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Effects of Time-Restricted Eating on Weight Loss and Other Metabolic
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IMPORTANCE The efficacy and safety of time-restricted eating have not been explored in
large randomized clinical trials.

OBJECTIVE To determine the effect of 16:8-hour time-restricted eating on weight loss and
metabolic risk markers.

INTERVENTIONS Participants were randomized such that the consistent meal timing (CMT)
group was instructed to eat 3 structured meals per day, and the time-restricted eating (TRE)
group was instructed to eat ad libitum from 12:00 pm until 8:00 Pm and completely abstain
from caloric intake from 8:00 pm until 12:00 pMm the following day.

DESIGN, SETTING, AND PARTICIPANTS This 12-week randomized clinical trial including men and
women aged 18 to 64 years with a body mass index (BMI, calculated as weight in kilograms
divided by height in meters squared) of 27 to 43 was conducted on a custom mobile study
application. Participants received a Bluetooth scale. Participants lived anywhere in the United
States, with a subset of 50 participants living near San Francisco, California, who underwent
in-person testing.

MAIN OUTCOMES AND MEASURES The primary outcome was weight loss. Secondary outcomes
from the in-person cohort included changes in weight, fat mass, lean mass, fasting insulin,
fasting glucose, hemoglobin A, levels, estimated energy intake, total energy expenditure,
and resting energy expenditure.

RESULTS Overall, 116 participants (mean [SD] age, 46.5 [10.5] years; 70 [60.3%] men) were
included in the study. There was a significant decrease in weight in the TRE (-0.94 kg; 95%
Cl, -1.68 to -0.20; P = .01), but no significant change in the CMT group (-0.68 kg; 95% ClI,
-1.41t0 0.05, P = .07) or between groups (-0.26 kg; 95% Cl, -1.30 to 0.78; P = .63). In the
in-person cohort (n = 25 TRE, n = 25 CMT), there was a significant within-group decrease in
weight in the TRE group (-1.70 kg; 95% Cl, -2.56 to -0.83; P < .001). There was also a
significant difference in appendicular lean mass index between groups (-0.16 kg/m?; 95% Cl,
-0.27 to -0.05; P = .005). There were no significant changes in any of the other secondary
outcomes within or between groups. There were no differences in estimated energy intake
between groups.

CONCLUSIONS AND RELEVANCE Time-restricted eating, in the absence of other interventions,
is not more effective in weight loss than eating throughout the day.

TRIAL REGISTRATION ClinicalTrials.gov Identifiers: NCT03393195 and NCT03637855

JAMA Intern Med. doi:10.1001/jamainternmed.2020.4153
Published online September 28, 2020.

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 10/25/2020

Supplemental content
CME Quiz at

jamacmelookup.com and CME
Questions page O

Author Affiliations: Cardiovascular
Research Institute, University of
California, San Francisco, San
Francisco (Lowe, Weiss); Cardiology
Division, University of California, San
Francisco, San Francisco (Wu,
Rohdin-Bibby, Moore, Vittinghoff,
Olgin, Weiss); Center for Vulnerable
Populations, University of California,
San Francisco, San Francisco (Wu);
Clovis Oncology Inc, Boulder,
Colorado (Moore); University of
Hawai'i Cancer Center, Honolulu
(Kelly, Liu, Shepherd); University of
California School of Medicine, San
Francisco (Philip); Pennington
Biomedical Research Center, Baton
Rouge, Louisiana (Heymsfield).

Corresponding Author: Ethan J.
Weiss, MD, University of California,
San Francisco, 555 Mission Bay Blvd
S, Room 352Y, San Francisco, CA
94143 (ethan.weiss@ucsf.edu).

E1


https://clinicaltrials.gov/ct2/show/NCT03393195
https://clinicaltrials.gov/ct2/show/NCT03637855
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.4153?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2020.4153?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.4399?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jamainternmed.2020.4153?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jamainternmed.2020.4153?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jamainternmed.2020.4153?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4153
mailto:ethan.weiss@ucsf.edu

E2
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he prevalence of overweight (body mass index [BMI, cal-

culated as weight in kilograms divided by height in me-

ters squared], 25 to 30) and obesity (BMI greater than
30) hasincreased dramatically recently’ and is associated with
increased risk for chronic diseases.? Even modest weight re-
duction can improve cardiovascular disease risk.> However,
long-term adherence to lifestyle changes is difficult. There-
fore, it is important to find novel lifestyle-modification inter-
ventions that are (1) effective in reducing weight and (2) ac-
cessible and straightforward to enhance adherence.

