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Abstract: Whilst the treatment and prevention of overweight and obesity-related disease is man-
aged by restricting daily energy intake, long-term adherence to dietary strategies appears unsus-
tainable. Time-restricted eating (TRE) aims to position energy intake in an eating window under 12
h per day and offers an alternative behavioral intervention, which can aid weight management and
improve cardiometabolic health. Adherence to previous TRE protocols is estimated at between 63
and 100%, although the accuracy of reporting is unclear. This study therefore aimed to provide an
objective, subjective, and qualitative overview of adherence to a prescribed TRE protocol, and to
identify any potential barriers affecting adherence. Adherence after 5 weeks of TRE was estimated
at ~63% based on continuous glucose monitoring data when compared with time-stamped diet
diaries. Subjective participant responses reported adherence at an average of ~61% per week. Bar-
riers to adopting TRE, including work schedules, social events, and family life, were identified by
participants during qualitative interviews. The findings of this study suggest that the development
of personalized TRE protocols may help to navigate the barriers to adherence leading to improved
health-related outcomes.

Keywords: time-restricted eating; TRE; chrononutrition; intermittent fasting; adherence; qualitative
methods

1. Introduction

Treatment for obesity is broadly covered by dietary and physical interventions,
cognitive therapy, pharmacological drugs, and bariatric surgery [1], although dietary
interventions are administered mostly amongst individuals living with overweight or
obesity [2,3]. Over the last few decades, public health strategies have focused primarily
on adjusting the macronutrient content, quantity, and quality of the diet to promote
continuous energy restriction (CER), leading to clinically significant weight loss and
subsequent improvements to health. Although clinical trials report that sustained weight
loss of >10-15 kg after 12 months leads to greater rates of diabetes remission, lower
HbAic, and decreased mean triglycerides [4], the availability of a dietary intervention
promoting and maintaining weight loss under real-life conditions remains elusive.

Intermittent energy restriction (IER) has emerged as an alternative strategy to CER,
focusing on daily food abstinence followed by concise periods of ad libitum eating. There
are three main versions of IER, including alternate day fasting (ADF), the 5:2 diet, and
time-restricted eating (TRE). The primary aim of TRE is to restrict all daily energy intake
into a timeframe lasting no more than 12 h, with less emphasis on calorie counting or
adjusting diet quantity or quality. This dietary strategy focusing on the timing of energy
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consumption has been highlighted as a potential treatment demonstrated to reduce body
weight, body mass index (BMI), total body fat percentage, waist circumference, and hip
circumference in individuals with overweight and obesity [5-11], as well as fat mass in
healthy-weight, resistance-trained males and females [12-14].

There are numerous TRE strategies, which vary in the duration of their eating
windows from ~4 to 12 h, distributed at different times throughout the day. What re-
mains unclear are the mechanisms driving these health-promoting outcomes. TRE has
been demonstrated to result in weight loss ranging from 1% to 4% of body weight in
studies lasting 4 weeks [15], 8 weeks [7], 12 weeks [6,8,11] and 16 weeks [9], with a con-
comitant reduction in daily energy intake of between ~8% and ~20% in studies allowing
ad libitum eating [8,9]. Additionally, TRE may modify substrate oxidation, utilizing free
fatty acids and fatty-acid derived ketones as energy by extending the fasting period to >12
h, leading to subsequent reductions in body adiposity [5,16,17]. Other TRE programs
suggest there are cardiometabolic benefits associated with restricted eating, specifically
in improving postprandial or 24 h mean glucose levels, fasting glucose, and insulin levels
when early TRE (eTRE) is followed [18-22].

Attrition rates, however, are a consistent issue associated with weight loss-related
dietary interventions [23]. A review of popular dietary strategies designed to induce an
energy deficit showed that they were equally effective at stimulating weight loss, sug-
gesting that individual preferences should be considered to strengthen rates of adherence
to nutrition interventions [24]. Much of the TRE literature to date has focused on meas-
uring adherence to the respective protocols, with success rates ranging from 63 to 100%
[5-8,12-15,17-21,25,26]. What remains unknown is the validity of these claims, since ad-
herence is frequently measured using self-reported methods. Moreover, the application
of clinical methods may not be compatible within the reality of modern-day living. Re-
search indicates that adherence to a diet is greater in studies when foods are provided
within a clinical setting or available to take home [3-5]. This may partially explain why
compliance rates of ~98% were observed in a 5-week eTRE study wherein all meals were
provided and consumed within a 6 h eating window between 9:00 and 15:00 h [21]. Pa-
tients with type 2 diabetes were adherent on ~6 d weekly over a 12-week period of eating
ad libitum between 8:00 and 18:00 h [27], and similar compliance rates occurred under 4 h
and 6 h TRE conditions in adults with obesity [7]. Subjects adhering to an 8 h eating
window within +15 min, +30 min, and +60 min were able to do so for 55.5%, 60% and
66.3% of the time, respectively [6]. However, a 14-week study in physically active males
and females hypothesized that adherence would need to be more than 70% to acquire the
benefits of TRE. In that study, participants were compliant with the TRE regime on 5
days/week (71%), in comparison to 4.5 days/week (64%) for the controls [28]. In response
to the end of study feasibility questionnaire, 89% of TRE subjects and 100% of those fol-
lowing a Mediterranean diet would recommend the intervention to others. Long-term
follow-up in individuals with Metabolic Syndrome prescribed a TRE diet found ap-
proximately 63% of the 19 participants involved were still implementing TRE between 8
and 12 h ~16 months after study cessation [11].

Evidence for the biological, behavioral, psychosocial, and environmental factors
affecting adherence to TRE is beginning to emerge within the literature [26,29,30]. Qual-
itative data have highlighted social activities, family life, and work commitments as bar-
riers to TRE [26,31,32]. In a pilot study intervention, the authors reported participants
had difficulty in adhering to the restriction every day, indicating social events influenced
diversion from the protocol, although participants did suggest that demonstrable health
benefits and the enablement of a flexible approach would incentivise them to consider
TRE in the future [5].

A questionnaire-based study analyzing the proof-of-concept of the current TRE
protocol symmetrically restricting the daily eating window by 3 h found ~59% of partic-
ipants with an eating window 212 h could feasibly incorporate the restricted eating
pattern into their daily routine [29]. The data also demonstrated that factors influencing
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motivation to undertake TRE included cost, time availability, and health benefits on
workdays, as well as wake time, bedtime, time availability, motivation to change, and
health benefits on free days. Despite the research suggesting TRE is relatively adherable,
caution must be applied when interpreting these findings, since the volunteers were
likely to be motivated to participate and comply with TRE regulations.

The studies described above were all conducted over a short timeframe between 4
and 24 weeks. Further, most studies have used self-reported diet diaries to monitor ad-
herence, and these are subject to misreporting bias. Further research is needed to objec-
tively assess adherence to TRE regimes, identify factors that may impact adherence, and
explore preferences relating to the proposed TRE or other protocols.

Therefore, the present TRE study incorporated a 3 h symmetrical reduction to ha-
bitual eating windows over 12 h by delaying and advancing first and last daily eating
occasions by 1.5 h, respectively, with the aim and objective of: (i) exploring objective and
subjective adherence to the protocol during 5 weeks of TRE; (ii) exploring the preference
for the current TRE protocol and prospective use with a focus on the positives and nega-
tives, and (iii) identifying the barriers to maintaining TRE.

