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ABSTRACT
Background: The Mediterranean diet (MD) is considered the best dietary approach for patients with metabolic dysfunction-
associated steatotic liver disease (MASLD). Recently, time-restricted feeding (TRF) has gained attention for its lifestyle compat-
ibility and health benefits.
Aims: This study aimed to compare the effects of a hypocaloric MD with a 10-h TRF protocol to an unrestricted MD in MASLD 
patients with overweight/obesity and evaluate differences between early and late TRF.
Methods: This 12-week randomised controlled trial in MASLD patients with overweight/obesity consisted of three groups, all 
following a hypocaloric Mediterranean-type diet. The control group had no eating time restrictions. The early TRF (eTRF) and 
late TRF (lTRF) groups had a 10-h eating window, from 8 AM to 6 PM and from 12 PM to 10 PM, respectively. Various health 
parameters were measured. Compliance was tracked via food diaries, and an 8-week follow-up occurred post-intervention.
Results: Fifty-nine MASLD individuals (27 males; 52.9 years; body mass index 32.1 kg/m2) completed the trial (control, n = 19; 
eTRF, n = 20; lTRF, n = 20). All groups showed significant 12-week reductions in body weight, anthropometry and blood pres-
sure. Glycated haemoglobin A1c and insulin resistance, as measured by the Matsuda index, homeostatic model assessment for 
insulin resistance and fasting glucose-to-insulin ratio, improved in the eTRF group at 12 weeks.
Conclusions: This study corroborates the efficacy of MD in ameliorating cardiometabolic risk factors such as body weight and 
blood pressure in MASLD patients. The combination with an eTRF protocol may improve glycaemic control (NCT05866744).
Trial Registration: The study is registered at clini​caltr​ials.​gov (NCT05866744)
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1   |   Introduction

Non-alcoholic fatty liver disease (NAFLD) has a wide clinical 
spectrum, ranging from simple liver steatosis to liver fibrosis, 
cirrhosis and hepatocellular carcinoma [1]. The term NAFLD 
has been replaced with metabolic dysfunction-associated ste-
atotic liver disease (MASLD) [2] and is used to describe the 
accumulation of fat in liver cells (> 5%) of individuals who do 
not consume a significant amount and/or no alcohol (< 30 g/
day for males and < 20 g/day for females) [3]. Currently, MASLD 
has spread at alarming rates and is the most common cause of 
chronic liver disease worldwide [4]. MASLD prevalence, esti-
mated at 30%–32% [5], is increasing exponentially at the same 
rate as type 2 diabetes and obesity as a result of unhealthy eat-
ing habits and a sedentary lifestyle [6]. MASLD is considered 
the liver manifestation of metabolic syndrome (MetS) and has 
a close and bidirectional relationship with type 2 diabetes and 
obesity [7]. Nutritional management of individuals with MASLD 
aims to reduce body weight (7%–10%) by adopting a low-calorie 
diet plan based on the Mediterranean Diet (MD) pattern, which 
is considered the optimal diet [8].

MD has been widely studied for its beneficial effects on overall 
health, particularly in reducing cardiovascular disease (CVD) 
risk and improving metabolic conditions [9]. Studies have 
shown that adherence to MD, characterised by high consump-
tion of fruits, vegetables, whole grains and healthy fats, such as 
olive oil, can improve liver fat content and reduce liver inflam-
mation in patients with MASLD [10]. The anti-inflammatory 
and antioxidant properties of MD are thought to play key roles 
in mitigating the progression of MASLD [10].

Nevertheless, several other nutritional strategies for weight loss 
and cardiometabolic profile improvement have been suggested 
for patients with MASLD. One of these strategies is intermittent 
fasting (IF), which is characterised by alternations between cy-
cles of prolonged fasting and food intake and includes various 
protocols depending on the duration of fasting [11]. In the context 
of time-restricted feeding (TRF), an IF protocol, individuals are 
usually asked to consume all their meals within a specific ‘time 
window’, for example, 10 h, with food intake restricted for 14 h 
(14:10). The most prevalent types of TRF are early TRF (eTRF, re-
stricting feeding early in the day) and late or delayed TRF (lTRF, 
restricting eating later in the day). These two types do not seem to 
differ in weight loss rates but may affect other parameters, such 
as insulin sensitivity, in a different way [12]. Although TRF was 
first described as an ad libitum IF regimen, it has been examined 
lately in combination with caloric restriction, which seems to re-
sult in clinically significant weight loss [13]. Several studies have 
compared a hypocaloric TRF protocol with a control group (only 
a hypocaloric diet without time restriction) [14–17]. In contrast, 
only a few randomised controlled trials (RCTs) have examined 
the effects of TRF (with or without caloric restriction) on health 
parameters in patients with MASLD [18–22] and none of the RCTs 
compared TRF with the gold-standard MD in this population.

The aims of this study were (a) to compare, for the first time, the 
effects of a hypocaloric Mediterranean-type 14:10 TRF protocol 
with the gold standard MD in MASLD patients with overweight 
or obesity and (b) to examine whether there are differences in 
restricting eating early (eTRF) versus late (lTRF) in this context.