Intermittent fasting (IF) has gained attention as a simple
weight loss method. Intermittent fasting refers to eating win-
dows separated by defined periods of fasting (>12 hours and
up to 48 hours, or more). Most of the reported benefits of IF
are either untested or undertested in humans.* Time-
restricted eating (TRE) is a specific IF protocol involving con-
sistent fasting and eating periods within a 24-hour cycle.

Time restricted feeding (TRF) prevents weight gain in mice
challenged with an isocaloric high-fat diet (HFD)® and re-
duces weight and metabolic outcomes in already obese mice.®
Weight loss without a decrease in calorie intake suggests that
TRF could affect energy expenditure to achieve a negative calo-
rie balance.

Prior small studies in humans with overweight or obesity
demonstrate that TRE canresult in reduced calorie intake and
isassociated with a decrease in body weight and/or fat mass.”1°
We conducted arandomized clinical trial (RCT) designed to de-
termine the effect of TRE on weight and comprehensive meta-
bolic outcomes in overweight and obese patients. We hypoth-
esized that 8-hour TRE prescribed to individuals with
overweight and obesity would lead to weight loss and im-
provements in metabolic markers compared with individuals
following a standard 3-meals-per-day diet (consistent meal tim-
ing [CMT]).

Methods

Experimental Model and Participant Details

This study was conducted with approvals from the institu-
tional review board at the University of California, San Fran-
cisco (UCSF) and the University of Hawai’i Cancer Center
(UHCCQ). The trial protocol is available in Supplement 1. The
clinical trial was registered on ClinicalTrials.gov
(NCT03393195).

Participants were recruited between August 2018 and June
2019 and data collection was completed in October 2019. Over-
all, 141 participants were enrolled in the study and were ran-
domized. We randomized 25 participants for whom we never
received any data. Data were collected from 116 participants;
and 105 completed the 12-week protocol. The study was con-
ducted on a custom mobile study application (app) on the Eu-
reka Research Platform. Participants received study surveys
through the study app. Participants were given a bluetooth
weight scale to use daily, which was connected through the
study app. Participants were randomized to 1 of 2 interven-
tions. The study intervention only included recommenda-
tions to the timing of food intake (no recommendation for calo-
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Key Points

Question What is the effect of time-restricted eating on weight
loss and metabolic health in patients with overweight and obesity?

Findings In this prospective randomized clinical trial that included
116 adults with overweight or obesity, time-restricted eating was
associated with a modest decrease (1.17%) in weight that was not
significantly different from the decrease in the control group
(0.75%).

Meaning Time-restricted eating did not confer weight loss or
cardiometabolic benefits in this study.

rie and macronutrient intake or physical activity), and
participants received daily reminders about their eating win-
dows through the app. The CMT group was instructed to eat 3
structured meals per day. Snacking between meals was per-
mitted. The TRE group was instructed to eat ad libitum from
12:00 pm until 8:00 pm and completely abstain from caloricin-
take from 8:00 pM until 12:00 pMm the following day (16 hours
fast:8 hours eat). Only noncaloric beverages were permitted
outside of the eating widow. Participants provided consent
through the app, and received a $50 Visa gift card for partici-
pating in the study.

Weight Measurements

All participants received an iHealth Lite Bluetooth scale (Model
HS4S) to use at home. Participant accounts were linked to the
Eureka Research platform. Participants were instructed to use
the scale daily in the morning before eating or drinking and
prior to structured physical activity.

In-Person Metabolic Testing

Participants who lived within 60 miles of UCSF were eligible
to undergo extensive in-person metabolic testing at the UCSF
Clinical Research Center and the UCSF Body Composition Labo-
ratory as detailed by Ng et al.”! Enrollment was capped at 50
participants, and 50 participants opted into the in-person test-
ing. A total of 46 participants completed all 4 in-person vis-
its.

