual meeting with their case manager. In weeks when group 
meetings were not taking place, participants completed 
case management via phone call with the case manager. 
They were also provided a treatment manual with lessons 
matched to group discussion topics. The treatment included 
the Traffic Light Diet and Activity program adapted for 
diabetes and behavioral tools, including self-monitoring, 
creating physical alternatives to food, substitution, stimulus 
control, preplanning, menu preparation, goal setting, and 
self-reinforcement.

The dietary approach used the Traffic Light Diet as an 
organizing principle to increase healthy foods while reduc-
ing the intake of less healthy foods. Foods are categorized 
as RED, YELLOW, or GREEN foods based on their energy 
density and nutrient density to foster the most nutrients for 
the fewest calories. Foods are categorized into nine cate-
gories, vegetables, starchy vegetables, fruit, grains, dairy, 
protein, fats/oils/sweet/others, soups, condiments/dressings/
other ingredients. Within each category, foods are catego-
rized as GREEN, YELLOW or RED based on their nutri-
ent density for that type of food. The only GREEN foods 
were low energy density, low calorie non-starchy vegetables, 
which were considered GO foods, so they will have a satiat-
ing effect as people reduce their energy intake. YELLOW 
foods were within 20 cal of the USDA energy values estab-
lished for that category of food, and RED foods were above 
20 cal greater per serving of the USDA energy values estab-
lished for that category of food. According to macronutri-
ents, many foods were labeled according to glycemic index 
where such information could be found from glycemic index 
testing or by their relation to USDA tested foods. Foods were 
labeled VERY LOW if their glycemic index was 35 or lower, 
LOW if the glycemic index was 36 to 55, MODERATE if 
the glycemic index was 56 to 69, and HIGH if the glyce-
mic index was 70 + (Atkinson et al., 2008; Foster-Powell 
& Miller, 1995). The Traffic Light Activity Plan was also 
used which rates activities are RED, YELLOW or GREEN 
based on their MET (metabolic equivalent) values, with 
sedentary activities (< 3 METS) rated as RED, moderate 
to vigorous activities (4–5 METS) rated as YELLOW, and 
activities greater than 6 METS rated as GREEN activities. 
To assist participants in identifying foods and activities con-
forming to program goals, participants were also provided a 
Traffic Light Cookbook and a Food and Activity Reference 
Guide, the latter of which was also made into a searchable 

Table 1  Baseline participant characteristics by group

MVPA, moderate to vigorous physical activity

BWL + DCI BWL + EFT p

Characteristic N N
Sex (male/female) 7/26 6/25 0.85
Minority (minority/non-

minority)
9/24 10/21 0.66

Site (UB/VT) 17/16 16/15 0.99
Mean SD Mean SD

Age (years) 54.1 9.3 55.0 10.4 0.71
Height (cm) 165.2 9.4 166.1 8.0 0.67
Weight (kg) 104.2 0.855 102.3 22.3 0.75
Body Mass Index (BMI) 38.0 6.9 37.0 7.2 0.57
HbA1c (%) 5.91 0.29 5.90 0.29 0.88
Physical Activity Counts/

minute
422.1 181.8 429.2 188.1 0.86

Physical Activity % MVPA 5.54 3.41 5.60 4.65 0.75
Annual Household Income 

($)
48,889 35,608 37,500 27,335 0.19

Years of Education 15.5 2.3 15.7 2.2 0.65
Adjusting Amount $100 

log k
− 6.11 3.14 − 5.92 2.33 0.79

MAMART logins 137.0 23.9 218.0 24.5 0.02



230 J Behav Med (2022) 45:227–239

1 3

online database. These gave the traffic light color and gly-
cemic indices of foods or recipes and the traffic light color 
of activities. A glycemic index cheat sheet displaying low 
or very low glycemic index foods with 15 or fewer grams of 
carbs was created and provided to participants at week 16.

As part of treatment, all participants were provided calo-
rie goals (1200–1500 cal/day), RED and GREEN food goals 
(two or fewer servings of RED foods and five or more serv-
ings of GREEN foods daily), and activity goals (150 min of 
moderate-intensity physical activity/week or 75 min vigor-
ous physical activity/week). The diet was implemented to 
reduce energy intake for weeks 0–16, monitoring glycemic 
index, and substituting low glycemic index foods starting 
in week 2. Then from week 16 on, we added a focus on 
reducing carbohydrates to 100 or fewer grams per day. All 
participants were given an account on the food and activity 
tracking app, MyFitnessPal, and were instructed to record 
all foods consumed, physical activities performed, and 
record their weight at least once a week. These accounts 
were accessible to research staff and used by case manag-
ers to monitor participant engagement in plans and progress 
towards case management goals.