2   |   Materials and Methods

2.1   |   Study Design

This RCT employed a parallel design (allocation ratio 1:1) with 
three intervention groups: the control group (n = 19), the early 
TRF (eTRF) group (n = 20) and the late TRF (lTRF) group 
(n = 20). All groups adhered to a hypocaloric diet (500 kcal/day 
below resting energy expenditure) based on MD principles (car-
bohydrates 45%, protein 20%, fat 35%) and maintained usual 
physical activity habits [3, 8]. Participants were provided with 
the same diet plan (foods and macronutrient composition) con-
taining traditional and simple food choices, differing only in ca-
loric intake. The control group consumed meals throughout the 
day without time restrictions (over 12 h daily). The eTRF group 
ate within a 10-h window (8 AM to 6 PM), fasting for the remain-
ing 14 h. The lTRF group ate within a 10-h window (12 PM to 
10 PM), also fasting for 14 h. Both TRF groups could adjust their 
eating window by ±1 h but were encouraged to maintain the 
10-h duration. During fasting, participants could drink water or 
zero-calorie beverages.

The study took place at the Laboratory of Dietetics and Quality 
of Life, Agricultural University of Athens and the Outpatient 
Hepatology Clinic of ‘Laiko’ General Hospital of Athens, be-
tween December 2022 and July 2024, in accordance with 
the Declaration of Helsinki. It was approved by the Bioethics 
Committee of the Agricultural University of Athens (EIDE 
Reference Number: 40/27.04.2022) and the Scientific Committee 
of ‘Laiko’ General Hospital (716/26-11-2022). The study is regis-
tered at clini​caltr​ials.​gov (NCT05866744).

2.2   |   Study Participants

Individuals > 18 years with confirmed MASLD (abdominal 
ultrasound indicating liver steatosis per standard criteria [23] 
and exclusion of other causes [2]) and a body mass index (BMI) 
≥ 25 kg/m2 were eligible. Detailed exclusion criteria are provided 
in the Methods section in Supporting Information. Enrollment 
and screening occurred at the Outpatient Hepatology Clinic 
of the ‘Laiko’ General Hospital of Athens. Participants were 
required to maintain a constant medication dose and type 
throughout the study.

2.3   |   Randomisation, Screening and Inclusion 
of Participants

Eligible individuals were randomly assigned to one of three 
groups post-screening. Randomisation was performed by a 
non-participating team member using random.​org (accessed 
27.11.2022). Due to the intervention's nature, both researchers and 
participants were aware of group allocations, disclosed the day 
before the intervention during the education process. Participants 
received all relevant information and provided written consent.

A total of 133 individuals were screened; 51 (38.4%) did not meet 
inclusion criteria, and 11 (8.3%) declined participation. Seventy-
one (53.3%) were allocated to intervention groups, but 12 (16.9%) 
did not complete the study due to health issues (unrelated to the 

http://clinicaltrials.gov
http://random.org
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intervention) or protocol adherence difficulties (3 in the first 
week, 1 in the third week, 3 in the fourth week, 3 in the fifth 
week and 2 in the sixth week). The final analysis included 19 
from the control group, 20 from the eTRF group and 20 from the 
lTRF group, as shown in Figure 1.

2.4   |   Study Protocol and Visits

Participants were required to visit the Laboratory of Dietetics 
and Quality of Life biweekly for 12 weeks during the interven-
tion and 8 weeks post-intervention (totaling 20 weeks) (Figure 2). 
Throughout the main study, a research team nutritionist 

conducted follow-up phone calls to address questions and en-
courage protocol adherence.

2.5   |   Determination of the Metabolic 
Health Status

We defined type 2 diabetes and prediabetes according to the 
American Diabetes Association guidelines [24], stratified blood 
pressure (BP) based on the 2023 European Society of Cardiology 
guidelines [25], defined dyslipidaemia using the European 
Society of Cardiology guidelines [26] and identified MetS follow-
ing the National Cholesterol Education Program (NCEP) Adult 

FIGURE 1    |    Flow diagram of screening and inclusion of participants. eTRF, early time-restricted feeding; lTRF, late time-restricted feeding.

FIGURE 2    |    Study's graphical protocol. BP, blood pressure; eTRF, early time-restricted feeding; IPAQ, International Physical Activity 
Questionnaire; lTRF, late time-restricted feeding; VAS, visual analogue scale.
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Treatment Panel III (ATP III) definition [27]. The Methods sec-
tion in Supporting Information provide comprehensive details 
regarding these definitions.

2.6   |   Anthropometric Measurements and Body 
Composition Analysis

Anthropometric measures—height, waist circumference (WC), 
hip circumference (HC), neck circumference (NC), mid-arm 
circumference (MAC) and calf circumference (CC)—were col-
lected at baseline, biweekly until the 12th week and during the 
follow-up visit. Body composition was analysed via bioelectrical 
impedance. For a detailed description, refer to Methods section 
in Supporting Information.

2.7   |   Biochemical Analyses and Oral Glucose 
Tolerance Test

Blood and urine samples from participants were collected be-
tween 7 AM and 9 AM (e.g., 10–16 h of fasting depending on 
the last eating event and the intervention group) at baseline 
and at 6 and 12 weeks post-randomisation. Analytes mea-
sured included alanine aminotransaminase (ALT), aspartate 
aminotransaminase (AST), gamma-glutamyl transferase 
(GGT), total cholesterol (TC), triglycerides (TG), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), fasting 
plasma glucose (FPG), fasting insulin, glycated haemoglobin 
A1c (HbA1c), C-reactive protein (CRP), ferritin, albumin, cre-
atinine, uric acid and urine ketone bodies. Calculations in-
cluded the atherogenic index (AI, LDL-to-HDL ratio) [28, 29], 
atherogenic index of plasma [AIP, log10(TG to HDL)] [30, 31], 
coronary risk index (CRI, TC-to-HDL ratio) [28] and TG-to-
HDL ratio [31].

