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Abstract

Episodic Future Thinking (EFT) reduces delay discounting and may have the potential as

a clinical tool to increase the likelihood of health-promoting behaviors. However, evalua-

tions of EFT in clinical settings require control conditions that match the effort and fre-

quency of cue generation, as well as participants’ expectations of improvement. The

Health Information Thinking (HIT) control addresses these issues, but how this control

affects delay discounting in individuals with diabetes and obesity when utilizing diabetes-

management specific health-information vignettes is unknown. Moreover, little research

has explored whether EFT reduces delay discounting in individuals with type 2 diabetes.

To this end, we examined the impact of EFT, HIT, and a secondary no-cue control condi-

tion (NCC; assessments as usual) on delay discounting in 434 adults with self-reported

type 2 diabetes and obesity recruited using Amazon Mechanical Turk. After completing

an initial screening questionnaire, eligible participants reported demographics, then were

randomized to EFT, HIT, or NCC conditions. Following the generation of seven EFT or

HIT cues, participants assigned to EFT or HIT conditions completed a delay discounting

task while imagining EFT or HIT cues; no-cue participants completed the task without

cues. EFT participants demonstrated significantly lower delay discounting levels than HIT

or NCC participants; no differences in delay discounting between HIT and NCC partici-

pants were observed. These results suggest that engaging in EFT, but not diabetes-spe-

cific HIT, results in lower delay discounting in adults with type 2 diabetes and obesity. This

provides further evidence for the appropriateness of the HIT control for clinical trials

examining the effect of EFT on delay discounting in adults with self-reported type 2

diabetes.
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Introduction

Episodic future thinking (EFT), the vivid imagining of personal future events, has been shown

to reliably reduce delay discounting, the devaluation of future rewards [1, 2]. Higher delay dis-

counting rates are associated with poorer glycemic control and diabetes-related self-care [3].

Importantly, a change in delay discounting over one year was predictive of increased HbA1c

(glycated hemoglobin, a measure of retrospective blood sugar within the last 3 months) in

adults with prediabetes, while controlling for demographic variables and body mass index

(BMI; [4]). In recent years, researchers have examined the viability of EFT as an intervention to

decrease delay discounting and increase engagement in health-promoting behaviors. In basic

laboratory arrangements, EFT has been shown to reduce caloric consumption [5, 6], calories

purchased in an online grocery shopping task [7], and behavioral economic demand for fast

food [8]. EFT has been similarly efficacious in naturalistic settings, reducing caloric consump-

tion [9] and calories mothers purchase while grocery shopping [10]. Finally, in clinical settings,

EFT has been shown to reduce alcohol consumption [11] and increase medication adherence in

adults with type 2 diabetes mellitus (T2DM; [12]); however, at least one other translational

effort to incorporate EFT as a component of a clinical intervention has been less successful [13].

Regardless of the translation setting or phase, studies examining EFT’s effects typically

include a control condition for comparison. A common control condition in basic laboratory

settings is episodic-recent thinking (ERT), the vivid remembering of recent personal events

(i.e., within the past few days). While ERT is an appropriate control in the laboratory or natu-

ralistic settings, repeated (i.e., daily or multiple times per day) engagement in ERT over weeks

or months is impractical in clinical settings [14]. To keep cues related to recent events, ERT

cues would need to be generated often; matching EFT cue generation to this schedule would

be prohibitive. Additionally, control conditions in clinical experiments are more likely to pro-

mote adherence to the intervention and minimize demand characteristics if they equate expec-

tation of improvement between groups. Thus, participants should view the control condition

as clinically relevant or potentially helpful as the active participants view the potential helpful-

ness of the intervention. However, participants engaging in ERT do not report the belief that

ERT will increase the likelihood of engagement in health-promoting behaviors or decrease

delay discounting [14], which may limit adherence in clinical trials.

