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IMPORTANCE Short sleep duration has been recognized as a risk factor for obesity. Whether
extending sleep duration may mitigate this risk remains unknown.

OBJECTIVE To determine the effects of a sleep extension intervention on objectively assessed
energy intake, energy expenditure, and body weight in real-life settings among adults with
overweight who habitually curtailed their sleep duration.

DESIGN, SETTING, AND PARTICIPANTS This single-center, randomized clinical trial was
conducted from November 1, 2014, to October 30, 2020. Participants were adults aged
21 to 40 years with a body mass index (calculated as weight in kilograms divided by height
in meters squared) between 25.0 and 29.9 and had habitual sleep duration of less than
6.5 hours per night. Data were analyzed according to the intention-to-treat principle.

INTERVENTIONS After a 2-week habitual sleep period at baseline, participants were
randomized to either an individualized sleep hygiene counseling session that was intended
to extend their bedtime to 8.5 hours (sleep extension group) or to continue their habitual
sleep (control group). All participants were instructed to continue daily routine activities
at home without any prescribed diet or physical activity.

MAIN OUTCOMES AND MEASURES The primary outcome was change in energy intake from
baseline, which was objectively assessed as the sum of total energy expenditure and change
in body energy stores. Total energy expenditure was measured by the doubly labeled water
method. Change in body energy stores was computed using regression of daily home weights
and body composition changes from dual-energy x-ray absorptiometry. Sleep duration was
monitored by actigraphy. Changes from baseline were compared between the 2 groups using
intention-to-treat analysis.

RESULTS Data from 80 randomized participants (mean [SD] age, 29.8 [5.1] years; 41 men
[51.3%]) were analyzed. Sleep duration was increased by approximately 1.2 hours per night
(95% CI, 1.0 to 1.4 hours; P < .001) in the sleep extension group vs the control group. The
sleep extension group had a significant decrease in energy intake compared with the control
group (−270 kcal/d; 95% CI, −393 to −147 kcal/d; P < .001). The change in sleep duration was
inversely correlated with the change in energy intake (r = −0.41; 95% CI, −0.59 to −0.20;
P < .001). No significant treatment effect in total energy expenditure was found, resulting
in weight reduction in the sleep extension group vs the control group.

CONCLUSIONS AND RELEVANCE This trial found that sleep extension reduced energy intake
and resulted in a negative energy balance in real-life settings among adults with overweight
who habitually curtailed their sleep duration. Improving and maintaining healthy sleep
duration over longer periods could be part of obesity prevention and weight loss programs.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02253368
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O besity is a major public health concern.1 The obesity
epidemic appears to coincide with a pattern of sleep-
ing less that has been observed in society over the past

several decades. For example, one-third of the US population
reported not getting the recommended 7 to 9 hours of sleep
per night.2-4 Substantial evidence suggests that sleeping less
than 7 hours per night on a regular basis is associated with
adverse health consequences.5 Particularly, insufficient sleep
duration has been increasingly recognized as an important
risk factor for obesity.6,7 Prospective epidemiologic studies
suggest that short sleep duration is an important risk factor
for weight gain.8-10 However, it remains unknown whether
extending sleep duration can be an effective strategy for pre-
venting or reversing obesity. Although sleep hygiene educa-
tion is encouraged by obesity experts,11 most health profes-
sionals and patients do not implement obtaining adequate
sleep duration as part of the strategies to combat the obesity
epidemic.12

At the population level, the association between energy
flux and body weight implicates that increased energy intake
is the main factor in higher body weights in modern society.13

According to dynamic prediction models, a sustained in-
crease in energy intake of even 100 kcal/d would result in a
weight gain of about 4.5 kg over 3 years.14,15 Factors that un-
derlie the observed persistent increase in energy intake and
mean weight gain at the population level need to be better un-
derstood. One such factor is insufficient sleep duration. Short-
term experimental laboratory studies have found that sleep re-
striction in healthy individuals is associated with an increased
mean energy intake of about 250 to 350 kcal/d with minimal
to no change in energy expenditure.16-19 However, these labo-
ratory studies do not represent real life. The magnitude of sleep
restriction was extreme in most cases, and energy intake was
ascertained from a single or a few meals. In a real-life setting
in which participants continue their normal daily activities,
multiple interacting factors (eg, social interactions and free-
living physical activity) can influence energy intake or expen-
diture and weight.