2. Materials and Methods
2.1. Study Design

In this 7-week TRE study, participants were assigned to either the TRE (intervention)
or control group using age, weight, and BMI to ensure that demographics were equiva-
lent between groups. The study consisted of a 2-week baseline period followed by
5-weeks of control or TRE. The intervention length of 5-weeks was designed so that ad-
herence could be reviewed and compared at three phases of the trial (during baseline,
during 2 weeks at the start of TRE, and 3 weeks in the final phase of TRE). The main
purpose of this was to explore whether rates of adherence varied depending on the phase
of the intervention. The intervention phase was deemed long enough to provide sulffi-
cient experience of following TRE under free-living conditions and to identify the barri-
ers that impact on the ability to maintain adherence. An outline of the study and a time-
line of procedures are provided in Figure 1.
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Figure 1. Study design and timeline of procedures. Continuous glucose monitors as indicated by
the symbol W were changed every two weeks beginning at the start of baseline (Week -2) until

the beginning of Week 4. Data collected at home included a diet diary on three separate occa-
sions (Week —2-0, Week 0-2, and Week 4-5). End of study data collected included an exit ques-

(2]
[}
tionnaire I:I (Week 5) and exit interview ) (Post study).

In total, there were 6 study visits to the Clinical Investigation Unit (CIU) at the
University of Surrey, including screening, start of baseline, end of baseline, and after 2
weeks, 4 weeks and 5 weeks of intervention. Participants attended study visits at the end
of baseline, and 2 weeks and 5 weeks of intervention in a fasted state (=12 h). The study
received a favorable ethical opinion from the University of Surrey ethics committee: UEC
2019 064 FHMS. This study was conducted in accordance with the ethical principles ex-
pressed in the Declaration of Helsinki. Recruitment began in January 2022, and partici-
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pant enrolment started on 31 January 2022 and ended on 1 May 2022. The study ended on
the 19 June 2022.

2.1.1. Study Intervention

At baseline, participants were instructed to maintain their habitual eating times,
then either reduce the eating window by 3 h for the intervention phase (TRE group) or
continue with routine eating times (control group). To reduce any potential bias towards
early or evening eating, participants were instructed to delay and advance their first and
last energy intake times by 1.5 h each in accordance with averaged eating time data rec-
orded at baseline. Participants in both groups were allowed to eat ad libitum within their
habitual or adjusted eating windows. Participants could consume water, tea and coffee
without milk and sugar, sugar-free herbal teas, and sugar-free soft drinks during the
fasting period. Under both conditions, participants were given a +30 min timeframe in
which they could adjust their eating window but were encouraged to maintain their
routine as consistently as possible.

2.1.2. Participants

Non-obese (BMI 18.5-29.9 kg/m?) males and females (aged 18-50 y) with normoten-
sive blood pressure (<140/90 mm Hg) and an eating window >12 h were recruited to take
part in this TRE trial. Potential participants were excluded if any of the following were
reported: chronic illness, regular medication affecting appetite or weight, history of shift
work, weight change of +3 kg in the last 6 months, regular smoking, travel across 22 time
zones one month prior to or during the trial, and current involvement in other clinical
trials. After dropouts, n = 16 participants met the intervention (n = 8) and control (1 = 8)
conditions; n = 16 completed the exit questionnaire and n = 10 completed the exit inter-
views. An outline of the study consort is displayed in Figure 2.
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[«—— Control [n=9] TRE [n=10] —» *  Family reasons [n=1]

l i *  Voluntary withdrawal [n=1]

5-weeks control

* Maintain habitual eating window

* Completed intervention [n=8]
* Completed exit questionnaire [n=8]
* Completed exit interview [n=4]

5-weeks TRE

* Delay firstdaily energy intake by 1.5 h
* Advance last daily energy intake by 1.5 h

* Completed intervention [n=8]
* Completed exit questionnaire [n=8]
* Completed exit interview [n=6]

Figure 2. Time-restricted eating study CONSORT diagram. The number of participants from the
TRE and control groups completing the study, exit questionnaire, and exit interview are presented
in the text boxes with a red border.

2.2. Adherence

Adherence was assessed using data from the time-stamped dietary assessment, the
CGM monitors and data from the exit questionnaire and exit interviews.

2.2.1. Time-Stamped Dietary Assessment

Dietary intake was recorded using the Libro app (Libro, v.8, Dublin, Nutritics, 2019)
available for both iOS and Android smartphones and automatically uploaded to Nutrit-
ics software for analysis (Nutritics, Research Edition, v5.64, Dublin, Nutritics, 2019). Par-
ticipants recorded 7 days of weighed food intake [33] in the last week of the baseline
phase to establish the mean time of first and last eating occasions and overall eating
window, from which a delayed eating start time, and advanced eating end time and
overall eating window, were calculated. During the intervention period, participants in
both groups recorded 4 days of dietary intake in the week leading up to visits at 2 weeks
and 5 weeks of the investigation. Participants were provided with a Libro app user
manual and individual training support on how to accurately categorize eating occasions
within the app. Each food item was entered into the appropriate category as breakfast,
lunch, dinner, snack, or drink within the Libro app, along with the quantity, and time of
consumption. Food items could be found in the app by utilizing the search engine or by
scanning the barcode of food packaging, if applicable. Certain foods featured picture
guides to help with estimating portion size, and participants could upload and save the
nutritional content of items not available on the Libro app database.
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(A) Adherent.

(B) Non-adherent.

Average Glucose (mmollL)

2.2.2. Continuous Glucose Monitors (CGM)

Adherence to the TRE and control group instructions was monitored by comparing
CGM data to the time-stamped diet diaries. Freestyle Libre Pro iQ (Abbott, Wiesbaden,
Germany) continuous glucose monitoring (CGM) was used throughout the study to ob-
serve 24 h glucose responses in accordance with recorded dietary information. The sen-
sor was inserted into the back of the upper non-dominant arm and scanned to confirm
data were ready to record. Participants returned every two weeks to have a new CGM
sensor attached. Due to sensor error or poor application, some glucose data are reported
as missing.

2.2.3. Scoring Adherence

Objective scores for the rates of adherence to the TRE protocol were agreed by the
research team. Adherence was evaluated using CGM data according to whether they met
the following criteria: (i) the eating window after baseline was reduced by 3 h and was
<12 h in total; (ii) first and last eating times were delayed and advanced by 1.5 h in ac-
cordance to baseline mean times; (iii) glucose increments began +30 min within the
self-reported first and last eating times. Controls were considered non-adherent if the
reported eating window was <12 h. The first and last daily eating occasions were identi-
fied when glucose levels were elevated by >1 mmol/L for 21 h or longer.

An example of how adherence and non-adherence was calculated is demonstrated
in Figure 3. CGM data were analyzed in accordance with time-stamped dietary assess-
ments, providing an estimate of the mean first and last eating times and subsequent eat-
ing window.

) 13 17 21 25 29
Time (h)
Figure 3. N = glucose levels; [- - - - - ] = mean delayed and advanced eating occasions; =
mean sleep and wake times; = sleep phase; = suspected energy intake outside of reported

eating window. (A) is an example of an adherent day with the CGM response in close correspond-
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ence to the reported mean first and last eating occasion, and the overall eating window is <12 h. (B) is
an example of a non-adherent day where CGM responses appear before and after the reported mean
first and last eating occasions of the day, and the overall eating window is >12 h.

Adherence was coded as Yes/No for each 24 h period in an Excel spreadsheet. The
percentage of adherence was calculated as: (number of days adherent + number of in-
tervention days, i.e., 35 days) x 100. When CGM data were missing, however, the number
of available intervention days was recalculated to determine the number of days adher-
ent.

2.2.4. Exit Questionnaire

The exit questionnaire aimed to explore and quantify subjective rates of adherence
to the protocol. For the TRE group, the questionnaire was designed to investigate per-
ceived adherence to the 1.5 h morning delay and evening advance in eating times, and
overall compliance with the 3 h reduction in habitual eating windows. For the control
group, the exit questionnaire aimed to investigate their anticipated adherence if they had
been selected to take part in the TRE group. An example of the questionnaires and the
Likert scale responses used for both groups can be found below.