To address these limitations, Rung and Epstein [14] developed Health Information Think-

ing (HIT), a novel control condition well suited for long-term investigations on the effects of

EFT on delay discounting and other health behaviors in clinical settings. In an online experi-

ment, Rung and Epstein [14] demonstrated that participants (a general sample of 254 Amazon

Mechanical Turk workers] engaging in EFT had significantly lower delay discounting than

participants engaging in ERT or HIT. In the HIT control, participants read and responded to

health-information vignettes and generated HIT cues by describing their reactions. HIT par-

ticipants also rated the information on several dimensions, including how much they liked

learning the information, the importance of understanding the information, how exciting it

was to learn the information, and how useful it was to learn the information. This approach

results in personalized summaries of and reactions to health information, which mirrors com-

mon survey-guided EFT cue generation methods [15]. Additionally, the health-information

vignettes may be tailored for a given clinical condition, increasing the likelihood that individu-

als with said condition will view HIT cues as a relevant intervention component. Thus, the

HIT condition is likely to control for participants’ expectation of improvement and allows for

matching cue generation and regeneration schedules, making HIT a potentially powerful con-

trol condition for long-term clinical studies examining the effect of EFT on delay discounting

and health behaviors.
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Although Rung and Epstein [14] showed that the HIT condition did not significantly

impact delay discounting, the authors recruited participants from the general population and

provided health information about a broad range of topics (e.g., effects of alcohol on sleep, rec-

ognizing symptoms of depression, understanding nutrition labels). In contrast, studies explor-

ing the clinical effects of EFT have primarily focused on specific health behaviors in individual

clinical populations (e.g., diet and physical activity in patients with prediabetes). It is unknown

if a modified form of the HIT condition in which the health information is relevant to the pre-

vention or treatment of a specific clinical target and population (e.g., weight loss and glycemic

control in patients with T2DM) would yield different conclusions. Specifically, individuals

with T2DM and obesity who generate HIT cues based on T2DM-related health-information

vignettes (e.g., self-monitoring food, aerobic activity, nutrition labels) may react to these cues

with increased motivation to engage in health-promoting behaviors, potentially spurring pro-

spection and reducing delay discounting.

To further develop HIT as a clinical control for this population, the present study describes

an online experiment in which participants with self-reported T2DM and obesity were

recruited using Amazon Mechanical Turk and randomized to EFT, HIT, or a no-cue control

(NCC) condition. EFT and HIT participants generated cues using a self-guided survey, while

NCC participants did not generate cues. Afterward, participants completed a delay discount-

ing task while instructed to vividly imagine or consider their EFT or HIT cues; NCC partici-

pants completed the delay discounting task without these instructions. We hypothesized that

participants who were instructed to engage in EFT during the delay discounting task would

have lower levels of delay discounting (i.e., more frequent selection of larger later rewards)

compared to both HIT and NCC participants.

Materials and methods

Participants

We recruited 434 participants with self-reported obesity and T2DM using Amazon Mechani-

cal Turk, from February 10th, 2022, to November 17th, 2022. The qualification criteria in Ama-

zon Mechanical Turk specified that participants must be located in the US, have completed at

least 100 previous human-intelligence tasks, and have an approval rating of at least 99%. To

prevent individuals outside of the US from accessing the eligibility screening block or attempt-

ing to screen multiple times, we applied three sequential screening criteria to all responses.

First, we used IP address screening to prevent participants using a virtual proxy network

(VPN) from accessing the screening block [16]. Secondly, we prevented participants with IP

addresses associated with countries outside of the US from accessing the screening block.

Thirdly, we prevented participants with IP addresses that had already attempted or completed

the survey from accessing the survey a second time. Participants who were not flagged for

using a VPN, an IP address outside of the US, or a duplicate IP address were then shown the

eligibility screening block. To be eligible, participants must have self-reported height and

weight corresponding with a BMI� 30 and self-reported a diagnosis of T2DM. To increase

confidence in the truthfulness of self-reported T2DM, we asked participants to indicate any

medical conditions (diagnosed by a medical professional) using two separate medical diagno-

ses questions. Each diagnosis question included the same 13 answer choices (i.e., various dis-

eases and medical conditions; see survey file hosted on GitHub [https://github.com/

jeremiahmbrown/public-remedi-hit-pilot] for complete list) presented in random order. After

answering the first diagnosis question, participants answered three other unrelated questions