To date, it remains unknown whether and to what extent
an intervention that is intended to increase sleep duration in
a real-life setting affects energy balance and body weight. We
conducted a randomized clinical trial (RCT) to determine the
effects of a sleep extension intervention on objectively as-
sessed energy intake, energy expenditure, and body weight in
real-life settings among adults with overweight who habitu-
ally curtailed their sleep duration.

Methods
Study Design, Setting, and Participants
This single-center, parallel-group RCT was conducted from
November 1, 2014, to October 30, 2020. The protocol was ap-
proved by The University of Chicago Institutional Review
Board, and participants provided written informed consent.
The study protocol is available in Supplement 1. We followed
the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

Adult men and women aged 21 to 40 years with a body
mass index (calculated as weight in kilograms divided by height
in meters squared) between 25.0 and 29.9 and a mean ha-
bitual sleep duration of less than 6.5 hours per night were eli-
gible. Individuals were required to have stable self-reported
sleep habits for the past 6 months. They were recruited from
the community and completed an initial online survey fol-
lowed by a face-to-face interview. Race and ethnicity data were
self-reported at this time and included the following race
and ethnicity categories: Asian, Black or African American,
Hispanic, and White. Those who met the inclusion criteria un-
derwent laboratory screening (polysomnography, oral glu-
cose tolerance test, and blood tests) to determine eligibility.
Habitual sleep duration was confirmed by a 1-week screening
wrist actigraphy at home. Those who had obstructive sleep ap-
nea confirmed by laboratory polysomnography (apnea-
hypopnea index >5), insomnia or history of any other sleep dis-
order, or night shift and rotating shift work (current or in the
past 2 years) were excluded. Detailed eligibility criteria are pro-
vided in the eMethods in Supplement 2.

Blinding and Randomization
After a 2-week habitual sleep period at baseline, participants
were randomized to either 2-week sleep extension (sleep
extension group) or 2-week continued habitual sleep (con-
trol group) (Figure 1). Participants continued their daily rou-
tine activities at home without any prescribed diet or physi-
cal activity.

To blind participants to the sleep extension intervention,
we described the study in the recruitment materials as fol-
lows: “we will collect information about sleep habits and me-
tabolism.” The sleep extension group was blinded to random-
ization until after the 2-week baseline assessments, and the
control group was blinded until the end of the 4-week study.
This approach allowed us to capture habitual sleep-wake pat-
terns without influencing participants' usual behavior or cre-
ating selection bias with only participants interested in im-
proving sleep habits. After study completion, all participants
were provided with information about the health benefits of
optimal sleep duration. Block randomization, stratified by sex,

Key Points
Question What is the effect of sleep extension on objectively
assessed energy intake in adults with overweight in their usual
home environment?

Findings In this randomized clinical trial of 80 adults with
overweight and habitual sleep less than 6.5 hours per night, those
randomized to a 2-week sleep extension intervention significantly
reduced their daily energy intake by approximately 270 kcal
compared with the control group. Total energy expenditure did
not significantly differ between the sleep extension and control
groups, resulting in a negative energy balance with sleep
extension.

Meaning The findings suggest that improving and maintaining
adequate sleep duration could reduce weight and be a viable
intervention for obesity prevention and weight loss programs.
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was performed using computer-generated random numbers.
Before the trial, randomization assignments were prepared by
a biostatistician (K.W.) using opaque, sealed, and numbered
envelopes and were given to the research coordinator (E.K.).

Sleep Monitoring and Intervention
Sleep-wake patterns were continuously monitored at home by
wrist actigraphy throughout the 4-week study. Participants
were asked to wear an accelerometer (motion)-based moni-
tor (Actiwatch Spectrum Plus; Philips) and to press a built-in
event marker button when they went to bed to sleep each night
and when they got out of bed each morning. Sleep was auto-
matically scored (Actiware, version 6.0.9; Philips) using vali-
dated algorithms as the sum of all epochs that were scored as
sleep during the total time spent in bed.20,21

During the 2-week baseline, all participants were in-
structed to continue their habitual sleep patterns at home.
On the morning of day 15, participants met with study inves-
tigators (E.T. and E.K.) in the research center. Those who were
randomized to the sleep extension group received individu-
alized sleep hygiene counseling through a structured inter-
view (E.T.) (eMethods in Supplement 2).22 At the end of the
interview, participants were provided with individualized rec-
ommendations to follow at home for 2 weeks, with the aim of
extending their bedtime duration to 8.5 hours. On day 22, par-
ticipants returned for a brief follow-up visit. Actigraphy data
from the first intervention week were reviewed, and further
sleep counseling was provided as needed.