Participants also underwent a 2-h oral glucose tolerance test 
(OGTT) with 75 g of D-glucose, with insulin levels measured at 
0, 60 and 120 min, at baseline and 12 weeks. Further details on 
glucose and insulin calculations can be found in the Methods 
section in Supporting Information. Insulin resistance (IR) 
[32] was assessed using homeostatic model assessment for IR 
(HOMA-IR) [33, 34], Matsuda index [35] and the fasting glucose-
to-insulin (FGI) ratio [36].

2.8   |   Blood Pressure Measurement

BP was measured in the left arm of seated participants, with 
the arm supported at heart level. Measurements were taken at 
baseline, biweekly during the intervention and at the follow-up 
visit. Further details are available in the Methods section in 
Supporting.

2.9   |   Liver Elastography

FibroScan (Echosens, Paris, France) was used to measure liver 
stiffness (hardness) [37, 38]. Liver steatosis was assessed using 
the controlled attenuation parameter (CAP) score (dB/m), rep-
resenting fat accumulation level [39]. Participants underwent 

liver elastography with FibroScan and CAP at baseline and at 
12 weeks, performed by blinded, specialised physicians.

2.10   |   Questionnaires

Participants filled out a medical history questionnaire and a 
baseline demographic and smoking habits sheet. They also com-
pleted the Chrononutrition-Profile Questionnaire to assess chro-
nonutrition parameters [40]. The short form of the International 
Physical Activity Questionnaire (IPAQ) measured physical ac-
tivity intensity (low, moderate, high) and sitting time, estimating 
total physical activity in MET-min/week [41, 42]. The IPAQ was 
administered biweekly during the study and at the follow-up.

2.11   |   Visual Analogue Scale

Participants completed the Visual Analogue Scale (VAS) weekly 
to rate their subjective appetite [43]. The VAS, a 100-mm hor-
izontal line with verbal descriptors at each end, required par-
ticipants to mark the point best representing their feelings. 
Assessed feelings included hunger, fullness, desire to eat, thirst, 
preoccupation with food, prospective food consumption and 
pleasure, with responses ranging from 0 (not at all) to 100 (ex-
treme; e.g., hunger). The VAS was completed each morning on 
an empty stomach before any food or beverage consumption.

2.12   |   Dietary Intake and Adherence to 
the Intervention

A detailed 24-h recall of a typical day was collected from each 
participant at baseline by a trained nutritionist. Information on 
food quality and quantity, meal timing and frequency, beverage 
consumption and supplements was documented. A validated 
food frequency questionnaire for the Greek population was 
also completed to assess dietary habits over the past year [44]. 
Additionally, the Mediterranean diet score was calculated to 
evaluate adherence to the MD at baseline [45].

During the intervention, participants maintained a 7-day 
food diary (totaling 12 diaries) to monitor compliance with 
the diet program (MD plan and macronutrient composition) 
and eating/fasting window (exact times of first and last eating 
events). During the follow-up phone calls and the in-person 
meetings, the research team's nutritionists examined the food 
diaries for any inaccuracies and, when necessary, used food 
models and pictures to clarify discrepancies in portion sizes. 
According to previous studies, compliance was recorded if 
they adhered to the schedule (both the MD hypocaloric diet 
and the eating window) for more than 80% of the intervention 
period [16, 21]. Data for each day were exported and assessed 
separately for each participant. At follow-up, participants also 
kept a detailed 7-day food diary before their visit to assess di-
etary habits and eating windows post-intervention. Moreover, 
the researchers collected some data concerning the time of 
waking up and bedtime at baseline, 6, 12 and 20 weeks, and 
computed the morning latency (time between waking-up and 
first energy intake) and the evening latency (time between last 
energy intake and bedtime).
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2.13   |   Statistical Analysis

The sample size calculation determined that 18 participants 
per group were needed to achieve 80% power at a 0.05 sig-
nificance level, to detect a 30 (±50) dB/m reduction in CAP 
between interventions [22]. To accommodate a dropout rate 
of at least 15%, more than 21 participants were randomised 
per group.

All statistical analyses were conducted per the per protocol 
principle. Normality of quantitative data was assessed using 
the Kolmogorov–Smirnov test, Shapiro–Wilk test and Q-Q 
plots. Normally distributed data are presented as mean ± stan-
dard error of the mean (SEM), whereas skewed data are 
shown as median and interquartile range (25th and 75th per-
centiles). Qualitative data are reported as absolute numbers 
and frequencies (%). One-way ANOVA tested mean differ-
ences in parametric variables, whereas the Kruskal–Wallis 
test was used for non-parametric data comparisons among 
three groups; post hoc analysis was conducted with Tukey's 
test. Paired samples t-test compared means of two continuous 
variables within a group, and the Wilcoxon signed-rank test 
was applied to non-normal variables. Pearson's chi-square 
test assessed differences between categorical variables. 
Moreover, a stratified analysis according to the participants' 
baseline BMI status (overweight vs. obesity) was conducted 
to test for further differences in the study's main outcomes. 
A linear mixed effects model (LMM) was used for baseline 
to 12 weeks and 12 weeks to follow-up, adjusted for sex, age, 
MetS, HOMA-IR, BMI and total fat mass, to evaluate within- 
and between-group differences. The statistical significance 
was set at p < 0.05. Analyses were performed using SPSS v.25.0 
(IBM Corporation, Chicago, IL, USA).