Participants assigned to the TRE group responded to the following questions to
mark their perception of adherence: (i) How did you find the TRE intervention? (Ex-
tremely difficult/Somewhat difficult/neither easy nor difficult/Somewhat easy/Extremely
easy); (ii) On how many days of the week were you able to comply with the 1.5 h delay to
the timing of first energy intake in the morning? (Never 0 days/Sometimes 1-2
days/Approx. half 3-4 days/Most of the time 5-6 days/Always 7 days); (iii) On how many
days of the week were you able to comply with the 1.5 h advance to the timing of last
energy intake in the evening? (Never 0 days/Sometimes 1-2 days/Approx. half 3—4
days/Most of the time 5-6 days/Always 7 days); (iv) Were you able to reduce your eating
window by 3 h overall? (Never 0 days/Sometimes 1-2 days/Approx. half 3—4 days/Most
of the time 5-6 days/Always 7 days).

For the control group, participants were asked to estimate their level of adherence if
they were assigned to follow the TRE intervention using the same response frames as the
TRE group: (i) How do you think you would find the TRE intervention? (ii) On how
many days of the week do you think you would be able to comply with the 1.5 h delay to
the timing of first energy intake in the morning? (iii) On how many days of the week do
you think you would be able to comply with the 1.5 h advance in the timing of last energy
intake in the evening? (iv) Do you think you would be able to reduce your eating window
by 3 h overall?

2.2.5. Exit Interviews

In a semi-structured interview format, participants were asked to give feedback on
their overall experience and attitudes towards following TRE. Participants in the TRE
group were asked to provide an assessment of their adherence to the morning delay and
evening advance in the timing of energy intake. Participants were encouraged to reflect
on the factors that either enabled or restricted them from adhering to TRE, along with
comments on their overall level of adherence to the protocol. Participants from the con-
trol group were asked these questions hypothetically to investigate their perceived like-
lihood of adherence to TRE. An overview of the exit interview questions can be found in
Table 1. Full transcripts are available as Supplementary Materials.
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Table 1. Exit interview questions exploring adherence to TRE.

TRE Group Control Group

Experience of TRE Attitude towards TRE

How did you find following the TRE intervention? How do you think you would find following the TRE inter-
Why was that? vention? Why is that?

What were the negatives of following TRE? What do you think the negatives of following TRE would be?
What were the positives of following TRE? What do you think the positives of following TRE would be?

Did it affect your day-to-day living in any way?
Did it affect your food choices in any way?
Did it affect your sleep in any way?

Do you think it would affect your day-to-day living in any
way?

Do you think it would affect your food choices in any way?
Do you think it would affect your sleep in any way?

Adherence

Adherence

On how many days of the week were you able to com- On how many days of the week do you think you would be

ply with the 1.5 h delay to the timing of first energy able to comply with the 1.5 h delay to the timing of first energy

intake in the morning?

intake in the morning?

What enabled you to achieve this? What would enable you to achieve this?
What restricted you from achieving this? What would restrict you from achieving this?

On how many days of the week were you able to com- On how many days of the week do you think you would be
ply with the 1.5 h advance to the timing of last energy able to comply with the 1.5 h advance to the timing of last

intake in the evening?

energy intake in the evening?

What enabled you to achieve this? What would enable you to achieve this?
What restricted you from achieving this? What would restrict you from achieving this?

Were you able to reduce your eating window by 3 h
overall by choosing your own feeding window?

What did you do?

Do you think you would be able to reduce your eating win-
dow by 3 h overall if you were able to choose your own feed-
ing restriction?

What would this look like?

2.3. Preference towards TRE

Participant preference for TRE was assessed through the responses to the exit ques-
tionnaire.

Exit Questionnaire

The exit questionnaire aimed to review the preference for TRE in participants from
both groups. The questionnaire investigated post-study plans to follow TRE, how many
days participants can realistically follow TRE, and the duration of restriction that could
reasonably be adhered to. The questionnaires attributed to measuring the preferences
towards TRE and the answers available on a Likert scale can be found below.

TRE group participants were asked the following questions to explore preference for
TRE: (i) Do you plan to continue with following TRE? (Never 0 days/Sometimes 1-2
days/Approx. half 3—-4 days/Most of the time 5-6 days/Always 7 days); (ii) Realistically,
how many days a week do you think you could follow TRE on? (0/1/2/3/4/5/6/7); (iii)
Please select the duration of time that you could consistently adhere to in terms of re-
striction to your daily eating window. (<0.5 h/0.5-1 h/1.1-2 h/2.1-3 h/3.1-4 h/>4 h).

Control group participants were asked the following questions to explore preference
for TRE: (i) How many days a week would you consider following TRE? (Never 0
days/Sometimes 1-2 days/Approx. half 3-4 days/Most of the time 5-6 days/Always 7
days); (ii) Realistically, how many days a week do you think you could follow TRE on?
(0/1/2/3/4/5/6/7); (iii) Please select the duration of time that you could consistently adhere
to in terms of restriction to your daily eating window. (<0.5 h/0.5-1 h/1.1-2 h/2.1-3 h/3.1-
4 h/>4 h).
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2.4. Statistical and Thematic Analysis

Statistical analysis was undertaken using SPSS (version 28; IBM Corp., New York,
NY, USA). Exit questionnaire responses were analyzed using an independent samples
t-test to review any differences in subjective and perceived rates of adherence to and
preferences for TRE between both groups. A chi-squared analysis was run to test the
distribution of sex ratio between groups. A two-way repeated measures ANOVA was
carried out to observe the effects of TRE by time, by group, and by time and group in-
teraction on changes to first and last eating occasions and duration of the eating window.
A Bonferroni test was carried out to identify in which group and between which different
time points of the intervention did a significant change occur.

Interviews were recorded and transcribed in Microsoft Teams and were edited
post-interview using Microsoft Word. The transcriptions were thematically analyzed to
identify the key factors describing the experienced and anticipated positives and nega-
tives of following TRE. In addition, participants from both groups identified some of the
experienced and anticipated barriers to, and incentives towards, TRE.

3. Results
3.1. Participants

In total, 16 participants completed the intervention and were included in the analy-
sis (15 females = 93.8%; 1 male = 6.2%). An overview of the group characteristics can be
found in Table 2. At the beginning of the study there were no significant differences be-
tween the groups regarding sex, age, weight, or BMI. Most participants described them-
selves as white (n = 11; 68%), Asian British (n = 3; 18.8%), black, black British, Caribbean
or African (n = 1; 6.3%), or Middle Eastern (n = 1; 6.3%). Half of the participants were
aged between 19 and 23 years old (1 = 8; 50%). The remaining participants were aged
between 25 and 46 years old (1 = 8; 50%).

Table 2. Participant characteristics (n = 16).

TRE (n=18) Control (1 =8) p
Sex (F:M) 8:0 7:1 0.351
Age (y) 28+9.5 274+8.1 0.889
Weight (kg) 66.4 +10.1 66.6 +10.1 0.970
BMI (kg/m?) 24.1+3.0 23.0+1.6 0.435

Note: Data displayed are the mean and standard error of the mean SEM. A chi-squared analysis
revealed no significant difference in the distribution of sexes between groups at baseline. There
were no statistical differences in mean age, weight or BMI of both groups based on outcomes of an
independent samples t-test.

3.2. Adherence
3.2.1. Time-Stamped Dietary Assessment

Adherence to the protocol was first analyzed using the self-reported time-stamped
dietary assessment to estimate the average time of first and last energy intake of the day,
and overall eating window at baseline and during the intervention. Figure 4 below shows
the self-reported changes made to eating times and eating window between the baseline
and intervention phases. A two-way repeated measures ANOVA indicated a
non-significant trend towards TRE in the intervention group after the baseline phase de-
laying first energy intake in the morning (Figure 4A) (p = 0.065). A post-hoc Bonferroni
test revealed there was a significant delay to the timing of first energy intake in the
morning between the end of baseline and after 2 weeks of intervention (p = 0.025) in the
TRE group; however, the delay to morning eating time between baseline and week 5 of
intervention was non-significant (p = 0.092). Overall, TRE in the intervention group had a
significant effect on advancing the time of last energy intake in the evening (Figure 4B) (p
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< 0.001) and reducing the overall eating window between groups (Figure 4C) (p < 0.001).
Specifically, post hoc analysis identified a significant difference to the timing of last en-
ergy intake of the day between the end of baseline and after 2 weeks of intervention (p <
0.001) and baseline and week 5 of intervention (p = 0.006) in the TRE group. The overall
eating window in the TRE group was significantly reduced after the baseline phase at 2
weeks (p < 0.001) and 5 weeks of intervention (p < 0.001). A summary table with average
eating times can be found in Supplementary File S51.2.