To minimize any imbalance in contact with the investiga-
tors between the 2 groups, we asked participants in the con-
trol group to meet with the study investigators on days 15 and
22. Actigraphy data of these participants were downloaded,
but the participants did not receive any specific sleep recom-
mendations and were instructed to continue their daily rou-
tine and habitual sleep behaviors until the end of the study.

Assessments of Energy Intake, Energy Expenditure,
and Body Weight and Composition
For each 2-week period, the energy intake was calculated from
the sum of total energy expenditure and change in body en-
ergy stores using the principle of energy balance.14,23,24 Total
energy expenditure was measured by the doubly labeled
water method.25-29 For each 2-week period, the change in
body energy stores was computed from the regression (slope,
grams per day) of daily home weights and change in body com-
position (ie, fat mass and fat-free mass) using dual-energy
x-ray absorptiometry. Participants were provided a cellular-
enabled weight scale (BodyTrace; BodyTrace Inc) and in-
structed to take their nude weights twice every morning after
awakening before eating or drinking. Weight values were hid-
den from the participants to minimize potential influence on
behavior. Changes in body composition were converted to
changes in energy stores using 9.5 kcal/g as the energy coef-
ficient of fat mass and 1.0 kcal/g as the energy coefficient of
fat-free mass.30 Resting metabolic rate was measured by in-
direct calorimetry for 30 minutes after fasting and for 4 hours
after eating a standardized breakfast. Thermic effect of the meal
was calculated, which was previously described elsewhere.31

Activity energy expenditure was calculated by subtracting
the resting metabolic rate and thermic effect of the meal from
the total energy expenditure.31,32 Additional details are pro-
vided in the eMethods in Supplement 2.

Statistical Analysis
The primary outcome was change in energy intake from base-
line. A total final sample size of 80 participants (40 per group)
was originally planned and provided 80% power to detect a
true difference in energy intake between groups of 207 kcal/d
using a 2-sided α = .05 significance threshold (trial protocol
in Supplement 1). An intention-to-treat analysis was con-
ducted in Stata, version 16 (StataCorp LLC) using 2-tailed tests
with statistical significance set at P < .05. Categorical data are
presented as counts and percentages. Continuous data are pre-
sented as means and SDs. Linear mixed-effects models were
fit to determine the treatment differences between the
groups.33 Models included the randomization group, 2-week
baseline period (period 1) vs 2-week intervention (period 2) and
their interaction, and random effects for each participant. The
treatment effect (95% CI) was estimated by the treatment group
and period interaction, which is equivalent to testing the dif-
ference in change from baseline (period 2 minus period 1) in
the sleep extension group vs the control group. To confirm the
robustness of primary findings, we fit additional models using
the analysis of covariance approach with the period 2 value as
the dependent variable, treatment group as the independent
variable, and period 1 value as covariates.

In secondary analyses, mixed models that adjusted for sex
or menstrual cycle were also fit; these covariates were chosen
because of the known influence of menstrual cycle on short-
term changes in weight. A Pearson correlation coefficient was
calculated to assess the relationships between the changes from
baseline in sleep duration and the changes from baseline in en-
ergy intake. No adjustments were made to P values or CIs for
multiple comparisons. Baseline characteristics of partici-
pants with complete data were compared with those of par-
ticipants with incomplete data using unpaired, 2-tailed t tests

Figure 1. CONSORT Flow Diagram

210 Patients assessed for eligibility

129 Excluded
106 Did not meet inclusion

criteria
21 Declined further

participation
2 Did not return for

randomization

81 Randomized

41 Randomized to control group 40 Randomized to sleep extension
group
2 Had unrelated sickness
1 Had back pain
1 Had food poisoning

40 Included in the primary analysis 40 Included in the primary analysis

1 Deemed ineligible
after randomization
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and Fisher exact tests. No imputation for missing values was
performed.

Results
Of the 210 adults who provided consent and were assessed
for eligibility, 81 were randomized (41 to the control group and

40 to the sleep extension group) initially (Figure 1). One par-
ticipant in the control group revealed adhering to a weight loss
regimen and thus did not meet the study inclusion criteria and
was deemed ineligible after randomization.34 The 80 partici-
pants had a mean (SD) age of 29.8 (5.1) years and consisted of
41 men (51.3%) and 39 women (48.7%). Baseline characteris-
tics of participants were similar between randomization groups
(Table 1). None of the participants were using any antihyper-
tensive or lipid-lowering agents or any prescription medica-
tion that can affect sleep or metabolism.