3   |   Results

3.1   |   Baseline Characteristics of Participants

Table  1 outlines participants' baseline characteristics, which 
did not differ between the three intervention groups. Before 
the study, 81.4% showed moderate MD adherence. Overweight 
and obesity were observed in 42.4% and 57.6% of participants, 
respectively (see Table S1). Moreover, the three groups did not 
differ in their baseline comorbidities or medications, which re-
mained unchanged until the end of the intervention (Table 1). 
Additionally, the sample consisted mainly of employers (50.8%), 
highly educated individuals (66.1%) and married participants 
(55.9%) (see Table S1). Lastly, the three groups did not differ in 
their baseline chrononutrition profile (Table 1) and sleeping pa-
rameters (see Table S2).

3.2   |   Effects on Body Composition 
and Anthropometric Measurements

At 12 weeks, all three groups exhibited similar body weight 
loss (7.6%–8.3%) and fat mass loss (14.8%–16.7%) compared to 
the baseline, with no significant differences between the three 
groups (p > 0.05) (Table 2, Figure 3a,b). This fat reduction, in-
cluding abdominal fat as assessed by WC, was consistent across 

all body areas without group differences (Table 2, Figure 3d–h). 
Muscle mass also decreased uniformly across all groups by 
12 weeks (Table 2, Figure 3c). At the 20-week follow-up, body 
weight/fat mass loss and body circumferences were maintained 
or further decreased, whereas muscle mass did not decline 
further, with no significant differences between the groups 
(Table 2, Figure 3a–h).

3.3   |   Effects on Glucose Metabolism

MD improved glucose metabolism without significant inter-
group differences (Table 3, Figure 4a–h). Specifically, the control 
and eTRF groups exhibited enhanced insulinaemic responses 
(Figure  4b) and IR, as indicated by HOMA-IR, FGI ratio and 
Matsuda index, at 12 weeks, compared to the baseline, unlike 
the lTRF group, with no intergroup differences (Figure 4f–h). 
Notably, only eTRF significantly reduced HbA1c (by 0.3%) 
at 12 weeks from baseline (Table  3, Figure  4e). Glycaemic re-
sponses at 12 weeks showed no significant differences in any 
group (Figure 4a,c) or between groups (p for all > 0.05).

3.4   |   Effects on Lipidaemic Profile

Time restriction resulted in differences in TC, LDL, AI and CRI 
at 12 weeks between the three groups (p for all < 0.05) (Table 4). 
Both the control and lTRF groups showed improved lipid mark-
ers at 12 weeks from baseline, unlike the eTRF group.

3.5   |   Effects on Blood Pressure

All three groups adhering to modified MDs showed significant 
reductions in systolic BP (SBP) (7%–12%) and diastolic BP (DBP) 
(5%–12%) at 12 weeks, compared to the baseline (p for all < 0.05), 
with no intergroup differences (Table 4). Neither SBP nor DBP 
changed at the 20-week follow-up compared to 12 weeks in any 
group, with no differences between groups (p for all > 0.05) 
(Table 4).

3.6   |   Effects on Liver Biochemistry and Imaging

MD resulted in reduced liver enzyme levels at 12 weeks, with no 
significant differences among the three groups (Table 5). The con-
trol and eTRF groups showed improved AST and/or ALT levels at 
12 weeks compared to the baseline. Additionally, GGT levels de-
creased in the control and lTRF groups at 12 weeks from baseline. 
All three groups exhibited reduced liver steatosis (6.5%–9.5%) 
at 12 weeks compared to the baseline (p for all < 0.05), with no 
differences among them (Figure 5a). Liver stiffness decreased by 
5.9% only in the eTRF group at 12 weeks compared to the base-
line, with no significant differences between groups (Figure 5b).

3.7   |   Effects on Other Parameters

MD did not significantly alter uric acid, creatinine, ferritin or 
CRP levels after 12 weeks in any group, with no differences be-
tween groups (p for all > 0.05) (Table 4).
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TABLE 1    |    Baseline characteristics of participants.

Total (n = 59) Control (n = 19) eTRF (n = 20) lTRF (n = 20) p value

Age, years 52.9 ± 1.6 49.9 ± 3.8 54.7 ± 1.9 54.1 ± 2.1 0.408

Sex, n male (%) 27 (45.8) 9 (47.4) 9 (45.0) 9 (45.0) 0.986

Metabolic syndrome, n 
yes (%)

36 (61.0) 9 (47.4) 15 (75.0) 12 (60.0) 0.208

Dyslipidaemia, n yes (%) 43 (72.9) 12 (63.2) 15 (75.0) 16 (80.0) 0.480

Hypertension, n yes (%) 26 (44.1) 8 (42.1) 10 (50.0) 8 (40.0) 0.799

Prediabetes, n yes (%) 20 (33.9) 6 (31.6) 6 (30.0) 8 (40.0) 0.774

Type 2 diabetes, n yes (%) 20 (33.9) 7 (36.8) 8 (40.0) 5 (25.0) 0.573

Lifestyle parameters

Physical activity, 
MET-min/week

1869.1 ± 222.6 1682.5 ± 374.8 1942.3 ± 392.2 1973.2 ± 404.1 0.849

Physical activity level, n (%)