A -B- TRE
-o- Control
€ 10-
j=
=
®
£
> 9-
<
=
o
=
8_
[ | 1
0 2 5
B
22 -

N
-
|

—
®

Evening time (hh:mm)
N
<

@
——




Nutrients 2023, 15, 2336

11 of 20

G
22+

< 21-

@

=

o 20-

C

c

g

3 194
-+

[ I

0 2 5

Figure 4. Review of the impact TRE had on changes to the time of first energy intake in the morning
(A), last energy intake in the evening (B), and alteration to the overall eating window (C). Data are
given as means and vertical bars represent SEM. Blue lines correspond to the control group and the
red dash lines highlight the TRE groups’ responses.

3.2.2. Continuous Glucose Monitoring (CGM)

Table 3 provides a summary of estimated adherence to the protocol using objective
CGM data. Adherence was estimated by observing each 24 h CGM recording, noting
whether first and last glucose excursions were within +30 min of the agreed first and last
eating times reported in the time-stamped dietary assessments. CGM data were com-
pared alongside time-stamped dietary assessments to review rates of adherence to
self-reported first and last eating occasions during baseline and intervention. There are
CGM data missing for TRE (n = 1) and control group participants (n = 3).

Table 3. Summary of adherence from CGM data.

TRE Control . Grou
n=7 n=5 Time Group | Timi
W0 W2 W5 Mean WO W2 W5 Mean p p p
Adherence 753 60.1 652 627 827 824 752 788
(%) (71) (83) (8.0) (82) (26) (89 (27) (5.8

0.400 0.176 0.435

Note: Data represent mean adherence % and SEM for time effect, group effect, and group x time
effect of condition analyzed using two-way repeated measures ANOVA. WO is the rate of adher-
ence recorded during the last week of baseline. W2 and W5 represent adherence rates recorded
after 2 weeks and 5 weeks of intervention or control.

The use of CGM devices did not reveal any significant difference between groups in
rates of adherence by time, group, or group x time effect; despite lower rates of adher-
ence recorded at 2 weeks and 5 weeks in the TRE group. Based on the adherence rates
listed in Table 3, participant adherence in the TRE group was 5.2 + 1.5 days per week
during baseline (75.3%), 4.2 + 1.5 days per week during 2 weeks of TRE (60.1%), and 4.5
* 1.7 days per week during the final 3 weeks of the intervention (65.2%). When the in-
tervention phase rates are combined, average adherence over the course of 5 weeks is
approximately ~63%. In the control group, adherence during baseline was 5.8 + 0.3 days
per week (82.7%), 5.7 + 1.4 days per week for two weeks (82.4%), and 5.2 + 0.4 days per
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week in the last 3 weeks of the control phase (75.2%). Overall adherence in the control
group was estimated to be ~79%.

3.2.3. Exit Questionnaires

The data measuring adherence from the exit questionnaires are summarized in Table
4. Participants assessed their ease or difficulty in following the intervention, along with
estimating the number of days adherent to the protocol. TRE participants responded with
regard to their experience of following TRE, whereas the control group provided an an-
ticipatory response should they have been following TRE.

Table 4. Between-group analysis of adherence to TRE.

Mean + SEM t p
TRE How did you find the TRE intervention? 31+1.0 0.266 0.794
Control How do you think you would find the TRE intervention? 33+0.9 ' '
TRE On how many days of the week were you able to comply with the 1.5 h 19404

delay to the timing of first energy intake in the morning?

On how many days of the week do you think you would be able to -4.320  <0.001
Control comply with the 1.5 h delay to the timing of first energy intake in the 3.4+09

morning?

TRE

On how many days of the week were you able to comply with the 1.5 h

41+0.6

advance to the timing of last energy intake in the evening?

On how many days of the week do you think you would be able to -4.075  <0.001

Control comply with the 1.5 h advance to the timing of last energy intake in the 28+0.7

evening?
TRE Were you able to reduce your eating window by 3 h overall? 43+0.7
i i i -3.989 <0.001
Control Do you think you would be abls Vt;;;l)uce your eating window by 3 h 30405 0.00

Note: Data are reported as the mean and SEM. Mean values relate to exit questionnaire responses
recorded on a Likert scale.

Although not a direct comparison, the results in Table 4 demonstrate there was a
significant difference between the subjective and prospective rates of adherence to the
morning delay, evening advance, and overall 3 h window reduction between TRE and
control group participants. The results may indicate TRE is easier to adhere to than is
anticipated. Both groups reported they found, or would find, the intervention neither
easy nor difficult to adhere to. For both groups, the results indicate the morning delay
was or would be easier to adhere to than the evening advance to energy intake (morning
TRE group 4.9 + 0.4 days per week and control group 3.4 + 0.9 days per week; evening
TRE group 4.1 + 0.6 days per week and control group 2.8 + 0.7 days per week). Based on
the findings in Table 4, TRE participants were adherent to the overall 3 h reduction in
habitual eating window on 4.3 + 0.7 days per week (61%). The control group anticipated
they would be able to adhere to a 3 h restriction to habitual eating windows on 3 + 0.5
days per week (43%). These results highlight TRE participants were able to adhere to the
protocol on more days than the control group perceived would be feasible. The outcomes
may also suggest that TRE is easier to adhere to than is anticipated.

3.2.4. Exit Interviews

A total of 10 participants (TRE n = 6, control n = 4) took part in the exit interviews
expressing their views on TRE, adherence to the protocol, the positives and negatives of
following TRE, their plans for future adherence, and the incentives or barriers to adopt-
ing TRE into their daily routines.
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Summary of Adherence Themes

The majority of TRE participants found the morning delay easier to adhere to (1 =5).
Factors that helped participants to adapt to the morning delay included taking breakfast
to work (n = 1), working from home (n = 1), and not having the desire to eat in the
morning (n = 1). Two participants found delaying morning energy intake challenging
because they required energy to start their day (n = 1), and because of lectures in the
morning (1 = 1). Those who found it easier to advance in the evening stated this was be-
cause they cut out late-night snacking (n = 1), or they were able to eat an evening meal
with their children (1 = 1). Two of the participants in the control group said they would
find the morning delay easy, but due to habitual snacking in the evening, they envisaged
restricting this could be problematic. A control group participant indicated they would
find it difficult to advance the last energy intake in the evening due to socializing or work
commitments.

When the data were analyzed collectively, reports indicated partial adherence to the
protocol over the 5-week intervention. There are indications of a preference towards
greater adherence to morning delayed eating in comparison to evening energy re-
striction, which warrants further exploration. Thematic analysis has identified some of
the mitigating factors impacting the uptake of daily TRE, and may prove useful for the
development of future studies. An overall summarization of participant experiences fol-
lowing TRE, including the positives and negatives, incentives for and barriers to TRE,
and any other additional comments, is listed in Table 5.

Table 5. Overall assessment of experiences with TRE.

