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Abstract

Objective: This trial aimed to evaluate the acceptability and efficacy of early time restricted
eating plus daily caloric restriction (E-TRE+DCR) as compared to DCR alone within a behavioral
weight loss intervention.

Methods: Participants (n=81, 69 female, mean [SD] age 38.0 [7.8] years, BMI 34.1 [5.7] kg/m?)
were randomized to E-TRE (10-hour eating window starting within 3 hours of waking) plus

DCR or DCR alone (~35% daily caloric restriction) for 39 weeks. The primary outcome was
body weight (measured with digital scale) at week 12. Secondary outcomes measured at week

12 included HbAlc, lipids, energy intake (EI, photographic food records), physical activity (PA,
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accelerometry) dietary adherence (questionnaires) and body composition (DXA). Weight and body
composition were also assessed at week 39.

Results: Mean [SD] weight loss was not different between groups at week 12 (E-TRE+DCR
-6.2 [4.1] kg vs DCR -5.1 [3.2] kg) or at week 39 (E-TRE —-4.9 [5.3] kg vs DCR —-4.3 [5.3] kg).
There were no between-group differences in changes in body composition, dietary adherence, El,
PA, HbA1c or lipids at week 12.

Conclusions: E-TRE+DCR was found to be an acceptable dietary strategy, resulting in similar

levels of adherence and weight loss as compared to DCR alone.

Keywords
Time restricted eating; weight loss; behavioral intervention

Introduction:

Time restricted eating (TRE), the practice of restricting energy intake (El) to a 610 hour
window each day, is a dietary approach that has gained attention for weight loss (1-9)

and metabolic benefit (3-5, 9-14). Previous studies of TRE have utilized variable timing
and duration of eating windows, but there is increasing evidence to suggest that early
time-restricted eating windows (E-TRE) may result in greater weight loss and metabolic
benefit than restricting energy intake to later in the day (late TRE). Several epidemiological
and observational studies have shown associations between breakfast skipping and obesity,
type 2 diabetes, and cardiovascular disease (15-18). Food intake at night (as seen with
shift work), is linked to obesity independent of EI (19, 20), and a higher percent of

total daily EI consumed during the evening has been associated with greater risk of
overweight and obesity (21-23). Several human studies evaluating the metabolic effects

of short-term, eucaloric E-TRE have found improvements in glucose homeostasis (2, 10),
insulin sensitivity (11, 13, 14) and B cell responsiveness (11), increased fat oxidation

(12), and reductions in blood pressure (11) and appetite (12). In contrast, similar studies
utilizing late TRE are limited and have shown inconsistent metabolic effects (14, 24, 25).
Additionally, prospective studies evaluating the effects of TRE on weight loss have either
used self-selected eating windows (1-3, 7, 9), or have prescribed eating windows using
arbitrary clock times, without considering individual differences in habitual sleep schedules
(4, 5, 8). The use of self-selected eating windows in these studies presumes that early eating
windows would be difficult to adhere to due to the typically later timing of social eating
occasions. These trials have shown modest weight loss (1-4%) over 8-26 weeks (1-6, 8,

9, 26). However, none of these studies included recommendations on caloric restriction

or provided the support of a behavioral weight loss intervention (standard of care (27)).
Further, only two trials assessed weight change beyond 12 weeks (1, 7).

Therefore, this randomized, parallel-design trial was designed to assess the acceptability
and efficacy of a 39-week behavioral weight loss intervention utilizing E-TRE (10-hour
window starting within 3 hours of waking) plus DCR as compared to DCR without time
restriction in adults with overweight and obesity. We recommended caloric restriction to
both groups due to prior findings of only modest weight loss (1-4%) in trials of TRE
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without caloric restriction (1-6, 8, 9, 26). We chose a 10-hour eating window due to data
from Gill and Panda (1) that showed that restricting EI to 10-11 hours/day resulted in
weight loss in humans. We hypothesized that E-TRE+DCR would be an acceptable dietary
intervention, and that it would result in greater weight loss and more favorable changes in
body composition and metabolic outcomes at week 12 as compared to DCR.