(i.e., height, weight, and age) before answering the second diagnosis question on a separate

page. To continue to the informed consent block, the selected answer options in both
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diagnoses questions had to match, and participants could not have selected more than 4 total

diagnoses on either diagnoses questions. Additionally, we prevented participants from con-

tinuing if they selected any of the following answer choices on either diagnosis question: Type

1 diabetes, chronic obstructive pulmonary disease (COPD), colorectal cancer, breast cancer, or

none of the illnesses in this list. The eligibility criteria regarding BMI, T2DM, and other medi-

cal diagnoses were assessed at the same stage in the survey; violating one or more of the criteria

rendered participants ineligible and ended the survey. Fig 1 depicts a flow diagram of partici-

pant enrollment, eligibility, dropout, and completion.

Fig 1. Participant flow diagram. Flow diagram depicting screening of MTurkers, assessment of eligibility, randomization, and study completion. Vol.

With. = Voluntary withdrawal (i.e., did not continue responding to the survey).

https://doi.org/10.1371/journal.pone.0289478.g001
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We determined the target sample size using an a priori power analysis. 396 participants

(132 per group) provide 95% power to detect a medium effect size difference (Cohen’s d = 0.5)

in delay discounting between individual pairwise comparisons (e.g., EFT vs. HIT; EFT vs.

NCC) following an omnibus ANOVA. We assumed a medium effect size based on values

observed by Rung and Epstein [14]. Higher attrition rates were observed in the EFT group

than in the HIT and NCC control groups; we discontinued recruitment after obtaining 434

completed responses, resulting in 172 completed responses in the NCC control group, 142 in

the HIT group, and 120 in the EFT group.

Procedure

This research was approved by the Virginia Tech IRB and performed in accordance with the

1964 Declaration of Helsinki. Participants completed the experiment online using Qualtrics

survey software. After assessing eligibility as described in the Participants Section, participants

provided informed consent by reading an IRB-approved consent information sheet and indi-

cating their agreement; acquiring written informed consent was waived by the IRB. Partici-

pants then completed a demographic questionnaire before being randomized to EFT, HIT, or

NCC conditions. EFT and HIT participants then generated seven cues according to their con-

dition (participants assigned to the NCC condition did not generate cues) before completing

an adjusting-amount delay discounting task [17]. After completing the delay discounting task,

participants were thanked for their time and compensated $2.50 via Amazon Mechanical

Turk. Additionally, participants could earn a $2.50 bonus payment if participants passed three

of four attention checks embedded in the adjusting-amount delay discounting task and gener-

ated cues longer than 50 characters (if randomized to the EFT or HIT conditions).

Demographics questionnaire. Participants answered questions regarding their age,

income, gender, and other sociodemographic characteristics. Additionally, participants

reported their most recent HbA1c reading and indicated their current thoughts and actions

regarding losing weight and better managing diabetes via a contemplation ladder [18]. The

ladder ranged between zero and ten, with zero representing “I have no thoughts or plans to

lose weight and better manage my blood sugar” and ten representing “I am taking actions to

lose weight and better manage my blood sugar”.

EFT cue generation. Participants randomized to the EFT condition generated EFT cues

using a self-guided cue generation survey (see Brown & Stein [15], for details on this method).

Participants first identified personally meaningful possible future events using single sentence

descriptions (e.g., “In one month, I am celebrating my wife’s birthday”), then rated those

events on four dimensions: how much they enjoy the event, how important the event is, how

exciting the event is, and how vividly they can imagine experiencing the event. Afterward, par-

ticipants generated additional vivid, episodic details describing that event, creating a future

thinking cue. For example, a completed EFT cue may read,

In one month, I am celebrating my wife’s birthday. We are having a nice dinner with

friends and family at a local restaurant. I am asking her about her year and what she is look-

ing forward to this upcoming year. I am happy to be surrounded by friends and family.