Area of Investigation Summary of Thematic Analysis TRE Control
o Challenging to fit in around work and children
. Greater compliance during the week than on weekends
o When to eat required planning around work and social activities 0
o Habitual breakfast-eaters found delaying morning intake a challenge O
Experience of TRE e Morning delay was easy for most
o Evening advance was difficult initially for habitual snackers
o Difficult to adhere to on holiday or with family in cultures favoring O
later eating
o Encouraged increased fluid intake during the fasting phase [
. Easy to follow
o Provided a routine O
Positives of TRE e Improved quality of sleep O
. Feeling better, less bloated, better digestion
o Participants became more conscious of their eating choices
. Impacted on social events
. Fatigue and low energy when delaying breakfast 0
Negatives of TRE Difficult to implement at weekends O
. Unable to sleep when hungry O
. Improve sleep conditions
. To help maintain weight, lose weight, or reduce abdominal fat
Incentives to follow
TRE Improvements to gut health [
o Enabling flexibility to the restriction 0
. Benefits to mental health, mood, concentration
. Social life, living accommodation, social media posts
Barriers to following e Work commitments and lifestyle, activities
TRE o Family routines ]
o Requires planning to time meals appropriately
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Holidays or cultures with preference for late-night eating

Preference towards
TRE

Weekdays on, free days off

Free days on, weekdays off

Additional comments
[ ]

Some reported adopting TRE into their daily routine post-study

XX X|X|X
OX|OX| O

Requires discipline to adhere

Note: An overview of the themes related to TRE outlined from thematic analysis. An x represents
feedback from 1 or more individuals from that group.

The feedback from participants provides an insightful synopsis of the key influential
factors due for consideration to help develop appropriate TRE protocols that are appli-
cable under free-living conditions.

3.3. Preference towards TRE
3.3.1. Exit Questionnaire

The data in Table 6 provide a comparative assessment of participants from both
groups and their preference for TRE. The table summarizes the overall number of days
for which continuing with TRE was planned, the number of days for which TRE can fea-
sibly be followed, and the amount of time the eating window could realistically be re-
duced by.

Table 6. Comparing preference towards TRE between intervention and control group.

TRE Control .
n=38 n=38 P
. . 3.0 34
How many days a week do you plan to continue following TRE on? 09) 09) 0.814 0.429
Realistically, how many days per week do you think you could follow 4.6 3.6 1372 0192
TRE on? (1.5) (0.1) ' '
Please select the duration of time you could consistently adhere to in 3.6 3.3
- . . . -1.033  0.319
terms of restricting daily eating window 0.7) (0.7)

Note: Data are displayed as mean and SEM in brackets. Results indicate responses from a Likert
scale.

An independent samples-t test was conducted to compare preference for TRE be-
tween the intervention and control group subjects. There was no statistical difference
when analyzing for preference for TRE, including plans to follow TRE, number of days
for which it would be possible to follow TRE, and the number of hours participants can
realistically reduce their eating window by between the two groups. As regards the TRE
group, wherein participants had followed the intervention, the findings in Table 6 show
that the number of planned TRE days is fewer than the number of realistic adherable
days. Reported restrictions of 3.3 h in the control group and 3.6 h in the TRE group sug-
gest the habitual eating window may be further reduced by ~16-36 h more than the 3 h
restriction implemented in this current study, and therefore, a reduction of 3-4 h may be
appropriate for future studies.

Overall, the data indicates moderate preference for TRE. The number of estimated
adherable days exceeds the number of actual days of planned adherence, which may
point to a lack of preference for TRE. There are demonstrable factors affecting the pref-
erence for TRE, and this information can be used to develop future TRE protocols.

Summary of Preference Themes

Encouragingly, a few participants (n = 3) stated they had tried to continue with fol-
lowing TRE, although two did concede that family visiting and work schedules had im-
pacted their ability to adhere. Most of the participants stated that they would prefer to
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follow TRE during the weekdays, and then have flexibility over the weekends (n = 7).
Two participants concluded they would find it easier to implement TRE on the weekends
because they have better flexibility then, as opposed to during the working week. If the
participants were to follow TRE again, most participants said they would prefer to delay
the first eating occasion so as to enable greater flexibility in eating in the evening (1 = 7).
Just two participants stated they would prefer to advance the last energy intake of the
day. One participant reported they would not be inclined to ever follow TRE because
they do not want to be restricted with when they eat, and would prefer to use their own
self-awareness to determine when they eat.

Positives of TRE

TRE was reported as being easy to follow (n = 4), with one participant benefiting
from the structure of routine it provided. Improvements to sleep quality (n = 2), better
digestion (n = 1), reduced bloating in the morning (# = 1), maintaining hydration (1 = 1)
and reports of having more energy in the morning were some of the positives of follow-
ing TRE. Several participants from both groups described how taking part in the study
made them consider their overall dietary quality, and influenced their eating habits by
reducing their intake of highly palatable foods (1 = 3).

Negatives of TRE

There were commonalities amongst the participants as regards the challenges with
following TRE, including social events (1 =5), work commitments (1 = 3), evening leisure
activities (n = 1), living arrangements (n = 1) and family life (1 = 1). Another negative was
the amount of planning that adhering to TRE required, as regards the consideration of
when their routine enabled them to eat throughout the day, and whether this aligned
with their desire to eat (n = 3). A lack of flexibility, modifications to eating behavior, fa-
tigue, and unpredictable shift patterns resulting in skipped meals or snacking on highly
palatable foods were highlighted as some of the negatives of following TRE.

Incentives of TRE

The main incentive that participants shared was for induced weight loss (1 = 4) or
the prevention of unwanted weight gain (n = 2). Participants from both groups described
how the possibility of improved sleep would motivate them to take up TRE (1 = 3). Glu-
cose regulation (1 = 1), benefits to gut health (n = 1) and mental health (n = 2), reduced
alcohol intake in the evening (n = 1), and the avoidance of unhealthy foods (n = 2) also
incentivized participants to follow TRE.

Barriers to TRE

The factors acting as the greatest barriers to TRE uptake were work commitments (n
= 5) and social activities (n = 5). One participant identified social media as a negative
barrier that would prevent them from adhering to TRE. Specifically, they noted that food
advertisements seen in the evening influence their desire to eat, and increase the likeli-
hood of them eating. Living arrangements and, in particular, house sharing with friends
were perceived as barriers to TRE, indicating that kitchen availability impacts when they
could cook an evening meal (n = 2). Interestingly, one participant mentioned how an
overly complicated TRE protocol may become a barrier itself if it is hard to follow. A lack
of motivation or falling out of routine were also noted as potential barriers to adherence
(n = 1). Stress and using food as a coping mechanism were also highlighted as potential
barriers to maintaining TRE, especially in the evenings. Visiting family was noted as a
factor that restricted one participant from continuing with adhering to TRE once the
study was over.
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4. Discussion

This was an exploratory study combining the use of self-reported diet diaries, ob-
jective CGM data, subjective questionnaires and qualitative interviews to investigate in
depth the rates of adherence to and preference for a TRE protocol. The protocol pre-
scribed to participants in the TRE group consisted of a 3 h reduction in habitual eating
windows observed during the baseline phase. This reduction was achieved by delaying
the first energy intake and advancing the last energy intake by 1.5 h, respectively.

As suggested by previous TRE studies, group adherence to the protocol appeared to
be high, as indicated by a significant reduction in the eating window (Figure 3C). Par-
ticipants were permitted +30 min to adjust their eating window to maximize adherence,
and self-reported food diaries demonstrate the TRE group were compliant in reducing
their eating window by 3 h. More specifically, the morning energy intake in the TRE
group was delayed by 1 h 30 min, matching the requirements of the protocol. On the
other hand, the last energy intake was advanced by 2 h 17 min, potentially highlighting a
preference for restricting eating in the evening that may coincide with previous studies
utilizing eTRE regimes [7,17,19-21,34]. It is worth noting this increased restriction in the
evening contrasts with the qualitative assessment, which indicated most participants
found the morning delay easier to adhere to and would prefer to delay morning energy
intake. Reporting bias may have influenced the inclusion and accuracy of self-reporting
dietary behaviors, particularly in the evening. Self-reported eating times suggest that the
TRE group’s eating window was reduced on average by 3 h 47 min during the 5-week
study. The earlier advance in the timing of evening energy intake might imply that time
of day flexibility is a prerequisite of TRE if it is to be used as a practical dietary approach
in the free-living environment. So-called early TRE (eTRE) (08:00-13:30 [35]; 07:00-15:00
[34,36]; 08:00-14:00 [17,20]; 08:00-16:00 [19]; 08:00-17:00 [18]) and delayed TRE (dTRE)
(12:00-20:00 [26,37]; 12:00-21:00 [18]; 13:00-20:00 [12]) protocols have been utilized in
several studies, although preference for any of these programmes has not been assessed.
Based on the results implying preference for delaying the first energy intake of the day,
future research would need to monitor the effects this would have on postprandial re-
sponses to meals later in the daytime and evening in order to clarify whether these would
be beneficial or harmful to cardiometabolic health.