Adults aged 18-50 years with a BMI of 27-45 kg/m? and weight stable (< 5% change by
self-report over the previous 6 months) with a self-reported typical eating duration >12 hours
per day were recruited for a behavioral weight loss trial from the University of Colorado
Anschutz Medical Campus and surrounding community (see Supplementary Materials for
additional recruitment information and full inclusion/exclusion criteria). The Colorado
Multiple Institutional Review Board approved the study protocol and all participants
provided written informed consent prior to participation. This study was conducted in
accordance with the principles expressed in the Declaration of Helsinki. Clinicaltrials.gov:
NCTO03571048.

Study Design:

Screening and Randomization: Following written informed consent, each participant
underwent screening procedures, baseline measures, and were then randomized 1:1 to E-
TRE+DCR or DCR (see Supplementary Materials for details).

Behavioral weight loss intervention: Following completion of the baseline
assessments, all participants received a 39-week group-based comprehensive behavioral
weight loss program, with randomized groups meeting separately. Groups were taught by
registered dieticians and met weekly during the first 12 weeks, then monthly between weeks
13 and 39. The curriculum for the intervention was based on the PreventT2 curriculum and
utilized a skills-based approach and cognitive behavioral strategies for lifestyle modification
with a dietary focus on daily caloric restriction (28). Participants in both groups were

given a personalized calorie goal based on their measured resting energy expenditure (REE,
indirect calorimetry) reduced by 10% (~35% caloric restriction). Participants in the DCR
group were not given any specific instruction regarding timing of food intake, whereas
participants in the E-TRE+DCR group were instructed to eat only during a window of 10
hours, starting within 3 hours of waking. Because participants randomized to E-TRE+DCR
in the first cohort of the study reported difficulty focusing on both TRE and DCR within

the initial weeks of the intervention, the instructions were modified such that participants

in E-TRE+DCR were asked to prioritize eating within their 10-hour windows over meeting
calorie goals. Participants in both groups were counseled on the importance of PA for weight
loss and received a recommendation to perform 150 min/wk of moderate intensity PA.

COVID-19 Related Intervention Modification: Participants were recruited and enrolled

in 3 cohorts between July 2018 and February 2020. Cohort 1 (n=29) and Cohort 2 (n=26)
completed all study measures prior to the start of the 2020 COVID-19 pandemic in the
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United States. Cohort 3 (n=26) started the intervention in February 2020 and was at week
6 of the intervention when a stay-at-home order was issued in Colorado. The behavioral
weight loss intervention was moved to a secure virtual platform and week 12 assessments
of body composition, resting energy expenditure and metabolic outcome labs were not
performed due to restrictions on in person research. However, participants were able to
complete measures that did not require in person visits (measures of El, meal timing and
PA) at week 12 in the same manner as cohorts 1 and 2. Home scale weights were obtained
in Cohort 3 from week 6 to week 12. Resumption of in person research allowed for

clinic weights and body composition measurements to be obtained at week 39 in cohort
3. Because dual x-ray absorptiometry (DXA) measured weights at week 12 (prespecified
primary outcome) were missing in cohort 3, the primary outcome was changed to week 12
scale weights obtained in group classes (cohorts 1 and 2) or at home (cohort 3). Based on
guidance regarding protocol modification in the setting of COVID-19 (29), DXA weights
are presented on a subset of participants as this was the original primary outcome.

Self-reported adherence: Self-reported adherence to the E-TRE+DCR and DCR
interventions was assessed using questionnaires at baseline and weeks 4, 8 and 12, as
described in Supplemental Materials.

Meal timing: Photographic food records were used to assess the timing of energy intake at
baseline and weeks 4, 8 and 12, as described in Supplemental Materials.