EFT implementation

Before EFT began, participants were emailed a link to a sur-
vey developed in our previous research (Bickel et al., 2020; 
Stein et al., 2021) to guide them through the generation of 
EFT cues at 7 different future time points matching those 
used in the DD task (1 month, 3 months, 6 months, 1 year, 
3 years, 5 years, and 10 years). Moreover, they were told 
to complete the survey before their next treatment session 
(week 7). Instructions for cue creation were as follows,

“In this task, you will be asked to list and describe 
future events that you are looking forward to. These 
events must be vivid and easy for you to imagine.
You will do this for 7 different time periods. These 
events can be big or small and could be related to your 
long-term health goals. All that matters is that you are 
looking forward to them. After describing these events, 
you will rate each event on several characteristics.
These are events that could really happen or that you 
have planned.”

Participants were then asked to think about and name an 
event corresponding to each of the delay periods. For each 
event, they were told it should be something they are look-
ing forward to, that they can vividly imagine, and that they 
should start with the words “In about [DELAY], I am…” 
Examples of good and bad “I am” statements were shown 
to illustrate the desired format. They then gave the event’s 
anticipated date and the “I am” statement (event tag) for each 
time period. After creating each event tag, participants were 

then asked to elaborate in detail about each event. They were 
given the following instruction.

“Imagine yourself time traveling to the future to expe-
rience your event. Describe your event as though you 
are experiencing everything right now. Include in your 
description: Who is with you? What are you doing? 
Where are you? How are you feeling? Also:
Use as much detail as possible. (For example, rather 
than "I am at a coffee shop," say "I am sitting on the 
outdoor terrace at a coffee shop downtown.")
Try to focus on the positive parts of your experience.
In the box below, type your event description (about 
3–4 sentences). Make sure your description is positive 
and has vivid details! Remember to use "I am" state-
ments and include: Where you are, who you are with, 
what you are doing, how you are feeling.”

After detailing each event, they were asked to rate it for 
enjoyment, excitement, importance, and vividness. If a par-
ticipant had not completed the survey by the day of their 
visit, the case manager would call to assist with cue creation. 
If cues were lacking in detail, the case manager would call 
to have the participant elaborate on their event(s) to attain 
those details. Finally, if a participant did not complete the 
survey before arriving for their week 7 appointment, they 
were guided through cue creation by a research staff member 
before case management as has been done previously (Bickel 
et al., 2020; Stein et al., 2021). From week 7 on, EFT par-
ticipants’ treatment materials included instruction on utiliz-
ing EFT cues to employ the behavioral tools taught. Case 
management included pre-planning and rehearsal of cue use 
to meet specific goals to overcome anticipated challenges. 
Every four weeks after that, participants were asked to re-
generate their 1 and 3 month cues to keep them current and 
were given the option of regenerating any other EFT cues.

EFT was implemented using the Mobile Audio Manager 
and Response Tracker (MAMRT) app (Sze et al., 2015) 
that provided the opportunity to have EFT cues provided 
to participants on their smartphones and answer questions 
about what decisions they were using cues to assist them in 
making. After generation, all EFT cues were immediately 
imported into MAMRT for use as part of the intervention. 
Through MAMRT, participants were sent email and text 
message reminders to log in to practice envisioning their 
EFT cues. Each time a participant logged in to MAMRT, 
they would first be presented with the event tag from three of 
their seven cues chosen randomly and were asked to click on 
at least one to view the full cue. They were asked to vividly 
imagine that cue, then to click to another page and answer 
two questions. The first question asked them to choose from 
a list which healthy decisions (if any) they were planning 
to make by envisioning the cue, and the second was an 
open-ended prompt for a brief description of that upcoming 
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challenge. Responses were reviewed by case managers and 
used to help prompt discussion of cue effectiveness and tim-
ing of MAMRT prompts. Participants were prompted to log 
into MAMRT 3 times a day (morning, afternoon, evening) 
for two weeks, then prompts reduced to twice a day for six 
weeks, and finally to once a day for weeks 15 onward. Par-
ticipants were also provided EFT cues printed on individual 
3″ × 5″ cards bearing a picture of a traffic light on the reverse 
and one card bearing a list of all the program’s behavioral 
tools. These cards were attached to a key ring and provided 
to participants for their use outside the digital environment.