Participants generated seven EFT cues across seven future time frames: one month, three

months, six months, one year, three years, five years, and ten years. These time frames matched

the time frames used in the adjusting-amount delay discounting task.

HIT cue generation. Participants randomized to the HIT condition generated seven cues

based on T2DM-related health-information vignettes; specifically: aerobic physical activity,
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ultra-processed foods, self-monitoring, glycemic index, energy density, variety (of food), and

strengthening exercises. Participants first read the vignette, then described (using a single sen-

tence) one specific piece of information learned while reading. Afterward, participants rated

their description on four dimensions: how much they liked learning the information, how

important it was to learn the information, how exciting it was to learn the information, and

how useful it was to learn the information. This process was repeated for the remaining

vignettes. To complete the HIT cues, participants reread the vignettes and provided additional

details to their original descriptions. Participants were prompted to include details regarding

how the information fits into their existing knowledge, what the information made them think

about, who or what the information might be useful for, and how the information made them

feel. For example, a complete HIT cue generated after reading the vignette about strengthening

exercises may read,

I learned that strength training can help improve blood sugar level and decrease fat mass,

along with several other benefits. I already knew many of the benefits of strength training,

but this reinforced several concepts. The information made me think about my own

strength training schedule. The information is useful for anyone who may not know how or

why to start strength training. The information reinforced my love for strength training

exercises

Examples of HIT cues generated from other health-information vignettes can be found in

the supplementary materials.

Delay discounting task. Participants completed an adjusting-amount delay discounting

task for a $1000 (USD) gain, including seven-time frames displayed in random order: one

month, three months, six months, one year, three years, five years, and ten years [17]. Partici-

pants indicated their preferences between a smaller monetary reward available immediately or

a larger one available after a delay. Depending on participants’ choices, the amount of the

smaller reward was titrated upwards or downwards after each trial; participants made a total of

six choices within each block. Four attention checks were embedded into the task, asking par-

ticipants to choose between receiving $500 now and $1000 now; these checks were the final

choices during the one-month, six-months, three-years, and ten-years blocks. During the dis-

counting task, EFT participants were instructed to engage in EFT, while HIT participants were

instructed to engage in HIT; NCC participants completed the delay discounting task without

additional instructions.

EFT-cued delay discounting. To elicit EFT during the discounting task, EFT participants

were shown one EFT cue before beginning one block of choice trials in the discounting task.

Additionally, the single-sentence descriptions for each cue were presented during each trial

within a block. Participants were instructed to indicate their preferred option while imagining

their single-sentence description. EFT cue time frames were matched with the delay discount-

ing time frames (i.e., participants engaged with their one-month EFT cue while completing the

one-month block in the discounting task).

HIT-cued delay discounting. To elicit HIT during the discounting task, HIT participants

were shown one complete HIT cue before beginning one block of choice trials in the discount-

ing task. Additionally, the single sentence description of the specific piece of information first

identified in the HIT cue generation process (e.g., “I learned that muscle strengthening is rec-

ommended for those suffering from diabetes”) was presented during each trial within the

block. Participants were instructed to indicate their preferred option while imagining their sin-

gle-sentence description. As HIT cues do not involve future time frames, cues were matched

based on the order of appearance; the HIT cue generated first was paired with the first future
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time frame in the discounting task (i.e., participants were exposed to aerobic physical activity

cues while completing the one month block).

Data analysis

Data were accessed continually for research purposes from February 2022 to November 2022

to monitor study progress and for interim analyses, and from November 2022 to April 2023 to

conduct final analyses reported in this manuscript. All data analyses were completed using R

(version 4.2.1; [19]) and RStudio [20]. The tidyverse package was used to wrangle, clean, and

shape data; the gtsummary package was used to create Table 1; the ggplot2 package was used to

create all figures [21–23]. We compared EFT and HIT participant’s average ratings of cues to

test for group differences in liking/enjoyment, importance, and excitement using three t-tests

(i.e., one for each cue characteristic; ratings of usefulness generated by HIT participants and

ratings of vividness generated by EFT ratings could not be compared). We controlled for type