Low 20 (33.9) 7 (36.8) 6 (30.0) 7 (35.0) 0.968

Moderate 22 (37.3) 6 (31.6) 8 (40.0) 8 (40.0)

High 17 (28.8) 6 (31.6) 6 (30.0) 5 (25.0)

Mediterranean diet score 30.9 ± 0.8 32.2 ± 1.4 30.7 ± 1.5 29.8 ± 1.2 0.459

Mediterranean diet score (level), n (%)

Low (1–17) 1 (1.7) 0 (0.0) 1 (5.0) 0 (0.0) 0.251

Moderate (18–36) 48 (81.4) 15 (78.9) 14 (70.0) 19 (95.0)

High (37–55) 10 (16.9) 4 (21.1) 5 (25.0) 1 (5.0)

Energy intake, kcal 2107.4 ± 98.8 2116.8 ± 205.6 2096.4 ± 138.7 2109.5 ± 174.9 0.996

Eating window, hh:mm 12:46 ± 00:20 12:50 ± 00:38 12:56 ± 00:19 12:33 ± 00:43 0.900

Fasting window, hh:mm 11:13 ± 00:20 11:10 ± 00:38 11:03 ± 00:19 11:13 ± 00:20 0.900

Weekdays wake-up time, 
hh:mm

07:09 ± 00:11 07:18 ± 00:28 06:56 ± 00:09 07:14 ± 00:24 0.707

Free days fall-asleep time, 
hh:mm

23:30 (23:00, 00:30) 00:00 (23:00, 00:30) 23:30 (23:00, 00:00) 23:00 (23:00, 01:00) 0.791

Breakfast consumption, 
days/week

5.46 ± 0.305 5.84 ± 0.509 5.05 ± 0.564 5.50 ± 0.521 0.579

Snacking after last meal, 
days/week

3.39 ± 0.344 3.95 ± 0.516 2.85 ± 0.559 3.40 ± 0.694 0.438

Anthropometric measurements

Body weight, kg 92.7 ± 2.1 93.9 ± 3.7 88.2 ± 3.4 96.2 ± 3.7 0.274

Body mass index, kg/m2 32.1 ± 0.6 32.4 ± 0.9 31.4 ± 1.1 32.7 ± 1.2 0.682

Waist circumference, cm 107.7 ± 1.5 109.0 ± 2.9 104.0 ± 2.1 110.1 ± 2.6 0.191

Hip circumference, cm 113.9 ± 2.1 111.6 ± 5.8 112.7 ± 2.3 117.4 ± 2.1 0.506

Mid-arm circumference, 
cm

35.6 ± 0.5 35.5 ± 0.9 35.3 ± 1.0 36.0 ± 0.8 0.834

Calf circumference, cm 41.9 ± 0.5 42.7 ± 0.8 41.2 ± 0.9 41.9 ± 0.8 0.457

Neck circumference, cm 38.8 ± 0.5 38.5 ± 1.0 38.9 ± 0.8 38.9 ± 1.0 0.944

Body composition

Body fat percentage, % 37.1 ± 1.2 37.3 ± 2.1 36.5 ± 1.9 37.5 ± 2.1 0.927

Total fat mass, kg 34.5 ± 1.5 34.9 ± 2.5 32.3 ± 2.3 36.4 ± 2.8 0.504

Total body water, kg 42.9 ± 1.2 43.3 ± 2.3 41.1 ± 1.9 44.3 ± 1.2 0.522

Body water percentage, % 46.0 ± 0.9 46.0 ± 1.6 46.7 ± 1.4 45.4 ± 1.5 0.841

(Continues)
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Total (n = 59) Control (n = 19) eTRF (n = 20) lTRF (n = 20) p value

Fat-free mass, kg 58.0 ± 1.6 58.5 ± 3.0 55.9 ± 2.6 59.8 ± 2.7 0.605

Total muscle mass, kg 32.3 ± 1.0 32.5 ± 1.9 31.3 ± 1.6 33.3 ± 1.7 0.718

Liver parameters

Aspartate 
aminotransaminase, U/L

22.0 (17.0, 32.0) 23.8 (19.0, 33.0) 22.5 (17.0, 27.8) 21. (15.5, 35.3) 0.498

Alanine 
aminotransaminase, U/L

27.0 (19.0, 42.0) 32.0 (20.0, 51.0) 27.0 (19.8, 37.5) 22.5 (16.0, 45.8) 0.578

Gamma-glutamyl 
transferase, U/L

27.0 (20.0, 72.0) 26.0 (15.0, 70.0) 30.5 (22.8, 67.5) 26.0 (20.3, 76.5) 0.589

Albumin, g/dL 5.2 ± 0.7 4.4 ± 0.1 6.6 ± 2.1 4.6 ± 0.1 0.392

Liver steatosis, dB/m 287.8 ± 5.5 292.9 ± 9.0 292.1 ± 10.3 280.1 ± 9.6 0.670

Liver stiffness, kPa 5.2 (4.5, 5.8) 5.4 (4.2, 6.6) 5.1 (4.6, 5.5) 5.3 (4.6, 5.9) 0.736

