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1. Introduction

Obesity stands as the most significant global public health
challenge [1]. According to the World Health Organization [2],
over 1 billion individuals worldwide are affected by obesity,
including 650 million adults, 340 million adolescents, and 39
million children. Projections indicate that approximately 167
million adults and children will be affected by excess weight
by 2025 [3-5]. Among the various strategies aimed at managing
obesity, intermittent fasting, a dietary approach that involves
restricting the eating window to 4 to 10 hours and fasting for
14 to 20 hours a day has gained attention [6-9]. In this method,
calorie counting is not required during the eating window, but
individuals are encouraged to consume water and calorie-free
beverages during the fasting period [10].

Time-Restricted Feeding (TRF) and Time-Restricted Eat-
ing (TRE) are specific forms of intermittent fasting showing
promise in managing obesity in animal and human studies,
respectively [11]. TRE involves limiting daily caloric intake to
a defined time window, typically ranging from 4 to 12 hours,
with fasting periods lasting between 12 and 20 hours [7]. The
duration of the eating window in TRE protocols varies, but
common regimens include 12/12-hour, 10/14-hour, 8/16-hour,
6/18-hour, and 4/20-hour cycles, where the first number rep-
resents the eating window and the second represents the
fasting duration [6,8]. These fasting periods differentiate TRE
from conventional calorie restriction (CR) by structuring en-
ergy intake within a specific time frame, rather than focusing
on overall calorie reduction [9,10]. The rationale behind the
benefits of TRE lies in the intricate interplay between circa-
dian rhythms, nutrition, and energy metabolism, suggesting
that improvements in body composition and obesity-related
conditions can occur without necessarily restricting overall
calorie intake [6,12]. However, there are substantial gaps in
understanding whether these benefits arise due to the in-
voluntary caloric restriction from the shortened eating win-
dow, improvements in metabolic function linked to circadian
rhythms, or a combination of both. One major limitation in the
current literature is the lack of energy intake assessments in
most randomized clinical trials (RCT) investigating TRE [9,13-
16].

Despite being a promising chrononutrition strategy, stud-
ies exploring the effectiveness of TRE during weight loss inter-
ventions have yielded divergent results and have also investi-
gated potential adverse effects [13,14,17], including its impact
on subjective perceptions related to food intake [16,18-20].
Several studies [20-32] have raised questions about whether
adherence to TRE might be influenced by subjective percep-
tions such as hunger, stress, mood swings, fatigue, depres-
sion, fullness, satiety, and satisfaction, factors that could ei-
ther hinder or facilitate the implementation of the TRE proto-
col. Tacad, Tovar [33] demonstrated the physiological mecha-
nisms involved in hunger and satiety hormones in response
to caloric restriction (CR) and TRE during fasting, revealing a
decrease in ghrelin while orexin remains unchanged, suggest-
ing a reduction in hunger and satiety signals during the fast-
ing period of TRE. However, there are still substantial gaps and
contradictions concerning the potential effects of TRE on sub-
jective perceptions related to food intake.

To comprehensively understand the effects of TRE as a
chrononutrition strategy on subjective dietary perceptions
and metabolic responses in adults with obesity or overweight,
itis crucial to compare this protocol with other dietary strate-
gies that provide equivalent energy intake. This compara-
tive approach allows the differentiation of TRE effects from
those of conventional CR. Our hypothesis is that TRE increases
hunger due to the prolonged fasting period compared to the
isocaloric control group. Therefore, our primary objective was
to conduct a systematic review of RCT to examine the ef-
fects of TRE, compared to other isocaloric dietary strategies,
on hunger and other subjective perceptions related to food
intake in adults with obesity or overweight. Additionally, we
assessed the effects of TRE on body weight and modifications
in metabolic parameters (lipid and glucose profile, changes in
body composition, percentage of body fat, and percentage of
lean mass) as secondary outcomes.

2. Methods and materials

This systematic review was registered in the PROSPERO
database under the registration number CRD 42021279863.
The review was reported following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
[34] guidelines and followed the recommendations outlined in
the Cochrane Handbook for Systematic Reviews of Interven-
tions [35].

2.1. Literature search

A systematic literature search was conducted from the ear-
liest available article up to January 2025 with no restric-
tions on time, region, or language. The search encom-
passed the main available electronic databases, including
CENTRAL (via Cochrane Library), MEDLINE (via PubMed),
LILACS (via Virtual Health Library—VHL), and EMBASE (via
Elsevier). Additionally, studies registered in gray literature
were sought using OpenGrey (http:/www.opengrey.eu) and
Google Scholar. We also manually searched the reference
lists of the included studies without limitations on date
or status (abstracts, full text, or ongoing studies). The
search terms comprised a combination of relevant keywords,
such as “Overweight”[Mesh]; “Obesity”’[Mesh]; “Obesity, Mor-
bid”’[Mesh]; “Obesity Management”’[Mesh]; “Fasting”’[Mesh];
Circadian Rhythm“[Mesh”]; Weight Loss"[Mesh]; “Body Fat
Distribution”[Mesh]; “Hunger”’[Mesh]; “Appetite"[Mesh]; “Ap-
petite Regulation”’[Mesh]; “Fatigue”’[Mesh]; “adverse effects”
[Subheading]. The complete search strategy is available in
Supplement 1.