DCI implementation

For the DCI group, treatment materials from randomization 
onward continued with teaching behavioral tools without the 
mention of EFT. To minimize prospection in case manage-
ment, the focus was shifted from pre-planning to reviewing 
recent past challenges and what one could have done differ-
ently. To equate groups on exposure to MAMRT, DCI par-
ticipants were prompted to log in with the same frequency 
as EFT participants and at the same times of day, but were 
displayed a blank page in lieu of EFT cues. After clicking 
on the next page, they were asked the same questions about 
what decisions they were attempting to make and describe a 
challenge; however, they were instructed to report their most 
recently experienced past decision and challenge instead of 
prospecting on upcoming challenges. These answers were 
also used in case management and allowed the case manag-
ers to ask for details about specific challenges participants 
might otherwise fail to mention. DCI participants were also 
given cue cards to equate for exposure to study material out-
side of MAMRT; however, instead of bearing EFT cues, 
cards had the name of an individual behavioral tool printed 
on them (ex. Stimulus Control) in addition to one card with 
all tools listed.

COVID‑19 procedures

As the COVID-19 pandemic interrupted normal procedures, 
several adaptations were made to allow continued treatment 
in a remote environment. The intervention was delivered 
in three cohorts. The first cohort was delivered totally in-
person (prior to COVID-19), with no study activities inter-
rupted by COVID-19. The second cohort was treated ½ in 
person and ½ remotely (immediately prior to and during the 
initial outbreak), and the third was treated remotely. This 
situation provided the unique opportunity to compare in-per-
son versus remote treatments for weight loss and glycemic 
control in people with prediabetes. The same treatment pro-
tocol was delivered for all three cohorts. Research suggests 
that diabetes interventions can be implemented remotely 
(Su et al., 2016). The potential for remote intervention and 

remote measurement can increase the intervention’s scalabil-
ity by not requiring people to attend in-person clinic visits 
to receive the treatment.

All study activities intended to occur in the lab were tran-
sitioned to occurring over ZOOM video conference using 
separate breakout rooms for participants to meet with their 
case manager and have their weight taken. During treatment 
sessions, participants met in a separate breakout room with 
a team member who would instruct each participant how to 
take their weight in the manner it is done in the clinical set-
ting on a digital scale mailed to participants. After weighing 
themselves, participants were instructed to show the digital 
display to the team member recording the weight to verify 
the virtual weight. Then participants completed both the 
larger group meeting and individual case management over 
Zoom. In group sessions, presentation materials were shared 
via screen share, and copies of materials that would have 
been provided in-person were emailed to participants to use 
during the session. As an additional safety measure during 
the pandemic, short questionnaires addressing feelings of 
stress, loneliness, and perceived risk of catching COVID-19 
were created and conducted every four weeks before or after 
case management in another separate breakout room.

For participants unable to have a laboratory assessment 
(baseline, 12-weeks, or 24-weeks) due to COVID-19, remote 
assessments were also conducted via ZOOM utilizing the 
screen-share function to allow participants to enter responses 
when necessary. For these visits, at-home HbA1c test kits 
were mailed to participants, and blind assessors instructed 
participants on how to test their A1c during the virtual 
assessments. Accelerometers were also mailed to partici-
pants with self-addressed and stamped return envelopes so 
that they could begin with physical activity monitoring after 
completing virtual assessments and return the device to the 
lab.

Measurement

Demographics were measured using a standardized ques-
tionnaire. Weight, height, and DD were measured by asses-
sors blinded to the treatment group. Weight was measured 
using a Tanita (Hong Kong, China) digital scale. Height 
was measured using a SECA (Chino, California) stadiom-
eter. HbA1c was measured in the laboratory using the Alere 
Afinion AS100 HbA1c measuring system, while the remote 
assessments were collected using the validated (Bode et al., 
2007; Hirst et al., 2017) A1CNow + ® system (PTS Diag-
nostics, Sunnyvale, CA). Extensive instructions and access 
to assessment personnel were used to collect the outcome 
weight, HbA1c, and DD measures. During the weekly 
remote meetings, weights were measured using a validated 
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Beautural digital body weight scale (Shenzhen 1Byone 
Technology Co., Ltd. Shenzhen, China) sent to participants.