Anthropometrics: Height (without shoes to the nearest cm using a stadiometer) was
measured once at baseline. Fasted morning weight (in light clothing) was measured to

the nearest 0.1 kg using a digital scale (Cardinal Detecto 6800) and assessment of body
composition was performed via dual energy x-ray absorptiometry (DXA; Hologic Discovery
W, Bedford, MA) at baseline (all 3 cohorts), week 12 (cohorts 1 and 2) and week 39 (all

3 cohorts). For cohorts 1 and 2, non-fasted body weight (in light clothing) was obtained
using a calibrated scale (Tanita HD-351) at weekly classes during the first 12 weeks and
monthly from weeks 13-39. For cohort 3, body weight was obtained in class during weeks
1-6 using the same methods used for cohorts 1 and 2. Following the move to virtual classes,
cohort 3 obtained home weights weekly for weeks 7-12 and monthly for weeks 13-39 by
taking photographs of their home scales while they weighed themselves and then texting the
photographs to study personnel.

Energy Intake and Healthy Eating Index: Photographic food records from a
consecutive 3-day period during the 7-day data collection periods were used to estimate

El at baseline and week 12. Data on El obtained from photographic food records was used to
calculate the Healthy Eating Index (HEI) (see Supplemental Materials for additional details).

Appetite and Eating Behaviors: Appetite (hunger, satiety, prospective food
consumption and desire to eat) was measured using visual analog scales (\VAS) before and
after each meal for the 3 day time period coinciding with photographic food records at
baseline and week 12 as previously described (30, 31). The Three Factor Eating Inventory
was used to assess predisposition to hunger, dietary restraint and disinhibition (32).
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Resting Energy Expenditure (REE): REE was measured at baseline (all cohorts) and
week 12 (cohorts 1 and 2) after an overnight fast using standard indirect calorimetry (33)
(Parvo Medics TrueOne 2400, Salt Lake City, UT).

PA and Sedentary Behavior: Free living PA was measured continuously over 7

days using the ActivPAL3 micro accelerometer (PALTechnologies, Glasgow, Scotland) at
baseline and week 12. The ActivPAL was placed on the anterior portion of the participant’s
non-dominant thigh and uses accelerometer-derived information to estimate time spent in
different body positions. Raw activPAL .datx files were processed using the CREA algorithm
in the PALBatch software (34). The output data included estimates of time spent sitting,
standing, stepping, and daily energy expenditure expressed in metabolic equivalents per hour
(MET-h).

Metabolic Outcomes: Metabolic outcomes were measured at baseline (all 3 cohorts) and
week 12 (cohorts 1 and 2 only). Blood samples were analyzed at the Colorado Clinical

and Translational Sciences Institute Core Lab. HbAlc was measured with Siemens DCA
Vantage analyzer. Cholesterol, LDL, HDL and triglycerides were measured with Beckman/
Coulter AU 480 Chemistry analyzer (Table S6).

Sample Size Determination and Power Analysis: The prespecified primary outcome
was weight change at 12 weeks. We aimed to enroll a total of 80 participants, resulting in a
minimum detectable effect size of 0.63 Cohen’s D with 80% power at 5% significance using
an intent-to-treat (ITT) analysis of all randomized participants. At the time of study design,
the only relevant data regarding weight loss with TRE was from Gill and Panda (1), in which
the SD for weight loss with TRE at 16 weeks was 3.4 kg. Thus, the study was powered to
detect a between-group difference of 2.2 kg.

Statistical Analysis: Mean and standard deviation among complete cases are reported for
approximately normal variables. Median and interquartile range (25%-75%) are reported for
variables violating normality assumptions. Intent-to-treat methodology was used to examine
all outcomes. Random intercept mixed models with unstructured covariance matrices were
used to test whether there were significant within-group and between-group differences in
change from baseline to week 12 or 39. Fixed effects included time, randomized group, and
their interaction. Within-group differences and between-group differences were tested using
contrasts. Additional details regarding statistical analyses can be found in the Supplementary
Materials.

