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Abstract  

Obesity is a chronic, complex and multi-factorial condition with an increasing prevalence 

worldwide. Irregular eating schedules might be a contributing factor to these numbers 

through the dysregulation of the circadian system. Time-restricted eating (TRE), an approach 

that limits eating windows, has been studied as a strategy to treat obesity, aligning eating 

occasions with metabolic circadian rhythms. This review aims to provide an overview of the 

impact of TRE protocols on metabolic, inflammatory, oxidative stress, and circadian rhythm 

biomarkers in people with overweight or obesity. Most studies report significant weight loss 

following TRE protocols. While glucose levels decreased in nearly all TRE interventions, 

only a few studies demonstrated statistically significant differences when compared to the 

control groups. The findings for CRP and TNF-α were inconsistent, with limited significant 

differences. Changes in lipid profile changes were variable and generally did not reach 

statistical significance. Both 4-hour and 6-hour TRE interventions significantly reduced 8-

isoprostane levels. Additionally, TRE significantly altered clock gene expression, as well as 

that of genes associated with metabolic regulation in subcutaneous adipose tissue. While the 

evidence is still inconsistent, limiting eating to a consistent daily window of 8 to 12 hours can 

improve insulin sensitivity, reduce blood glucose, cholesterol and triglyceride levels and 

promote weight loss. These effects are likely attributable to both direct metabolic impacts and 

indirect benefits from weight loss and improved dietary habits. However, data on circadian, 

inflammatory, and specific metabolic biomarkers remain scarce and occasionally 

contradictory, highlighting the need for further research on these interventions. 

Keywords: circadian rhythm; chrononutrition; biomarkers; mealtime; metabolism; metabolic 

syndrome; obesity  
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1. Introduction 

The increasing prevalence of obesity, type 2 diabetes mellitus (T2DM) and Metabolic 

Syndrome (MetS) poses a significant global health threat, with substantial socioeconomic 

impact and burden worldwide
(1–4)

. Data available from the World Health Organization 

(WHO), estimates that in 2022 more than 2.5 billion adults were overweight, of which 890 

million had obesity
(5)

. According to data from the International Diabetes Federation (IDF), in 

2017 there were 451 million people with diabetes worldwide, a number expected to increase 

by approximately 53.7% (693 million) by 2045
(6)

. The incidence of MetS often matches that 

of obesity and T2DM, as these conditions are directly correlated. As a consequence, this 

cluster of noncommunicable diseases has become one of the major causes of morbidity and 

mortality
(7,8)

, making the prevention and amelioration of its risk factors a priority. 

Irregular eating patterns might be a contributing factor to these numbers
(9–11)

. Eating over an 

extended period of time has been associated with the development of these pathologies
(12–15)

. 

According to a study by Wilkinson et al. (2020)
(16)

, conducted on patients with MetS, the 

majority of all energy-containing events, i.e. eating occasions, occurred in an eating window 

(time between the first and last energy-eating occasion of the day) of approximately 15 hours, 

resulting in a fasting window of less than 10 hours.  

The biological circadian rhythms are part of a complex system that enhances energy 

expenditure and coordinates metabolic pathways, separating incompatible biochemical and 

physiological processes
(17,18)

. Appropriate functioning of the circadian clocks is of the utmost 

importance for sustaining metabolic health since circadian disruption disturbs metabolic 

homeostasis and is linked with an increased risk of obesity and MetS
(19–21)

. In turn, circadian 

rhythms are affected by obesity and other metabolic diseases
(22,23)

. This bidirectional 

relationship creates a complex interplay where it is not clear which factor is the cause and 

which is the consequence. This mutual influence makes it challenging to determine the initial 

trigger in the cycle of metabolic and circadian disruptions. 