Figure 2 illustrates the mean nightly sleep duration by ac-
tigraphy in each group throughout the 4-week study. Partici-
pants in the sleep extension group had a significant increase
from baseline in mean sleep duration by actigraphy com-
pared with those in the control group (1.2 hours; 95% CI, 1.0-
1.4 hours; P < .001). The findings were similar with regard to
change in sleep duration when only participants' workdays (1.3
hours; 95% CI, 1.0-1.5 hours; P < .001) or free days (1.1 hours;
95% CI, 0.7-1.5 hours; P < .001) were considered (eTable 1 in
Supplement 2). No difference was found in change in sleep ef-
ficiency (percentage of time spent asleep during time in bed)
between the 2 groups (–0.6 hours; 95% CI, –2.1 to 1.0 hours;
P = .48), confirming the success of the intervention (eTable 2
in Supplement 2).

Energy intake was statistically significantly decreased in
the sleep extension group compared with the control group
(−270.4 kcal/d; 95% CI, −393.4 to −147.4 kcal/d; P < .001).
Figure 3A through D illustrates the changes from baseline in
energy intake and the changes from baseline in sleep dura-
tion in individual participants. There was a significant in-
crease in energy intake from baseline in the control group (114.9
kcal/d; 95% CI, 29.6 to 200.2 kcal/d) and a significant de-
crease in energy intake from baseline in the sleep extension
group (−155.5 kcal/d; 95% CI, −244.1 to −66.9 kcal/d) (Table 2).
Considering all participants, the change in sleep duration was
inversely correlated with the change in energy intake (r = −0.41;
95% CI, −0.59 to −0.20; P < .001) (Figure 3E). Each 1-hour in-
crease in sleep duration was associated with a decrease in en-
ergy intake of approximately 162 kcal/d (−162.3 kcal/d; 95% CI,
−246.8 to −77.7 kcal/d; P < .001).

No statistically significant treatment effect was found in
total energy expenditure or other measures of energy expen-
diture (Table 2). Participants in the sleep extension group had
a statistically significant reduction in weight compared with
those in the control group (−0.87 kg; 95% CI, −1.39 to −0.35
kg; P = .001). There was weight gain from baseline in the con-
trol group (0.39 kg; 95% CI, 0.02 to 0.76 kg) and weight re-
duction from baseline in the sleep extension group (−0.48 kg;
95% CI, −0.85 to −0.11 kg) (Table 2).

The findings on energy intake, energy expenditure, and
weight were similar after adjustment for the effects of sex or
menstrual cycle. No statistically significant differences in base-
line characteristics were found between the 75 participants
(93.8%) who had complete data on energy intake (primary out-
come) vs participants with missing data on energy intake. The
proportion of participants with complete data on energy in-
take was not significantly different between the sleep exten-
sion and control groups (90.0% vs 97.5%; P = .36). When all

Table 1. Baseline Characteristics of Participants by Randomization Group

Characteristic

No. (%)
Control
group
(n = 40)

Sleep extension
group
(n = 40)

Age, mean (SD), y 30.3 (5.5) 29.3 (4.7)

Sex

Male 21 (52.5) 20 (50.0)

Female 19 (47.5) 20 (50.0)

BMI, mean (SD) 28.1 (1.5) 28.1 (1.3)

Race and ethnicitya

Asian 3 (7.5) 1 (2.5)

Black or African American 9 (22.5) 11 (27.5)

Hispanic 3 (7.5) 3 (7.5)

White 21 (52.5) 20 (50.0)

>1 Race and ethnicity 4 (10.0) 5 (12.5)

Employment status

Employed

Full-time 26 (65.0) 23 (57.5)

Part-time 3 (7.5) 3 (7.5)

Student 5 (12.5) 8 (20.0)

Working from home 3 (7.5) 4 (10.0)

Unemployed 3 (7.5) 2 (5.0)

MEQ score, mean (SD)b 51.7 (7.4) 50.8 (7.7)

CES-D score, mean (SD)c 5.1 (4.7) 6.2 (5.7)

TFEQ score, mean (SD)d

Cognitive restraint 8.9 (2.7) 8.8 (3.7)

Disinhibition 4.9 (3.0) 5.7 (3.3)

Hunger 4.0 (2.7) 4.1 (2.8)

Regular exercisee 20 (50.0) 18 (45.0)