Results:

Participants:

N=95 participants were assessed for eligibility and N=85 were enrolled (Figure 1).
Demographic characteristics of participants are shown in Table 1. There were no differences
between groups in baseline demographics, body weight or composition, meal timing, El,
HEI, appetite ratings, eating behaviors, PA, clinical labs or REE (all p-values = 0.08).
Overall retention was 86% at week 12 and 78% at week 39 and did not differ between
groups.
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There were no significant differences between groups in the average number of days
attempted to eat at or below the calorie goal, number of days successful at eating at or below
the calorie goal, dietary adherence, adherence difficulty, and number of classes attended
during the intervention (Table 2). The E-TRE+DCR group reported greater success eating
within their 10-hour windows (mean [SD] 5.1 [1.1] out of 7 days) as compared to eating at
or below their calorie goals (4.0 [1.5] out of 7 days; p=0.005).

Meal Timing:

Changes in meal timing are shown in Figure 2, S1. Eating duration, first meal timing, and
last meal timing changed differently over time between the two groups (p<0.001, p=0.003,
and p=0.02). Both groups decreased eating duration from baseline to week 12 (DCR:

11.1 (1.5) hours at baseline to 10.4 (1.5) hours at week 12, p<0.001; E-TRE+DCR: 11.5
(1.7) hours at baseline to 9.1 (0.93) hours at week 12, p<0.001). There was a significant
between group difference in week 12 eating duration, with E-TRE+DCR having an eating
duration 1.6 (95% CI: -2.6, —1.0, p<0.001) hours shorter than DCR. There was no between
group-difference at week 12 in average first mealtime (p=0.11). However, the E-TRE+DCR
group ate their last meal 0.93 (95% CI: —1.59, —0.27) hours earlier, on average, than those
in DCR (p=0.007) (Figure S2). See Supplemental Materials for additional details regarding
meal timing results.

Body weight by clinic or home scale:

Among those in DCR, there was a significant decrease in body weight of -5.1 (3.2) kg (-5.5
[3.4] %) at week 12 (p<.001) (Table 3 and Figure 3). In the E-TRE+DCR group, there was

a significant decrease in weight of —6.2 (4.1) kg (=6.3 [4.1] %) at week 12 (p<0.001). There
was not a significant difference in weight loss over time between the two groups (p=0.28),
and there were no significant differences between the groups at week 12 (p=0.69, Table S1).
Only 13 participants in DCR and 13 in E-TRE+DCR had a week 39 scale weight collected,
so no inferential statistics were calculated for this time point.

Body weight and composition by DXA:

At week 12, the DCR group lost —3.6 (3.3) kg (4.0 [3.7] %) (p<0.001) and the E-TRE+DCR
group lost —4.4 (2.6) kg (4.6 [2.7] %) (p<0.001, Table 3). Weight loss, fat mass(FM) loss,
and fat free mass (FFM) loss over time did not differ between the groups from baseline to
week 12 (p=0.68, p=0.33, and p=0.43). There were no between-group differences in weight,
FM or FFM at week 12 (p=0.80, p=0.87 and p=0.79, respectively, Table 3 and Figures S3
and S4). At week 39, the DCR group lost —4.3 (5.3) kg (-4.7 [5.7] %), while the E-TRE
group lost —4.9 (5.3) kg (=5.2 [5.9] %). There were no between-group differences in weight,
FM or FFM at week 39 (p=0.62, p=0.93 and p=0.39, respectively).

Energy Intake and HEI:

Both groups similarly decreased El between baseline and week 12 (DCR: 1646 (IQR:1398-
2049) kcal/day at baseline to 1166 (IQR:840-1375) kcal/day at week 12, p<0.001; E-
TRE+DCR: 1877 (SD: 694) kcal/day at baseline to 1308 (SD: 473) kcal/day at week 12,
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p<0.001) with no significant difference between groups in week 12 El (p=0.26). Composite
HEI score did not change differently between the groups (p=0.06). In E-TRE+DCR, the
composite HEI score increased significantly from baseline (55.4 [12.9]), to week 12 (61.4
[12.2], p=0.005), whereas there was no significant change in DCR from baseline (59.2
[11.8]) to week 12 (60.1 [11.2]) (p=0.87). Week 12 HEI did not differ significantly between
groups (p=0.46).