The rationale for utilizing CGM devices was based on the objective role they may
play in monitoring adherence to an agreed TRE protocol practiced under free-living ad
libitum conditions. In this study, time-stamped food diaries recorded at three separate
phases of the trial were assessed to establish first and last eating occasions, along with
overall eating window. Initially, at baseline, mean first and last eating times calculated
from the time-stamped dietary assessments were used to specify the amended first and
last eating requirements for the intervention phase. These reported TRE eating times
were examined alongside the corresponding CGM data, subsequently suggesting ad-
herence to be in the range of ~60% and ~65% midway through and towards the end of the
intervention. Our CGM data provide a novel insight into monitoring adherence to a
time-orientated intervention, estimating TRE participants adherence rates to be ~63%
compared to ~79% in the control group. This may explain why the anticipated weight loss
and reductions in body adiposity were not found, while previous research proposes ad-
herence to TRE should reach >70% in order for it to be effective [28]. Furthermore, the
findings of the self-reported dietary assessment may suggest greater adherence when a
record of energy intake is required, and CGM devices may be particularly useful in ob-
serving deviations from the protocol under free-living conditions.

Our exit questionnaire data corroborate the findings of the CGM devices, estimating
overall adherence to TRE to be ~61%. In the TRE group, morning adherence was appar-
ently achieved ~70% of the time, equating to 4.9 d per week. In the evening, adherence
was approximately 48% or 3.4 d per week. In combination, these values estimate overall
adherence to be ~59%. The data may imply that some of the conditions of TRE are un-
feasible, or that some aspects of free-living schedules make adherence difficult to main-
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tain. Our research highlights the reality of adopting TRE into daily routines, and alt-
hough in theory TRE offers simplicity to modified dieting, adherence is likely to play a
significant part in its success.

In the qualitative assessment, participants described the morning delay as being
easier to adhere to, whereas some found this a challenge. The interviews also demon-
strated that some found advancing the last eating time of the day was made easier by
adapting evening eating behavior, or by having dinner with their family. The main posi-
tives of TRE were its easily followed instructions, the improved quality of sleep, it provi-
sion of a routine, a lowered bloated feeling, and raised awareness of eating habits. The
negatives that participants experienced were the impact it had during social and family
events discouraging TRE. Delaying morning intake led to feeling fatigued on the com-
mute to work for one participant. Our finding that participants had a preference for
practicing TRE during weekdays or weekends corresponds with research reporting time
availability to be a considerable determinant predicting the uptake of TRE [29]. One par-
ticipant working placement shifts at a hospital commented on the influence that their
unpredictable schedule had on meeting TRE adherence, citing the omittance of meals or
snacking on highly palatable foods as a way to comply with the TRE protocol. Future
TRE investigations need to weigh up the benefits and consequences of intentionally
foregoing meals, or relying on energy-dense foods to aid adherence to TRE.

A number of key factors, including weight loss or weight maintenance, improved
sleep quality, glucose regulation, effects on gut health and mental health benefits, and
indirect changes to diet quality incentivized participants to take up TRE, echoing the
findings of previous qualitative research [30]. Despite weight loss being the main pre-
requisite incentivized the uptake of TRE amongst participants, our research clearly
demonstrates there are other key motivating factors that could make TRE an appealing
strategy for individuals living both with and without overweight and obesity.

Similar to previous research [38], here, the barriers to TRE adherence included work
and social conflicts, and daily routines [32,39]. A series of unique challenges were raised
that affected adherence, including advertisement of desirable foods, house sharing lim-
iting the time available for preparing meals, the need to plan mealtimes, and holiday or
cultural factors that favor late-night eating. This study therefore adds to the literature by
providing further insight into the positives and negatives participants face when com-
mitted to TRE, along with potential barriers to and incentives for a TRE dietary pattern.

Our quantitative assessment of preference aimed to establish the number of days
and hours for which participants from both groups would be willing to implement TRE
post-study. The exit questionnaire data suggest that the TRE and control group partici-
pants plan to follow TRE on 3 days and 3.4 days per week, or ~43% and ~49% of the time,
respectively. Realistically, however, the intervention group participants that experienced
TRE reported they could adhere to a self-selected protocol on 4.6 days per week, or ~66%
of the time. The controls felt they could realistically incorporate TRE into their daily rou-
tine on 3.6 days per week, or ~51% of the week. The duration of restriction was similar
between both groups, with the TRE group stating a 3.6 h reduction and the controls
suggesting they could reduce their eating window by 3.3 h per day. What remains un-
known is the long-term feasibility of implementing these suggested eating regimes.
Further research with larger samples sizes is required to better understand the rate of
adherence and the achievement of targeted health benefits, which can be used to inform
personalized TRE protocols.

Strengths and Limitations

This study has a number of strengths. First, our study delivers an objective assess-
ment of adherence to TRE using CGM data. The inclusion of a mobile phone-based app
enabling the recording of time-stamped energy intake provides a measure of timed food
consumption, with the assumption that subjects are observant when recording data.
CGM data (compared with self-reported food diaries) may be useful in identifying ad-
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herence to TRE. Our simple exit questionnaire has generated a wealth of quantitative
data on self-reported adherence to the morning and evening constraints, and overall
adherence to the 3 h reduction in the eating window. Our qualitative approach to ex-
ploring participant experiences helped us accumulate useful insights into the strengths
and limitations of TRE, along with identifying some of the novel barriers and incentives
that would motivate individuals to take up TRE.

The limitations of the study included its symmetrical restriction of the eating win-
dow, which negates some of the preferences participants may have for morning or
evening eating. Future research is required to ascertain to what extent preference towards
early or delayed TRE are driven by chronotype. The small sample size and short study
duration are noteworthy limitations of the study. Moreover, the small timeframes used to
capture dietary intake over 7 days at baseline or 4 days during two separate intervention
stages may not accurately reflect the dietary habits of the participants. Although CGM
data provide a useful insight into glucose excursions in relation to dietary intake, some
physiological responses may have gone undetected in response to low-carbohydrate
meals or snacks. Furthermore, some other excursions may have been undertaken as a
physiological response to waking [40]. The number of participants taking part in the
qualitative section of the section was low, and therefore, we were only able to collect the
views of a small section of the cohort involved. The mixed responses regarding prefer-
ence for early or delayed TRE highlight the limitations of our study in symmetrically re-
stricting the eating window, and emphasize the importance of adopting a personalized
approach to TRE scheduling [6].

5. Conclusions

Self-reported food diaries may provide a useful account of eating times, but accu-
racy in reporting is crucial for this to be successful. CGM devices used in cohesion with
self-reported diaries may help with accurately reviewing adherence to TRE regimes with
specified eating and fasting times. Future studies with larger sample sizes and longer
intervention periods are required to investigate the effects of a self-selected TRE regime
on rates of adherence.

Despite being proposed as a simplified dietary approach, adherence to TRE is
affected by lifestyle and behavioral factors. Overcoming these barriers to adopting TRE
warrants a personalized approach in order to successfully incorporate TRE in relation to
scheduling, social and family activities. The flexible scheduling of TRE is crucial to ena-
bling individuals to self-select an eating window, along with a start and end time to eat-
ing occasions, which will maximize the likelihood of sustaining adherence.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/nu15102336/s1, File S1: full interview transcript.