Some studies have previously linked the dysfunctions in peripheral clock genes with 

alterations in glucose homeostasis
(24,25)

 and inflammatory pathways
(26)

. Although the main 

synchronizer of the suprachiasmatic nucleus (SCN) of the hypothalamus is the light/dark 

cycles, the peripheral clocks seem to be synchronized by the feeding/fasting cycles
(27)

. Based 

on these findings it was hypothesized that disruption of the circadian rhythm caused by the 
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misalignment between the timing of food intake and circadian timing, might be the primary 

cause for disruption of metabolic homeostasis, and increased metabolic risks
(28)

. 

Among the first lines of treatment, management, and prevention of metabolic diseases are 

dietary intervention and increased physical activity
(29–32)

. However, these measures have 

limited success, in part due to the low adherence of the patients and the difficulty of 

maintaining these lifestyle changes in the long term. This highlights the necessity for new and 

more effective nutritional strategies that can complement current guidelines, improving the 

effectiveness of the lifestyle interventions prescribed. This includes personalization of the 

interventions and adaptation to each individual's unique rhythm and routine. In recent years, 

researchers have been assessing the efficacy of novel approaches that intend to restore 

disrupted circadian rhythms through nutritional challenges, including the modulation of 

timing and duration of daily food intake
(33,34)

. Time-restricted eating (TRE) is a nutritional 

intervention in which the eating window is reduced to a fixed number of hours per day, 

allowing prolonged overnight fasting. This strategy does not intend to reduce energy intake 

and is based on the hypothesis that by re-setting the eating/fasting cycles the circadian 

rhythms will be reestablished and the overall metabolic pathways will be improved
(35)

. 

Although research on the effect of TRE interventions on chronobiology markers is a 

relatively new field, the impact of TRE on body weight and body composition has been more 

systematically reported; however, it is important to assess the overall effects of these 

interventions on metabolic pathways by compiling the data currently available. By doing so, 

we can identify which clinical, laboratory, and genetic biomarkers are most affected by TRE 

interventions within a certain population, ensuring that future studies focus on the most 

impactful areas. Different study protocols often assess a variety of variables and biomarkers, 

leading to a diverse range of findings. Furthermore, within various TRE protocols, the 

duration of eating can differ significantly. Participants may choose between earlier, mid-day 

or later TRE windows, and some may even self-select their TRE periods. A structured search 

was conducted in the electronic databases Scopus and PubMed to identify articles reporting 

the results of TRE protocols on individuals with overweight or obesity, ensuring a 

comprehensive representation of TRE protocols in this population. Animal studies or in vivo 

experiments, studies involving periodic fasting or alternating days fasting, studies combining 

TRE protocols with energy restriction and/or exercise interventions, and studies on religious 

fasting were not included in this review. Therefore, the present review aims to provide an 

overview of the impact of TRE protocols on metabolic, inflammatory, and oxidative stress 
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biomarkers, as well as their influence on circadian rhythms biological markers, based on the 

findings of clinical studies conducted on individuals with overweight or obesity. 

Characteristics of the TRE studies in people with overweight or obesity 

The studies discussed in the present review followed these characteristics: (1) Population: 

adults aged 18 years or older with overweight or obesity; Intervention: a fixed daily fasting 

period between 10 to 20 hours with ad libitum intake; (3) Comparators: control group in 

randomised controlled trials (RCTs) or non-randomised controlled trials, or subjects before 

TRE intervention in studies with a one-group pretest-posttest design; (4) Outcomes: data on 

changes in at least one of the following: insulin, glucose, cortisol, melatonin, ghrelin, leptin, 

adiponectin, interleukin-1 (IL-1), interleukin-6 (IL-6), 8-isoprostane, TNF-, or nitric oxide; 

(5) Study design: clinical trials using TRE. 

Fourteen studies are explored in this review (Table 1), and of those, eight were randomised 

clinical trials (RCT) and one was a secondary analysis. The duration of the TRE protocols 

ranged from 3 weeks to 6 months and the sample size of the TRE groups ranged from 10 to 

59 participants. The shortest eating window was 4 hours (20 hours of fasting) and the longest 

was 12 hours (12 hours of fasting), with 8 hours being the most common eating window (16 

hours of fasting). 