2.2. Inclusion and exclusion criteria

The present study employed the PICO strategy (Population;
Intervention; Comparison/Control; Outcome) to establish the
search strategy and selection criteria (Table 1). Inclusion cri-
teria for this review were adult participants aged 18 years
and older, with overweight or obesity defined as BMI >25
kg/m? and BMI > 30 kg/m?, respectively. Studies had to eval-
uated at least one association between subjective perceptions


http://www.opengrey.eu

78 NUTRITION RESEARCH 138 (2025) 76-88

Table 1 - Description of the PICO acronym and study designs utilized in this systematic review

Population

Adults with obesity or overweight, aging more than 18 years old.

Intervention
Comparison/control
Outcome

Other isocaloric dietary strategies at any time.

Fasting (time-restricted eating/feeding) for any time.

Subjective perceptions included hunger, satiety, appetite, fatigue, irritability, binge eating, mood changes, headache,

gastrointestinal symptoms, constipation, nausea, or changes in sleep pattern.

Secondary outcome

Study design Randomized clinical trials.

Body weight, fat percentage, lean body mass; glycemic alterations; lipid profile.

(such as hunger, satiety, fatigue, irritability, appetite, binge eat-
ing, mood swings, headache, and gastrointestinal symptoms)
and intermittent fasting, TRE or TRF in comparison to other
isocaloric dietary strategies among individuals. The energy
intake between the control and experimental groups had to
be isocaloric, either as part of the predesigned experimen-
tal strategy or as an outcome that emerged after the study,
even though it was not initially planned. The main reviewer
requested missing or incomplete data from the authors of the
studies via email. Only RCTs were included in this review, ex-
cluding studies with animals and participants with diseases
that could affect the outcome.

2.3. Data extraction and quality assessment

The screening process for the studies was performed using
the Rayyan software [36] according to predefined inclusion
and exclusion criteria. Two authors (A.D.S and K.C.G) inde-
pendently and blindly conducted the screening process. While
reading the full texts, the authors (A.D.S. and K.C.G.) strictly
followed the inclusion criteria. In cases of disagreement, a
third author (C.A.C) was consulted to resolve the disagree-
ments in both processes.

Relevant data from each included study were extracted ac-
cording to the adapted Data Collection Form—Cochrane [35]
model by the researchers (A.D.S and K.C.G.) and tabulated
as described in Table 2 : study authorship, country of origin,
study design, study population, and type of study. We use the
Recommendation Assessment, Development and Evaluation
(GRADE pro GDT) [37] methodology to assess the overall cer-
tainty of the evidence. This approach considers study design,
risk of bias, inconsistency, indirectness, imprecision, effect es-
timate precision, and the possibility of publication bias. The
overall certainty of the evidence ranged from “high,” indicat-
ing a high degree of certainty that the estimated effect re-
flects the truth, to “very low," indicating substantial uncer-
tainty about the estimated effect. We also evaluated interven-
tion type, comparator/control, follow-up period, and primary
outcomes.

2.4. Risk of bias (quality) assessment

The Cochrane Risk of Bias Tool [35] for RCTs was used to eval-
uate the risk of bias in each included study. The risk of bias
instrument assessed selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other biases that
do not fall into these categories.

The following domains were assessed: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases. A sin-
gle criterion was assigned for each domain: low risk, uncer-
tain risk, or high risk, as independently judged by the authors
(A.D.S and K.C.G). Disagreements were resolved by the third
author (C.A.C).

2.5. Data synthesis

Meta-analysis was conducted using Review Manager [38] for
outcomes observed in included studies. Data on variables of
interest were reported as means and standard deviations.
Studies that reported the intervention, comparison/control,
and outcome of interest were included in the meta-analysis,
incorporating mean differences and standard errors, along
with a 95% confidence interval (CI) for continuous outcomes.
Heterogeneity was considered significant when I*> > 50%. We
used the random-effects model, considering that the included
studies have some differences in methodology and popula-
tions.

3. Results

A total of 15,860 studies were retrieved from all databases
(Fig. 1), after removing duplicates (n = 1299), 14,561 remained.
These 14,561 articles were eligible for title and abstract read-
ing, leading to 133 being eligible for full-text reading. How-
ever, 119 studies were excluded as they were not related to
the research question or did not meet the inclusion crite-
ria. Exclusion reasons were as follows: 23 studies were not
randomized; 17 performed different interventions; 38 did not
use an isocaloric strategy in the comparator group; two stud-
ies were previously included in another article; six studies
were preprints; two studies were protocol studies; three stud-
ies were included the same participants as another included
study; nine studies had a different population of interest; and
19 did not assess the primary outcome (subjective percep-
tions). Thus, 14 studies [17,20,22-27,29-32,39,40] were carefully
selected and included. The meta-analysis regarding hunger
included four specific studies [22,23,27,30]. Ten studies [20,24—
26,28,29,31,32,39,41] evaluated other subjective perceptions
such as fullness, satisfaction/satiety, sleep quality, but due to
the limited number of studies for each outcome, the analy-
ses were not shown in a forest plot. The secondary outcomes
(body weight, body fat percentage, glucose and lipid profiles)
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Table 2 - Summary of randomized clinical trials that evaluated time-restricted eating vs isocaloric diets (intervention) on

subjective food perceptions (outcome)

Author, country, study Population Intervention and comparator Outcomes/research
design (follow-up time) tools

CAl et al. [35] Adults with DHGNA TREF subjects were provided with meals Hunger -

CHINA Age: 18-65 years within an 8-h window and asked to refrain Fullness

RCT N 271 (ADF n 95; TRF n 97; from consumption of all food or beverages Satisfaction

COUTINHO, et al. [36]
NORWAY
RCT

DOTE-MONTERO et al. [37]
SPAIN
RCT

FAGUNDES et al. [38]
BRAZIL
RCT

HANICK et al. [39]
USA
RCT

IRANI et.al. [41]
IRAN
RCT

JAMSHED, STEGER, BRYAN,
etal. [18]

USA

RCT

Control group n 79)
BMI > 24 kg/m?

