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Abstract Background and aims: To investigate the efficacy and feasibility of three different 8 h time-restricted eating 
(TRE) schedules (i.e., early, late, and self-selected) compared to each other and to a usual-care (UC) intervention on 
visceral adipose tissue (VAT) and cardiometabolic health in men and women. 
Methods and results: Anticipated 208 adults (50% women) aged 30e60 years, with overweight/ obesity (25 ::: BMI<40 
kg/m2) and with mild metabolic impairments will be recruited for this parallel-group, multicenter randomized 
controlled trial. Participants will be randomly allocated (1:1:1:1) to one of four groups for 12 weeks: UC, early TRE, late 
TRE or self-selected TRE. The UC group will maintain their habitual eating window and receive, as well as the TRE 
groups, healthy 
lifestyle education for weight management. The early TRE group will start eating not later than 10:00, and the late 
TRE group not before 13:00. The self-selected TRE group will select an 8 h eating window before the intervention 
and maintain it over the intervention. The primary outcome is changes in VAT, whereas secondary outcomes 
include body composition and cardio- metabolic risk factors. 
Conclusion: This study will determine whether the timing of the eating window during TRE im- pacts its efficacy on 
VAT, body composition and cardiometabolic risk factors and provide insights about its feasibility. 
 

 

 
 
 

1. Introduction 
 

Obesity has nearly tripled since 1975 and currently there 
are more than 1.9 billion adults with overweight or obesity 
worldwide according to the World Health Organization 
[1]. The obesity epidemic is a major contributor to the 
global burden of disability and chronic disease such as 
diabetes, cardiovascular disease, certain cancers, kidney 
disease, and obstructive sleep apnea [1,2]. Consequentially, 
obesity results in a significant economic impact on health 
care systems [1,3]. 

Energy restricted diets reduce body weight and 
improve cardiometabolic health. However, these ap- 
proaches are still not a standard public health strategy 
owing to their limited long-term adherence, even in highly 
motivated patients. Over the past decade, intermittent 
fasting has emerged as a promising dietary strategy for the 
treatment of obesity and its comorbidities [4e6]. In simple 
terms, intermittent fasting consists of alternating consis- 
tent fasting and eating periods [4e6]. Intermittent fasting 
is an umbrella term for several protocols of fasting regi- 
mens [5,6]. Among the various types of intermittent fast- 
ing, time-restricted eating (TRE) has recently received 
increasing attention from researchers since it seems to be 
a safe and feasible fasting regimen for most people [5,6]. 
TRE consists of restricting the daily energy intake to a pre- 
determined eating window (generally :::10 h) and fasting 
for the rest of the day (14 h or more) [5,6]. During the 
eating window, individuals are not required to count cal- 
ories or monitor food intake in any way [5,6]. 

Human trial findings show that TRE reduces body 
weight by 1e4% in short term (i.e., :::3 months) in in- 
dividuals with overweight/obesity relative to controls with 
no energy and meal timing restrictions [5,6]. This weight 
loss results from unintentional reductions in energy intake 

(10e30% or w300e500 kcal/day) that occurs when par- 
ticipants confine their eating windows to 4e10 h/day [5,6]. 
Nonetheless, the impact of TRE on cardiometabolic risk 
parameters is still uncertain, and while some studies have 
demonstrated improvements in blood pressure, insulin 
resistance, lipid profile and markers of oxidative stress, 
others have shown no benefit on these parameters [5e7]. 
Moreover, there are still important questions regarding the 
effects of TRE that need to be addressed. One such ques- 
tion is its impact on the deposition of ectopic fat [5], 
specifically visceral adipose tissue (VAT) [8,9], which is a 
known risk factor for cardiometabolic morbidity and 
mortality [10]. It is worth noting that there are sex dif- 
ferences in fat distribution, with women tending to accu- 
mulate fat subcutaneously in the gluteofemoral region, 
while men have a higher propensity for visceral fat accu- 
mulation [10]. However, despite the evidence indicating 
sex disparities in fat accumulation [10] and obesity-related 
comorbidities [11], and a growing emphasis on recog- 
nizing sex as a biological variable in research [12], there 
remains a scarcity of evidence regarding the effects of TRE 
interventions in men and women separately. This lack of 
evidence is primarily due to studies not being adequately 
powered to conduct separate analysis for each sex, leading 
to the presentation of results combined for both sexes. 