Cardiometabolic factors

Glucose metabolism

OGTT

Fasting plasma glucose, 
mg/dL

102.8 ± 2.0 103.1 ± 4.2 105.8 ± 3.6 99.4 ± 2.7 0.424

60-min glucose, mg/dL 169.3 ± 7.5 166.9 ± 12.7 182.2 ± 13.6 158.7 ± 12.5 0.427

120-min glucose, mg/dL 123.0 ± 6.6 124.7 ± 13.8 139.0 ± 12.0 105.3 ± 7.1 0.108

Fasting insulin, mIU/L 10.5 (7.3, 15.9) 10.5 (7.0, 16.2) 11.7 (6.7, 19.3) 10.2 (7.5, 14.4) 0.906

60-min insulin, mIU/L 83.7 (47.0, 116.3) 71.2 (46.7, 134.7) 82.5 (34.5, 148.5) 89.6 (46.0, 105.5) 0.977

120-min insulin, mIU/L 47.1 (27.2, 88.8) 35.6 (36.7, 72.0) 59.1 (27.3, 131.7) 48.1 (23.9, 86.5) 0.559

HbA1c, % 5.5 (5.3, 5.9) 5.5 (5.4, 5.9) 5.7 (5.3, 6.0) 5.4 (5.2, 5.7) 0.392

Lipidaemic profile

Total cholesterol, mg/dL 190.9 ± 4.9 183.0 ± 7.9 188.5 ± 8.6 200.9 ± 8.7 0.310

Triglycerides, mg/dL 119.3 ± 6.7 111.0 ± 11.0 134.0 ± 12.9 106.8 ± 9.7 0.085

LDL, mg/dL 113.4 ± 4.3 104.8 ± 7.2 111.6 ± 7.0 123.4 ± 8.0 0.206

HDL, mg/dL 52.1 ± 1.7 56.4 ± 3.7 48.0 ± 2.5 52.1 ± 2.6 0.147

Blood pressure

Systolic blood pressure, 
mmHg

129.5 ± 1.6 127.6 ± 2.7 130.8 ± 2.9 130.0 ± 3.1 0.716

Diastolic blood pressure, 
mmHg

79.9 ± 1.2 76.5 ± 1.9 83.8 ± 1.7 79.1 ± 2.5 0.055

Other parameters

Uric acid, mg/dL 5.6 ± 0.2 5.3 ± 0.3 5.7 ± 0.3 5.7 ± 0.3 0.661

Creatinine, mg/dL 0.8 ± 0.02 0.8 ± 0.04 0.8 ± 0.03 0.9 ± 0.04 0.169

C-reactive protein, mg/L 1.5 (0.6, 2.8) 1.5 (0.8, 2.7) 0.9 (0.5, 1.5) 2.0 (0.7, 3.7) 0.100

Ferritin, ng/mL 93.0 (48.5, 172.0) 79.2 (39.8, 163.0) 83.1 (47.3, 216.3) 107.8 (66.1, 179.5) 0.521

Urine ketone bodies, n yes 
(%)

2 (3.4) 1 (5.3) 1 (5.0) 0 (0.0) 0.394

Note: Normally and non-normally distributed variables are shown as mean ± standard error of the mean (SEM) and median and interquartile range (25th, 75th), 
respectively, and categorical variables as absolute numbers (frequencies, %). p value: Pearson's chi-square test for categorical variables, one-way ANOVA and Kruskal-
Wallis for parametric and non-parametric variables, respectively.
Abbreviations: eTRF, early time-restricted feeding; HbA1c, glycated haemoglobin A1c; lTRF, late time-restricted feeding; OGTT, oral glucose tolerance test.
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FIGURE 3    |     Legend on next page.
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3.8   |   Effects on Subjective Appetite

There were no differences among the three groups in VAS 
scores at 12 or 20 weeks compared to the baseline (Figure 6a–g). 
Perceived fullness increased at 12 weeks compared to the baseline 
in both the control and eTRF groups (p < 0.001 and p = 0.017, re-
spectively) (Figure 6b). Additionally, the eTRF group had higher 
thirst rates at follow-up than at 12 weeks (p = 0.025) (Figure 6d). 
The lTRF group showed a reduction in prospective food consump-
tion at 12 weeks compared to the baseline (p = 0.027) (Figure 6f).

3.9   |   Compliance With the Intervention

Adherence to the intervention (both time schedule and MD 
diet plan and composition), based on 12 collected 7-day food 
diaries, was 91.7% (77 of 84 days) for the control group, 95.1% 
(79.9 of 84 days) for the eTRF group and 94% (79 of 84 days) for 
the lTRF group, with no significant compliance differences 
between groups (p = 0.305). Notably, participants in both TRF 
groups continued a fasting window exceeding 12 h daily post-
intervention without prompting, as shown in Table 6. Physical 
activity levels remained consistent from baseline to 12 weeks 
and from 12 weeks to follow-up across all groups, with no signif-
icant differences (p for all > 0.05) (Table 6, Figure 7).

The three groups did not differ in their main sleeping character-
istics (wake-up time, bedtime and sleeping duration), which also 
remained unchanged during the intervention in all groups (p for 
all > 0.05); however, there were differences in the morning and 
evening latency at 12 and 20 weeks (see Table S2). The morning 
latency changed in both the eTRF and lTRF groups at 12 weeks 
compared to the baseline, while the evening latency changed 
in the eTRF from baseline to 12 weeks and from 12 weeks to 
20 weeks (see Table S2). These results are in agreement with the 
nature of the intervention.

