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Abstract

Objective—In contrast to intentionally restricting energy intake, restricting the eating window
may be an option for treating obesity. By comparing time-restricted eating (TRE) to an
unrestricted (non-TRE) control, we hypothesized that TRE facilitates weight loss, alters body
composition, and improves metabolic measures.

Methods—Participants [17F/3M, mean(SD) 45.5 years(12.1), BMI 34.1 kg/m?2(7.5)] with a
prolonged eating window [15.4 hours(0.9)] were randomized to TRE (n=11: 8 hour window,
unrestricted eating within window) vs non-TRE (n=9: unrestricted eating), for 12 weeks. Weight,
body composition (Dual X-ray Absorptiometry), lipids, blood pressure, 2-hour oral glucose
tolerance test, 2-week continuous glucose monitoring, and 2-week physical activity (actigraphy-
assessed) were measured pre- and end-intervention.

Results—The TRE group significantly reduced their eating window [end-intervention window:
9.9 hours(2.0)] compared to the non-TRE group [end-intervention window: 15.1 hours(1.1)]
(p<0.01). Compared to non-TRE, TRE decreased the number of eating occasions (EO), weight,
lean mass and visceral fat (all p<0.05). Compared to pre-intervention, the TRE group reduced the
number of EO [-21.9%(30.1)], weight [-3.7%(1.8)], fat mass [-4%(2.9)], lean mass [-3.0%(2.7)]

Corresponding Author: Lisa S Chow MD, MS, MMC 101, 420 Delaware St SE, Minneapolis, MN 55455, 612-625-8934, Fax
612-626-3133, chow0007@umn.edu.

Contributions: LC and DM designed research; LC, EM, JF, AA, HT, QW, JH, SP, KD, NE, SM, TH and DM conducted research; LC,
EM, JF, AA, HT, QW, JH, KSN, SP, KD, SM, NE, TH and DM analyzed the data; LC, EM, KD, DM wrote the paper; LC has primary
responsibility for final content; All authors read and approved the final manuscript

Disclosure Summary: SP has authored a book “The Circadian Code” for which he receives author royalty and specifically
recommends time restricted eating.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chow et al.

Page 2

and visceral fat [11.1%(13.4)] (all p<0.05). Physical activity and metabolic measures remained
unchanged.

Conclusions—In the setting of a randomized trial, TRE presents a simplified view of food
intake which reduces weight.
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Introduction

Methods

Obesity affects 36% of the United States’ adult population and presents a significant health
care burden(1). Intentional energy restriction plays an important role in obesity treatment.
Yet, intentional energy restriction is hampered by lack of patient adherence(2). Therefore,
obesity treatment options beyond intentional energy restriction are needed.

In contrast to intentionally restricting energy intake, Time Restricted Eating (TRE) presents
a simplified approach towards eating by restricting the eating window. As adult humans
(n=156) documented a median daily eating window of 14.75 hours(3), there is interest in the
implications of restricting the eating window to 10 hours or less. Human TRE studies
providing all food to maintain isoenergetic intake report weight stability with variable effects
on glycemic measures(4, 5, 6). Human TRE studies with ad /ibitum intake report modest
weight loss (~ 3%, 3 kg)(3, 7, 8, 9) while glycemic measures remain unchanged(7, 8, 9).

The findings from the TRE literature are promising. Yet, several features may limit
generalizability. One limitation is the provision of all food(5, 6), reducing applicability to the
real-world setting. Administration TRE with ad /ibitum intake as the primary intervention
have primarily compared outcomes with pre-intervention values(3, 8, 9), historical
control(8) or assigned group(7). Although some studies have compared TRE with ad /ibitum
intake vs non-TRE in a randomized setting(10, 11), these studies were within the setting of
resistance training, potentially masking TRE’s effects(10, 11).