Adults with obesity
Age: 18-65 years

N 35 (IER n 18; CER n 17)
BMI: 30-40 kg/m?

Adults with
overweigh/obesity
N 22

BMI: NI

Adults with
overweigh/obesity
Age:18to 59y

N 36 (TRE: 24; NE: 12)
BMI: >25 kg/m?

Adults with obesity
Age: 25-75 years

N 90

BMI: 30-60 kg/m?
Adults with
overweigh/obesity
N 57

BMI: >25 kg/m2

Adults with obesity
Age: 25-75 years

N 90 (Control+ER: 45;
eTRE+ER: 45)

BML: > 30 kg/m?

that included energy for the remaining 16 h.
Control group: consumed 80% of their energy
needs every day without any
recommendations for or restrictions on their
usual lifestyle patterns.

(12 wk).

NI

IER: underwent 3 nonconsecutive days of
partial fasting per week. During 3 d,
participants followed VLCD: 550 and 660
kcal/day for women and men, respectively).
CER: followed a low-calorie diet (LCD) using
conventional food every day.

In both groups, the participants were
encouraged to consume at least 2.5 L of
noncaloric liquids/day.

(13 wks)7

NI

e-TRE: eating window was 7.9 & 0.5 h. First
meal within the first 2 h after waking up.
late-TRE: The mean intervention eating
window was 7.1 + 0.5 h. First meal 5-7 h after
waking up

TRE: self-selected time

(04 wks)

NI

TRE: 8-h eating window and 16 h of fasting
every day. One subgroup consumed their first
meal at 08:00 h and last meal at 16:00 h, and
the other subgroup consumed their first meal
at 12:00 h and last meal at 20:00 h

Control Group: no time restriction

(8 wks)

NI

TRE (8 h eating window: 7am-3pm)

Control Group: > 12 h eating window

(14 wks)

NI

TRF subjects consumed all meals within

an 8-hour window and were instructed

to abstain from any food or energy-containing
beverages for the remaining 16 h.

Control group: Participants consumed 80% of
their daily energy needs without any specific
recommendations or restrictions regarding
their usual lifestyle patterns.

(8 wks).

NI

Control +ER group: (8-h our eating window
between 7:00 and 15:00)

eTRE+ER group: eating schedule (a
self-selected > 12-hour window)

(14 wks)

Adjustment covariates: adjustment for race,
sex, and age

(Analogic visual scale)

Subjective feelings of
appetite
(Analogic visual scale)

Depression, headache,
nausea, acidity, diarrhea,
thirstiness, hunger,
cravings, tiredness, stress,
irritability, anxiety eating.
(Validated Questionnaires)

Depression

Anxiety

Stress

(Validated Questionnaires)

Appetite
Eating behaviors
(Validated Questionnaires)

Hunger: TFEQ-118

Stress

Emotional eating
(Validated Questionnaires)

Mood

Satisfaction

(Validated Questionnaires)
Likert Scale

(continued on next page)
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Table 2 (continued)

Author, country, study Population Intervention and comparator Outcomes/research
design (follow-up time) tools
KOTARSKY et al. [27] Adults with TRE: consume all their calories between 12:00  Adherence
USA overweight/obesity p.m. and 8:00 p.m. each day vs Morning headaches
RCT Age: 35-60 years NE: no time restriction
N 21 (NE 10; TRE: 11) (08 wks)
BMI: 25-34.9 kg/m? NI
PUREZA et al. [40] Women adults with obesity =~ HD +TREF: to eat only during a 12-h period Hunger
BRAZIL living in social vulnerability ~ and fasted during the other 12 h, from the Adherence
RCT Age: 19 - 44 years time of the last meal. (Analogic visual scale)

STEGER et al. [25]
USA
RCT

STEGER et al. [43]
USA
RCT

THOMAS et al. [41]
USA
RCT

TINSLEY et al. [29]
USA
RCT

WEI et al. [42]
CHINA
RCT

N 58 (HD + TRF n 35; HD n
27)
BMI: 32.25- 34.9 kg/m?

Adults with obesity
Age: 25-75 years

N 59 (CON+ER n 30,
eTRE+ER n 29)

BMI: 30.0-60 kg/m?

Adults with obesity
Age: 25-75 years

N 36 (CON+ER n 21,
eTRE+ER n 15)

BMI: 30.0-60 kg/m?

Adults with obesity

Age: 18-55 years

N 85 (DCR n 42, eTRE + DCR
n 43)

BML: 27-45 kg/m?

Women adults

Age: 18-30 years

N 40

(TRE4+HMB n 13; CD n 14;
TRF n 13)

BMI: NI

Adults with DHGNA
Age: 18-65 years

N 88 (TRE n 45; DCR n 43)
BMI: 32.25- 34.9 kg/m?