4   |   Discussion

This is the first RCT to investigate the effects of a hypoca-
loric MD-type 14:10 TRF protocol in patients with MASLD, 
using unrestricted MD as a control, and to compare early 
and late hypocaloric Mediterranean-type 14:10 TRF in this 
population. Our findings confirmed the beneficial effects of 
MD on weight loss and cardiometabolic risk factors [9]. MD 
improved body composition, anthropometric indices, and BP 
across all groups by the end of the 12-week study. Notably, MD 
combined with early eating enhanced glucose metabolism, 
indicated by HbA1c and IR indices improvements, while the 
unrestricted MD reduced TC, LDL and all liver enzyme (AST, 
ALT, GGT) levels at 12 weeks. Interestingly, all modified MD 

interventions were equally accepted over time, with no differ-
ences between them, and all groups maintained their weight 
loss for 2 months post-study.

Our previous systematic review demonstrated that TRF signifi-
cantly contributes to weight loss when combined with a hypo-
caloric diet [13]. In our current study, both the TRF and control 
groups achieved over 5% weight loss at 12 weeks, corroborating 
our earlier findings and indicating that TRF does not provide 
any further favourable effects on weight loss in the context of a 
hypocaloric MD diet. Literature indicates lower body weight in 
ad libitum TRF studies compared to controls [18, 20, 22], with 
no significant weight loss differences between eTRF and lTRF 
[21] or between eTRF and control groups on hypocaloric diets 
[19]. Similar trends were observed for WC [19–22] and fat mass 
[19–21] in MASLD patients. However, in the previous studies 
[18–22], MD was not used as a control, while TRF groups did 
not adhere to a hypocaloric MD diet. Additionally, waist-to-hip 
ratios reduction in both TRF groups suggests a lowered risk 
of weight-related conditions like type 2 diabetes or CVD [46]. 
Recent studies link measurements of NC, neck-to-height (NCtH) 
ratio and neck-to-weight (NCtW) ratio to liver fat and upper-
body adiposity [47]. MD intervention reduced NC and NCtH 
and increased NCtW across all three groups, indicating effective 
MASLD management [47].

Skipping or moving dinner earlier can improve glycaemic 
responses and reduce IR [48]. In our study, a hypocaloric 
Mediterranean-type eTRF protocol and an unrestricted MD 
improved fasting insulin, HOMA-IR and Matsuda index, 
whereas HbA1c and FGI ratio were ameliorated only in the 
eTRF group. Starting eating earlier in the day, as happened 
in the eTRF and the unrestricted MD groups, is in alignment 
with the circadian rhythms of insulin sensitivity, which may 
explain the effects on IR, while increasing the fasting win-
dow in this context may lead to further favourable effects on 
glucose metabolism [48]. Although late eating has been asso-
ciated with worsened glucose levels [48], in our study, lTRF 
did not negatively affect glucose metabolism, indicating the 
favourable effects of MD. A network meta-analysis ranked 
MD as the most effective dietary approach for improving post-
prandial hyperglycaemia and IR [49]. Results partially agree 
with Wei et al. and Deng et al., who revealed improvements 
in FPG, HbA1c, fasting insulin levels and HOMA-IR in eTRF 
and lTRF groups under calorie-restricted conditions [19, 21]. 
The three groups did not differ in any glycaemic parameter at 
12 weeks, as observed in other RCTs [18–20, 22].

The unrestricted MD group showed lower TC and LDL lev-
els and AI at 12 weeks, indicating a reduced risk of athero-
sclerosis and coronary heart disease [28, 29]. Kord-Varkaneh 
et  al. showed that the TRF group (isocaloric low-sugar diet) 

FIGURE 3    |    Changes in body composition and body circumferences from baseline to 12 weeks and follow-up (20 weeks): (a) body weight, (b) to-
tal fat mass, (c) total muscle mass, (d) waist circumference, (e) hip circumference, (f) neck circumference, (g) calf circumference and (h) mid-arm 
circumference. The vertical lines indicate the end of the intervention. Differences between groups were tested using one-way ANOVA. The paired 
sample t-test was used to test the differences within each group. Data are represented as mean ± standard error of the mean (SEM). eTRF, early time-
restricted feeding; lTRF, late time-restricted feeding.
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FIGURE 4    |    Changes in glycaemic parameters from baseline to 12 weeks: (a) blood glucose levels and (b) insulin levels after the OGTT, incre-
mental AUC for (c) glucose and (d) insulin, (e) HbA1c, (f) HOMA-IR, (g) fasting glucose-to-insulin ratio and (h) Matsuda index. Differences between 
groups were tested using one-way ANOVA for normally distributed data and with Kruskal–Wallis for skewed data at all time points. The paired 
samples t-test and the Wilcoxon test were used to test differences within each group for normal and skewed data, respectively. Normally and non-
normally distributed variables are represented as mean ± standard error of the mean (SEM) and median and interquartile range (25th, 75th), respec-
tively. eTRF, early time-restricted feeding; FGI, fasting glucose-to-insulin; HbA1c, glycated haemoglobin A1c; iAUC, incremental area under curve; 
lTRF, late time-restricted feeding; OGTT, oral glucose tolerance test.
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had ameliorated TG and LDL levels compared with the control 
group (isocaloric typical diet) [20]. The eTRF group showed 
no significant change in lipid markers, while the lTRF group 
showed decreased TC levels in our study. These results par-
tially disagree with other studies in MASLD patients, where 
TRF groups showed reduced TG [18–20], TC [19, 20] and 
LDL [19, 20] levels and increased HDL levels [19, 21] post-
intervention, compared to the baseline, with or without hypo-
caloric diets. The differences between early TRF and control 
and/or late TRF groups in lipid markers may be due to differ-
ent pre-testing fasting [12]. Longer durations of fasting may 
contribute to the re-esterification of TG after lipolysis and in 

the hepatic and intramuscular storage of TG (a short-term ad-
verse reaction to dietary changes) [50–53]. However, the data 
are limited, and the studies usually are not powered, like ours, 
to detect statistically significant differences in lipids after a 
TRF protocol [52].