Objective measures of physical activity were obtained 
for 7 days using the Actigraph WGT3X-BT accelerometer 
(AG; ActiGraph, Pensacola, FL) at baseline, and at months 
3 and 6. The Actigraph WGT3X-BT accelerometer is a well 
validated measure of physical activity (Crouter et al., 2010; 
Sasaki et al., 2011). Participants were asked to wear the 
monitor on their non-dominant side for one week, snug to 
the hip during waking and non-swimming/bathing/shower-
ing. Participants recorded the time the device was worn in 
a wear time log. Data were collected at a rate of 30 Hz and 
were filtered first for non-wear time based on 90 consecutive 
minutes of non-wear (Choi et al., 2011) and then filtered 
based on participants’ wear time diaries. Participants wore 
the accelerometer an average of 91.0 ± 18.62 h. The depend-
ent measures were average vector magnitude counts per 
minute which measure motion and percent of time engaged 
in moderate to vigorous physical activity (MVPA, > 3.00 
METS and was calculated by the Freedson Adult VM3 algo-
rithm (Sasaki et al., 2011).

DD was assessed using an adjusting amount task (Du 
et al., 2002) where choices were presented between a larger, 
delayed amount of money ($100) and a smaller, immedi-
ate amount. The smaller, immediate amount began at $50 
on the first trial and was adjusted following each trial (up 
or down), depending on the participants’ choice. Specifi-
cally, after each trial, a choice for the larger reward increased 
the smaller, immediate amount; whereas a choice for the 
smaller, adjusting amount decreased this option. The size of 
each adjustment (up or down) began at $25 and decreased by 
half at each subsequent trial ($12.50, $6.25, etc.). The final 
adjusted amount of the smaller, immediate option after the 
final, sixth trial served as the indifference point, which pro-
vides an index of the subjective value of the delayed reward. 
For example, if a participant is indifferent between $70 
now and $100 after a delay, this indicates that the delayed 
reward has been devalued by 30%. This titration process 
was repeated at each of seven delays to the larger reward, 
in randomized order (1 month, 3 months, 6 months, 1 year, 
3 years, 5 years, 10 years).

To calculate discount rates, we fit individual participants’ 
discounting curves (indifference points as a function of 
delay) using Mazur’s (Mazur, 1987) hyperbolic discount-
ing model,

where V is discounted value, A is reward amount, D is delay, 
and k is a free parameter that indexes the rate of discount-
ing. (Stein et al., 2017) Higher values of k indicate more 
rapid devaluation of the delayed reward and hence greater 
impulsivity. For the adjusting-amount task, k was derived by 

V = A∕1 + kD

fitting individual participants’ indifference amounts across 
delays using nonlinear regression. Values of k were posi-
tively skewed and were thus natural log-transformed before 
analysis.

At baseline and the week following the 24-week assess-
ment, DD was measured without instructions to imagine the 
episodic future cues, while at randomization, the 12-week 
and 24-week assessments DD was measured with instruc-
tions to imagine EFT cues, or, for the DCI group, with blank 
pages added where EFT participants would see cues. The 
instructions for the cued DD read,

“You will now be presented with a series of choices 
relating to money. During each of these choices, you 
will imagine a specific event that you created. You 
will imagine the event in as much detail as possible. 
These questions are hypothetical, but please choose 
your answer as if you will receive the money in the 
time frame selected. Please pay close attention to the 
amount and time frame of each option, and choose 
accordingly. There are no right or wrong answers in 
this task. Please take your time.”

Then, before each delay, EFT participants were instructed 
to slowly read aloud and imagine their corresponding event 
displayed in its entirety. When making each choice, they 
were asked which option they would rather receive when 
imagining their event. For these questions, a one-sentence 
tag of the event naming the time period and the participant’s 
action was displayed. For DCI participants, instructions 
were identical, except they were not told any event would 
be displayed or to imagine an event before each delay or 
when making each choice. Before each delay, a blank screen 
appeared in lieu of an EFT cue.

Adherence to use of MMART logins to present EFT 
or DCI cues was monitored by MMART and presented in 
terms of number of logins presented over the study, and per-
cent of logins used in relationship to the number that were 
prompted.

Analytic plan

Initial analyses involved chi-square tests and t-tests to 
compare baseline values of key variables across groups 
for both outcomes. The primary analyses to compare 
between-group changes in weight, HbA1c and DD were 
mixed model ANCOVA that used an unstructured covari-
ance structure and included random effects of participant 
with Group (BWL + EFT, BWL + DCI) and Cohort (In 
person, 50% in person/50% remote, 100% remote) as the 
between variables, weeks as the repeated measures, and 
site (UB/VT) as a covariate. Linear contrasts were used 
to compare changes over time. Study cohort was added as 
a between-subject variable to evaluate whether treatment 
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effectiveness differs by in-person versus remote status. 
Mixed model ANCOVA analyses were used for intention 
to treat and included all randomized participants in the 
final analysis. All data are presented mean ± SE.