Habitual sleep duration,
mean (SD), hf

6.0 (0.5) 5.9 (0.6)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CES-D, Center for Epidemiologic Studies
Depression scale; MEQ, Morningness-Eveningness Questionnaire;
TFEQ, Three-Factor Eating Questionnaire.
a Race and ethnicity data were self-reported.
b The score on the 19-item measure ranges from 16 to 86; scores of 16 to 41

indicate evening type (definitely or moderately evening type), scores of 59 to
86 indicate morning type (definitely or moderately morning type), and scores
of 42 to 58 indicate intermediate or neither type.

c The score on the 20-item measure ranges from 0 to 60; scores of 16 or higher
indicate a higher frequency of depressive symptoms.

d The score on the 51-item measure ranges from 0 to 20 for Factor I, 0 to 16 for
Factor II, and 0 to 15 for Factor III, with higher scores indicating greater levels
of restraint, disinhibition, and perceived hunger, respectively.

e Regular exercise was self-reported and defined as engaging in exercise more
than twice in a regular week and accumulating at least 90 minutes of
moderate or 40 minutes of vigorous exercise.

f Habitual sleep duration was from 1-week wrist actigraphy monitoring during
screening.
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reported outcomes were considered, no significant differ-
ences (except for depressive symptoms) in baseline charac-
teristics were found between participants with complete data
and participants with incomplete or missing data (eTable 3 in
Supplement 2). The proportion of participants with complete
data on all reported outcomes was similar between the sleep
extension and control groups (82.5% vs 85.0%; P > .99).

Discussion
In this RCT of adults with overweight who habitually cur-
tailed their sleep duration, sleep extension reduced energy
intake and resulted in a negative energy balance (ie, energy in-
take that is less than energy expenditure) in real-life settings.
To our knowledge, this study provides the first evidence of the
beneficial effects of extending sleep to a healthy duration on
objectively assessed energy intake and body weight in partici-
pants who continued to live in their home environment. Mod-
est lifestyle changes in energy intake or expenditure are in-
creasingly promoted as viable interventions to reverse obesity.

According to the Hall dynamic prediction model, a de-
crease in energy intake of approximately 270 kcal/d, which we
observed after short-term sleep extension, would predict an ap-
proximately 12-kg weight loss over 3 years if the effects were sus-

tained over a long term.14,15 However, this study cannot infer
how long healthy sleep habits may be sustained. Nevertheless,
these modeling predictions on weight change suggest that con-
tinued adequate sleep duration and beneficial effect on en-
ergy intake could translate into clinically meaningful weight loss
and help reverse or prevent obesity. Thus, the findings of this
study may have important public health implications for weight
management and policy recommendations.

The findings of decreased energy intake, negative energy
balance, and weight reduction resulting from sleep exten-
sion are in agreement with the findings of short-term labora-
tory sleep-restriction studies showing increased energy in-
take and weight gain17 as well as the findings of prospective
epidemiologic studies linking sleep restriction to obesity risk.8

A recent meta-analysis of randomized controlled laboratory
studies found that short-term sleep restriction over 1 to 14 days
of duration in healthy individuals was associated with in-
creases of mean energy intake by approximately 253 kcal/d,
as assessed during a single meal.17 Another meta-analysis of
prospective cohort studies found that the risk of obesity in-
creased by 9% for each 1-hour decrease in sleep duration.8

We did not observe a statistically significant change in total
energy expenditure by doubly labeled water method or mean
daytime activity counts by actigraphy (eTable 2 in Supple-
ment 2). Although some laboratory sleep-restriction studies

Figure 2. Mean Nightly Sleep Duration by Wrist Actigraphy in Control and Sleep Extension Groups

8.5

4.5

5.0

6.0

7.0

8.0

5.5

6.5

7.5

Sl
ee

p 
du

ra
tio

n,
 h

Night

Control group   A

1 32 4 6 8 10 12 14 16 18 20 22 24 265 7 9 11 13 15 17 19 21 23 25 2827

Baseline habitual sleep period Habitual sleep period

Baseline habitual sleep period Sleep extension period
8.5

4.5

5.0

6.0

7.0

8.0

5.5

6.5

7.5

Sl
ee

p 
du

ra
tio

n,
 h

Night

Sleep extension group   B

1 32 4 6 8 10 12 14 16 18 20 22 24 265 7 9 11 13 15 17 19 21 23 25 2827

Participants continued to live in their
home environment without any
prescribed diet or physical activity
during the 28 consecutive days of the
study. Error bars are SEs of the mean.
The vertical dashed line separates the
two 2-week sleep periods.
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reported an increase in total energy expenditure of approxi-
mately 92 to 111 kcal/d, using a whole-room calorimeter,35,36

other studies observed no change.16,37 We found a modest re-
duction in weight after sleep extension, and the composition
of weight change was primarily in fat-free mass, which is con-
sistent with the short-term changes in body composition.38,39