Another crucial inquiry surrounding TRE pertains to the 
impact of eating window timing on its efficacy [5]. Most 
studies of TRE have used an arbitrary clock time to char- 
acterize the timing of food intake (e.g., 12:00e20:00). 
However, this approach does not consider meal timing in 
relation to the internal circadian time. The body is bio- 
logically primed for food intake during the mid-morning, 
when cortisol and melatonin levels are decreased, and 
insulin sensitivity, beta cell responsiveness, and thermic 
effect of food are at their peak [13]. Therefore, it has been 
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hypothesized that earlier eating windows during TRE may 
produce superior metabolic benefits than later eating 
windows. Indeed, it has been shown that early TRE (6 h 
eating window, with dinner before 15:00) enhanced car- 
diometabolic health compared with controls (12 h eating 
window) after 5 weeks even in the absence of weight loss 
[14]. Recently, a meta-analysis has shown that early TRE 
was more effective in improving insulin resistance 
compared to late TRE [15]. Additionally, only early TRE 
demonstrated significant benefits in fasting blood glucose 
and diastolic blood pressure compared to controls (unre- 
stricted eating time) [15]. Nevertheless, no significant 
differences between early and late TRE were found for 
body weight loss, fasting blood glucose, blood pressure, 
and lipid profiles [15]. Furthermore, previous studies pre- 
sent important limitations, such as short duration (:::8 
weeks), lack of randomization, small sample size to 
analyze and understand the effects in men and women 
separately, and the absence of a self-selected TRE group 
[16e19]. Taking an individual’s schedule and  personal 
preference into consideration, and allowing participants to 
choose their own TRE window, may be important factors 
to improve adherence, acceptability, and resulting efficacy. 
Therefore, it is still unclear whether there are differences 
in the effectiveness of early and late time-restricted eating 
(TRE) on body weight and cardiometabolic risk factors, or 
if the effectiveness is solely dependent on the duration of 
the eating window, regardless of the timing. 

The overall aim of the present study is to investigate the 
efficacy and feasibility of three different 8 h TRE schedules 
(i.e., early, late, and self-selected) compared to each other 
and to a usual-care (UC) intervention over 12 weeks on 

VAT, body composition and cardiometabolic health in 
adults with overweight/obesity. 

 
 

2. Methods 
 

2.1. Study design 
 

The experimental protocol was approved by the Servicio 
Andaluz de Salud (Comité Ético de Investigación Provincial 
de Granada) and the Comité Ético de Investigación Clínica 
de Navarra (PI_2021/119). Participants will provide written 
informed consent prior to study participation (see Online 
Supporting Information). The present study is registered at 
the US National Institutes of Health (ClinicalTrials.gov), 
identifier: NCT05310721. Adults with overweight/obesity 
will be recruited in Granada (southern of Spain) and 
Pamplona (northern Spain). This study will therefore be a 
multicenter randomized controlled trial, which will 
certainly increase the generalizability and external validity 
of results by providing a broader basis for generalizations 
across institutions. The study design is illustrated in Fig. 1. 

 
2.2. Participants and eligibility criteria 

 
The study population will be men and women (50%) with 
overweight/obesity and with at least one cardiometabolic 
risk factor impaired. The inclusion and exclusion criteria 
are listed in Table 1. Eligibility of study participants will be 
based on the results of screening medical history, vital 
signs, and clinical laboratory tests (Screening phase, Fig. 1). 
The nature of any conditions present at the time of the 

 
 

 
 

Figure 1 Study design. Prescreening of potential participants will be performed by phone calls, and potential participant will be scheduled for a 
screening visit. The randomized controlled trial includes a 2-week baseline (lead-in period) and 12-week dietary intervention. TRE, time-restricted 
eating. 

http://clinicaltrials.gov/
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Table 1  Eligibility criteria of the study. 

 
Inclusion criteria Exclusion criteria 

Aged 30e60 years. 
Body mass index ;::25.0 and < 40 kg/m2 and abdominal 
obesity (waist circumference ;::95 cm in men and ;::82 cm 
in women). 
Weight stability (within 3% of screening weight) for >3 
months prior to study entry. 
Inactive lifestyle (<150 min/week of moderate-vigorous 
intensity exercise) for >3 months prior to study entry. 
Habitual eating window ;::12 h. 
At least one of the following metabolic impairments: 
• High-density lipoprotein (HDL) cholesterol concentra- 

tion <50 mg/dL for females and <40 mg/dL for males. 
• Low-density   lipoprotein   (LDL)   cholesterol   levels 

>100 mg/dL (or on medication to treat elevated LDL 
cholesterol levels). 