Relationships between changes in weight, HbA1c, and 
DD were calculated using zero-order correlations. The 
percentage of people who transitioned from prediabetes 
to non-prediabetes by the group was analyzed using Chi-
Square tests.

Power for this study is based on our observed corre-
lation of changes in DD predicting changes in HbA1c, 
r = 0.33. A correlation of 0.33 requires 70 subjects to 
show a significant effect at the power of 0.80 and alpha of 
0.05. Also, we have recently demonstrated EFT to reduce 
DD in a sample of people with prediabetes (Bickel et al., 
2020) which required 74 subjects to achieve 0.80 power 
at 0.05 alpha. We recruited 91% of the estimated sample 
size.

Results

Characteristics of the sample are shown in Table 1. None of 
the variables were different between groups. As shown in 
Fig. 1, analysis of cued DD showed a significant differential 
improvement in DD by group over the six months of the 
study (F(2,57) = 6.26, p = 0.0035), as well as a significant 
overall change by time (F(2,57) = 27.49, p < 0.0001). No 
significant differences in DD were observed by group for 
the three COVID conditions (F(4,57) = 0.36, p = 0.84). Lin-
ear contrasts showed significant differences between group 
from 0–12 weeks (t(57) = 2.07, p < 0.001), 12 to 24 weeks 
(t(57) = 2.08, p = 0.042), and 0–24 weeks (t(57) = 2.40, 
p = 0.0195). The average DD change at 12  weeks and 
24 weeks across groups and cohorts was − 1.95 ± 0.30 and 
− 1.99 ± 0.27, respectively.

Analysis of uncued DD also showed a significant differ-
ential improvement by group (Fig. 2) over the 6 months of 
the study (F(1,58) = 4.09, p = 0.048), as well as a signifi-
cant overall change by time (F(1,58) = 46.46, p < 0.0001). 

Fig. 1  Delay discounting for 
EFT versus DCI control groups 
at 0, 12 and 24 weeks for cued 
tasks (A), and values at 0, 12 
and 24 weeks for each cohort 
for the EFT (B) and DCI (C) 
groups (mean ± SEM) for each 
cohort. Cohort 1 was seen in-
person, cohort 2 both in person 
and remotely, and cohort 3 was 
seen remotely
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No significant differences in uncued DD were observed 
by COVID cohort for the three COVID conditions 
(F(2,58) = 1.34, p = 0.27). The average uncued DD change 
at 24 weeks across groups and cohorts was − 1.68 ± 1.99.

While between group differences were observed for both 
cued and uncued DD tasks, the DCI group did show signifi-
cant overall improvement overtime. The DCI group showed 
significant improvement in cued DD from 0–12  weeks 
(t(30) = 2.44, p = 0.02) and 0–24 (t(30) = 3.78, p < 0.001) 
weeks, as well as significant improvement in uncued DD 
from 0–25 weeks (t(30) = 4.12, p < 0.001).

Analysis of adherence showed significant differences 
between the groups, with participants in EFT engaging 
in more logins to present EFT or DCI cues (218.0 ± 24.5 
vs 137.0 ± 23.9) and did so more often than prompted 
(115.4 ± 13.9 vs 72.5 ± 12.7%; F(1,57) = 5.62, p = 0.02).

ITT analysis of weight showed a significant reduction 
in weight over the 6 months of the study (F(2,57) = 92.46, 
p < 0.001, but no differences by group (F(2,57) = 0.17, 
p = 0.85), or by cohort (F(4,57) = 0.91, p = 0.45). Contrasts 

comparing changes over time showed significant weight 
decreases from 0–12 weeks (t(57) = 13.48, p < 0.001), 
12 to 24 weeks (t(57) = 8.18, p < 0.001), and 0–24 weeks 
(t(57) = 13.01, p < 0.001). The average weight change at 
12 weeks and 24 weeks across groups and cohorts was 
− 6.9 kg ± 0.5 and − 9.9 ± 0.76, respectively.