I error rate using Bonferroni correction (α = .0167). To quantify delay discounting, ordinal

area under the curve (AUC) values were calculated using the discAUC package [24, 25]. Higher

values of AUC reflect lower levels of delay discounting. To assess if delay discounting varied

between EFT, HIT, and NCC groups, we performed a one-way ANOVA with Tukey HSD post

hoc comparisons. As a sensitivity analysis, we performed these tests twice: once including only

ordinal AUC values from participants who correctly answered three out of four attention

checks during the delay discounting task, and again including all ordinal AUC values (see sup-

porting information). To test for differences in delay discounting attention check passing rates

Table 1. Demographics of participants who completed all study procedures, overall and by group assignment.

Group p-value2

Variable Overall HIT EFT NCC

N = 4341 N = 1421 N = 1201 N = 1721

Age (years) 44.00 (35.00, 53.75) 43.00 (34.00, 51.00) 43.50 (35.00, 54.00) 45.00 (36.00, 55.00) 0.4

BMI 37.12 (33.40, 43.31) 36.75 (32.46, 43.67) 36.86 (33.45, 42.00) 37.90 (34.12, 43.90) 0.5

Income (USD) 34,999.50 (4,999.50,

54,999.50)

34,999.50 (4,999.50,

54,999.50)

34,999.50 (4,999.50,

54,999.50)

34,999.50 (4,999.50,

54,999.50)

0.6

Unknown 11 6 2 3

Contemplation Ladder 9.00 (8.00, 10.00) 9.00 (8.00, 10.00) 9.00 (8.00, 10.00) 9.00 (8.00, 10.00) 0.7

Unknown 4 1 1 2

HbA1c 0.8

6.9% or lower 168 / 434 (39%) 61 / 142 (43%) 41 / 120 (34%) 66 / 172 (38%)

7.0%–8.0% 125 / 434 (29%) 35 / 142 (25%) 41 / 120 (34%) 49 / 172 (28%)

8.0%–8.9% 46 / 434 (11%) 16 / 142 (11%) 11 / 120 (9.2%) 19 / 172 (11%)

9.0% or greater 38 / 434 (8.8%) 11 / 142 (7.7%) 10 / 120 (8.3%) 17 / 172 (9.9%)

Unknown by

participant

57 / 434 (13%) 19 / 142 (13%) 17 / 120 (14%) 21 / 172 (12%)

Gender 0.6

Female 269 / 434 (62%) 91 / 142 (64%) 69 / 120 (57%) 109 / 172 (63%)

Male 162 / 434 (37%) 51 / 142 (36%) 50 / 120 (42%) 61 / 172 (35%)

Other 3 / 434 (0.7%) 0 / 142 (0%) 1 / 120 (0.8%) 2 / 172 (1.2%)

The income variable has been recoded as a continuous variable; see note in data analysis section.
1Median (IQR); n / N (%)
2Kruskal-Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test

https://doi.org/10.1371/journal.pone.0289478.t001
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between groups, we used a logistic regression to predict attention check passing status as a

function of group. To test for differences in study attrition between groups, we used Fisher’s

exact test. We used a significance level of α = 0.05 to determine statistical significance for all

tests, unless otherwise stated. Income was self-reported using an ordinal scale (e.g., $10,000–

19,999); in order to display income data in Table 1, income was recoded as a continuous vari-

able by assigning participants a value in the center of their selected category (e.g., participants

who reported $10,000 - $19,999 were recoded as $14,999.50). Deidentified raw data and R

code used to generate results are available on the authors’ Github page (https://github.com/

jeremiahmbrown/public-remedi-hit-pilot).

Results

Demographics

Table 1 depicts demographic information of participants who completed the experiment;

groups were not significantly different in regards to age, BMI, income, contemplation ladder

score, self-reported HbA1c, and gender.