Studies consistently show positive effects of TRF (with or 
without caloric restriction) on BP in individuals with MASLD 
[18, 19, 22], corroborating our findings. All groups in our 
study exhibited clinically significant improvements in both 
SBP and DBP. Kandzari et al. define a meaningful improve-
ment as a decrease of 5–10 mmHg for SBP and 3–5 mmHg for 

FIGURE 5    |    Changes in liver steatosis (a) and liver stiffness (b) from baseline to 12 weeks. Differences between groups were tested using one-
way ANOVA for normally distributed data and with Kruskal–Wallis for skewed data at all time points. The paired samples t-test and the Wilcoxon 
test were used to test differences within each group for normal and skewed data, respectively. Normally and non-normally distributed variables are 
represented as mean ± standard error of the mean (SEM) and median and interquartile range (25th, 75th), respectively. eTRF, early time-restricted 
feeding; lTRF, late time-restricted feeding.

FIGURE 6    |    Changes in subjective appetite VAS scores during the intervention and follow-up: (a) hunger, (b) perceived fullness, (c) desire to eat, 
(d) thirst, (e) preoccupation with food, (f) prospective food consumption and (g) pleasure due to the intervention. All scores were recorded in the 
morning. Pleasure due to the intervention was not assessed during follow-up visits. The vertical lines indicate the end of the intervention. Differences 
between groups were tested using one-way ANOVA. The paired samples t-test was used to test differences within each group. Data are represented as 
mean ± standard error of the mean (SEM), n = 59. eTRF, early time-restricted feeding; lTRF, late time-restricted feeding; VAS, Visual Analogue Scale.
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DBP [54], with a 7 mmHg reduction in SBP potentially lower-
ing major CVD events [25]. Weight loss likely moderates BP 
improvement [55].

Research indicates a 5% body weight reduction alleviates liver 
steatosis, whereas a 7%–10% loss is needed to reduce inflam-
mation and histological disease activity [3]. All groups in our 
study achieved clinically significant weight loss and reduced 
liver steatosis. Studies on TRF, whether ad libitum or hypoca-
loric, in MASLD patients, report improvements in CAP mea-
surements and intrahepatic fat [19–22]. Liver stiffness was 
improved only in the eTRF group, with no significant differ-
ences between groups at 12 weeks, suggesting the result may 
be statistically, not clinically, significant due to the study's 
short duration. Most studies also found no difference in liver 
stiffness between intervention groups [18, 19, 21, 22], except 
Wei et  al.'s study, which noted improvements in both eTRF 
and control groups, but this was observed after a 12-month 
caloric restriction [19].

Our findings on liver enzymes are mixed and not entirely con-
sistent with the existing literature. TRF and caloric restriction 
alone generally improve AST, ALT and GGT levels in MASLD 
patients [19–22]. However, in our study, eTRF improved only 
ALT levels, and lTRF decreased GGT levels, with no differences 
among the three groups at the intervention's end, consistent 
with most studies [19, 21, 22]. Additionally, we found that the 
unrestricted MD group improved AST, ALT and GGT levels, 
contrary to a recent meta-analysis of 10 RCTs by Del Bo et al., 
which showed no effect of MD on ALT and GGT levels [56]. 
Nevertheless, the liver enzyme levels do not adequately reflect 
the severity of liver damage [57].

The study has notable strengths. Few studies have com-
pared early and late TRF, particularly in conjunction with a 
Mediterranean-type diet in MASLD individuals. This is the first 
study to measure glycaemic and insulinaemic responses after 
an OGTT in the MASLD population and to conduct an 8-week 
follow-up post-intervention. However, the study had limitations. 

Although participants were diagnosed with MASLD, indicating 
liver steatosis and at least one cardiometabolic risk factor [3], 
there was significant variability in these factors among partici-
pants. Future studies should address each factor individually to 
determine whether these dietary regimens are more beneficial, 
enabling more structured and individualised clinical practice 
for MASLD patients. Moreover, we did not measure circadian 
clock genes to evaluate changes in metabolic parameters con-
sidering circadian rhythms, which would be of great interest. 
Further RCTs with longer durations and larger samples are 
needed to validate these findings, analysed by both per protocol 
and intention-to-treat principles, and provide more evidence on 
the role of TRF and/or MD in modulating MASLD-related met-
abolic disorders.

5   |   Conclusion

This 12-week RCT validated the positive effects of MD, the 
standard treatment for MASLD patients, on weight loss and car-
diometabolic risk factors. Notably, combining MD with eTRF re-
duced HbA1c and IR levels. However, late eating within the MD 
framework did not impair glucose metabolism or cardiometa-
bolic profile, highlighting the importance of a balanced diet for 
those who eat late due to lifestyle. Our findings suggest that a 
14:10 TRF protocol with a Mediterranean hypocaloric diet may 
be an effective, accepted and well-tolerated alternative nutri-
tional treatment for MASLD individuals.
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