Statistical Analysis

The statistical analysis plan is available in Supplement 2. The
primary outcome was change in weight since baseline, mea-
sured daily via iHealth scales, in the overall cohort of 116 par-
ticipants. To estimate the intention-to-treat effect of treat-
ment assignment, we used a linear mixed model with fixed
effects for treatment assignment, days since baseline, and their
interaction, and random effects for participant and day, with
unstructured covariance matrix, accommodating any nonlin-
earity in the trajectories using 3-knot cubic splines. The treat-
ment effect was estimated by the fitted between-group dif-
ference at day 90, net of any baseline difference. In sensitivity
analyses, we repeated the analysis after Winsorizing outliers,
which was defined as points more than 1.5 times the inter-
quartile range below the 25th or above the 75th percentile of
the overall distribution. No adjustments were made to P val-
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Figure 1. CONSORT Flow Diagram

1975 Assessed for eligibility

1834 Excluded
1584 Not meeting inclusion criteria

213 Other reasons
37 Declined to participate

141 Randomized )

72 CMT randomized to intervention
57 Received intervention
15 Did not log any weight measurements

}

1 Lost to follow-up
1 Discontinued intervention

}

57 Analyzed
0 Excluded from analysis

69 TRE randomized to intervention
59 Received intervention
10 Did not log any weight measurements

!

7 Lost to follow-up
2 Discontinued intervention

|

59 Analyzed
0 Excluded from analysis

CMT indicates consistent meal timing group; TRE, time-restricted eating group.
CONSORT flow diagram describing process of participant recruitment,
enrollment, randomization, and data analysis. Participants were excluded from
participating if they (1) were older than 64 years (n = 5), (2) had a body mass
index (calculated as weight in kilograms divided by height in meters squared)
less than 27 (n = 348) or greater than 43 (n = 72), (3) did not regularly consume
breakfast (n = 566), (4) were unwilling or unable to skip breakfast (n = 761), (5)
had a current or past cancer diagnosis (n = 21), (6) were breastfeeding,

pregnant, or planned to be pregnant within 6 months (n = 21), (7) had current
diagnosis of type 1or type 2 diabetes mellitus (n = 177), (8) were taking
glucose-lowering drugs (n = 133) or weight loss pills (n = 116), (9) had a history
of gastric bypass or any weight-loss surgery (n = 66), (10) had a weight
fluctuation of more than 15% in past 5 years (n = 467), (11) had a history of
anorexia or bulimia (n = 39), (12) frequently traveled across time zones (n = 99)
or worked unusual work hours (n = 182), or (13) were unable to fast for
prolonged periods (n = 168).

ues or confidence intervals for multiple comparisons for the
primary outcome.

. |
Results

Of the 141 participants who were randomized to 1 of the 2 in-
terventions, 105 (74.5%) completed the entire 12-week inter-
vention (Figure1). Of the 36 randomized participants who did
not complete the study, 25 never recorded weight measure-
ments (TREn = 10, CMTn = 15), 8 were lost to follow-up (TRE
n=7,CMTn = 1), and 3 discontinued intervention (TREn = 2,
CMTn = 1). Participants had amean (SD) age of 46.5 (10.5) years
and a mean (SD) weight of 99.2 (16.0) kg (Table 1).

Self-reported adherence to the diets was 1002 of 1088
(92.1%) in the CMT group (did not miss any meals) and 1128 of
1351(83.50%) in the TRE group (ate only within the 8-hour win-
dow) (Figure 2A).

Of the 141 participants randomized in the study, we in-
vited persons living within 60 miles of San Francisco (enroll-
ment was first come, first served and was capped at 50) to un-
dergo comprehensive in-person metabolic testing (referred to
as in-person cohort). Overall, 46 of 50 participants com-
pleted the entire in-person testing protocol (CMT n = 24, TRE
n = 22). Baseline characteristics of both cohorts are shown in
Table 1.