Effects of time-restricted eating on body weight and body composition 

In most of the studies, there was a statistically significant change in body weight
(36–42)

, with 

all the TRE protocols resulting in weight loss (Table 2). Compared with the control groups, 

the participants in eight TRE protocols showed greater body weight loss
(36–39,41–44)

, while only 

two studies did not find significant differences between groups
(37,39)

. The control groups of 

the studies by Cienfuegos et al.
(42)

, Pavlou et al.
(43)

, Chow et al.
(36)

, Schroder et al.
(41)

 and 

Gabel et al.
(44)

 were instructed to maintain their daily eating routines without any restrictions. 

The control group of the study by Pavlou et al.
(43)

 presented an average daily eating window 

of 10h23min ± 1h26min at baseline that was preserved by the end of the study. The control 

group of the study conducted by Chow et al.
(36)

 showed a mean daily eating window of 15.5 ± 

1.1 hours that also was preserved by the end of the intervention. Andriessen et al.
(38)

 

instructed the participants of the control group to distribute their habitual diet over a 

minimum of 14 hours per day, resulting in an average eating window of 13.4 ± 0.1 hours
(38)

. 
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Other studies compared the results of the TRE intervention with different dietary strategies or 

nutritional approaches. Mengi et al.
(40)

 compared the TRE protocol with an Energy Restricted 

Diet (ERD) protocol, in which the participants consumed a diet based on their total energy 

expenditure minus 500 kcal. In this particular study, the decrease in body weight was higher 

in the ERD group compared to the TRE group (5.5% and 3.2%, respectively)
(40)

. Lowe et 

al.
(39)

 compared the TRE intervention with a consistent meal timing (CMT) approach, in 

which the participants ate three structured meals daily and were allowed to snack between 

meals. Lastly, Phillips et al.
(37)

 compared the TRE intervention with standard dietary advice 

(SDA), which consisted of a 10-minute nutritional counselling session and a leaflet 

summarizing the food pyramid and Swiss recommendations for a healthy, balanced diet
(37)

. 

The study found no differences in the mean eating window (14.89 ± 1.21 hours) before and 

after the SDA intervention 
(37)

. 

Cienfuegos and colleagues
(42)

 tested two TRE protocols, with a 4-hour and a 6-hour eating 

window, but the results indicated no difference in weight loss between the two interventions. 

Pavlou et al.
(43)

 studied three groups, the TRE and control groups, and an additional group 

with ERD. After 6 months of intervention, the ERD group showed no differences in mean 

body weight. Furthermore, there were no differences in the percentage of body weight loss 

between the TRE group and the ERD group
(43)

. 

The weight loss observed in TRE studies might be partially attributed to a reduction in energy 

intake, as eating within a limited window frame decreases opportunities for consuming 

calories in excess. Of all the studies analysed in this review, eight reported collecting data on 

dietary intake
(36,38,40,43,45–48)

, but only six provided information on changes in nutrient and/or 

energy intake
(36,40,43,46–48)

. Three of these studies found a significant decrease in energy intake 

(40,43,47)
, and in one study, although the authors did not report a decrease in energy intake, they 

observed a greater reduction in the number of eating occasions in the TRE group
(36)

. 

Suthutvoravut et al.
(46)

 reported that the mean difference in energy intake between the TRE 

and usual care was not significant. 

Regarding changes in body fat mass percentage, the study by Cienfuegos et al.
(42)

 reported 

significant differences across the three groups after the intervention, with participants in the 

4-hour TRE and 6-hour TRE groups losing significantly more fat mass than those in the 

control group. Mengi Çelik et al.
(40)

 found a significant decrease in body fat percentage in the 

ERD group, while the TRE group showed no significant changes. In four studies
(36,37,39,43)

 the 
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reduction in body fat percentage was greater in TRE interventions but not different compared 

to the control group. In the study by Gabel and colleagues
(44)

 and the one by Schroder et 

al.
(41)

, no changes in fat mass were observed in the control group. 