For an intervention, the “gold standard” reference is a randomized control group(12).
Therefore, we conducted a 12 week feasibility study randomizing TRE (ad /ibitum intake
during 8 hour window) or non-TRE (ad /ibitum) in humans who are overweight or obese
with a documented eating window =14 hours. We hypothesized that TRE with ad /ibitum
intake would facilitate weight loss, reduce body fat, and improve metabolic measures
compared with non-TRE.

Study Design

For this feasibility study, we recruited participants who were overweight or obese (18-65
years, BM1=25kg/m?). Figure 1 describes the study design. The University of Minnesota’s
Institutional Review Board approved the protocol. All participants provided written
informed consent before participation.
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At the screening visit (Figure 1), we measured the participant’s weight/height and provided
the myCircadianClock (mCC) application(www.mycircadianclock.org)(3). We asked each
participant to document all oral intake using the mCC application for at least 1 week.
Inclusion criteria included: stable work and sleep schedule (awake/sleep within a 2 hour time
frame 6 out of 7 days with <4 hour variance on the 7t day), owns a smartphone compatible
with the mCC application, and capable of giving informed consent. Exclusion criteria
included: eating window <14 hours, poor logging adherence (unable to document >2 eating
events =5 hours apart per day >1 day/week), current/anticipated pregnancy or clinically
significant medical issues [self-reported uncontrolled cardiovascular or pulmonary disease,
pre-intervention thyroid stimulating hormone (TSH) or creatinine outside the reference
range, pre-intervention glycemic measures (fasting glucose, 2 hour OGTT glucose, HbA1c)
suggestive of diabetes(13)]. Enrollment began in October 2017 and ended in September
2018. We stopped recruitment after meeting pre-specified recruitment goals. We completed
all follow-up by December 2018.

Pre-intervention measures (Figure 1) included: height, weight, body composition [dual X-
ray absorptiometry (DXA)], lipid profile, TSH, creatinine, oral glucose tolerance test
(OGTT) and hemoglobin Alc (HbAlc). Participants fasted for at least 8 hours before plasma
blood measurements. Sensors to monitor physical activity (ActiGraph Link: ActiGraph,
Pensacola FL) and ambulatory glucose profile [continuous glucose monitoring
system(CGM): Freestyle LibrePro, Abbott, Chicago IL] were placed. The sensors were worn
up to 14 days prior to randomization. The participants continued dietary documentation by
mCC while wearing the sensors.

At the randomization visit, the Actigraph and CGM were removed. Participants were
randomized to either TRE or non-TRE stratified by sex (male/female) and age (<45 vs 245
years old). The intervention duration was 12 weeks. As this was a feasibility study, the first
participant was assigned to the TRE to determine TRE feasibility. Subsequent participants
were randomized by randomization assignments generated in advance using SAS’s pseudo-
random number generator procedure.

For the TRE group, each participant self-selected an 8-hour eating window for ad /ibitum
intake. There was no restriction on the eating window selection other than maintaining this
daily window during the intervention. For the non-TRE group, participants were instructed
to eat ad /ibitum per their usual habits. Other than establishing the daily eating window
(TRE) or instructing ad libitum intake (non-TRE), we did not provide any additional
instruction on diet intake, diet quality or energy intake.

Outcome measures (height, body weight, lipid profile, DXA, OGTT, HbAlc, Actigraphy,
CGM) were repeated at study conclusion. The CGM and Actigraph were initiated at Week
10 and removed at Week 12.

Documentation of Food Intake:mCC application

During the study (pre-intervention to Week 12), each participant was instructed to document
all oral intake using the mCC application. The utility of the mCC application has been
established(3). In brief, the participant used their phone camera to document all oral intake,
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including food, beverages, water and medications, along with an identifying text entry.
Participants were randomly reminded (1-2 times/day) to input recent food intake. The
picture, text entry and time-stamp were encrypted, deidentified, and continuously uploaded
to a cloud-based server, allowing the study team to remotely monitor for data fidelity and
intervention compliance.