Analysis of HbA1c changes also showed a significant 
reduction over time (F(2, 57) = 41.06, p < 0.001), but 
no differences by treatment condition (F(2,57) = 0.23, 
p = 0.79), or by cohort (F(4,57) = 0.85, p = 0.50). Linear 
contrasts showed significant differences from 0–12 weeks 
(t(57) = 6.14 p < 0.001), 12–24  weeks (t(57) = 3.10, 
p = 0.003, and 0–24 weeks (t(57) = 8.92, p < 0.001). The 
average HbA1c change at 12 weeks and 24 weeks across 
groups and cohorts was − 0.24 ± 0.32 and − 0.36 ± 0.33, 
respectively. By 12 weeks, 68% of participants were below 
5.7% HbA1c, and by 24 weeks, 68% of the participants 
were below 5.7%, indicating resolution of prediabetes, 
with no significant differences by group  (X2(1) = 1.68, 
p = 0.20). Figure 3 shows the means and standard errors 

Fig. 2  Delay discounting for 
EFT versus DCI control groups 
at 0 and 24 weeks for uncued 
tasks (A), and values for each 
cohort at 0 and 24 weeks for 
each cohort for the EFT (B) and 
DCI (C) groups (mean ± SEM) 
for each cohort. Cohort 1 was 
seen in-person, cohort 2 both in 
person and remotely, and cohort 
3 was seen remotely
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for the weight (left graph) and HbA1c values (right graph) 
for the three cohorts.

Analysis of accelerometer vector magnitude counts 
per minute showed a significant improvement over time 
(F(2, 56) = 12.28, p < 0.001), but no differences by group 
(F(2,56) = 1.06, p = 0.35), or by cohort (F(4,56) = 0.84, 
p = 0.51). Linear contrasts showed significant improve-
ments from 0–12  weeks (t(56) = 4.84 p < 0.001), and 
0–24 weeks (t(56) = 2.95, p = 0.0046), but not between 
12–24 weeks (t(56) = 1.00, p = 0.32). The average increase 
in vector magnitude at 12 weeks and 24 weeks across 
groups and cohorts was 68.41 ± 14.14 and 51.05 ± 17.29, 
respectively. Percent time in MVPA showed a significant 
improvement over time (F(2, 56) = 9.47, p = 0.003), but 
no differences by treatment condition (F(2,56) = 1.08, 
p = 0.35), or by cohort (F(4,56) = 0.63, p = 0.64). Lin-
ear contrasts showed significant improvements from 

0–12 weeks (t(56) = 4.24, p < 0.001), and 0–24 weeks 
(t(56) = 2.48, p = 0.016), but not between 12–24 weeks 
(t(56) = 1.27,, p = 0.21). The average MVPA percent 
increase at 12 weeks and 24 weeks across groups and 
cohorts was 1.03 ± 0.24 and 0.66 ± 0.27, respectively. The 
percent increases are equivalent to increases of 14.8 and 
9.5 min per day of additional MVPA. Figure 4 shows the 
means and standard errors for the vector magnitude counts 
(left graph) and % MVPA values (right graph) for the three 
cohorts.

Correlational analysis showed that 0–24 week weight 
change was related to HbA1c change (r = 0.38, p = 0.003), 
and HbA1c changes were related to baseline HbA1c 
(r = − 0.32, p 0.012). In addition, baseline HbA1c was 
related to baseline DD (r = 0.32, p = 0.01). Adherence 
to EFT/DCI was related to weight change (r = − 0.33, 
p = 0.01). None of the other correlations were significant.

Fig. 3  Weight (left graph) and 
HbA1c values (right graph, 
mean ± SEM) at 0, 12 and 
24 weeks of treatment across 
the three cohorts. Cohort 1 was 
seen in-person, cohort 2 both in 
person and remotely, and cohort 
3 was seen remotely
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Fig. 4  Vector magnitude counts 
(left graph) and percent MVPA 
(right graph, mean ± SEM) 
values at 0, 12 and 24 weeks 
of treatment across the three 
cohorts. Cohort 1 was seen in-
person, cohort 2 both in person 
and remotely, and cohort 3 was 
seen remotely
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Discussion

Effects of EFT on DD.

The results show that EFT can reduce DD over 6 months 
compared to a daily check-in control, and that the EFT effect 
generalized from cued to uncued tasks, suggesting that par-
ticipant’s default way of thinking or evaluation of the future 
may have changed. While the finding that EFT-modified DD 
is not new, this is the first demonstration that prolonged EFT 
training can alter DD even if people are not concurrently 
cued at the time of DD assessment to engage in using the 
EFT cues. This is of paramount importance for clinical EFT 
interventions and suggests that EFT cues may not be needed 
after sufficient training for many basic temporal decisions, 
while cues can be made available for use for more challeng-
ing temporal decisions such as those that involve consump-
tion of high-glycemic, high energy dense foods. This is an 
important finding that should be replicated and extended to 
different EFT training protocols.