Concerning lean mass, Cienfuegos et al.
(42)

 found that the 6-hour TRE group lost significantly 

more lean mass than the 4-hour TRE and control groups. The control group experienced 

lower loss of lean mass, although there were no differences compared with the 4-hour
(42)

. 

Chow et al.
(36)

 also reported differences in lean mass between groups, reporting a significant 

decrease in the TRE with no change in the control group. Lowe et al.
(39)

 found no differences 

in lean mass between the TRE and CMT groups, but there was a significant decrease in the 

TRE group after the intervention. In the study by Pavlou et al.
(43)

, the TRE intervention had 

no effect on lean mass. Furthermore, no differences in lean mass were observed in the control 

groups of the studies by Pavlou et al.
(43)

, Phillips et al.
(37)

 and Lowe et al.
(39)

. 

 

Effect of time-restricted eating on metabolic, inflammatory and oxidative stress 

biomarkers 

From the total of studies that employed TRE protocols with the assessment of glucose, only 

two studies reported a significant decrease in glucose levels following the TRE 

intervention
(36,46)

 (Table 3). Furthermore, only two studies showed statistical differences 

between the TRE and control groups
(43,47)

. Among the studies analysed, glycated 

haemoglobin A1c (HbA1c) remained unchanged following TRE interventions
(36,37,39,42,43,46,47)

; 

however, three studies showed differences between the TRE and control groups
(37,43,46)

. 

Similar results were found for insulin levels and Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR), with no differences after TRE interventions
(36,39–42,44,46,47)

, but 

different between TRE and control groups in two studies
(42,47)

. 

In addition to the control group, the study by Pavlou et al.
(43)

 also included a third group with 

CR. While the reduction in HbA1c was slightly greater in the CR group and showed 

significant differences compared to the control group, no significant differences were 

observed between the TRE and CR groups. Moreover, no differences were observed in mean 

glucose values between the CR and TRE groups; however, this parameter was different 

between the CR group and the control group
(43)

. 
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Andriessen et al.
(38)

 and Parr et al.
(48)

 measured interstitial glucose using continuous glucose 

monitoring systems and both found that the mean 24-hour glucose levels were significantly 

lower after the TRE intervention. Additionally, in both studies, TRE participants exhibited 

glucose levels within the normal range for longer periods of time, and less time with high 

glucose
(38,48)

. In the study by Parr et al.
(48)

, improved glycaemic control, including 

postprandial meal responses, was achieved with no changes in dietary intake from the 

baseline (habitual) period to the TRE period, according to the complete 24-hour continuous 

glucose monitoring data analysed. No differences were found between the TRE group and the 

control group for time spent in hypoglycaemia, or time spent in the low glucose range, in the 

study by Andriessen et al.
(38)

. Similarly, in the study by Parr and colleagues
(48)

, there were no 

differences in the time spent in hypoglycaemia between the two study periods (habitual and 

TRE). 

Zhao and colleagues
(45)

 assessed ghrelin levels in their study but did not observe changes in 

this biomarker after the TRE intervention. In this same study, TRE seemed to alter the 24-

hour profile of insulin with a post hoc analysis showing an increase in insulin at midday and a 

decrease at midnight in response to TRE
(45)

. 

Only one study, by Mengi Çelik and colleagues
(40)

, assessed leptin and adiponectin, observing 

no impact of TRE in these levels, but an increase in adiponectin in the ERD group. However, 

no differences were found between groups for both biomarkers
(40)

. 

Regarding inflammatory biomarkers, some studies measured the values of c-reactive protein 

(CRP)
(40,41,46)

, interleukin-6 (IL-6)
(40,42)

 and tumour necrosis factor-alpha (TNF-α)
(42)

. There 

were no differences in the mean values of IL-6 after following TRE interventions, and these 

values were comparable to those in control groups
(40,42)

. Cienfuegos et al.
(42)

 showed that 

neither the 4-hour nor the 6-hour TRE protocols had an effect on TNF-α values, with no 

differences compared to the control group. Only one study, Suthutvoravut and colleagues
(46)

, 

reported a decrease in CRP values between the TRE group and the control group
(46)

.  