Every week, participants were notified by either phone call, email, or text, about their eating
window compliance (TRE group) and logging adherence (TRE and non-TRE group). An
eating event was defined as any oral intake (including coffee, tea, diet drinks, noncaloric
drinks), excluding medications or water. Adherence was derived from the mCC data.
Participants were considered adherent to logging if they documented >2 meals =5 hours
apart >1 day/ week. Participants were considered adherent to the intervention if they met
logging criteria during their designated eating window. We reported adherence within £15
minutes, £30 minutes, and £60 minutes of the eating window in Results.

Physical Activity:ActiGraph Link

We quantified physical activity pre and end-intervention using actigraphy. Each participant
wore the Actigraph Link (sampling time 60 seconds) on the non-dominant wrist. We used
the ActiLife software package (v6.11.9) to validate wear time and calculate physical activity
(sedentary, light, moderate, vigorous)(14) as a percent of validated wear time.

Outcomes:Eating Occasions (EO)

We estimated eating frequency by documenting eating occasions from the mCC data(15).
An EO was considered distinct when food or drink was documented =15 minutes apart from
another EO(15). The average number of EO per day was determined over a 14 day period
just prior to randomization and just prior (Weeks 10-12) to end-intervention.

Outcomes:Body Weight/Composition

Body weight was measured at pre-intervention and end-intervention (Week 12). Body
composition was measured by DXA (GE Healthcare Lunar iDXA, Madison, WI) and
analyzed by the enCore™ software (\Version 16.2). Participants fasted for at least 8 hours
before scanning. Visceral fat was estimated by established methods(16).

Outcomes:Metabolic measures

Metabolic outcomes were measured pre and end-intervention. Blood pressure was measured
after 5 minutes of rest in a sitting position with feet flat on the floor[Welch Allyn Connex
Spot Monitor (Skaneateles Falls, NY) or Philips SureSign VS2+ (Amsterdam,
Netherlands)]. All blood samples were analyzed at the University of Minnesota Acute Care
Laboratory. Fasting lipid profile was determined using the Siemens Dimension Vista 1500
(Erlangen, Germany) with LDL cholesterol calculated using the Friedewald equation(17).
HbALc was measured by a turbidimetric inhibition immunoassay on the Siemens Dimension
Vista 1500 (Erlangen, Germany). Participants underwent a 75 gram 2-hour OGTT with
glucose and insulin sampled every 30 minutes. Plasma glucose was measured using a
modified hexokinase method on the Siemens Dimension Vista 1500 (Erlangen, Germany)
and serum insulin was measured using a two-site chemiluminescent sandwich immunoassay
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on the Siemens Advia Centaur (Erlangen, Germany). We calculated the homeostatic model
assessment of insulin resistance (HOMA-IR)(18) and Matsuda Insulin Sensitivity Index(19,
20) from the OGTT results. The CGM provided the ambulatory glucose profile: 1) average
glucose, 2) coefficient of variation, 3) standard deviation, 4) percent time glucose below
target (<70 mg/dL), 5) percent time glucose within target (70-180 mg/dL), 6) percent time
glucose above target (=180 mg/dL)(21).

Statistical analysis

Results

The primary hypothesis was the TRE group would have greater body weight loss than the
non-TRE group. As this is a feasibility study, we determined a-priorithat at least 20
completed study participants was needed. A pre-study power computation showed that 20
participants (11 TRE and 9 non-TRE) gave 80% power to detect a minimum difference of
1.33 SD in body weight with two-sided alpha (false positive rate) 0.05 using a two-sample t
test.

Treatment groups were compared on pre-intervention demographic and clinical
characteristics using two sample t-tests for continuous characteristics and chi-square or
Fisher’s exact tests for categorical characteristics. Changes in body weight, body
composition, and glycemic measures from pre to end-intervention were compared between
treatment groups using two-sample t tests. We examined whether pre-intervention
differences in diastolic blood pressure, TSH, 2 hour OGTT glucose or fasting triglycerides
may affect the observed findings using multivariate linear regression models. If the results
were altered by the pre-intervention value, we presented the adjusted p-value (Table 2). For
assessment of change in EO over time, we used linear mixed models to account for
correlations among repeated measures. Pearson’s correlation within the TRE group
measured the association between eating window restriction and body composition changes.
Statistical analyses were performed in SAS (v. 9.3, SAS Institute Inc, Cary NC). A p-value
less than 0.05 was considered statistically significant.