HD: Composed of a diet with the same energy
restriction as the TRF group but without TRF
(81d)

NI

eTRE: Participants were randomized either to
eat within na 8-hour window between 7:00
am and 3:00 pm

Control group: Eat over a self-selected period
> 12 hous for at least 6d/wk for 14 wks.

(14 wks)

Adjustment covariates: between-group
analyses were adjusted for age, race (black vs
non-Black), and sex (male vs female).

eTRE: within within na 8-hours window
between 07:00 and 15:00

Control group: Eating schedule with involved
eating over a self-seleted > 12-hour period.
(14 wks)

Adjustment covariates: between-group
analyses were adjusted for age, race (black
vs non-Black), and sex (male vs female).
DCR: were not given any specific instruction
regarding timing of food intake.

E-TER+DCR: were instructed to eat only
during a window of 10 h, starting within 3 h
of waking.

(39 wk).

NI

CD: instructed to consume breakfast as soon
as possible after waking and to continue to
eat at self-selected intervals throughout the
remainder of the day.

TRF: consume all calories between 1200 and
2000 h each day.

(08 wk).

NI

TRE: Participants were instructed to
consume the prescribed calories from 8:00
am to 4:00 pm every day.

DCR: had no eating time restriction during
the 12-month study period.

(12 mo).

NI

Appetite
Eating behaviors
(Validated Questionnaires)

Appetite—Analog Scales
Eating behaviors

Mood

Sleep

(Validated Questionnaires)

Appetite (VAS)
Eating behaviors
(Validated Questionnaires)

Emotional eating

Mood and Feelings
Uncontrolled Eating
(Validated Questionnaires)

Adherence

Quality of life

Depressive symptoms
Sleep quality

(Validated Questionnaires)

Abbreviations: ADF, alternate day fasting; BMI, body mass index; CD, control diet; CER, continue energy restriction; DHGNA, nonalcoholic
fatty liver disease; HD, hypoenergetic diet; HMB, B-hydroxyp-methyl butyrate; IER, intermittent energy restriction; N, sample number; NE,
normal eating; NI, no information; RCT, randomized clinical trial; TRE, time-restricted eating; e-TRE, early time-restricted eating; late-TRE,
late time-restricted eating; TRF, time-restricted feeding; VLDC, very low caloric diet.
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[ Identification of studies via databases and registers ]

M
Records identified from:
g CENTRAL: 910
'ﬁ EMBASE: 1,926
o LILACS: 167
£ PUBMED: 11,163 - >
5 OPENGREY = 126
k=] GOOGLE SCHOLAR = 1,568
(n=15,860)
—
- }
Records screened - 5
(n=14,561)
2 }
=
(=
o
o Reports assessed for eligibility
”n (n=133) >
—/
)
°
Q
E Studies included in review
§ (n=14)
—

Duplicate records removed
(n=1,299)

Records excluded
(n=14,428)

Reports excluded (n= 119)

Not randomized (n= 23)

Different intervention (n= 17)

No isocaloric interventions (n= 38)

Previously included articles (n= 2)

Pre-print (n= 6)

Protocol studies (n= 2)

Same participants in both included studies (n= 3)
Other type of population (n=9)

Did not assess primary outcome (n=19)

Fig. 1 - Prisma—Flow diagram of the literature search process for new systematics reviews.

were composed of eight studies [20,22,23,26,27,30,31,41] and
were presented in a meta-analysis. For all included studies,
a qualitative analysis was conducted for outcomes that could
not be analyzed in the meta-analysis.

The trials were conducted worldwide between 2018 and
2025. Seven studies were carried out in the United States, two
in China, one in Iran, one in Spain, two in Brazil, and one in
Norway. In total, participants were recruited across the quan-
titatively analyzed studies, and outcomes were observed for
periods ranging from four weeks to 12 months. The main char-
acteristics of the included studies are described in Table 2.

Although the interventions in the included studies were
referred to by different names (e.g., alternate-day fasting or
intermittent fasting), we considered TRE as the period of
the fasting window >12 hours, aligning with the findings in
TRE studies [7,20,27-30,32,39,41,42]. All these studies used an
isocaloric control group for comparison. However, it was not
possible to include data in the meta-analysis from two stud-
ies [24,39], as only the abstracts were accessible.

The main subjective perceptions’ outcomes found in the
studies were: hunger, desire to eat, the amount of food
eaten, fullness, satiety, satisfaction when eating, depression,
headache, nausea, gastric acidity, diarrhea, sadness, craving,
stress, irritability, anxious eating, appetite, difficulties in ad-
herence, eating behavior, mood, morning headache, difficulty
sleeping, emotional eating, feelings, mood and uncontrollable
eating. Most studies used validated visual analog scales (VAS)
or questionnaires to analyze subjective perceptions, as shown
in Table 2.

Complete data for performing the meta-analysis of hunger
were available in four studies [22,23,27,30] Fullness was as-
sessed in two studies [22,23] one study [31] assessed the desire
to eat, the amount of food eaten, and compulsive or uncon-
trollable eating. Four studies [28,29,31,41] evaluated appetite
and eating behavior involving aspects of emotional eating trig-
gered by external cues or restrained eating, including binge
eating behaviors, which were assessed using the Dutch Eat-
ing Behavior Questionnaire [39]. Four studies [20,22,28,29] as-
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sessed satisfaction and improvements in symptoms of fatigue
or inertia, tiredness, and exhaustion, which were measured
using a visual analog scale or a validated questionnaire (Profile
of Moods States-Short Form), respectively. Depression, anxi-
ety, and stress were evaluated in three studies [24,25,40] Two
studies [24,26] evaluated headaches or morning headaches.
Steger, Jamshed [28] evaluated aspects related to sleep dura-
tion, latency, and efficiency. Other perceptions such as nausea,
acidity, diarrhea, desires, and tiredness were evaluated in a
single study [24]. In this review, we highlight the performance
of some meta-analyses, whose results were not represented
graphically due to the small number of articles included. In-
stead, their results are presented individually by study.