Weight
There was a significant decrease in weight in the TRE group

(-0.94 kg; 95% CI, -1.68 kg to -0.20 kg; P = .01) and a nonsig-
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nificant decrease in weight in the CMT group (-0.68 kg; 95%
CI, -1.41kg to 0.05 kg; P = .07). Importantly, there was no sig-
nificant difference in weight change between groups (-0.26
kg; 95% CI, -1.30 kg to 0.78 kg; P = .63) (Figure 2, B and C)
(Table 2). There was a significant decrease in percentage of
baseline weight in the TRE group (-1.17%; 95% CI, -1.89% to
-0.45%; P = .002) and in the CMT group (-0.75%; 95% CI,
-1.47% to -0.04%, P = .04); however, there was no signifi-
cant difference between groups (-0.41%; 95% CI, -1.43% to
0.60%; P = .43) (Table 2). There were no statistically signifi-
cant changes in estimated energy intake or energy expendi-
ture between groups (eFigure 1A and 1B in Supplement 3).

In the in-person cohort (n = 50), there was a significant de-
crease in weight in the TRE group using the in-person weight
measurements (-1.70 kg; 95% CI, -2.56 kg to -0.83 kg; P < .001)
but not in the CMT group (-0.57 kg; 95% CI, -1.40 kg to 0.26
kg; P = .18) (Table 3) (eFigure 2 in Supplement 3). There was a
nonsignificant difference in weight loss between groups (-1.13
kg; 99.7% CI, -2.33% to 0.07%; P = .07) (Table 3). There was a
significant decrease in percentage of baseline weight in the TRE
group (-1.81%; 95% CI, -2.85% to 0.78%; P < .001) but not in
the CMT group (-0.65%; 95% CI, -1.64% to 0.34%; P = .19) or
between groups (-1.16%; 95% CI, -2.59% to 0.27%; P = .11).
There was strong agreement between in-person weight mea-
surements and at-home weight measurements as deter-
mined by a Bland-Altman analysis (eFigure 3 in Supple-
ment 3).
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Table 1. Baseline Characteristics

No. (%)
Characteristic Total cMT TRE
Total cohort
No. 116 57 59
Age, mean (SD), y 46.5 (10.5) 46.1(10.3) 46.8 (10.8)
Female 46 (39.7) 22 (38.6) 24 (40.7)
Male 70 (60.3) 35(61.4) 35(59.3)
Weight, mean (SD), kg 99.2 (16.0) 99.1(15.1) 99.3(16.9)
BMI, mean (SD) 32.7(4.2) 32.6(3.4) 32.9(4.9)
In-person cohort
No. 50 25 25
Age, mean (SD), y 43.8(11.2) 44.4(10.7) 43.3(11.8)
Female 22 (44.0) 10 (40.0) 12 (48.0)
Male 28 (56.0) 15 (60.0) 13 (52.0)
Black 2(4.0) 0 2(8.0)
White 25 (50) 16 (64.0) 9(36.0)
Latinx 7 (14.0) 3(12.9) 4(16.0)
Asian 12(240) >(20.0) 7(28.0) Abbreviations: BMI, body mass index
Other/multi 4(8.0) 1(4.0) 3(12.0) (calculated as weight in kilograms
Weight, mean (SD), kg 92.8(14.2) 93.0(13.3) 92.6 (15.2) divided by height in meters squared);
BMI, mean (SD), 31.4(4.0) 31.3(3.5) 31.5(4.5) CMT. consistent meal timing group:

TRE, time-restricted eating group.

Figure 2. Adherence and Weight Change in the Total Cohort
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A, Participants were sent daily adherence surveys through the study application
("Did you adhere to your eating plan on the previous day?” Yes/No). Responses
from all completed surveys were analyzed. The percent adherence to protocol
is shown over time for consistent meal timing group (CMT) (dashed blue line;

n = 41) and time-restricted eating (TRE) participants (solid orange line; n = 44).
B, Individual daily weight measurements as recorded from the at-home scale

are shown for each participant over time throughout the duration of the study.
The individual weight measurements are show as maroon dots for the CMT
group (n = 57) and blue dots for TRE group (n = 59). The solid lines represent
weight over time as determined from the linear mixed model. C, Waterfall plot
showing percent weight change for each participant from the total cohort in the
CMT group (left) and TRE group (right).
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Table 2. Weight Change in the Total Cohort