• Serum triglycerides concentration ;::150 mg/dL or on 
medication to treat elevated triglycerides. 

• Systolic blood pressure >130 mm Hg and/or diastolic 
blood pressure >85 mm Hg or already being treated 
with anti-hypertension medications. 

• Impaired glucose tolerance defined as at least one of 
the  following: 
o Fasting  plasma  glucose  (FPG)  ;::100  mg/dL  and 

:::125 mg/dL. 
o Hemoglobin A1c between ;::5.7% and <6.5%. 
o Insulin resistance as determined by the Homeostatic 

Model Assessment of Insulin Resistance (HOMA-IR) 
>1.8. 

• History  of  a  major  adverse  cardiovascular  event  (acute  myocardial 
infarction, ischemic or haemorrhagic stroke, peripheral arterial 
ischemia), kidney failure, chronic liver disease, or HIV/AIDS. Active 
endocrinological disease (Cushing’s syndrome, Acromegaly, Adreno- 
cortical insufficiency, GH deficiency), Innate errors of metabolism, 
Myopathies, Epilepsy. Patients who have undergone bariatric surgery 
surgical techniques or used for the treatment of other pathologies 
(Example: “Roux Y00 ). 

• Rheumatoid arthritis, Parkinson’s disease, active cancer treatment in the 
past year, type 1 or 2 diabetes mellitus, or another medical condition 
where fasting is contraindicated. 

• Use of medications that may affect the results of the study; for example, 
drugs for glycaemic control (e.g., antidiabetic, steroids, beta-blockers, 
antibiotics). 

• The consumption of prebiotics, probiotics, and symbiotics as drugs or 
dietary supplements. 

• Metal or electrical prosthesis. 
• Foreign bodies in the eyes. 
• Diagnosis of major sleep or eating disorders. 
• Active tobacco or illicit drug use or a history of alcohol abuse treatment 

(this is moderate or severe alcoholism). 
• Participating in a weight loss or a weight-management program. 
• Pregnancy  and  lactation  or  planned  pregnancy  (within  the  study 

period). 
• Caregiver  for  a  dependent  requiring  frequent  nocturnal  care/sleep 

interruption. 
• Shift workers with nocturnal hours. 
• Frequent travel over time zones during the study period. 
• Fear of needles or claustrophobia to magnetic resonance imaging (MRI). 
• Being unable to understand and to accept the instructions or the study 

objectives  and  protocol. 
• Not having or being able to use a smartphone with Apple iOS or Android 

OS. 
• Are deemed unsuitable by the investigator for any other reason. 

 
physical examination and any pre-existing conditions will 
be documented. 

 
2.3. Recruitment and screening 

 
In Granada, potential participants will be recruited 
through advertisements on newspapers and the Endocri- 
nology and Nutrition service of the Hospital Universitario 
Clínico San Cecilio and Virgen de las Nieves. In Pamplona, 
potential participants will be recruited through adver- 
tisements on newspapers and in the Endocrinology and 
Nutrition service of the University Hospital of Navarra. A 
pre-screening (Fig. 1) will be performed as a telephone 
interview to determine the eligibility of potential partici- 
pants and check their interest in the study. Potential par- 
ticipants who will be eligible based on the pre-screening 
will receive written information about the study and will 
be scheduled for a screening visit (Fig. 1). At the screening 
visit, potential participants will provide oral and written 
informed consent; in addition, body weight, anthropom- 
etry, and blood pressure will be measured. Afterwards, the 
endocrinologists, by telephone interview and consulting 
the patient medical records, will assess the medical history 
and check inclusion and exclusion criteria (Table 1). Sub- 
sequently, potential participants will be scheduled to have 
fasting blood sampling to confirm that they present at 

least one  of the  metabolic impairments  (see inclusion 
criteria, Table 1). 

 
2.4. Lead-in period 

 
There will be a 2-week lead-in period (before baseline 
measurements and group allocation; Fig. 1) in which po- 
tential participants will continue with their habitual 
nutritional and physical activity habits. Potential partici- 
pants will record daily their eating time and sleep and any 
adverse event using a mobile phone app (EXTREME: 
com.nnbi.app_extreme, NNBi2020 S L., Navarra, Spain). 
This data will be used to confirm that their eating window 
is ;:: 12 h (see inclusion criteria, Table 1). 