3.1 Risk of bias assessment

3.1.1. Random sequence generation

Nine studies [20,22,23,25,29-32,41] provided data on the ran-
domization process and were considered “low risk.” However,
five studies [24,26-28,39] did not provide details of the ran-
domization process for obtaining the “uncertain risk” classi-
fication.

3.1.2.  Allocation concealment

Regarding allocation concealment, nine studies [20,23,25,
27,29-32,41] were assessed as having a “low risk” of bias, while
another five studies [22,24,26,28,39] were classified as having
an “unclear risk” because they did not specify how random-
ization was conducted or failed to provide specific details on
the masking methods. The authors only briefly mentioned
some of these aspects.

3.2. Blinding

3.2.1. Performance bias (participants and personnel)
Regarding blinding performance bias, six studies
[20,22,24,25,28,39] were classified as having an “unclear
risk” bias. Cai, Qin [22] used a stratified random sample
to group participants, while Hanick, Jamshed [39] did not
specify how randomization was performed, and four arti-
cles did not mention masking [20,24,25,28]. Seven studies
[23,26,27,29-32,41] were deemed as “high risk” because the
authors declared that it was not possible to mask in the
protocol, or due to resource availability and study timing,
masking was not feasible.

3.2.2. Detection bias (outcome assessment)

Blinding of outcome assessment was deemed an “unclear
risk” in ten studies [20,22-25,29,31,32,39]. This was mainly due
to the absence of related information in the studies. Four stud-
ies [26,27,30,41] were classified as having a “high risk” of bias
being affected by resource availability, study timing, and ow-
ing to the nature of the intervention, respectively.

«

3.2.3. Incomplete outcome data

Ten studies [20,22,24,26,27,30-32,41] were classified as “low
risk.” Three studies [25,28,29] were considered “high risk” due
to the number of losses of study participants (>15%). Only one
study Hanick, Jamshed [39] was considered to have “unclear
risk” because the authors did not mention any losses.

3.2.4. Selective reporting

11 studies [20,22,23,25,26,28-32,41] were classified as “low risk”
of bias because they fulfilled what was described in the pro-
tocol. Three studies [24,27,39] were deemed as “unclear risk”
due to the unavailability of the protocol.

3.2.5. Other bias

Two studies [28,31] obtained a “high risk” in this criterion.
Tinsley, Moore [31] due to the use of the instrument (Short
Mood and Feelings Questionnaire) [43] to assess depression
in adult women. This questionnaire was developed to screen
for depression in child psychiatric epidemiological studies [28]
Steger, Jamshed [29] due to flaws in participant adherence
metrics, as well as the number of lost surveys. The other
studies [20,22-27,29,30,32,39,41] were classified as “low risk”.
A summary of the risk of bias assessment for each included
study is provided in Supplement 2.

3.3. Data synthesis

3.3.1. Primary outcome—hunger

Fig. 2 presents a meta-analysis of the mean difference in
hunger between the TRE and isocaloric control groups. Hunger
were reported by six studies [22,23,27,28,30,32]. However, four
studies [22,23,27,30] provided compatible data for inclusion in
the meta-analysis. With a total of 323 participants, the analy-
sis indicated that the perception of hunger was reported to be
higher in the TRE group compared to the isocaloric group (MD
2.05,95% CI 1.46-2.64; I* = 0%).

Steger et al., 2023 conducted an RCT comparing eTRE with
CR versus the control group. Their findings suggested that the
eTRE group did not affect the frequencies of varying degrees
of hunger or average hunger (-7 + 6 mm; P = .24). The effec-
tiveness of suppressing hunger during the fasting period was
assessed using the VAS [44], with the control group demon-
strating higher scores (24 + 9 mm; P = .008). In a separate
study on adult’s nonalcoholic liver disease [32] investigated
eTRE versus a control group. Their results indicated no sig-
nificant differences in hunger between the eTRE group and
the control group. Irani et al. (2024) conducted an RCT to com-
pare the effects of TRE with those of a control group follow-
ing CR. Their findings indicated no statistically significant dif-
ferences in hunger level scores between the two groups after
eight weeks.

3.3.2.  Primary outcomes—other subjective perceptions related
to food intake
A meta-analysis for the following (sati-
ety/satisfaction, sleep duration; latency or efficiency, emo-
tional eating, mood and feelings, uncontrolled eating, mood,
fatigue/inertia, anger/hostility, depression and perceived
stress, appetite fluctuations, stomach discomfort, consti-
pation, dyspepsia, dizziness) was not conducted due to
either a limited number of studies or the absence of avail-
able/compatible data in the studies for performing the
analysis. For this reason, the data from these studies will be
presented qualitatively.