CMT (n = 57 included

TRE (n = 59 included in

in analysis) analysis)
Total Cohort (iHealth Preinter-  Postinter- ACMT P Preinter-  Postinter- ATRE P Difference
weight measurements)  vention vention ACMT value vention vention ATRE value between groups P value
iHealth weight, mean 99.2 98.5 -0.68 .07 99.2 98.2 -0.94 .01 -0.26(-1.30to .63
(SD), kg (95.1to (94.3to (-1.41to (95.1to (94.1to (-1.68 to 0.78)

103.3) 102.7) 0.05) 103.2) 102.4) -0.20)
Weight change, mean NA NA -0.75 .04 NA NA -1.17 .002 -0.41(-1.43to0 .43
(SD), % (-1.47 to (-1.89 to 0.60)

-0.04) -0.45)

Abbreviations: CMT, consistent meal timing group; NA, not applicable; TRE, time-restricted eating group.

Body Composition and Energy Expenditure

Asmeasured by dual-energy x-ray absorptiometry (DXA), there
was no significant change in whole body fat mass (FM) in the
TRE (-0.51kg; 95% CI, -1.17 kg to 0.15 kg; P = .13) or the CMT
groups (-0.03 kg; 95% CI, -0.66 kg to 0.60 kg; P = .93), and
there was no significant difference between groups (-0.48 kg;
99.7% CI, -1.75 kg to 0.79 kg; P = .30) (Table 3). There was a
significant decrease in lean mass (calculated as fat-free mass
minus bone mineral content) in the TRE (-1.10 kg; 95% CI, -1.73
kg to -0.48 kg; P < .001) but not in the CMT group (-0.35 kg;
95% CI, -0.95 kg to 0.25 kg; P = .25). There was no significant
difference in lean mass between groups (-0.75 kg; 99.7% CI,
-1.96 kg to 0.45 kg; P = .09). Appendicular lean mass (ALM)
was decreased significantly in the TRE group (-0.64 kg; 95%
CI, -0.89 kg to -0.39 kg; P < .001) but not in the CMT group
(-0.17 kg; 95% CI, -0.41 kg to 0.07 kg; P = .16), and there was
a significant difference between groups (-0.47 kg; 95% CI,
-0.82 kg to -0.12 kg; P = .009). There was a significant de-
crease in appendicular lean mass index (ALMI) in the TRE group
(-0.22 kg/m?; 95% CI, -0.30 kg/m? to —-0.14 kg/m?; P < .001)
but not in the CMT group (-0.06 kg/m?; 95% CI, -0.14 kg/m?
t0 0.02 kg/m?; P = .14). The difference in ALMI between groups
was also significant (-0.16 kg/m?; 95% CI, -0.27 kg/m? to —0.05
kg/m?; P = .005). Trunk lean mass significantly decreased in
the TRE group (-0.47 kg; 95% CI, -0.88 kg to -0.06 kg; P = .02).
There was no significant change in trunk lean mass in the CMT
group (-0.15 kg; 95% CI, -0.54 kg to 0.24 kg; P = .45) or be-
tween groups (-0.32 kg; 95% CI, -0.89 kg to 0.25 kg; P = .27).
For a comprehensive list of all body composition variables ana-
lyzed, see eTable 2 in Supplement 3.

Respiratory quotient (RQ) did not change significantly in
the TRE group (0.01; 95% CI, -0.02 to 0.03; P = .82); RQ in-
creased in the CMT group (0.03; 95% CI, 0.01t0 0.06; P = .003),
but there was no significant difference between groups (-0.03;
95% CI, -0.06 to —0.01, P = .06). There was no significant dif-
ference in resting metabolic rate (RMR) in the TRE (-28.1 kcal/d;
95% CI, -91.8 kcal/d to 35.5 kcal/d; P = .39) or the CMT group
(-43.15 keal/d; 95% CI, -104.2 kcal/d to 18.0 kcal/d; P = .17),
and there was no significant difference between groups (15.0
kcal/d; 99.7% CI, -108.1 kcal/d to 138.0 kcal/d; P = .74) (Table 3).
There was a significant decrease in total energy expenditure
(TEE) in both groups (TRE: -177.9 kcal/d; 95% CI, -285.9 kcal/d
to -69.9 kcal/d; P = .001; CMT: -127.3 kcal/d; 95% CI, -230.7
kcal/d to -23.9 kcal/d; P = .02). There was no significant dif-
ference between groups (-50.6 kcal/d; 99.7% CI, -259.2 kcal/d
to 158.1 kcal/d; P = .51).
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Blood Lipids, Glucose, Insulin, and Cardiometabolic Health
Markers

There were no significant within-group or between-group dif-
ferences in fasting glucose, fasting insulin, HOMA-IR, HbA1C,
triglycerides, total cholesterol, LDL, or HDL levels (eTable 1in
Supplement 3). See eTable 3 in Supplement 3 for all other blood
markers analyzed in the study.