Cue ratings

Cue ratings for the liking/enjoyment characteristic were significantly higher for EFT partici-

pants (M = 4.59; SE = .025) than HIT participants (M = 3.89, SE = .036), t(219.56) = 8.73, p =

< .001. Cue ratings for the importance characteristic were not significantly different between

EFT participants (M = 4.29, SE = .036) and HIT participants (M = 4.25, SE = .031), t(259.84) =

0.18, p = .85. Cue ratings for the excitement characteristic were significantly higher for EFT

participants (M = 4.33, SE = .032) than HIT participants (M = 3.28, SE = .04), t(226.69) =

10.87, p = < .001. A bar chart depicting mean and SE of average participant ratings by group

across characteristics is available in the supplementary materials.

Delay discounting

Fig 2 depicts the decline in the subjective value of the larger later reward relative to the smaller

sooner reward (i.e., indifference points) as a function of delay across EFT, HIT, and NCC

groups. Fig 3 depicts a notched boxplot of corresponding ordinal AUC values in these groups.

Data in Figs 2 and 3 includes participants who passed three or more discounting attention

checks (see supporting information for recreations of Figs 2 and 3, including all participants

who completed the experiment). Results of a logistic regression predicting delay discounting

attention check passing rates between groups revealed no significant effect of group; a model

including group as a predictor of passing rates was not significantly different than the null

model, X2 = 1.04, df = 2, p = .60. Results of the one-way ANOVA examining differences in

ordinal AUC between groups (including participants who passed three or more discounting

attention checks; n = 113, n = 129, and n = 159 for EFT, HIT, and NCC groups, respectively)

indicate that at least one group generated significantly different AUC values (F(2, 398) = 8.54,

p< .001). Post hoc comparisons using Tukey’s HSD indicate that the EFT group demonstrated

significantly higher ordinal AUC values than the HIT group (Mean difference = 0.103, 95%

CI: 0.04–0.167, p< .001, Cohen’s d = .49, 95% CI: 0.23–0.75) and the NCC group (mean differ-

ence = 0.089, 95% CI: 0.0279–0.149, p = .002, Cohen’s d = .43, 95% CI: 0.18–0.67). Addition-

ally, no difference between the NCC and the HIT group was observed (mean

difference = 0.014, 95% CI: -0.042–0.072, p = .81, Cohen’s d = .07, 95% CI: -0.16–0.30). All

conclusions remained consistent when including all ordinal AUC values, regardless of
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successfully passing three out of four attention checks during the delay discounting task (see

supporting information for model results).

Attrition

As depicted in the flow diagram (Fig 1), many eligible participants discontinued after random-

ization (i.e., during cue generation or the discounting task that followed) and could, therefore,

not be included in the analysis of delay discounting. Of the 174 randomized EFT participants,

120 (69%) completed the study (54 voluntarily withdrew after randomization). Of the 175 ran-

domized HIT participants, 142 (81%) completed the study (33 voluntarily withdrew after ran-

domization). Of the 175 randomized NCC participants, 172 (98%) completed the study (3

voluntarily withdrew after randomization). Fisher’s exact test was used to determine if the pro-

portion of participants randomized to each group compared to participants who completed

Fig 2. Group-level mean and individual indifference points. Mean and individual indifference points of participants who passed at least three of four

attention checks during the discounting task. Panel A depicts mean indifference points as a function of delay by group assignment, plotted on an ordinal

scale. Panels B, C, and D depict mean indifference points within each group (bold lines); transparent lines depict individual subject discounting curves.

Error bars represent standard error.

https://doi.org/10.1371/journal.pone.0289478.g002

PLOS ONE Episodic future thinking in type 2 diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0289478 August 3, 2023 9 / 15

https://doi.org/10.1371/journal.pone.0289478.g002
https://doi.org/10.1371/journal.pone.0289478


the study in each group were different. Based on the p-value obtained from the test (p< .001),

we reject the null hypothesis (i.e., that the number of participants who voluntarily withdrew vs.

completed the study after randomization were the same between groups). Pairwise compari-

sons using Fisher’s exact test revealed significant differences in attrition rates between all

groups (EFT vs. HIT: p = .002; EFT vs. NCC: p< .001; HIT vs. NCC: p =< .001).