Participants in the EFT group logged into the mobile EFT 
app 15% more than just when prompted, suggesting they 
did take advantage of the app to use in situations that may 
have evolved outside of the prompt schedule. In addition, 
the number of EFT cues used was related to weight loss, as 
those who used the mobile app more showed greater weight 
loss. Surprisingly, no relationship was observed between 
using the mobile app and changes in cued or uncued delay 
discounting. This suggests that optimal EFT dose to reduce 
delay discounting when prompted, or the optimal dose to 
modify default decision-making is unknown, as more does 
not necessarily result in greater decreases in delay discount-
ing. Participants may have already been above the threshold 
needed to shift default decision making.

Small but significant changes were observed for the DCI 
control group in both the cued and uncued DD tasks. This 
may have been a function of one of two factors. First, there 
may be a learning effect where people improve with repeated 
testing, as people improved from 0 to 12 weeks, with fur-
ther significant improvement from 12 to 24 weeks. Second, 
BWL can improve DD without any training in EFT (Ross 
et al., 2020). BWL may include treatment components that 
foster a more prospective mindset, leading to reductions in 
DD. Prominent among these components is preplanning 
and menu planning, which require people to learn how to 
plan for the future. Since these are standard components of 
treatment that are engaged in regularly, even for people not 
trained in EFT, they may help reduce DD.

Weight loss and glycemic control

The results replicate many previous studies that show weight 
loss can improve glycemic control. The dietary approach, 

which included reductions in calories and a gradual shift in 
the glycemic index of foods and the total number of carbohy-
drates, produced large decreases in weight of almost 10 kg, 
and clinically significant reduction in HbA1c of − 0.36%. 
In addition to the reductions in HbA1c, 68% of randomized 
participants converted from prediabetes to euglycemia after 
treatment. Of course, all behavioral weight loss programs 
are not the same. These changes in HbA1c are larger than 
those observed during the Diabetes Prevention Program, 
which observed differences in HbA1c of 0.1% at 6 months 
(Maruthur et al., 2013). Previous studies have shown that 
including carbohydrate reductions in a calorie-reduced diet 
can improve glycemic control beyond weight loss, even if 
the weight losses are similar (Elhayany et al., 2010; Mayer 
et al., 2014; Sainsbury et al., 2018). This study could not 
isolate the differential effect of lowering the glycemic index 
of food versus reducing the amount of carbohydrates. This 
question should be addressed by future research as reducing 
food with a high glycemic index may be easier than reducing 
carbohydrate intake.

Some of the behavioral weight loss program’s effective-
ness is likely due to the choice of low glycemic foods and a 
reduction in carbohydrate intake to a goal of no more than 
100 g per day. Previous research has shown that low carbo-
hydrate or low glycemic index diets can amplify weight loss 
effects beyond energy restriction. The Traffic Light Diet used 
for obesity treatment was adapted for prediabetes, which 
categorized foods into the RED, YELLOW, and GREEN 
colors based nutrient density and energy density, supple-
mented with information about the glycemic index of foods. 
The Traffic Light represents an easy-to-follow program that 
reduces much of the decision making on what to eat to the 
idea of eating more GREEN foods (non-starchy vegetables) 
and fewer RED foods (high energy dense and/or high gly-
cemic). Future studies might compare a simplified Traffic 
Light Diet to traditional diets for people with prediabetes or 
type 2 diabetes in energy restriction but who are socially or 
educationally disadvantaged and live in scarcity conditions. 
These factors can impact decision making and could impact 
the extent to which diets are understood and implemented.

Changes in DD as a mediator of improvements 
in weight and glycemic control

Adding EFT to a standardized behavioral weight loss pro-
gram was not shown to improve weight control or HbA1c 
during this 6-month investigation. A likely reason was that 
the intensive behavioral weight loss program that both 
groups received—comprising diet and physical activity 
education, interactive group meetings, individualized case 
management, and self-monitoring of diet, physical activity, 
and weight—was very efficacious, thereby creating a ceil-
ing effect. As such, this efficacious treatment blunted the 
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additive impact of EFT beyond the other aspects of treat-
ment. The weight loss of almost 10 kg at 6 months repre-
sents slightly larger changes than observed in the Diabetes 
Prevention Program at 6 months, considered the gold stand-
ard in weight loss for people with prediabetes (Delahanty 
et al., 2013). Also, the HbA1c changes of − 0.36% HbA1c 
were greater than the 0.1% observed in the Diabetes Pre-
vention Program at 6 months (Maruthur et al., 2013). The 
observation that prediabetes resolved in 68% of people sug-
gests the general BWL treatment may have put a ceiling 
on the potential for greater changes, or may require a more 
intensive form of the EFT component to observe further 
improvement.