Appetite and Eating Behaviors:

Within each group, average hunger, prospective food consumption, desire to eat and fullness
ratings did not significantly change from baseline to week 12 (Figure S5). Week 12 average
hunger, prospective food consumption, desire to eat, and fullness did not differ by group (all
p-values = 0.17). When assessing appetite outcomes separately by meal, the only significant
change in either group was a reduction in hunger at lunch at week 12 in E-TRE+DCR (FDR
p=0.04, Table S2). Dietary restraint increased similarly from baseline to week 12 and week
39 in both groups (Table S3). Within each group, disinhibition and predisposition to hunger
did not change from baseline at either week 12 or week 39. There were no between-group
differences in restraint, disinhibition, or hunger at week 12 or week 39 (p = 0.08).

Activity Behaviors:

There were no significant changes from baseline to week 12 or between group differences at
week 12 in measures of PA or sedentary time (Tables 4 and S4). Because lockdown orders
imposed significant restrictions on PA for participants in cohort 3 (35), we performed a
secondary analysis using data from only cohorts 1 and 2 (see Supplemental Materials and
Table S5). These results showed that there was a significant increase in standing time and
upright time among both the DCR and E-TRE groups from baseline to week 12 (p<0.01 for
both). Among those in the E-TRE group, number of sitting bouts longer than 60 minutes
decreased from baseline to week 12 (p=0.02), while in the DCR group, there were no
significant differences in number of sitting bouts.

Resting Energy Expenditure:

After adjusting for changes in FM and FFM, there was not a significant change from
baseline to week 12 in REE in either group (p=0.12 and p=0.87, respectively, Figure
4). There were no significant differences in REE at week 12 between DCR and E-TRE
(p=0.63).

Metabolic Outcomes:

HDL, LDL, triglycerides, total cholesterol and HbAlc were not different between groups at
week 12 (p = 0.08) (Figure 4). Also, the within group changes from baseline to week 12
were not significant.

Discussion:

We evaluated the acceptability and efficacy of a 39-week weight loss intervention utilizing
E-TRE+DCR as compared to DCR in adults with overweight and obesity. While the
majority of short-term studies finding metabolic benefit with TRE have utilized early eating
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windows, most free-living trials of TRE have allowed participants to self-select eating
windows to increase adherence. However, we sought to determine the acceptability of a
prescribed early eating window within the context of a behavioral weight loss intervention.
Overall, we found that E-TRE+DCR was acceptable, with no differences in class attendance,
attrition, or self-reported adherence between the E-TRE+DCR and DCR groups.

Our results show similar weight loss in DCR and E-TRE+DCR at 12 weeks (=5.1 kg/5.5%
and —6.2 kg/6.3%, respectively) and 39 weeks (—4.3 kg/4.7% and -4.9 kg/5.2%). Previous
studies of TRE without caloric restriction or behavioral support have shown variable but
overall modest weight loss (1-4%) (1-6, 8, 9, 26). In contrast, our results show that

adding behavioral support and recommendations on caloric restriction to a TRE intervention
results in clinically significant (>5%) weight loss. In this trial, we provided calorie goals

to both groups, but found early in the study that participants in E-TRE+DCR had difficulty
focusing on both calories and eating windows. We therefore asked the E-TRE+DCR group
to prioritize eating windows over reducing caloric intake. Indeed, participants in the E-
TRE+DCR group reported greater adherence to eating within their windows as compared to
eating at or below their calorie goals.