There was no significant difference in systolic blood pres-
sure in the TRE group (-1.69 mm Hg; 95% CI, -5.54 mm Hg to
2.15 mm Hg; P = .39), but there was a significant decrease in
the CMT group (-3.86 mm Hg; 95% CI, -7.58 mm Hg to 0.14
mm Hg; P = .04) (eTable 1in Supplement 3). There was no sig-
nificant between-group difference in systolic blood pressure
(2.17 mm Hg; 95% CI, -3.18 mm Hg to 7.52 mm Hg; P = .43).
There was a significant change in diastolic blood pressure in
the TRE group (-4.08 mm Hg; 95% CI, -8.11 mm Hg to -0.06
mm Hg; P = .047) but not in the CMT group (-3.01 mm Hg; 95%
CI, -6.90 mm Hg to 0.89 mm Hg; P = .13) or between groups
(-1.08 mm Hg; 95% CI, -6.67 mm Hg to 4.52 mm Hg; P = .71).

Sleep Quality Activity Tracking and Food Attitudes

There were no significant changes in any of the self-reported
sleep measures in either group or between groups in the total
cohort (eTable 5in Supplement 3). However, Oura ring data re-
vealed significant changes in sleep efficiency, sleep latency, and
awake time in the TRE group and between groups (eTable 6
in Supplement 3).

The Ouraring data also revealed a significant reduction in
daily movement in the TRE group (-2102.14 au; 95% CI,
-3162.54 au to -1041.73 au; P < .001) and between groups
(-1673.44 au; 95% CI, -3211.11au to -135.7 au; P = .03) but not
in the CMT group (-428.70 au; 95% CI, -1542.25 au to 684.85
au; P = .45). There was a significant decrease in step count in
the TRE group (-2498.89 steps; 95% CI, -3939.91t0 -1057.88;
P <.001) and between groups (-2241.41 steps; 95% CI, -4320.51
to -162.31; P = .04) but not in the CMT group (-257.48 steps;
95% CI, -1756.20 to 1241.23; P = .74). The correlation be-
tween change in step count and change in TEE was 0.52 in the
TRE group and 0.03 in the CMT group, but the 2 correlations
did not differ significantly (eFigure 4 in Supplement 3).

|
Discussion

The TRE is attractive as a weight-loss option in that it does not
require tedious, and time-consuming methods such as calorie-
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counting or adherence to complicated diets. Indeed, we found
that self-reported adherence to the TRE schedule was high
(Figure 2A); However, in contrast to our hypothesis, there was
no greater weight loss with TRE compared with the CMT. In
addition, we found among our secondary outcomes that there
were few differences between the 2 groups. Specifically:, there
were no significant differences in fat mass, fasting insulin, glu-
cose, HbA1C, or blood lipids between the TRE and CMT groups.

Most humans eat throughout their waking hours.'* We pre-
scribed an 8-hour eating window and did not prescribe calo-
rie or macronutrient guidance so as to offer a simple, real-
world recommendation to free-living individuals. We chose a
12 pPM to 8 PM eating window because we reasoned that people
would find it easier culturally to skip breakfast than din-
ner—a more social meal in most cultures.

Our results are consistent with a prior study demonstrat-
ing that a recommendation to skip breakfast does not affect
weight outcomes in patients trying to lose weight'® but, con-
tradict previous reports describing the beneficial effects of TRE
on weight loss and other metabolic risk markers.”10-14:15

Wilkinson et al'® found that TRE was associated with an
approximately 3% weight loss and improvements in cardio-
vascular risk markers in patients with Metabolic Syndrome.
This single-arm study was small (n = 19) and, importantly, did
not have a control group.