The results concerning the effects of the different TRE protocols on lipid profile are 

heterogeneous (Table 4), but nevertheless, most of those changes did not reach statistical 

significance when comparing them to the changes in the control groups or pre and post-

intervention. Mengi Çelik et al.
(40)

 observed a decrease in total cholesterol and LDL 

cholesterol after the TRE intervention but these changes were not different when compared 

with the control group. They also reported a decrease in total cholesterol in the group with 
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energy restriction
(40)

. Che et al.
(47)

 reported differences in total cholesterol, LDL cholesterol 

and triglycerides between the TRE and control groups. In contrast, Pavlou and colleagues
(43)

 

found no differences in the lipid profile parameters in the calorie restriction group, nor were 

there differences when comparing the TRE and calorie groups with the control group. 

Similarly, the consistent meal timing group in the study by Lowe et al.
(39)

 exhibited no 

changes in lipid profile biomarkers, and no differences were observed in the Standard Dietary 

Advice group in the study by Phillips et al.
(37)

. 

In a study by Zhao and colleagues
(45)

, the authors measured the 24-hour profile of 

triglycerides and found that in response to TRE, there was a decrease in triglycerides at 

midnight and 3:00 am. Andriessen and colleagues
(38)

, evaluated certain metabolites on days 

20 and 21 of each intervention but found no differences in triglyceride levels between the 

TRE group and the control groups.  

Two studies examined the impact of TRE on oxidative stress biomarkers. Cienfuegos et al.
(42)

 

reported that TRE interventions decreased plasma levels of 8-isoprostane, an oxidative stress 

marker to lipids. These changes were significantly different across the three groups (4-hour 

TRE, 6-hour TRE and control), with the 4-hour TRE group exhibiting a 37% reduction and 

the 6-hour TRE group a 34% reduction, both greater than in the control group, although the 

difference between the two intervention groups was not significant. 

Mengi Çelik and colleagues
(40)

 found no changes in total antioxidant status and total oxidant 

status by the end of the TRE protocol. However, the ERD group showed a significant 

increase in total antioxidant status after the intervention, although no differences were 

observed between the TRE and ERD interventions
(40)

. 

Effect of time-restricted eating on circadian biomarkers 

Clock genes and circadian biomarkers, such as cortisol and melatonin, are critical to align 

metabolic processes with the day-night cycles
(49–51)

. Studies have demonstrated that TRE 

influences the expression of clock genes and metabolic regulators
(52)

. Therefore, food 

consumption within a specific time window is a cue to reinforce circadian rhythms by 

modulating the expression of clock genes, which in turn govern various downstream 

metabolic pathways
(53–55)

. This synchronization optimizes the timing of metabolic processes, 

ultimately improving metabolic health
(35)

. 
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Zhao et al.
(45)

 conducted the only study that assessed the impact of a 10-hour TRE protocol 

on circadian biomarkers, including the expression of core clock genes, and melatonin and 

cortisol rhythms, in a population of 15 men with obesity. The study included a 35-hour in-

laboratory with controlled conditions stay for comprehensive metabolic assessments, 

conducted both at baseline and after the 8-week intervention. During these periods, 

researchers evaluated 24-hour profiles of plasma metabolites, glucoregulatory hormones, and 

the transcriptome of subcutaneous adipose tissue (SAT)
(45)

. Results demonstrated that the 

TRE protocol significantly altered the expression of clock genes and genes involved in 

metabolic regulation within SAT. Specifically, TRE enhanced the expression of CLOCK and 

NR1D2 (REV-ERBβ) genes while reducing the expression of PER1 and NR1D1 (REV-

ERBɑ) at 12:00 am. Although TRE did not alter the timing of dim light melatonin onset 

(DLMO), it significantly reduced the morning cortisol area under the curve
(45)

. 

Considering the limited number of studies investigating the influence of TRE on circadian 

genes, further research is needed to explore the potential of TRE as a relevant modulator of 

gene expression and its broader impact on metabolic health. 