Fullness was assessed in two studies [22,23] and the results
favored the TRE group over the isocaloric control group (MD
0.99, 95% CI 0.69, 1.29; I2 = 0%) (data not shown). Desire to eat

outcomes
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Fig. 2 - Forest plots of continuous data on hunger perception from studies on time-restricted eating and isocaloric diets. CI,

confidence interval.

indicate how much the individual would like to eat and the
desire to eat itself and were assessed in two studies [23,30]
The results showed no significant differences between the in-
tervention and control group (MD 6.16, —6.47, 18.79; I = 88%)
(data not shown).

Regarding postmeal satiety/satisfaction, the combined
findings from the studies by Cai, Qin [22] and Thomas, Za-
man [30] suggest that the TRE group experienced significantly
greater satisfaction compared to the isocaloric control group
(MD 3.96, 95% CI 2.60, 5.32, I* = 0%) (data not shown). Jamshed,
Steger [20] assessed satisfaction with the eating window and
observed similar results in satisfaction between the control
and intervention (—0.3; 95% CI, —0.8 to 0.2; P=18).

Two studies [31,32] assessed sleep quality using the Pitts-
burgh Sleep Quality Index (PSQI), revealing that the isocaloric
control group exhibited better sleep quality compared to
the TRE group (MD 0.27, 95% CI 0.05, 0.49, I’ = 31%) (data
not shown). However, Steger, Jamshed [28] showed decreased
sleep duration by (30 £+ 13 minutes; P = .03), increased sleep
latency by (7+3 minutes; P = .04), and reduced sleep ef-
ficiency by (2% +1%; P = .04) in TRE+ER group relative to
CON+ER.

In a study by Tinsley, Moore [31], mood and feelings, and
uncontrolled eating were evaluated using the Mood and Feel-
ings Questionnaire. The results indicated no significant dif-
ferences between the groups in their responses to the ques-
tionnaire [45]. Emotional eating was observed in the RCT
conducted by Tinsley, Moore [31] and Irani, Abiri [41], with
analyses derived from the Three-Factor Eating Question-
naire [45]. Between the TRE and control groups, no statisti-
cally significant differences in emotional eating were iden-
tified. Steger, Jamshed [28] observed that patients who ad-
hered to eTRE showed improvements in mood (—2.4 + 0.9;
P = .009), including fatigue/inertia (—0.6 £+ 0.3; P = .045),
anger/hostility (—0.4 £+ 0.2; P = .03) compared to the control
group.

Depression and perceived stress were assessed in a single
study conducted by Fagundes, Tibaes [25]. They employed the
Beck Depression Inventory [46] and Beck Anxiety Inventory
[43] to measure these variables and your findings showed no
significant changes in the scores of these variables between
control and intervention groups.

Dote-Montero, Sevilla-Lorente [24] evaluated three types of
TRE protocols (early-TRE, late-TRE, and TRE with a window
self-selected by the participants). Among the perceptions as-
sessed, their results suggest that early-TRE seems to be less
viable and accepted relative to others, but it also seems to im-
prove depression.

Appetite was assessed in four studies [28-30,39] using
questionnaires. Hanick, Jamshed [39] found appetite was re-
duced in TRE, but in other studies [28-30] no statistically sig-
nificant differences were found between groups. Regarding
eating behaviors, four studies [28-30,39] found no significant
differences between the TRE and control groups.

Wei, Lin [32], in a comparative study between the eTRE and
CR, identified mild adverse events, including appetite fluctu-
ations, stomach discomfort, constipation, dyspepsia, hunger,
dizziness, and fatigue. However, no significant differences
were observed in these manifestations between the groups.
Taken together, these results indicate that the eTRE interven-
tion appears to be neutral regarding such perceptions when
contrasted with other isocaloric dietary strategies.

3.3.3.  Secondary outcomes—anthropometric parameters

As shown in Fig. 3A, six studies [20,22,23,26,30,31] evaluated
the relationship between body weight and TRE compared to
another isocaloric protocol involving 320 participants. There
was no statistically significant difference in postintervention
body weight compared to the control group (MD 0.93, 95% CI
—1.58, 3.44; I? = 9%). Body fat percentage was assessed in five
studies [23,26,27,30,31] and the results showed no statistically
significant difference between groups (MD —0.37,95% CI —2.28,
1.54; 12 = 0%).

Fig. 3B shows the lipid and glucose profile assessment be-
tween TRE and an isocaloric protocol. Three studies [20,26,31]
including 58 subjects, assessed plasma cholesterol concentra-
tions, and no statistically significant difference was observed
between the groups (MD 5.67 mmol/L, 95% CI —3.22, 14.56;
I? 0%). Likewise, plasma triglyceride concentrations were as-
sessed in two studies [20,31] and the analysis showed no
statistically significant association between groups (MD 6.93
mmol/L, 95% CI —29.76, 43.61; I> = 0%). Similarly, plasma Low-
Density Lipoproteins Cholesterol (LDL-C) concentrations, were
assessed in two studies [20,31] totaling 37 subjects, and no
statistical significance was found between TRE and control
groups (MD -2.19 mmol/L, 95% CI —19.01, 14.64; 1> = 0%).
Fasting glucose parameters were assessed in three studies
[20,27,31] with a total of 95 subjects, and the analysis showed
no statistically significant difference between groups (MD 0.42,
95% CI —4.20, 5.04; I? = 0%).