We used multiple imputation to address missing data for subjects assigned to the TRE group
(n=2) who did not complete the study [Supplemental Methods 1]. Given that multiply-
imputing missing data did not substantially affect the results, the participants who completed
the study are described in the Results section.

Forty-seven participants were assessed for eligibility (Figure 1). Participants tracked their
food intake using the mCC application during a pre-intervention period [28.5 days (8.8)] to
establish logging adherence and their eating window. Twenty-five were excluded due to
failure to meet study criteria (n=19) or declined to participate (n=6). Exclusion criteria
included eating window <14 hours (n=14, 29.7% of screened participants), inconsistent
logging of food intake (n=4, 8.5% of screened participants), and elevated TSH (n=1).
Twenty-two participants received the intervention. After randomization, one participant in
the TRE group stopped because of scheduling conflicts. One other participant in the TRE
group stopped because of inability to maintain the prescribed 8-hour eating window. Twenty
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participants [17F/3M, mean(SD): age: 45.5 years(12.1), BMI: 34.1 kg/m2(7.5)] completed
the study.

Participant Characteristics

Table 1 reports basic participant characteristics of the TRE group (n=11, 9F/2M) and non-
TRE group (n=9, 8F/1M) pre-intervention.

Table 2 reports detailed participant characteristics pre and end-intervention. Pre-intervention,
the TRE group had higher fasting triglycerides, TSH, diastolic blood pressure, and 2 hour
OGTT values than the non-TRE group (p<0.05), whereas the remaining characteristics were
not significantly different. In the combined population, average glucose as measured by
CGMS [92 mg/dL(8.7)], fasting glucose [95 mg/dL(11.2)], HbAlc [5.5%(0.4)] and insulin
sensitivity, as measured by HOMA-IR [2.4(1.4)](18) and by the Matsuda index [4.8(3.0)]
were within the normal range(22). In the TRE group, the two hour OGTT results were
suggestive of prediabetes [142 mg/dL(45)]. The pre-intervention eating window was similar
[15.4 hours(0.9) in combined population] between groups and was positively associated with
BMI (r=0.45, p = 0.04) (Figure 2).

Study Compliance

TRE effects:

TRE effects:

During the pre-intervention period, participants were adherent to logging on 92.3%(8.5) of
days. During the 12 week intervention, the TRE group was adherent to logging 83.1%(13.4)
of days while the non-TRE group was adherent to logging 90.9%(8.3) of days; this
difference in logging adherence was not statistically significant (p=0.15).The TRE group
was adherent £15 minutes of their 8-hour eating window for 55.5%(22.4) of days, £30
minutes for 60%(23) of days, and £60 minutes for 66.3%(20.7) of days. The end time of the
daily eating window did not correlate with either logging adherence [r=0.37, p=0.26] or
eating window adherence [r=0.09, p=0.8].

Eating window

Within the TRE group, the self-defined eating window generally started at 10:40AM and
ended at 18:40PM. The earliest self-defined window was from 9:00AM to 17:00PM and
latest window from 12:00PM to 20:00PM (Figure 3). Based on the mCC data, the end-
intervention eating window in the TRE group significantly declined from pre-intervention
[-5.4 hours(2.2):p<0.01] whereas the end-intervention eating window in the non-TRE group
remained unchanged (Table 2).

Eating Occasions

During pre-intervention, the number of EO per day were similar between the TRE and non-
TRE groups (Table 2). At end-intervention, EO significantly reduced in both the TRE
[21.9% (30.1) p<0.01] and non-TRE groups [7.6%(22.0) less EO relative to pre-intervention,
p=0.01] (Table 2). The reduction in EO in the TRE group was significantly lower than the
non-TRE group (p=0.02).
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Physical activity

Pre-intervention, the percent time spent in sedentary, light, and moderate+vigorous activity
was not different between the TRE group and non-TRE group. This physical activity
distribution did not change at end-intervention (Table 2).