Data from photographic food records indicate that both groups reduced caloric intake and
increased dietary restraint to a similar extent following the dietary weight loss intervention.
In addition, we found an increase in the HEI in the E-TRE+DCR group, indicating improved
dietary quality, whereas there was no change in the DCR group. Prior trials have shown
inconsistent effects of TRE on dietary quality. Malaeb et al. (36) showed that as compared to
control, TRE reduced the frequency of snacks and caffeinated beverages, while Martens

et al. (37) showed no difference in dietary quality (assessed with HEI) with TRE as
compared to normal eating patterns. Phillips et al. (26) found that TRE did not result in

a significant change in dietary quality, while standard dietary advice resulted in a reduction
in ultra-processed foods and an increase in unprocessed foods We also found a reduction in
hunger in the E-TRE+DCR group at lunch, but no other differences in subjective appetite
ratings between groups. Two previous controlled feeding studies have shown reductions in
appetite with E-TRE (11, 12), suggesting that future studies should further evaluate effects
of TRE on appetite.

Of note, although inclusion criteria for this study required that participants self-report

an eating duration of >12 hours at baseline, the mean eating duration derived from
photographic food records for the full study sample in this trial was 11.3 hours, which
suggests either participants did not log all eating events, or participants over-reported
baseline eating duration. Participants in the E-TRE+DCR group were successful in reducing
their eating windows as prescribed, from 11.5 to 9.1 hours. However, the DCR group also
reduced their mean eating window, from 11.1 to 10.4 hours, despite no instruction to do

so. It is possible that some of the individuals in the DCR group attempted to follow a TRE
eating pattern even though they were not randomized to that group. The observation that
participants in DCR also reduced their eating windows may have resulted in attenuation of
the potential effects of E-TRE. However, the E-TRE intervention did result in differences in
meal timing between groups, with the E-TRE+DCR group eating over a duration 1.6 hours
shorter and ending nearly one hour earlier in the day as compared to DCR.
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We did not find significant between-group differences in HbAlc, total cholesterol,
triglycerides, LDL cholesterol, or HDL cholesterol at 12 weeks. Two previous trials

have shown reductions in triglycerides with both early and late TRE (38, 39), while the
majority of other trials evaluating TRE have shown no differences in triglycerides, HDL

or LDL cholesterol (2, 4-6, 8, 11). Consistent with our findings, most TRE trials have not
demonstrated an effect on HbAlc (2, 3, 6), despite the fact that short-term TRE has been
shown to result in improvements in glucose homeostasis (2, 10), insulin sensitivity (11, 13,
14) and B cell responsiveness (11). It is possible that the lack of change in HbA1c in these
trials is due to the fact that changes in insulin sensitivity would not be reflected in changes in
HbA1c in adults without type 2 diabetes.

Despite providing recommendations to increase PA as part of the behavioral intervention, we
did not observe an increase in PA in either group when including data from all 3 cohorts.
However, we have previously reported on the negative effects of COVID-19 stay-at-home
orders on PA (35). Pooled baseline data from this trial showed that later meal timing was
associated with lower PA (23) and in a secondary analysis using data from cohorts 1 and
2, E-TRE reduced sedentary bouts and showed a trend toward increased activity score
(p=0.06). Increasing El early in the day can be hypothesized to increase subjective energy
levels, potentially translating to higher levels of PA early in the day. Indeed, in a large,
randomized trial of breakfast eating vs skipping, breakfast eating resulted in greater PA
thermogenesis in the morning (40). Therefore, the effects of E-TRE on PA and sedentary
behavior warrants further evaluation.

Our study has several limitations. First, our third study cohort was interrupted by COVID-19
at week 6 of the intervention, resulting insignificant disruptions to the daily lives of our
participants, as previously reported (35). The disruption to research also resulted in missing
data (DXA, HbAlc, lipids and REE) and required us to change the primary outcome from
DXA weights to clinic and/or home weights. However, to ensure that these weights were as
reliable as possible, we asked participants in cohort 3 to take pictures of their home scale
while standing on it to verify the reading and to use same scale each time. In addition,
weight at week 39 was assessed in person with DXA in cohort 3, and weight loss was
similar at week 12 and week 39, suggesting that the home weights were likely reliable. In
addition, because participants in DCR also reduced their eating windows during the study,
potential effects of E-TRE may have been attenuated. Moreover, generalizability of our
results is limited by the study population, which was predominantly non-Hispanic white

and female. Despite the fact that obesity is more prevalent in women and women are more
likely to attempt weight loss (41), obesity disproportionately affects racial/ethnic minority
groups (42, 43) and thus greater efforts will be made in future trials to recruit a more diverse
population.