 
2.5. Measurements 

 
All measurements will be conducted both at baseline and 
12 weeks post-intervention (±3 days) by a consistent team 
of trained personnel. Standardization of dietary intake, 
hydration, and physical activity will be implemented prior 
to the measurements of ectopic fat depots, body compo- 
sition, and cardiometabolic risk factors. Specifically, par- 
ticipants will be instructed to observe a fasting period of 
10e12 h before their appointment, during which they will 
be advised to consume only water and abstain from solid 
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magnetic resonance imaging (Siemens 3T Magnetom 
Vida). Semiautomatic software for tissue segmentation 
will be used to calculate visceral, subcutaneous, and 
intermuscular abdominal adipose tissue variables in all 3D 
abdominal volume: volume, cross-sectional area at 
selected levels, and mean/median fat fraction. These image 
markers will be derived from a standard 6 echo Dixon 
series. At L3 and L5 levels, we will obtain these image 
markers: cross-sectional area, muscular tissue, and intra- 
muscular fat fraction. We will also quantify with a 6 echoes 
Dixon series, the fat fraction in all lumbar vertebral bodies, 
from a mid-sagittal image. The segmentation of these 
areas will be manually edited. At last, we will measure 
image markers from mid-thigh. Again, using a 6 echoes 
Dixon series, we will obtain cross-sectional area, muscular 
tissue, intermuscular adipose tissue, fat fraction, subcu- 
taneous adipose tissue, and bone marrow fat fraction. The 
segmentation for all these structures will be done with a 
semiautomatic proprietary algorithm. 

 
2.7.3. Cardiometabolic risk factors 
Fasting blood samples will be collected to analyze: 

 
food or other beverages. It will be emphasized that they 
should have a complete meal at least 10 h before the test. 
Furthermore, participants will be advised not to consume 
alcohol or diuretics within 24 h before the test, and to 
avoid stimulants like caffeine or theine for 12 h prior to the 
test. Lastly, participants will be instructed to refrain from 
engaging in moderate exercise or physical activity for 24 h, 
and from vigorous exercise for 48 h, prior to the test. For a 
comprehensive summary of the study’s outcomes, refer to 
Table 2. 

 
2.6. Primary outcome 

 
2.6.1. Visceral adipose tissue 
VAT (primary outcome) will be quantified by magnetic 
resonance imaging (Siemens 3T Magnetom Vida in both 
Granada and Pamplona). 

 
2.7. Secondary outcomes 

 
2.7.1. Body weight, anthropometry, and body 
composition 
Body weight and height will be measured using a stadi- 
ometer and scale (Seca model 799, Electronic Column 
Scale, Hamburg, Germany in both Granada and Pamplona) 
without shoes and with light clothing. Neck, waist, and hip 
circumferences will be measured following the ISAK pro- 
cedures [20]. Bone mineral density, fat mass, and fat-free 
mass will be assessed using a dual-energy X-ray absorp- 
tiometry scan (QDR Discovery Wi Hologic, Inc., Bedford, 
MA, USA in Granada and Horizon Wi Hologic, Inc., Bedford, 
MA, USA in Pamplona). 

 
2.7.2. Ectopic fat depots 
Abdominal subcutaneous and intermuscular adipose tis- 
sue, as well as hepatic fat fraction will be quantified by 

 
• Glucose (AU5800 automated analyzer, Beckman Coulter 

Inc., CA, USA), insulin (UniCel DxI 800 access immuno- 
assay system, Beckman Coulter Inc., CA, USA), and he- 
moglobin   A1c   (HA-8180V®   analyzer,   A   Menarini 
Diagnostics, Firenze, Italy). Simple insulin resistance sur- 
rogates such as the homeostatic model assessment for 
insulin resistance (HOMA-IR) and the quantitative insulin- 
sensitivity check index (QUICKI) will be calculated. 

• Lipid profile, including total cholesterol, high-density 
lipoprotein cholesterol, triglycerides, apolipoprotein 
A1 and B, will be measured using a AU5800 automated 
analyzer, Beckman Coulter Inc., CA, USA. Low-density 
lipoprotein cholesterol will be calculated using a pre- 
viously validated equation [21]. 

• Bone metabolism profile, including Vitamin D 
(measured using an UniCel DxI 800 access immuno- 
assay system, Beckman Coulter Inc., CA, USA), alkaline 
phosphatase (measured by Liaison, Diasorin, Saluggia 
VC, Italy), and calcium (measured using a AU5800 
automated analyzer, Beckman Coulter Inc., CA, USA). 