In Fig. 3C, three studies [20,26,31] assessed the plasma
High-Density Lipoproteins Cholesterol (HDL-C) concentra-
tions in TRE interventions compared to an isocaloric dietary
protocol including 58 subjects. No statistically significant as-
sociation was found between the groups (MD —1.20 mmol/L,
95% CI —4.12, 1.73; I> = 0%).
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Fig. 3 - Forest plots of the effects of time-restricted eating vs isocaloric diet on secondary outcomes: body composition (A)
and metabolic parameters (B and C). CI, Confidence Interval.

3.3.4.

Sensitivity analysis and quality of evidence

A sensitivity analysis was performed excluding studies iden-
tified as having a high risk of bias for the outcome of inter-
est (random sequence generation, allocation concealment, in-
complete outcome data, selecting reporting other bias). Ow-

ing to the nature of the intervention, it was not possible to
be double-blind or placebo-controlled. Three studies [25,28,29]
were excluded due to bias in incomplete outcome data, while
another two studies [24,39] were removed from the analyses
due to bias in selecting reporting, and one study [31] was ex-
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cluded due to other biases. No studies were excluded for per-
ceptions of hunger, satiety, amount of food consumed, and
fullness. Studies featuring incomplete outcome data, selec-
tion bias, reporting biases, or other biases were not identified
in the primary meta-analysis analyses, consequently, their re-
sults are presented qualitatively. Similarly, concerning sec-
ondary outcomes such as body weight, body fat percentage,
plasma cholesterol, LDL-C, triglycerides, glucose, and HDL-C
concentrations, no studies were excluded, as the mentioned
articles were not identified in the primary analyses.

Regarding the association between TRE and isocaloric con-
trol on hunger, as evaluated using GRADEpro GDT [37], a note-
worthy concern arises regarding the serious risk of bias across
three key domains: detection bias, performance bias, and in-
complete outcome data as shown in Supplement 3. Addition-
ally, there was a strong suspicion of publication bias. The de-
termination of outcomes may have been premature, particu-
larly because of the limited number of studies investigating
the impact of TRE on hunger levels. Thus, it is possible to con-
clude that the level of evidence in this analysis was considered
low, which means that additional studies are necessary in this
domain.

4, Discussion

This systematic review of RCT assessed the effects of TRE
compared to other isocaloric dietary interventions on hunger
in adults with overweight and obesity. Our results suggest that
TRE increases hunger, supporting the hypothesis that this ef-
fect is independent of caloric intake, as both the experimental
and control groups adhered to isocaloric strategies. In addi-
tion, several subjective perceptions evaluated in the qualita-
tive analysis—such as satisfaction, fullness, desire to eat, the
amount of food eaten, depression, anxiety, emotional eating,
mood and feelings, uncontrolled eating, sleep quality, and per-
ceived stress—seemed to be neutral and inconclusive due to
the limited number of studies included in this review when
comparing TRE and control groups.

Our findings reveal somewhat contradictory effects on food
perceptions following TRE. Compared to isocaloric controls,
this chrononutrition strategy increased hunger, a perception
that can precede and drive food intake in people with over-
weight and obesity, but, in turn, changed food perceptions
that may control food intake over time, i.e., it provided more
fullness. We believe that the results are primarily influenced
by hunger, possibly linked to the extended fasting intervals.
Fasting is well-documented to induce orexigenic endocrine
changes, such as increased ghrelin secretion [47,48]. On the
other hand, it has already been suggested that the freedom
to eat without counting calories and without restrictions on
quantity during the eating window proposed by TRE may lead
to greater satisfaction and fullness than an isocaloric frac-
tional diet. Our findings offer new insights into the paradox-
ical effects of TRE on food perceptions, highlighting its dual
role in both stimulating hunger and enhancing fullness. This
novel perspective underscores the complexity of TRE as a
chrononutrition strategy and its potential implications for ap-
petite regulation in individuals with overweight and obesity.

Several studies [7,13,17,49,50] have highlighted that an ad-
vantage of IF is that it does not impose limitations on the
quantity and quality of food, but emphasizes the restriction of
the time of food intake, naturally regulating caloric intake and
providing a natural caloric ingestion that providing physiolog-
ical and metabolic adjustments that promote synchronization
between internal clock and food cues. However, this study pre-
vents us from drawing definitive conclusions on the subject
due to the limited number of included studies regarding these
outcomes. Thus, studies testing different IF protocols must in-
corporate perceptions related to food intake as part of the an-
alyzed variables, as well as monitor the caloric intake of inter-
ventions.

It is important to highlight that studies with TRE show
results that, to some extent, corroborate the findings of the
present study. Tacad, Tovar [33] in an RCT observed that the
TRF group exhibited distinct effects on appetite compared to
the CR group, suggesting a potential reduction in hunger in
the TRF group relative to the CR group.

Moreover, Ravussin, Beyl [15] observed an increase in sati-
ety and a decrease in desire to eat in a crossover trial with
adults with obesity in the TRE group, which supports our find-
ings. Conversely, another study by Gill and Panda [13] ob-
served a decrease in hunger among individuals practicing
TRF after 16 weeks. Similarly, Ravussin, Beyl [15] found in
a crossover randomized study that early TRE (eating from 8
am to 2 pm) decreased morning plasma ghrelin concentra-
tions (hunger hormone) and minimized diurnal oscillations
in hunger perceptions while establishing a consistent 24-hour
satiety compared to the control group (eating from 8 am to 8
pm). These studies suggested that prolonged fasting could re-
duce overeating throughout the day, promoting weight loss,
which contrasts with our findings. However, it is worth noting
that studies that assessed these variables in TRE and other
forms of intermittent fasting intervention compared to other
isocaloric interventions are scarce in the literature, limiting a
more in-depth discussion.