Body weight, body composition, and metabolic measures

Compared to the non-TRE group, the TRE group lost body weight, visceral fat, and lean
mass (all p< 0.05: Figure 4). Compared to pre-intervention (Table 2), the TRE group
reduced body weight [-3.7%(1.8)], fat mass [-4.0%(2.9)], lean mass [-3.0%(2.7)] and
visceral fat [11.1%(13.4)]. The lean mass loss in the TRE group was from the legs
[-3.7%(3.6)] which was significant compared with pre-intervention (p<0.01) and non-TRE
(p<0.01). TRE did not result in any significant lean mass loss from the trunk or arms. The
effect of TRE on changes in fat mass, lean mass and visceral fat were not significant after
adjusting for body weight loss, suggesting that TRE’s effect on these measures is mediated
by body weight loss.

Table 2 reports the effect of TRE on metabolic measures. Relative to pre-intervention TRE
significantly lowered fasting glucose [-7.7% (6.9)] and fasting triglyceride concentration
[-23.6% (21.7)] (both p<0.05). Relative to pre-intervention, TRE increased the amount of
time[+4.1% of time (5.5), p=0.03] within CGMS target range (70-180 mg/dL)]. The TRE
intervention did not alter HbA1c or insulin sensitivity relative to pre-intervention or the non-
TRE group. The observed changes in metabolic measures were not significant when
comparing between TRE and non-TRE group; these findings remained not significant after
adjusting for pre-intervention differences.

The non-TRE group had no significant changes in body composition or glycemic or lipid
measures relative to pre-intervention. In the non-TRE group, diastolic blood pressure
decreased significantly relative to pre-intervention (p=0.02); however, this measure was not
significantly different from the TRE group.

between restriction of eating window and body composition changes

Within the TRE group, we examined the relationship between eating window restriction and
body composition changes. Body weight loss (absolute change: r=0.41, p=0.21, percent
change: r=0.18, p=0.60) did not significantly correlate with eating window restriction.
Restriction of the eating window correlated with fat mass loss (r=0.60, p=0.05) and visceral
fat loss (r=0.72, p=0.01) (Figure 5).

Discussion

We compared TRE with ad /ibitum intake relative to a randomized, non-TRE control in
humans who were overweight or obese and had an eating window= 14 hours. We found that
TRE resulted in fewer eating occasions, greater body weight loss, lean mass loss and
visceral fat loss compared to non-TRE and pre-intervention values. TRE also reduced fasting
glucose and triglyceride concentration relative to pre-intervention values, although this was
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not significant compared with the non-TRE group. Within the TRE group, greater eating
window restriction was associated with greater loss of fat mass and visceral fat.

In humans, the effect of TRE depends on the prescribed intervention. TRE studies either
impose an eating window while maintaining isoenergetic intake(5, 6) or impose a daily
eating window with ad /ibitum intake(3, 7, 8). When all food is provided to maintain
isoenergetic intake and weight stability, TRE improves body composition and select
metabolic parameters(5, 6). Specifically, a randomized cross-over study in healthy, normal-
weight, middle-aged adults showed that consuming an entire day’s energy intake at dinner (4
hour TRE for 8 weeks) preserved fat-free mass and decreased fat mass (~13%) compared
with eating the same energy amount over breakfast, lunch and dinner(6). Another cross-over
study involving men with prediabetes showed that isoenergetic TRE (6-hour eating window
for 5 weeks with food intake completed by 15:00 PM) improved glucose tolerance, insulin
sensitivity, blood pressure, and oxidative stress and increased fasting triglyceride
concentration compared with the same energy intake over a 12 hour eating window(5).
When studies prescribe TRE with ad /ibitum intake(3, 8, 9), weight loss (~3 kg, ~2—3% loss
in body weight) similar to our study are observed. When assessing TRE’s effect on body
composition, TRE with ad /ibitum intake reduced bioelectrical impedence measured percent
body fat and visceral fat relative to pre-intervention(9) but did not alter DXA-measured fat
mass, lean mass or visceral fat compared with a historical control group(8). Our study adds
to the literature by detailing the impact of TRE with ad /ibitum intake, including DXA
quantified body composition, actigraphy-measured physical activity and multifaceted
glycemic measures (CGM/OGTT/HbAc) relative to a randomized non-TRE group.