• Liver and kidney function markers, including alanine 
transaminase, gamma-glutamyl transferase, bilirubin, 
creatinine (measured using a AU5800 automated 
analyzer, Beckman Coulter Inc., CA, USA), and estimated 
glomerular filtration rate. 

• Steroid hormones, including estradiol, progesterone, 
and testosterone (measured using an UniCel DxI 800 
access immunoassay system, Beckman Coulter Inc., CA, 
USA). 

• Thyroid hormones, including thyrotropin, thyroxine, 
and triiodothyronine (measured using an UniCel DxI 
800 access immunoassay system, Beckman Coulter Inc., 
CA, USA). 

• Blood count and biochemistry markers, including iron, 
ferritin, and folic acid (measured using a AU5800 
automated analyzer, Beckman Coulter Inc., CA, USA). 

Table 2   Overview of the study’s outcomes. 

Outcomes Baseline 12-week post 
intervention 

Primary outcome 
Visceral adipose tissue (i.e., MRI) 
Secondary  outcomes 
Body weight and anthropometry 
Body composition (i.e., DXA) 
Ectopic fat depots (i.e., MRI) 
Cardiometabolic risk factors 
Glycemic control (i.e., CGM) 
Gut microbiota 
Sleep and physical 

activity (i.e., Acc) 
Psychosocial  assessment 
Eating behaviour assessment 
Dietary habits 
Quality of life 

  

 

 

 

 

 

 

 

 

 

 

 

a 

a 

 

 

 

 

 

 

 

 

 a  Assessment will be conducted during the last two weeks of the 
intervention. Abbreviation: Acc, accelerometry; CGM, continuous- 
glucose monitoring; DXA, dual-energy X-ray absorptiometry; MRI, 
magnetic resonance imaging. 
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Blood samples will be also stored at -80 oC for future 
analysis. The systolic and diastolic blood pressure will be 
measured with an automatic monitor (M3-Comfort, 
Omron Healthcare Europe B.V. Hoofddorp, The 
Netherlands, in both Granada and Pamplona) following the 
2021 European Society of Hypertension practice guidelines 
[22]. 

 
2.7.4. Glycemic control 
Participant will wear continuous-glucose monitoring 
(FreeStyle LibrePro, Abbott, in Granada and FreeStyle 2, 
Abbott, in Pamplona) during two weeks before the inter- 
vention (lead-in period) and during the last two weeks of 
the intervention. From the continuous-glucose monitoring 
data several variables of glycemic control will be calcu- 
lated according to the last international consensus state- 
ment [23]. 

 
2.7.5. Gut microbiota 
Faecal samples will be collected at baseline and during the 
last two weeks of the intervention to extract genomic DNA 
and thereafter, to perform the metagenomics analysis (16S 
rRNA gene amplicon sequencing e shotgun methodology 
will be considered pending the final budget) to obtain a 
complete description of gut microbioma diversity and 
composition. Besides, a faecal metabolomic fingerprint 
analysis will be carried out in order to establish the 
metabolic profile in the different groups of patients by 
liquid chromatography method coupled to mass spec- 
trometry (LC-MS). 

 
2.7.6. Sleep and physical activity assessment 
Sleep, chronotype, and physical activity will be subjec- 
tively assessed using validated questionnaires including 
the Pittsburgh Sleep Quality Index (PSQI), Munich Chro- 
notype Questionnaire (MCTQ), Horne y Östberg (MEQ-SA), 
and the International physical activity questionnaire 
(IPAQ). Sleep and physical activity levels will be also 
objectively assessed using accelerometers; concretely, 
participant will wear a triaxial accelerometer (ActiGraph 
GT3Xþ, Pensacola, FL, USA, in both Granada and Pam- 
plona) on the non-dominant wrist during two weeks 
before the intervention (lead-in period) and during the last 
two weeks of the intervention. 

 
2.7.7. Psychosocial  assessment 
Participants will complete validated questionnaires 
regarding several psychosocial dimensions: Beck Depres- 
sion Inventory Fast Screen (BDI-FS), Perceived Stress Scale 
(PSS), and State-Trait Anxiety Inventory (STAI). 

 
2.7.8. Eating behaviour assessment 
Eating behaviour will be assessed using validated ques- 
tionnaires: Food Craving Inventory (FCI) and the Adult 
Eating Behavior Questionnaire (AEBQ). 