In conclusion, we report that E-TRE+DCR is an acceptable dietary strategy with no
differences in class attendance, attrition, or adherence compared to DCR. Moreover, the
addition of behavioral support and caloric restriction to an E-TRE dietary intervention
results in clinically significant weight loss, a reduction in El, and improvements in dietary
quality.
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Study Importance Questions:
1. What is already known about this subject?

. Short-term studies of early time restricted eating (E-TRE)
have shown improvements in glucose homeostasis, increased fat
oxidation, and reductions in blood pressure and appetite.

. Results from previous trials of TRE using variable (often
self-selected) eating windows without behavioral support or
recommendations to reduce caloric intake have shown modest (1-
4%) weight loss.

2. What are the new findings in your manuscript?

. The present study shows that E-TRE combined with daily caloric
restriction (DCR) and behavioral support results in similar, clinically
significant weight loss as compared to DCR with behavioral support
over a 39-week intervention.

. While prior free-living studies of TRE have allowed participants
to self-select eating windows, the present study found that E-
TRE combined with DCR was an acceptable intervention, with
no between-group differences in retention or adherence to the
intervention.

3. How might your results change the direction of research or the focus of
clinical practice?

. Previous trials of TRE without behavioral support have shown
only modest weight loss, so the present findings may change
recommendations to individuals pursuing weight loss to include
behavioral support for TRE.

. Our study lends further support to the idea that the timing of the
eating window may be critical to the success of TRE. However, a
confirmatory study directly comparing early to late TRE is needed.

Obesity (Silver Spring). Author manuscript; available in PMC 2023 May 01.
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Enrolled (n=95)

Excluded (n=10)

* Declined to participate (n=6)

* Not meeting inclusion criteria (n=2)
¢ Other reasons (n=2)

Randomized (n=85)

Allocated to DCR (n=42)

‘ Allocation ’
¢ Baseline data collected (n=42)

* Withdrew before intervention started (n=2)
e Started intervention (n=40)

Allocated to E-TRE + DCR (n=43)

* Baseline data collected (n=43)

e Withdrew before intervention started (n=2)
e Started intervention (n=41)

Y ‘ Week 12 ’

i

Withdrew from 12 week intervention (n=6)*
* Week 12 data collected (n=34)

Withdrew from 12 week intervention (n=5)*
* Week 12 data collected (n=36)

¢ Analyzed (n=34)
* ‘ Week 39 ’

* Analyzed (n=36)

Withdrew from follow-up period (n=3)*
* Week 39 data collected (n=31)
¢ Analyzed (n=31)

Withdrew from follow-up period (n=4)*
* Week 39 data collected (n=32)
* Analyzed (n=32)

Figure 1.
CONSORT Diagram.

* Reasons for withdrawal included scheduling conflicts (n=3), excessive subject burden
(n=2), personal reasons (n=3), moved to another state (n=1), pregnancy (n=1), and lost to

follow up (n=8).
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Histogram plots showing the clock hour of the first caloric event (A), clock hour of the last
caloric event (B), total eating duration (C), and the mid-point of the eating window (D) at

baseline, week 4, week 8, and week 12 of the DCR and E-TRE interventions, respectively.
Dashed lines indicate the median response.
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Waterfall plots showing individual (bars) and mean (horizontal lines) weight changes in
response to the DCR and E-TRE interventions at study week 12 (A and B) and week 39 (C

and D), compared to baseline weight.
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Figure 4.

Boxplots comparing baseline to 12-week changes in HbAlc (A), triglycerides (B), total

cholesterol (C), LDL cholesterol (D), HDL cholesterol (E), and resting energy expenditure

(F) between the DCR and E-TRE interventions, respectively.
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