We reported that both TRE and non-TRE groups reduced eating occasions, with greater
reductions observed in the TRE group. These findings suggest that TRE may cause
involuntary reductions of energy intake via reduced eating occasions. Previously, dietary
records have been used by previous TRE studies with ad /ibitum intake to document reduced
energy intake (~350-650 kcal/day)(8, 10). Alternatively, reduced energy intake have been
estimated using reference nutritional values given the image or text entry without
considering food volume(3). As we could not ascertain food volume or energy density from
the mCC-based images, we could not assess TRE effects on energy intake. We acknowledge
that our observed reduction in eating occasions may be influenced by reduced logging.
Nevertheless, our significant findings relative to the randomized non-TRE group offsets this
concern, assuming that both the TRE and non-TRE groups had similar reductions in logging.
Moving forward, future TRE studies with ad /ibitum intake should consider energy
restriction as a comparison group.

We used DXA to document TRE-alterations in body composition. We observed a significant
loss of fat mass and lean mass which is greater than the technical error of DXA
measurement (~1-3%)(23). Both dietary restriction(24, 25, 26) and bariatric surgery(27, 28)
are associated with lean mass loss. This loss has been attributed to alterations in protein
intake or protein turnover(24, 29), which can be mitigated either by high protein diets(25,
30, 31) or exercise intervention(32, 33). Indeed, studies incorporating TRE with resistance
training and either unrestricted intake (10), TRE with slight caloric restriction (200-250
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kcal/day) and randomized whey protein supplementation(11) or TRE with instructions to
maintain isoenergetic intake (34) demonstrate preserved or increased lean mass.

Although TRE was associated with lower fasting glucose, greater time within CGMS target
range and lower fasting triglycerides relative to pre-intervention; these findings were not
significant compared with non-TRE. The literature reports TRE having varying effects on
metabolic measures. In a healthy normal-weight population, isoenergetic TRE was
associated with higher fasting glucose and greater impairment of glucose tolerance(4).In
participants with obesity(8) or the metabolic syndrome(9), TRE with ad /ibitum intake did
not alter fasting glucose, fasting triglycerides or HOMA-IR. In men with prediabetes,
isoenergetic TRE with completion of all food intake by 3PM improved insulin sensitivity(5).

The study has several strengths. TRE with ad /libitum intake altered weight and body
composition relative to a randomized non-TRE group despite the small sample size (n=20),
short duration (12 weeks) and achieved eating window restriction (~10 hours, despite
instructed 8 hour window). As all participants documented intake using the mCC
application, we were able to monitor intervention compliance and use the non-TRE referent
group to account for mCC application use. The logging also documented the extent of eating
window restriction, which we correlated with observed outcomes. Lastly, we performed
detailed clinical phenotyping [body composition (DXA), physical activity (actigraphy),
glycemic measures (CGM/OGTT/HbA1c)] to assess TRE’s effects.

Several study limitations exist. Our reliance on the mCC application assumed consistent use.
Therefore, we only enrolled participants who displayed high logging adherence during the
pre-intervention period. Although logging adherence was lower in the TRE group than the
non-TRE group, this difference was not statistically significant. Another study limitation is
the use of eating occasions as a surrogate for energy intake, as food volume could not be
ascertained. Yet, another limitation is our inclusion of participants with an eating
window=14 hours. Therefore, these findings may be attenuated and less applicable to
humans with a shorter eating window. As all participants self-selected an 8-hour eating
window to include the evening meal, we were unable to address the contribution of TRE
timing (early vs late eating)(5, 35) or effect on circadian clock genes(35). Lastly, we
acknowledge the short time frame (12 weeks), preponderance of females, and small sample
size may potentially limit translation. Nevertheless, our significant results in relevant
measures (body weight, body composition, eating occasions) within the context of a
randomized intervention provides important data informing the design of future TRE
studies.