 
2.7.9. Dietary habits assessment 
Participants will complete a validated questionnaire to 
assess  their  adherence  to  the  Mediterranean  dietary 

pattern [24]. Moreover, three non-consecutive 24 h dietary 
recalls (two of working days and one of non-working day) 
will be recorded in a face-to-face or telephone interview 
by qualified and trained research dietitians. 

 
2.7.10. Quality of life 
Quality of life will be evaluated using the EuroQol 5 di- 
mensions 5 levels (EQ-5D-5L), Rand Short Form 36 (SF-36), 
an adverse events questionnaire and menstrual question- 
naire. 

 
2.8. Randomization and blinding 

 
The method used for randomization will be the stratified 
permuted block randomization. A total of w208 patients 
will be randomized using both stratification and permuted 
blocks with random block sizes. Randomization will be 
stratified at each site (Granada and Pamplona) based on 
sex (men-women); with a total of two strata for each site. 
For this randomization scheme, a randomization list will 
be generated prior to the start of the trial; one randomi- 
zation list being generated for each site and strata. A 
sequence of block sizes will be randomly generated where 
allowable block sizes will be 4 and 8. Within each block, 
each quarter of assignments will be randomly selected to 
be to one of the four possible groups (UC, early TRE, late 
TRE or self-selected TRE) using a parallel design (1:1:1:1 
allocation ratio). As each participant is randomized into 
the trial, the participant will receive the next sequential 
assignment on the randomization list specific to his/her 
site and strata. The use of a random block size ensures that 
the next randomization assignment cannot be guessed. 
Because this will be a multicenter trial with two sites 
(Granada and Pamplona), randomization within each site 
will ensure that a site discontinuing participation in the 
trial or enrolling poorly would not affect the overall bal- 
ance of the treatment groups. Stratifying by sex ensures 
that intervention groups are balanced on this important 
characteristic. Personnel in charge of the evaluations of the 
primary outcome (VAT) and other ectopic MRI derived fat 
depots, fasting blood samples and statistical analysis will 
be blinded to the group assignment, whereas personnel in 
charge of the other measures as well as the intervention 
will be not blinded to the group assignment (open label). 

 
2.9. Time-restricted eating intervention 

 
Participant will be randomly assigned to one of the 
following four groups: 

 
• UC. Participants in the UC group will continue with 

their dietary eating time schedule and will receive, as 
well as the participants in the TRE groups, an educa- 
tional program for weight management and cardio- 
vascular health promotion based on Mediterranean 
dietary pattern [25] and physical activity recommen- 
dations from the World Health Organization [26]. 

• Early TRE. Participants will select an early 8 h eating 
window (i.e., starting not later than 10:00) before the 
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intervention and will maintain the same 8 h eating 
window during the 12-week intervention. 

• Late TRE. Participants will select a late 8 h eating win- 
dow (i.e., starting not before 13:00) before the inter- 
vention and will maintain the same 8 h eating window 
during the 12-week intervention. 

• Self-selected TRE. Participants will select their preferred 
8 h eating window before the intervention and will 
maintain the same 8 h eating window during the 12- 
week intervention. 

 
No calorie-containing food or beverage intake will be 

allowed outside the eating window for the TRE groups. 
Only water, coffee,  and tea without  sugar or artificial 
sweeteners are allowed outside the eating window for the 
TRE groups. Participants in the TRE groups will be 
instructed to perform the TRE intervention every day of 
the week (i.e., seven days). 

 
2.10. Usual-care  intervention 

 
Intervention meetings for all groups will take place every 
two weeks by experienced dietitians. It will be voluntary, 
but attendance to the meetings will be recorded. There 
will be 6 topics to be addressed in each intervention 
meeting: (i) healthy lifestyle based on Mediterranean di- 
etary pattern and physical activity recommendations; (ii) 
organization and planning of food intake; (iii) control of 
hunger and satiety; (iv) nutritional labelling; (v) nutri- 
tional myths; and (vi) healthy snacks. After each meeting, 
experienced research dietitians will answer the doubts/ 
questions of the participants. 

 
2.11. Assessment of adherence and adverse events 

 
Every day during the 12-week intervention, all participants 
will record their time of sleep, eating, and any potential 
adverse event using a mobile phone app (EXTREME: 
com.nnbi.app_extreme, NNBi2020 S L., Navarra, Spain). 
Participants will record the exact time of the first and last 
meal over the 12-week intervention period. If the records 
indicate that participants eat within their allocated window 
of 8 h (±30 min) that day will be labelled as “adherent". 