Discussion

In this online experiment, we made two contributions to the literature: 1) the HIT control

(using cues generated in response to T2DM related health-information) does not result in

lower delay discounting compared to a no-cue control condition in adults with self-reported

obesity and T2DM, and 2) brief engagement in EFT does result in lower delay discounting

compared to the HIT control and a no-cue control in adults with self-reported obesity and

T2DM. We will discuss both contributions, study limitations, and future directions.

Health Information Thinking appears to be a suitable control for clinical trials involving

repeated engagement in EFT as an intervention to reduce delay discounting. In this clinical

sample (adults with self-reported obesity and T2DM), engaging in HIT using cues generated

Fig 3. Ordinal AUC by group. Notched boxplot of grouped ordinal AUC values of participants who passed at least three of four attention checks during

the discounting task. Notches represent the median ± 1.58 * IQR/
p
n.

https://doi.org/10.1371/journal.pone.0289478.g003
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from T2DM-related health-information vignettes did not result in lower delay discounting rel-

ative to participants engaging in EFT. Participants engaging in EFT exhibited significantly

greater ordinal AUC (i.e., lower delay discounting) than HIT and NCC conditions. No differ-

ences in ordinal AUC were observed between HIT and NCC participants, suggesting that HIT

is an inert intervention concerning delay discounting. These results are consistent with Rung

and Epstein [14], who showed that the HIT and ERT control conditions produced comparable

levels of delay discounting. These findings have important implications; namely, that HIT does

not appear to influence delay discounting, thus making it appropriate as a control condition in

clinical studies designed to reduce delay discounting and influence health behavior. Likewise,

the HIT condition is structurally similar to the EFT intervention, as the number of vignettes

and cues can be matched to the future events used in EFT. This provides a strong control for

effort and time in clinical studies, as participants in both the active intervention and control

groups would be scheduled to complete cue generation at approximately the same frequency.

These results suggest that EFT may be an efficacious intervention to reduce delay discount-

ing in adults with obesity and T2DM. To date, only one multiple-baseline small-n study has

examined the effects of EFT on medication adherence and delay discounting in adults with

T2DM [12]. This prior study reported a large effect size difference in discounting between

baseline and EFT conditions (ES = 1.2), although the small sample size (n = 4) prevented infer-

ential statistics. Thus, the present study’s findings are important to the literature examining

EFT as a clinical intervention for individuals with T2DM. However, as these findings are lim-

ited to acute (i.e, single exposure) EFT and delay discounting, future research should examine

the effects of repeated (i.e., multiple exposures) EFT on delay discounting, health behaviors,

and health outcomes.

Although the present study is the first large-scale examination of EFT in adults with self-

reported T2DM, other studies have shown that acute and repeated EFT reliably reduces or

results in lower delay discounting compared to control conditions in adults with prediabetes

[13, 26, 27], a condition of elevated blood glucose that increases the risk of developing T2DM

[28]. While EFT did not impact other health behavior outcomes in the aforementioned studies

of adults with prediabetes, other work in adults with overweight or obesity has been promising

[5, 8–10, 29]. Thus, more work is required to explore potential moderators of the efficacy of

EFT (e.g., HbA1c, education, BMI) in regard to changing health behaviors.

This study is not without limitations that should be addressed in future research. First,

while we are reasonably confident that our screening strategies limited the number of partici-

pants who completed the study but do not have a diagnosis of T2DM or obesity, it is likely

some unknown number who did not meet our qualifications were able to meet the screening

criteria by chance. However, this number is likely to be low, as we implemented emerging best

practices for online research utilizing Amazon Mechanical Turk [16], and further developed

methods to limit the ability to misrepresent a T2DM diagnosis in screening. As a result, less

than 3% of participants could continue past the screening questionnaire. Additionally, previ-

ous research supports the validity of self-reported T2DM via interview methods, although it is

unknown if these results generalize to self-reported T2DM via an online survey [30–32]. Fur-

thermore, the prevalence of self-reported T2DM in MTurkers aged 40–49 (measured in 2015)

was not different than the prevalence of T2DM in a representative sample of Americans (i.e.,

the 2013 Behavioral Risk Factor Surveillance System; [33]).