Current perspective of TRE and future challenges 

TRE is an innovative dietary and behavioural strategy that restricts food intake to a consistent 

and specific window during the day to optimize nutrient uptake and promote health. Over 

recent years, this approach has gained significant attention due to its potential to improve 

metabolic health
(18,35,53)

. The premise behind TRE is based on the fact that the 

synchronization of eating/fasting cycles with the intrinsic circadian rhythm helps optimise 

metabolic processes, reducing the risk of obesity, metabolic syndrome, T2DM and 

cardiovascular diseases
(53,56)

. 

Restricting food consumption to a consistent daily window, typically ranging from 8 to 12 

hours, has been shown to improve insulin sensitivity, lower blood glucose levels, and 

promote weight loss and beneficial changes in body composition, as demonstrated in the 

studies discussed in the present review. Additionally, TRE can also reduce cholesterol and 

triglyceride levels, contributing to overall cardiovascular health
(57)

. These positive effects are 

likely due to both direct metabolic effects and indirect effects from weight loss and improved 

dietary habits. 
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The significant changes in body weight and, consequently body composition, observed across 

most included studies, regardless of the specific TRE protocols employed, suggest that the 

weight loss is likely attributed to a combination of factors, including both the timing of food 

intake and the indirect energy restriction imposed by a narrowed eating window
(58)

. The 

indirect energy restriction promoted by TRE interventions can create an energy deficit, 

promoting fat utilization, and facilitating a negative energy balance. Previous work has 

indicated that TRE can enhance fat oxidation during fasting time
(59)

. Specifically, on adipose 

tissue, TRE increases β-oxidation and lipolysis
(53)

. 

Furthermore, fasting has been linked to decreased susceptibility to oxidative stress and 

improved antioxidant defences
(60)

, while an increase in body weight is associated with 

increased oxidative stress and reduced antioxidant potential
(61,62)

. However, Mengi Çelik et 

al.
(40)

 did not find statistically significant changes in total antioxidant status. In contrast, 

previous research by Sutton and colleagues
(64)

 demonstrated that TRE reduced oxidative 

stress, as evidenced by the decreased plasma levels of 8-isoprostane. 

Meal timing also plays a crucial role in regulating metabolism, circadian rhythms, and 

hormonal responses, which can influence weight management independently of energy 

intake
(35,58)

. Mealtime is an important zeitgeber that synchronizes peripheral clocks in tissues 

and organs with the central clock in the SCN
(56)

. Eating at the “wrong” time can impair 

glucose tolerance and alter the expression of genes involved in circadian regulation, also 

highlighted by a review by Johnston and colleagues
(65)

, emphasizing the importance of meal 

timing in maintaining circadian rhythm integrity. These outcomes underline the significance 

of regular and appropriately timed meals in supporting circadian rhythm health and metabolic 

efficiency. 

However, implementing TRE protocols also requires consideration of potential negative 

effects. The 8-hour eating window is the most common protocol among the reviewed studies, 

allowing a balance between achieving metabolic benefits and ensuring adherence to the 

dietary regimen within the limitations of everyday life. Deviating from this timeframe, 

particularly with a narrower eating window, may pose challenges to adherence due to lifestyle 

constraints such as work schedules, family responsibilities, and societal mealtimes
(66,67)

. 

Moreover, restrictive eating windows may contribute to disordered eating behaviour in some 

individuals
(68)

, potentially limiting the real-world effectiveness of TRE interventions. This 

underscores the importance of considering not only the physiological effects but also the 
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social and behavioural aspects when designing and implementing TRE protocols. Tailoring 

interventions to individual characteristics, motivators, and barriers is crucial for determining 

adherence and also effectiveness of the protocol 
(69)

. 

Importantly, restricting the eating events to a limited timeframe, especially when not taking 

into consideration the diet quality and quantity, may result in an inadequate nutrient intake or, 

ie. increased intake of saturated fats
(40,47,48,70)

. Therefore, the diet of individuals practising 

TRE needs to be carefully managed to ensure the consumption of a balanced healthy diet and 

to prevent deficits, particularly when this intervention is followed over a long period. 