The Study Coordinators will record the frequency of 
adverse events and report them to the Principal In- 
vestigators weekly. If a serious adverse event or unantici- 
pated problem is reported, the Study Coordinators will 
immediately notify the Principal Investigators and Medical 
Monitor, who will determine if it is necessary to inform the 
ethics committee and determine the appropriate course of 
action to address the event. 

 
2.12. Participant retention 

 
Every effort will be made by the Principal Investigators 
and study team to  ensure participants complete each 
study visit and the study overall. We will use the following 
strategies to help to maximize retention and minimize loss 
to  follow-up: 

• Following a proactive plan for retention, building 
participant relations and participant satisfaction. 
Including asking participants how they are doing dur- 
ing the intervention meetings. 

• Giving participants and their families the opportunity 
to ask questions and express concerns pertaining to 
their condition throughout the study. 

• Enhancing participant’s understanding of the study’s 
objectives and the protocol by reminding the partici- 
pant of the study aim during study visits or having 
question and answer sessions after each visit, if needed. 

• Assessing each participant’s  drop-out potential and 
intervening as needed to keep participants interested in 
continuing to participate. 

 
2.13. Feasibility 

 
We will assess the feasibility of the intervention through 
various measures, including: 

 
• Adherence monitoring: Participants will use a custom 

mobile phone app (EXTREME: com.nnbi.app_extreme, 
NNBi2020 S L., Navarra, Spain). Developed specifically 
for this study to track and record their daily eating and 
sleep times. This data will provide insights into their 
adherence to the prescribed eating window. 

• Acceptability: During the biweekly educational ses- 
sions, we will gather feedback from participants who 
are undergoing the TRE intervention. This feedback will 
help us understand their experiences and perceptions 
of the intervention, providing valuable insights into the 
acceptance and integrity of the intervention in their 
everyday lives. Participants will also have the oppor- 
tunity to report any adverse events related to the 
intervention. 

• Adverse effects and health-related questionnaires: Par- 
ticipants will have the ability to report any adverse ef- 
fects they experience on a daily basis through the 
mobile phone app (EXTREME: com.nnbi.app_extreme, 
NNBi2020 S L., Navarra, Spain). Additionally, they will 
complete validated questionnaires that assess gastro- 
intestinal and autonomic symptoms, well-being, eating 
behavior, sleep quality, stress levels, mood, anxiety, and 
depression. These questionnaires will provide valuable 
information on any potential adverse effects and overall 
health-related outcomes. 

• Long-term adherence: At the 12-month follow-up, we 
will assess the long-term adherence to the intervention. 
This will allow us to evaluate the sustainability of par- 
ticipants’ adherence over an extended period. 

 
2.14. Data management 

 
The majority of data will be recorded directly into REDCap, 
which is a secure web-based platform for building and 
managing online research-related databases and surveys. 
Any data not recorded in REDCap will be stored securely 
on university computers under strict access control to 
ensure confidentiality and data integrity. To ensure data 
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quality and integrity, we will perform regular data quality 
control checks that may identify potential data anomalies, 
such as missing data or forms, out-of-range or erroneous 
data, inconsistent and illogical dates over time, data 
inconsistency across forms and visits, and incomplete 
fields on completed forms without a reason for missing 
data provided. Any identified issues will be reviewed and 
resolved by the research team promptly. 

 
2.15. Sample size 

 
A recent systematic review and meta-analysis indicate 
that a VAT reduction of 6.1% is considered a clinically 
meaningful change even in the absence of weight loss 
[27]; previous exercise and nutrition intervention trials 
also showing changes in VAT ranging from 10 to 28% 
[28,29]. The sample size calculations for VAT assume the 
study will be able to detect a mean difference of 10% in 
each intervention group from baseline to intervention 
endpoint, relative to the UC group. Therefore, assuming 
a standard deviation of 7% in VAT [28], the enrolment of 
21 participants per arm will provide a statistical power 
of 90% at an alpha level of 0.008 (controlling for mul- 
tiple group comparisons) to detect a  minimum  effect 
size of 10% in VAT. Considering subgroup analyses by 
sex and a maximum dropout rate of w20%, we will 
recruit w52 participants for each trial group; the total 
sample size being of w208 participants (w104 in each 
study site). 