Notably, few studies [23-25,28,31,39,41] have investigated
changes in depression, anxiety, emotional and uncontrolled
eating, amount of food eaten, desire to eat, or perceived stress
in the context of TRE. Emotional eating is defined as the inabil-
ity to resist emotional cues that stimulate food consumption,
while uncontrolled eating refers to the tendency to overeat
due to a loss of control over intake, often accompanied by
subjective sensations of hunger [45]. Tinsley, Moore [31], and
Irani, Abiri [41] assessed emotional eating using the Three-
Factor Eating Questionnaire (TFEQ) [45] and found no statis-
tically significant differences between the TRE and control
groups. Similarly, Tinsley and Moore evaluated uncontrolled
eating in these groups using the same questionnaire [45] and
reported no significant differences. In our current review, we
found two studies [25,28] that provided data for depression,
anxiety, and perceived stress. Steger, Jamshed [28] observed a
decrease in depression scores, and improvements in general
mood in the TRE+ER group compared to the control group.
However, these same parameters did not show significant dif-
ferences between the TRE and control groups in the study
by Fagundes, Tibaes [25]. In a nonrandomized study on the
subject, Haines [51] demonstrated a significant decrease in
mood scores accompanied by increased irritability and agi-



86 NUTRITION RESEARCH 138 (2025) 76-88

tation over the course of the study. In contrast, mood dis-
turbance scores, including fatigue-inertia, vigor-activity, and
depression-melancholy, were lower in the TRE group com-
pared to the control group [20]. Some studies [16,18] that eval-
uated mood states reported similar results when compar-
ing TRE with a control group. In a recent systematic review
by Fernandez-Rodriguez, Martinez-Vizcaino [18] which com-
pared IF with a control group in randomized and nonrandom-
ized studies, IF had a moderate but positive effect on depres-
sion scores compared to control groups. However, IF did not
significantly alter anxiety among participants. Therefore, fu-
ture studies evaluating TRE under isocaloric conditions are
necessary to obtain more reliable results regarding depres-
sion, anxiety, or perceived stress variables.

Our findings showed no statistical differences between the
intervention and control groups for body weight and body
composition (Fig. 3A). Considering that changes in subjective
perceptions of food intake can influence variations in body
weight, our results regarding hunger as a primary outcome do
not align with the lack of change observed in the participants’
body weight in the analysis of secondary outcomes. Impor-
tantly, the isocaloric strategy implemented in the protocols of
the articles included in our review may explain the absence of
differences in the weight changes and other anthropometric
variables between the TRE and control groups.

In this review, the analyses of the glucose and lipid profiles
demonstrated a similar effect between TRE and the control
group (Fig. 3B and C), which may be because both groups were
isocaloric and aimed at weight management. A recent system-
atic review [52] of randomized clinical trials that did not use
isocaloric comparative conditions showed that overweight in-
dividuals had a reduction in fasting blood glucose and HOMA-
IR associated with TRE intervention. Future studies and sys-
tematic reviews with larger sample sizes should investigate
whether these results can be confirmed.

The greatest strength of this review is the inclusion of
only RCT and studies that used isocaloric comparative inter-
ventions. This is a key differentiating factor, as both groups
consumed the same caloric intake, effectively isolating the
effect of TRE and any potential circadian benefits. This ap-
proach allows for a clearer assessment of whether TRE is
merely another method to induce a caloric deficit or if it
provides metabolic advantages beyond CR alone. However,
these strengths also resulted in the inclusion of a limited
number of studies, as many of the studies conducted so
far have not been RCT and, more importantly, have not as-
sessed or reported participants’ caloric intake. Consequently,
the limited number of available studies for some primary
outcomes restricts our ability to draw definitive conclusions
about the potential effects of TRE on other food-related per-
ceptions investigated in the studies. Additionally, the small
number of included studies prevented us from analyzing the
effects of different eating window protocols on primary out-
comes. Another limitation of this meta-analysis is that ad-
herence to the interventions in the included studies was
not assessed, which may have influenced the interpreta-
tion of the reported effects of TRE on hunger. Finally, ad-
ditional RCT on this topic should assess energy intake to
strengthen the available evidence and provide more robust
conclusions.

5. Conclusion

Our findings suggest that TRE increased hunger compared to
the control group. The TRE group exhibited greater fullness
compared to the isocaloric control group. Subjective percep-
tions evaluated in the qualitative analysis—such as satisfac-
tion, desire to eat, the amount of food eaten, anxiety, emo-
tional eating, mood and feelings, and uncontrolled eating)
seems to be neutral between the TRE and control groups. How-
ever, it is crucial to note that the certainty of the evidence, par-
ticularly regarding the association between TRE and hunger,
was considered low. Confidence in the estimated effect is lim-
ited due to the small number of studies assessing subjective
perceptions related to food intake in RCTs using TRE. This lim-
itation does not offer strong clinical evidence supporting the
notion that TRE could significantly enhance adherence to obe-
sity treatment. To establish more robust conclusions, further
studies on this topic are necessary. This would contribute to
validating the potential of TRE as a feasible strategy for man-
aging obesity.
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