Lastly, the effectiveness of TRE protocols can vary widely among individuals due to several 

factors, including different genetic backgrounds, lifestyle and environmental influences 
(67,71–

73)
. While some individuals may experience significant benefits, others may have little to no 

improvement, underscoring the importance of personalized dietary approaches to maximize 

the impact of TRE on metabolic health. 

Conclusions 

TRE might be a promising complementary approach for weight management and improved 

metabolic health, with most studies demonstrating improvements in body weight, glucose 

levels and insulin resistance. However, data regarding its influence on circadian rhythms, 

inflammatory markers and key metabolic hormones such as leptin, ghrelin and adiponectin 

remains scarce. This highlights the need to further explore the broader impact of TRE 

interventions. A refined understanding and personalized application of TRE are crucial for 

optimizing its benefits across different populations while attempting to mitigate its 

drawbacks. Therefore, medium- and long-term studies are needed to fully assess the lasting 

effects and potential benefits of TRE, as most existing research has been conducted in small 

samples and over relatively short periods. 
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Table 1. Overall characteristics of the reviewed studies. 

Ref. Year Study Design Population 
Sample 

Size 

Protocol 

Duration 
TRE Protocol Control Group 

(43)
 2023 Parallel RCT 

Adults with obesity 

and type 2 diabetes 
68 6 months 

8-h TRE with ad libitum intake 

from 12 to 8 p.m. (n = 23) 

Control group 1: No restrictions 

(n = 24) 

Control group 2: Energy 

restriction with a 25% reduction 

of energy intake (n = 22) 

(46)
 2023 Parallel RCT 

Adults with IFG 

and overweight or 

obesity 

71 12 weeks 

Protocol 1: 9-h TRE with ad 

libitum intake from 8 a.m. to 5 

p.m. (n = 23) 

Protocol 2: Protocol 1 combined 

with behavioural economic 

intervention (n = 26) 

Usual care (n = 22) 

(40)
 2023 RCT 

Women with 

overweight 
23 8 weeks 

8-h TRE with ad libitum from 10 

a.m. to 6 p.m. (n = 10) 
Energy-restricted diet (n = 13) 

(48)
 2023 

Pre-post non-

randomised 

design 

Adults with T2DM 

and overweight or 

obesity 

19 4 weeks 
9-h TRE with ad libitum intake 

from 10 a.m. to 7 p.m. (n = 19) 
No control group 
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(74)
 2022 

RCT 

(secondary 

analysis) 

Adults with obesity 20 12 weeks 

8-h TRE with ad libitum intake 

within a self-selected time frame 

(n = 11) 

No restrictions (n = 9) 

(45)
 2022 

Open-label, 

pre-post trial 
Men with obesity 15 8 weeks 

10-h TRE (time frame self-

selected with the latest eating 

occasion to be completed by 7:30 

p.m.) 

No control group 

(38)
 2022 

RCT with 

crossover 

Adults with T2DM 

and 

overweight/obesity 

14 3 weeks 

10-h TRE (time frame self-

selected with the latest eating 

occasion to be completed by 6 

p.m.) (n = 14) 

Habitual diet over at least 14-h 

per day without additional 

restraints (n = 14) 

(47)
 2021 RCT 

Adults with type 2 

diabetes and 

overweight/obesity 

104 12 weeks 
10-h TRE with ad libitum intake 

from 8 a.m. to 6 p.m. (n = 54) 
No restrictions (n = 50) 

(37)
 2021 

Open-label 

pragmatic RCT 
Adults with obesity 45 6 months 

12-h TRE with ad libitum intake 

within a self-selected time frame 

(n = 25) 

Standard dietary advice (n = 20) 

(41)
 2021 Non-RCT 

Women with 

obesity 
32 3 months 

8-h TRE with ad libitum intake 

from 12 to 8 p.m. (n = 20) 
No restrictions (n = 12) 