To ensure a balanced sex distribution and maintain 
sufficient sample numbers despite projected dropouts, 
several strategies will be implemented: 

 
• Recruitment process: We will employ a specific 

recruitment process that aims to enroll an equal num- 
ber of men and women. For every woman recruited, we 
will request them to invite one man to participate in the 
study. This approach has proven successful in our pre- 
vious intervention studies and has helped maintaining 
a balanced sex distribution [30e32]. 

• Sample size calculations: Our sample size calculations 
have taken into account subgroup analyses by sex. We 
have conservatively estimated a maximum dropout rate 
of approximately 20%. By considering this dropout rate, 
we have ensured that our study is adequately powered 
to detect the specified effect size even if there are dif- 
ferential dropout rates between men and women. For 
example, if men have a dropout rate of 5% and women 
have a dropout rate of 15%, our study will still have 
sufficient power to analyze the data separately in men 
and women. 

• Expected dropout rate: While we have conservatively 
estimated the maximum dropout rate, we anticipate 
that the actual dropout rate will be relatively lower and 
similar between both sexes. This expectation is based 
on our previous studies and the measures we have in 
place to promote participant engagement and adher- 
ence [30e32]. 

2.16. Statistical analysis 
 

Intervention effects on primary and secondary outcomes 
at 3 months after the intervention will be assessed based 
on  repeated-measures  linear  mixed-effects  multilevel 
models, which will include random cluster (site) effects 
[33].  Individual  measures  of  change  will  therefore  be 
modelled as the function of randomly assigned group, site, 
assessment time, and their interaction terms. Model-based 
estimations will be performed with an intention-to-treat 
approach (primary analyses) using the restricted 
maximum-likelihood method; the model assuming that 
missing values are missing-at-random. Analyses and esti- 
mations  will  also  be  performed  with  a  per-protocol 
approach and an attrition propensity will be calculated 
using a logistic model predicting attrition with baseline 
values of site, allocation group, age, sex and BMI. All the 
analysis will be conducted in men and women separately. 

It should also be noted that the intervention effect as- 
sessments will not only be based on statistical and practical 
significance (as usually done), but also on a practical benefit 
approach emphasizing and reporting unadjusted values 
that are intuitive to human judgment and readily replicable 

considering the design and methodology of this project. 
 

3. Discussion/conclusion 
 

There is increasing evidence indicating that not only what, 
but also when we eat is crucial to prevent fat accumulation 
and the development of cardiometabolic diseases [34]. TRE 
is an emerging dietary approach that has gained enormous 
attention and expectation among the scientific and public 
community [4,5]. Indeed, many people around the globe 
are putting it into practice despite the lack of robust and 
reliable scientific evidence. This study will provide strong 
scientific evidence to overcome the shortcomings found in 
this field. Firstly, we will show whether TRE is a feasible 
strategy in a Mediterranean country where people usually 
have breakfast at w8:00 and dinner at w22:00 [35]. 
Moreover, we will determine whether early TRE is more 
effective than late and self-selected TRE in terms of VAT 
and cardiometabolic risk factors reduction, an important 
question that is still unsolved. The assessment of other 
ectopic fat depots such as hepatic fat and intermuscular 
will also be important in determining the effectiveness of 
early, late, and self-selected TRE in reducing car- 
diometabolic risk factors. Excessive hepatic fat accumula- 
tion has been strongly associated with insulin resistance, 
type 2 diabetes, and cardiovascular disease [36e38], while 
intermuscular fat has been linked to increased insulin 
resistance [39] and to the presence and severity of hepatic 
steatosis [40,41]. We will also evaluate changes in other 
markers of metabolic health such as glucose levels over 
day and night with the use of continuous-glucose moni- 
toring, insulin, and lipid levels to gain a comprehensive 
understanding of the effects of TRE on overall car- 
diometabolic health. Whereas the majority of previous 
studies have been conducted on men, on in a combined 
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sample of men and women, we will analyze and determine 
the benefits of TRE separately in men as well as in women. 
We strongly believe that taking the existing sex-dimorphic 
into serious consideration will lead to a better under- 
standing of sex disparities in obesity and related comor- 
bidities and will aid in achieving sex-specific personalized 
treatments and therapies. The final goal is to examine the 
potential health benefits of a novel and pragmatic inter- 
vention for the treatment of obesity and related car- 
diometabolic risk factors; an approach readily adaptable to 
real-world practice settings, easy for clinicians to deliver, 
and intuitive for patients to implement and maintain in 
their lives. 
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