Author Contributions: Conceptualization, PW.J,, M.D.R,, J.O. and ].D.J.; methodology, P.W.].,
M.D.R, J.O. and ].D.J.; software, P.W.].; validation, P.W.].; formal analysis, P.W.].; investigation,
P.W.].; resources, P.W.]J.; data curation, P.W.].; writing—original draft preparation, P.W.].; writ-
ing—review and editing, P.W.J.,, M.D.R,, ].O. and ]J.D.J.; visualization, P.W.].; supervision, M.D.R.,
J.O. and ].D.J.; project administration, P.W.J.; funding acquisition, P.W.J. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by The Colt Foundation.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of The University of Surrey (UEC 2019 064
FHMS 08/10/2019).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Data are contained within the article or supplementary material.



Nutrients 2023, 15, 2336 19 of 20

Acknowledgments: We would like to thank our study participants and research staff for their
valuable contribution to the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the de-
sign of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script; or in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

De Menezes, M.C.; Duarte, C.K,; Costa, D.V.D.P.; Lopes, M.S.; de Freitas, P.P.; Campos, S.F.; Lopes, A.C. A systematic review of
effects, potentialities, and limitations of nutritional interventions aimed at managing obesity in primary and secondary health
care. Nutrition 2020, 75-76, 110784. https://doi.org/10.1016/j.nut.2020.110784.

Fock, K.M.; Khoo, J. Diet and exercise in management of obesity and overweight. ]. Gastroenterol. Hepatol. 2013, 28 (Suppl. 4),
59-63. https://doi.org/10.1111/jgh.12407.

Dietz, W.H.; Baur, L.A.; Hall, K,; Puhl, RM.; Taveras, EM.; Uauy, R.; Kopelman, P. Management of obesity: Improvement of
health-care  training and  systems for  prevention and  care.  Lancet 2015, 385, ~ 2521-2533.
https://doi.org/10.1016/s0140-6736(14)61748-7.

Lean, M.E.; Leslie, W.S.; Barnes, A.C; Brosnahan, N.; Thom, G.; McCombie, L.; Peters, C.; Zhyzhneuskaya, S.; Al-Mrabeh, A.;
Hollingsworth, K.G.; et al. Primary care-led weight management for remission of type 2 diabetes (DiRECT): An open-label,
cluster-randomised trial. Lancet 2018, 391, 541-551. https://doi.org/10.1016/s0140-6736(17)33102-1.

Antoni, R.; Robertson, T.M.; Robertson, M.D.; Johnston, ].D. A pilot feasibility study exploring the effects of a moderate
time-restricted feeding intervention on energy intake, adiposity and metabolic physiology in free-living human subjects. J.
Nutr. Sci. 2018, 7, e22. https://doi.org/10.1017/jns.2018.13.

Chow, L.S.; Manoogian, E.N.C.; Alvear, A.; Fleischer, J.; Thor, H.; Dietsche, K.; Wang, Q.; Hodges, ].S.; Esch, N.; Malaeb, S.; et
al. Time-Restricted Eating Effects on Body Composition and Metabolic Measures in Humans who are Overweight: A Feasibil-
ity Study. Obesity 2020, 28, 860-869. https://doi.org/10.1002/oby.22756.

Cienfuegos, S.; Gabel, K.; Kalam, F.; Ezpeleta, M.; Wiseman, E.; Pavlou, V.; Lin, S.; Oliveira, M.L.; Varady, K.A. Effects of 4- and
6-h Time-Restricted Feeding on Weight and Cardiometabolic Health: A Randomized Controlled Trial in Adults with Obesity.
Cell Metab. 2020, 32, 366-378.€3. https://doi.org/10.1016/j.cmet.2020.06.018.

Gabel, K.; Hoddy, K K.; Haggerty, N.; Song, J.; Kroeger, C.M.; Trepanowski, ].F.; Panda, S.; Varady, K.A. Effects of 8-hour time
restricted feeding on body weight and metabolic disease risk factors in obese adults: A pilot study. Nutr. Healthy Aging 2018, 4,
345-353. https://doi.org/10.3233/nha-170036.

Gill, S.; Panda, S. A Smartphone App Reveals Erratic Diurnal Eating Patterns in Humans that Can Be Modulated for Health
Benefits. Cell Metab. 2015, 22, 789-798. https://doi.org/10.1016/j.cmet.2015.09.005.

Schroder, J.D.; Falqueto, H.; Manica, A.; Zanini, D.; de Oliveira, T.; de S4, C.A.; Cardoso, A.M.; Manfredi, L.H. Effects of
time-restricted feeding in weight loss, metabolic syndrome and cardiovascular risk in obese women. J. Transl. Med. 2021, 19, 3.
https://doi.org/10.1186/s12967-020-02687-0.

Wilkinson, M.].; Manoogian, E.N.C.; Zadourian, A.; Lo, H.; Fakhouri, S.; Shoghi, A.; Wang, X.; Fleischer, J.G.; Navlakha, S.;
Panda, S.; et al. Ten-hour time-restricted eating reduces weight, blood pressure, and atherogenic lipids in patients with meta-
bolic syndrome. Cell Metab. 2020, 31, 92-104.e5. https://doi.org/10.1016/j.cmet.2019.11.004.

Moro, T.; Tinsley, G.; Bianco, A.; Marcolin, G.; Pacelli, Q.F.; Battaglia, G.; Palma, A.; Gentil, P.; Neri, M.; Paoli, A. Effects of eight
weeks of time-restricted feeding (16/8) on basal metabolism, maximal strength, body composition, inflammation, and cardio-
vascular risk factors in resistance-trained males. J. Transl. Med. 2016, 14, 290. https://doi.org/10.1186/s12967-016-1044-0.
Tinsley, G.; Forsse, ].S.; Butler, N.K,; Paoli, A.; Bane, A.A.; La Bounty, P.M.; Morgan, G.B.; Grandjean, P.W. Time-restricted
feeding in young men performing resistance training: A randomized controlled trial. Eur. J. Sport Sci. 2016, 17, 200-207.
https://doi.org/10.1080/17461391.2016.1223173.

Tinsley, G.M.; Moore, M.L.; Graybeal, A.].; Paoli, A.; Kim, Y.; Gonzales, ].U.; Harry, J.R.; VanDusseldorp, T.A.; Kennedy, D.N;
Cruz, M.R. Time-restricted feeding plus resistance training in active females: A randomized trial. Am. ]. Clin. Nutr. 2019, 110,
628-640. https://doi.org/10.1093/ajcn/nqz126.

Anton, S.D.; Lee, S.A.; Donahoo, W.T.; McLaren, C.; Manini, T.; Leeuwenburgh, C.; Pahor, M. The Effects of Time Restricted
Feeding on Overweight, Older Adults: A Pilot Study. Nutrients 2019, 11, 1500. https://doi.org/10.3390/nu11071500.

Rui, L. Energy Metabolism in the Liver. Compr. Physiol. 2014, 4, 177-197. https://doi.org/10.1002/cphy.c130024.

Ravussin, E.; Beyl, R.A.; Poggiogalle, E.; Hsia, D.; Peterson, C.M. Early Time-Restricted Feeding Reduces Appetite and In-
creases Fat Oxidation But Does Not Affect Energy Expenditure in Humans. Obesity 2019, 27, 1244-1254.
https://doi.org/10.1002/oby.22518.

Hutchison, A.T.; Regmi, P.; Manoogian, E.N.; Fleischer, J.G.; Wittert, G.A.; Panda, S.; Heilbronn, L.K. Time-restricted feeding
improves glucose tolerance in men at risk for type 2 diabetes: A randomized crossover trial. Obesity 2019, 27, 724-732.
https://doi.org/10.1002/oby.22449.