Although the prescribed (12-8 M) eating window is likely
more attractive and more amenable to long-term adherence,
it might not be optimal for the metabolic advantages of TRE.
Sutton et al'® performed a 5-week RCT comparing early TRE
(eTRE: 6-hour eating window with dinner before 3:00 pMm) to
a control diet (12-hour eating window). They found improved
glycemic control and improvements in cardiovascular risk
markers without changes in body weight in the eTRE group.

In analysis of secondary outcomes, we found a signifi-
cant reduction in lean mass in the TRE group. In the in-
person cohort, the average weight loss in the TRE group was
1.70 kg. Of this, 1.10 kg (approximately 65% of weight lost) was
lean mass; only 0.51kg of weight loss was fat mass. Loss of lean
mass during weight loss typically accounts for 20% to 30% of
total weight loss.'622 The proportion of lean mass loss in this
study (approximately 65%) far exceeds the normal range of
20% to 30%.22 In addition, there was a highly significant be-
tween-group difference in ALM. Appendicular lean mass is cor-
related with nutritional and physical status, and reduced ALM
can lead to weakness, disability, and impaired quality of
life.2326 This serves as a caution for patient populations at risk
for sarcopenia because TRE could exacerbate muscle loss.?” Fi-
nally, the extent of lean mass loss during weight loss has been
positively correlated with weight regain.?®

The effect of TRE on lean mass is largely unexplored. Prior
studies show that TRE prevents gains in lean mass.2° A fol-
low-up study showed that when calorie intake and protein in-
take were matched to prestudy consumption, no change inlean
mass was observed.>° An RCT comparing TRE in overweight
and obese patients demonstrated a significant loss of lean mass
compared with controls, but no significant change in fat loss
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between groups.>! Ad libitum feeding during TRE leads to re-
duced calorie intake and might also reduce protein intake.® To-
gether, these data highlight the importance of adequate pro-
tein consumption while adhering to a TRE diet. Many studies
have shown that adequate/excessive protein consumption dur-
ing weight loss can mitigate losses in lean mass.!®-28:3235 Na-
tional Health and Nutrition Examination Survey data show that
most daily protein intake occurs during meals, and snacking
accounts for a small portion of total daily protein intake.® The
loss of ALM during TRE could be mitigated by increasing the
number of meals within the eating window or consuming pro-
tein supplements.'®2® Timing of protein consumption may also
play a role in changes in lean mass.>”->°

Strengths and Limitations

Strengths of the study include randomization, an easy to fol-
low, real-world prescription-based intervention, and an ap-
propriate control group. Although there was statistically sig-
nificant weight loss in the TRE group, there was no difference
between groups. This indicates that participation in a weight
loss study alone (even in the control group) is sufficient to lead
to short-term weight loss and highlights the importance of in-
cluding a control arm in weight loss studies.

A limitation is we do not have self-reported measures of
energy or macronutrient intake. Although we did not mea-
sure calorie intake, mathematical modeling of changes in en-
ergy intake suggests that calorie intake did not significantly
differ between groups. This model has been validated to be
more accurate than self-reported energy intake.*%*! We did not
measure changes in protein intake. Given the loss of ALM in
participants in the TRE arm and previous reports of de-
creased protein consumption from TRE,-2° it is possible that
protein intake was altered by TRE in this cohort, and this clearly
warrants future study. Finally, the DXA analysis of lean mass
did not factor in muscle hydration, so it is possible that changes
in hydration could confound the lean mass calculations. To help
control for this, participants fasted for more than 12 hours and
voided their bladder prior to DXA scans. The change in lean
mass in the TRE group was much greater than the loss of body
water, so it is unlikely that differences in muscle hydration
would account for all of the lean mass loss.

. |
Conclusions

In this RCT, a prescription of TRE did not result in weight loss
when compared with a control prescription of 3 meals per day.
Time-restricted eating did not change any relevant metabolic
markers. Finally, there was a decrease in ALM in the TRE group
compared with CMT. Together, the results of this study (1) do
not support the efficacy of TRE for weight loss, (2) highlight
the importance of control interventions, and (3) offer caution
about the potential effects of TRE on ALM. Future studies
should be aimed at understanding the effects of early vs late
TRE and protein intake or timing as a means to offset the loss
in ALM.
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