In addition, EFT may be more beneficial for people during 
weight loss maintenance, or the prevention of weight gain, 
than in the weight loss process. Weight control interventions 
are typically challenged over the long-term by weight pla-
teau or rebound weight gain, which EFT may modulate since 
EFT aims to focus people on long-term goals. An important 
motivation for eating in people with obesity is the reinforc-
ing value of food, which can be increased after dieting and 
food restriction (Epstein et al., 2007), shifting focus more 
on immediate rewards associated with eating, and less on 
long-term temporal goals. Testing EFT at various treatment 
points would be interesting to see if it can improve long-term 
weight control and reduce increases in food reinforcement 
that may occur with energy restriction (Flack et al., 2019).

Cross-sectional studies have shown that baseline DD 
is related to baseline HBA1c in this and previous studies 
(Epstein et al., 2020), and changes in DD were prospec-
tively related to changes in HbA1c over a year (Epstein et al., 
2019). Studies have shown EFT can modify eating behavior 
in the laboratory (Daniel et al., 2013) in a food court setting 
(O’Neill et al., 2016) and food shopping behavior (Hollis-
Hansen et al., 2019, 2020). Improvements in DD observed 
in the laboratory are also observed when tested in the natural 
environment (Bickel et al., 2020). Despite this research on 
the potential of EFT for modifying DD as a mechanism for 
behavior change, experimental manipulations of DD in this 
study did not result in improvements in every day decision 
making that resulted in greater weight loss or improvements 
in glycemic control. While this may be due to a ceiling effect 
on weight or HbA1c change due to the intensive behavioral 
weight loss program, we cannot disregard the possibility that 
reducing discounting of the future is not a relevant media-
tor for improving weight loss or glycemic control in people 
with prediabetes.

Adaptations to COVID

A potentially important finding from this study was the 
absence of differences in weight, HbA1c, or DD outcomes 
by cohort, representing the successful implementation of 

the interventions totally in person, one-half in person, and 
one-half remotely, and fully remote during the COVID-19 
pandemic. This difference in implementation was necessary 
due to the safety procedures implemented by both universi-
ties following the escalation of the COVID-19 pandemic, 
which shut down in-person meetings. However, this was not 
an experimental manipulation, which has to be considered 
in evaluating these differences. For example, different par-
ticipants may volunteer to be part of a clinical study during 
a pandemic instead of during non-pandemic times.

Despite these considerations, the data suggest that 
the weight loss and EFT treatments can be implemented 
remotely without any loss of treatment effectiveness. A 
growing literature on remote interventions and remote 
delivery of the Diabetes Prevention Program showed no 
differences in weight loss between those seen in person or 
remotely (Vadheim et al., 2017). Still, the changes (5.5 kg) 
were less than observed in the current study. An interesting 
goal of future studies would be to experimentally manipulate 
the delivery of the behavioral weight loss program used in 
this study and evaluate the cost–benefit of remote versus 
in-person treatments. Considerable differences in the cost to 
participants would be expected, particularly related to time 
saved in travel, as would cost for treatment delivery.

To our knowledge, there are no previous studies com-
paring treatment delivery during non-pandemic versus 
pandemic conditions. We have previously shown that EFT 
can reduce DD even under scarcity conditions that usually 
increase DD (Bickel et al., 2020), but this is the first study 
to demonstrate the efficacy of EFT during real-world stress 
conditions. This has tremendous implications for treatment 
for people who are attempting to change their behaviors in 
the context of stressful or anxiety-provoking situations. The 
demonstration that uncued DD is modified is evidence that a 
person’s default way of thinking can be modified even during 
personal and social stress.

In summary, this study shows that the effects of EFT can 
be observed over 6 months, and they generalize to delay 
discounting tasks in which people are not cued for EFT. 
The amount and type of training that can result in a shift in 
default thinking is important given the transdiagnostic role 
of DD across a wide variety of diseases. The results also 
showed that a Traffic Light low carbohydrate, low glycemic 
index diet adapted for prediabetes and type 2 diabetes can 
result in significant reductions in weight and improvements 
in glycemic control, and that this intervention, in combina-
tion with EFT, can be delivered using remote technology.
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