Conclusions

Adherence to TRE presents a simplified view of food intake which reduces eating occasions
and is associated with weight loss.
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Trial registration: Clinicaltrials.gov NCT03129581

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known about this subject?

. Time restricted eating presents a simplified view of eating by focusing on
restricting the eating window, rather than intentionally restricting calories.

What does your study add?

. In humans who are overweight with a pre-intervention eating window = 14
hours, we found that allowing unrestricted intake within an 8-hour eating
window resulted in fewer eating occasions [mean(SD): —21.9%(30.1)], weight
loss [-3.7%(1.8)], fat mass [-4%(2.9)], lean mass [-3.0%(2.7)], and visceral
fat [11.1%(13.4)] compared to their counterparts randomized to unrestricted
intake.

. Greater restriction of the eating window was associated with greater loss of
fat mass and visceral fat as measured by Dual X-ray Absorptiometry

. Using mobile-phone based application to document eating events “in real
time,” we successfully restricted the eating window within a community
population to provide detailed information about intervention compliance and
outcomes for informing future time-restricted eating studies.

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

By not focusing on intentional energy restriction, time restricted eating presents a
simplified view of food intake which reduces weight.
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Enrollment

Assessed for eligibility (n=47)

Excluded (n=25)
+ Elevated TSH (n=1)
+ Eating window <14 hrs (n=14)

Baseline

+ Unable to log food intake over 80%
of time during baseline period (n=4)
+ Declined to participate (n=6)

Height, Weight, DXA, OGTT, lab draw,
placed Actigraph, CGM

Intervention (n=22)
Randomization (n=21%)
*first participant assigned to TRE

Non-TRE (n=9)

TRE (n=13)

Follow —up

Discontinued intervention (n=0)

Discontinued intervention (n=2)

* Scheduling conflict (n=1)

+ Could not maintain eating
window (n=1)

Analysis

Analyzed (n=9)

Analyzed (n=11)

Figure 1:
Participant Flow
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Figure 2:
Pre-intervention Eating Window Is Associated with BMI
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Figure 3:
Time of eating events in the non-TRE (A) and TRE group (B) Pre and End-Intervention.

This figure depicts the clock hour for eating events at pre-intervention (orange; 2 weeks
prior to randomization) and end-intervention (blue; 2 weeks prior to study conclusion) for
each participant (Panel A: non-TRE, Panel B: TRE). Y axis: Clock hour for eating event
(4=4AM, 24=midnight). X-axis: Each orange/blue combination represents an individual
participant.
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Figure 4:
TRE Alters Body Composition. Average change in body weight, lean mass, fat mass, and

visceral fat in the TRE vs. the non-TRE groups. Results reported as mean (SD). *indicates
significance relative to TRE pre-intervention. 1 indicates significant relative to non-TRE
group end-intervention.
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Figure 5:
Restriction of Eating Window Affects Body Composition
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Table 1:
Characteristics of Randomized Participants ™
Results: mean (SD) TRE (n=11) non TRE (n=9) p-value
Age (Years) 465 (12.4) 442 (12.3) 0.69
Sex 9F/2M 8F/1M 0.66
BMI (kg/m?) 33.8(7.6) 34.4 (7.8) 0.86
Pre-intervention duration (Days) 28.5(9.0) 28.6 (9.1) 0.98
Thyroid Stimulating Hormone (mU/L) 2.2 (0.8) 1.4 (0.6) 0.01
Creatinine (mg/dL) 0.7 (0.1) 0.8 (0.1) 0.61

*
Remainder of Baseline Characteristics are noted in Table 2 to permit pre-post intervention comparison

Ovbesity (Silver Spring). Author manuscript; available in PMC 2020 November 01.
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