Jones, R.; Pabla, P.; Mallinson, J.; Nixon, A.; Taylor, T.; Bennett, A.; Tsintzas, K. Two weeks of early time-restricted feeding
(eTRF) improves skeletal muscle insulin and anabolic sensitivity in healthy men. Am. ]. Clin. Nutr. 2020, 112, 1015-1028.
https://doi.org/10.1093/ajcn/nqaal92.



Nutrients 2023, 15, 2336 20 of 20

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jamshed, H.; Beyl, R.A; della Manna, D.L.; Yang, E.S.; Ravussin, E.; Peterson, C.M. Early Time-Restricted Feeding Improves
24-Hour Glucose Levels and Affects Markers of the Circadian Clock, Aging, and Autophagy in Humans. Nutrients 2019, 11,
1234.

Sutton, E.F; Beyl, R,; Early, K.S.; Cefalu, W.T.; Ravussin, E.; Peterson, C.M. Early time-restricted feeding improves insulin sen-
sitivity, blood pressure, and oxidative stress even without weight loss in men with prediabetes. Cell Metab. 2018, 27, 1212—
1221.€3. https://doi.org/10.1016/j.cmet.2018.04.010.

Jakubowicz, D.; Barnea, M.; Wainstein, J.; Froy, O. High Caloric intake at breakfast vs. dinner differentially influences weight
loss of overweight and obese women. Obesity 2013, 21, 2504-2512. https://doi.org/10.1002/oby.20460.

Moroshko, I; Brennan, L.; O'Brien, P. Predictors of dropout in weight loss interventions: A systematic review of the literature.
Obes. Rev. 2011, 12, 912-934. https://doi.org/10.1111/j.1467-789x.2011.00915.x.

van Baak, M.A,; Mariman, E.CM. Dietary Strategies for Weight Loss Maintenance. Nutrients 2019, 11, 1916.
https://doi.org/10.3390/nu11081916.

Lowe, D.A.; Wu, N.; Rohdin-Bibby, L.; Moore, A.H.; Kelly, N.; Liu, Y.E.; Philip, E.; Vittinghoff, E.; Heymsfield, S.B.; Olgin, J.E.;
et al. Effects of Time-Restricted Eating on Weight Loss and Other Metabolic Parameters in Women and Men With Overweight
and Obesity. JAMA Intern. Med. 2020, 180, 1491. https://doi.org/10.1001/jamainternmed.2020.4153.

Parr, E.B.; Devlin, B.L.; Radford, B.E.; Hawley, ].A. A Delayed Morning and Earlier Evening Time-Restricted Feeding Protocol
for Improving Glycemic Control and Dietary Adherence in Men with Overweight/Obesity: A Randomized Controlled Trial.
Nutrients 2020, 12, 505. https://doi.org/10.3390/nu12020505.

Che, T.; Yan, C; Tian, D.; Zhang, X.; Liu, X.; Wu, Z. Time-restricted feeding improves blood glucose and insulin sensitivity in
overweight patients with type 2 diabetes: A randomised controlled trial. Nufr. Metab. 2021, 18, 88.
https://doi.org/10.1186/s12986-021-00613-9.

Isenmann, E.; Dissemond, J.; Geisler, S. The Effects of a Macronutrient-Based Diet and Time-Restricted Feeding (16:8) on Body
Composition in Physically Active Individuals—A 14-Week Randomised Controlled Trial. Nutrients 2021, 13, 3122.
https://doi.org/10.3390/nu13093122.

Jefcoate, P.W.; Robertson, M.D.; Ogden, ].; Johnston, ].D. Identification of factors influencing motivation to undertake
time-restricted feeding in humans. Appetite 2021, 164, 105240. https://doi.org/10.1016/j.appet.2021.105240.

O’Connor, S.G.; Boyd, P.; Bailey, C.P.; Nebeling, L.; Reedy, ]J.; Czajkowski, S.M.; Shams-White, M.M. A qualitative exploration
of facilitators and barriers of adherence to time-restricted eating. Appetite 2022, 178, 106266.
https://doi.org/10.1016/j.appet.2022.106266.

Parr, E.B.; Devlin, B.L.; Lim, K.H.C.; Moresi, L.N.Z.; Geils, C.; Brennan, L.; Hawley, J.A. Time-Restricted Eating as a Nutrition
Strategy for Individuals with Type 2 Diabetes: A Feasibility Study. Nutrients 2020, 12, 3228. https://doi.org/10.3390/nu12113228.
Bjerre, N.; Holm, L.; Quist, J.S.; Feerch, K.; Hempler, N.F. Watching, keeping and squeezing time to lose weight: Implications of
time-restricted eating in daily life. Appetite 2021, 161, 105138. https://doi.org/10.1016/j.appet.2021.105138.

Bingham, S.A.; Gill, C.; Welch, A.; Day, K,; Cassidy, A.; Khaw, K.T.; Sneyd, M.].; Key, T.J.A; Roe, L.; Day, N.E. Comparison of
dietary assessment methods in nutritional epidemiology: Weighed records v. 24 h recalls, food-frequency questionnaires and
estimated-diet records. Br. J. Nutr. 1994, 72, 619-643. https://doi.org/10.1079/bjn19940064.

Jamshed, H.; Steger, F.L.; Bryan, D.R.; Richman, J.S.; Warriner, A.H.; Hanick, C.J.; Martin, CK.; Salvy, S.-].; Peterson, C.M.
Effectiveness of Early Time-Restricted Eating for Weight Loss, Fat Loss, and Cardiometabolic Health in Adults With Obesity.
JAMA Intern. Med. 2022, 182, 953. https://doi.org/10.1001/jamainternmed.2022.3050.

Bao, R; Sun, Y,; Jiang, Y.; Ye, L.; Hong, J.; Wang, W. Effects of Time-Restricted Feeding on Energy Balance: A Cross-Over Trial
in Healthy Subjects. Front. Endocrinol. 2022, 13, 870054. https://doi.org/10.3389/fend0.2022.870054.

Steger, F.L.; Jamshed, H.; Bryan, D.R.; Richman, ]J.S.; Warriner, A.H.; Hanick, C.J.; Martin, C.K,; Salvy, S.; Peterson, C.M. Early
time-restricted eating affects weight, metabolic health, mood, and sleep in adherent completers: A secondary analysis. Obesity
2022, 31, 96-107. https://doi.org/10.1002/0by.23614.

Queiroz, J.D.N.; Macedo, R.C.O.; dos Santos, G.C.; Munhoz, S.V.; Machado, C.L.F.; de Menezes, R.L.; Menzem, E.N.; Moritz,
C.EJ.; Pinto, R.S,; Tinsley, G.M.; et al. Cardiometabolic effects of early v. delayed time-restricted eating plus energetic re-
striction in adults with overweight and obesity: An exploratory randomised clinical trial. Br. J. Nutr. 2022, 129, 637-649.
https://doi.org/10.1017/s0007114522001581.

Windhauser, M.M.; Evans, M.A.; Mccullough, M.L.; Swain, ].F.; Lin, P.-H.; Hoben, K.P.; Plaisted, C.S.; Karanja, N.M.; Vollmer,
W.M. Dietary Adherence in the Dietary Approaches to Stop Hypertension Trial. ]. Am. Diet. Assoc. 1999, 99, S76-583.
https://doi.org/10.1016/s0002-8223(99)00420-4.

Lee, S.A.; Sypniewski, C.; Bensadon, B.A.; McLaren, C.; Donahoo, W.T.; Sibille, K.T.; Anton, S. Determinants of Adherence in
Time-Restricted Feeding in Older Adults: Lessons from a Pilot Study. Nutrients 2020, 12, 874.
https://doi.org/10.3390/nu12030874.

Shea, S.A.; Hilton, M.F.; Orlova, C.; Ayers, R.T.; Mantzoros, C.S. Independent Circadian and Sleep/Wake Regulation of Adi-
pokines and Glucose in Humans. J. Clin. Endocrinol. Metab. 2005, 90, 2537-2544. https://doi.org/10.1210/jc.2004-2232.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