Second, we observed significantly higher attrition rates in participants randomized to the

EFT group compared to participants randomized to HIT or NCC groups; this difference may

be due to the increased effort required to generate EFT cues and engage in EFT during the

delay discounting task. Importantly, no significant group differences in demographic variables

related to delay discounting were observed (i.e., age, BMI, income, education, HbA1c), which
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suggests that the observed differences in attrition did not introduce bias related to any mea-

sured participant characteristic. We note, however, this differential attrition may be less likely

to occur in a sample of motivated participants enrolled in a clinical trial using behavioral inter-

ventions and EFT to manage T2DM better.

Thirdly, one other potential benefit of HIT was elucidated by Rung and Epstein [14] but was

not explored in the present study; namely, the ability to control for participants’ expectation of

improvement. Future research should measure participants’ expectations of improvement associ-

ated with EFT and HIT conditions. Fourthly, Rung and Epstein [14] and the present study were

unable to examine the effects of HIT (acute or repeated) on other health behaviors (i.e., food con-

sumption, physical activity engagement); future research is required to examine these outcomes

in clinical samples and to compare expectations of improvement in the context of a clinical trial.

Indeed, our group is currently using the HIT control condition in a clinical trial examining the

effects of repeated engagement in EFT (embedded within a behavioral intervention) on change

in delay discounting, body weight, and HbA1c in adults with type 2 diabetes and obesity (see

https://clinicaltrials.gov/ct2/show/NCT05280925). While data collection is ongoing, observing

significant group differences in behavioral outcomes would suggest that the HIT control is inert

with regard to delay discounting, health behaviors, and health outcomes. Similarly, observing no

differences in participants’ treatment acceptability ratings and perceived helpfulness would sug-

gest that expectations of improvement are not different between EFT and HIT.

Fifth, we observed significantly different average participant ratings of EFT and HIT cues on

excitement and liking/enjoyment characteristics, although no differences in ratings of impor-

tance were observed. While differences in cue ratings between active and control groups are not

ideal, EFT vs. HIT cue generation are, by design, different exercises resulting in qualitatively dif-

ferent written descriptions (i.e., a narrative about personal engagement in possible future events

vs. a personal reaction to health information). Therefore, differences in EFT and HIT cues on

ratings of excitement and liking/enjoyment may be related to the expected differences in con-

tent between EFT vs. HIT. Nonetheless, when applied in a long-term RCT involving repeated,

daily engagement in EFT or HIT, these content differences may reduce adherence to HIT and,

therefore, its suitability as a control condition. Future research should examine possible differ-

ences in intervention adherence between EFT and HIT in long-term RCTs.

In conclusion, the present experiment increases our confidence in using the HIT control

for clinical examinations of the effect of EFT on delay discounting. The HIT control cues can

be generated using health-information vignettes directly relevant to the clinical sample; engag-

ing in HIT using these cues does not result in lower delay discounting relative to a standard

delay discounting task. HIT control is a promising candidate for long-term clinical trials

involving EFT as an intervention to reduce delay discounting and change health behaviors.

Supporting information

S1 Fig. Group-level mean and individual indifference points, all participants. Mean and

individual indifference points of participants, including all participants. Panel A depicts mean

indifference points as a function of delay by group assignment, plotted on an ordinal scale.

Panels B, C, and D depict mean indifference points within each group (bold lines); transparent

lines depict individual subject discounting curves. Error bars represent standard error.

(TIFF)

S2 Fig. Ordinal AUC by group, all participants. Notched boxplot of grouped ordinal AUC

values, including all participants. Notches represent the median ± 1.58 * IQR/
p

n.
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S3 Fig. Mean and SE of characteristic ratings for EFT and HIT cues.
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S1 Appendix. Sensitivity analysis of AUC comparisons.
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