If sleep is extended over longer periods, weight loss in the form

of fat mass would likely increase over time. A few observa-
tions suggest that sleeping 7 to 8 hours per night is associated
with greater success in weight loss interventions.40-43

In this RCT, we found an overall increase in objective sleep
duration of approximately 1.2 hours in participants who ha-
bitually slept less than 6.5 hours per night. The change in sleep
duration from baseline varied between participants and from

Figure 3. Change From Baseline in Sleep Duration and Energy Intake in Individual Participants
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night to night in the real-life setting. Overall, the sleep exten-
sion group compared with the control group had signifi-
cantly higher subjective scores in obtaining sufficient sleep,
with more daytime energy and alertness and better mood
(eTable 4 in Supplement 2). Similar to a previous study of
sleep extension,22 the present RCT used an individualized
counseling approach. Another study used bedtime extension
in habitual short sleepers in real-life conditions but obtained
variable benefits on sleep, likely because of a lack of an indi-
vidualized approach or appropriate blinding.44 None of these
previous studies objectively measured energy intake.

Future similarly rigorous intervention studies of longer
duration and using objective assessments of energy balance
under real-life conditions are warranted to elucidate the un-
derlying mechanisms and to investigate whether sleep exten-
sion could be an effective, scalable strategy for reversing obe-
sity in diverse populations. Along with a healthy diet and
regular physical activity, healthy sleep habits should be inte-
grated into public messages to help reduce the risk of obesity
and related comorbidities.

Strengths and Limitations
This study has several strengths. The major strengths are the
randomized design and the objective tracking of energy in-
take and sleep in real-life settings. Most epidemiologic stud-
ies linking short sleep duration to body weight relied on self-
reported dietary intake.45 We did not collect self-reported
dietary data because this method is subject to bias and has been
shown to be inaccurate compared with the doubly labeled
water method.46,47 Most experimental studies that measured
energy intake used a single meal under unnatural laboratory
conditions. We used a validated method to objectively track
energy intake by the doubly labeled water method and change
in energy stores.23,48,49 In this trial, we objectively quantified
energy intake after sleep extension while individuals contin-
ued their daily routine in their usual environment. Partici-
pant blinding and use of actigraphy allowed us to capture true
habitual sleep patterns at baseline.22,50 In addition, we ex-
cluded insomnia and sleep apnea.

This study also has several limitations. We enrolled adults
with overweight and used selective eligibility criteria, which may
limit generalizability to more diverse populations. The in-
crease in energy intake and weight from baseline that we ob-
served in the control group may have contributed to the sig-
nificant treatment effects. However, in RCTs, performing a
between-group comparison, rather than separate tests against
baseline within the groups, is strongly recommended.51 The
study did not provide information on how long healthy sleep
habits could be maintained over longer periods.44 We did not
systematically assess the factors that may have influenced sleep
behavior, but limiting the use of electronic devices appeared to
be a key intervention among the participants (eTable 4 in Supple-
ment 2). The doubly labeled water method has a precision of
5%, which may translate into some degree of uncertainty in the
energy intake calculations. Although whole-room calorim-
eters can measure energy expenditure with a higher precision
of approximately 1% to 2%, they do not represent real-life
measurement and are not feasible over longer periods. We did
not assess the underlying biological mechanisms of food fre-
quency and the circadian timing of food intake. Multiple inter-
related factors could contribute to the finding of decreased en-
ergy intake after sleep extension.6,52 Evidence from laboratory
sleep restriction studies suggests that increased hunger, altera-
tions in appetite-regulating hormones, and changes in brain
regions related to reward-seeking behavior are potential mecha-
nisms that promote overeating after sleep restriction.6,45

Conclusions
This RCT found that short-term sleep extension reduced ob-
jectively measured energy intake and resulted in a negative
energy balance in real-life settings in adults with overweight
who habitually curtailed their sleep duration. The findings
highlighted the importance of improving and maintaining
adequate sleep duration as a public health target for obesity
prevention and increasing awareness about the benefits of
adequate sleep duration for healthy weight maintenance.
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