(39)
 2020 RCT Women with 116 12 weeks 8-h TRE with ad libitum intake Consistent meal timing with 3 
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overweight or 

obesity 

from 12 to 8 p.m. (n = 59) structured meals per day and 

snacking between meals was 

permitted (n = 57) 

(42)
 2020 Parallel RCT Adults with obesity 49 8 weeks 

Protocol 1: 4-h TRE with ad 

libitum intake from 3 to 7 p.m. (n 

= 16) 

Protocol 2: 6-h TRE with ad 

libitum intake from 1 to 7 p.m. (n 

= 19) 

No restrictions (n = 14) 

(36)
 2020 

RCT 

(feasibility) 
Adults with obesity 20 12 weeks 

8-h TRE with ad libitum intake 

within a self-selected time frame 

(n = 11) 

No restrictions (n = 9) 

(44)
 2018 Clinical trial Adults with obesity 46 12 weeks 

8-h TRE with ad libitum intake 

from 10 a.m. to 8 p.m. (n = 23) 
No restrictions (n = 23) 

TRE, time-restricted eating; RCT, randomised controlled trial; IFG, impaired fasting glucose; T2DM, type 2 diabetes mellitus. 
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Table 2. Effects of time-restricted eating on body weight and body composition compared with the control groups. 

Ref. 

Changes in body 

weight 
Changes in BMI Changes in WC 

Body 

composition 

Changes in fat 

mass 

Changes in 

visceral fat mass 

Changes in lean 

mass 

∆ TRE 

Mean ± 

SD 

(% or kg) 

TRE 

vs 

control 

p-value 

∆ TRE 

Mean ± 

SD 

(kg/m
2
) 

TRE 

vs 

control 

p-

value 

∆ TRE 

Mean ± 

SD 

(cm) 

TRE 

vs 

control 

p-

value 

Method 

∆ TRE 

Mean ± 

SD 

(% or kg) 

TRE 

vs 

control 

p-

value 

∆ TRE 

Mean ± 

SD 

(kg) 

TRE 

vs 

control 

p-

value 

∆ TRE 

Mean ± 

SD 

(kg) 

TRE 

vs 

control 

p-

value 

(43)
 ↓ -4.28% <0.017

a
 -1.78 <0.05

a
 -3.92 <0.05

a
 DXA ↓ kg <0.05

a
 ↓ -0.16 n.s.

a
 ↓ -0.97 n.s.

a
 

(40)
 

↓ -3.2 ± 

2.64%* 
0.016 

↓ -0.8 ± 

0.69 
0.008 

↓ -1.2 ± 

1.15 
0.049 BIA 

↓ -0.9 ± 

1.76% 
0.014 - - - - 

(38)
 

↓-1.0 ± 0.3 

kg* 
0.02 - - - - ADP - - - - - - 

(37)
 

↓ -1.6 ± 

2.9%* 
0.61 

↓ -0.6 ± 

1.0* 
0.52 

↓ -1.5 ± 

3.2 
0.64 DXA 

↓ -0.1 ± 

1.4% 
- - - 

↓ -0.3 ± 

0.8 
- 

(41)
 ↓ kg* <0.001 ↓ * <0.001 ↓ * <0.001 APE ↓ % * <0.001 - - - - 

(39)
 ↓ -1.17%* 0.43 - - ↓ -1.81

b
 0.67

b
 DXA 

↓ -

0.09%
b
 

0.96
b
 

↓ -

0.0026
b
 

0.58
b
 ↓ -1.10

b
* 0.09

b
 

(42)c
 ↓ -3.2% ± <0.001 - - - - DXA ↓ -2.8 ± 0.001 ↓ -0.18 ± n.s. ↓ -0.8 ± n.s. 
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0.4%* 0.4 kg 0.07 0.4 

(42)d
 

↓ -3.2% ± 

0.4%* 
<0.001 - - - - DXA 

↓ -1.4 ± 

0.3 kg 
0.03 

↓ -0.14 ± 

0.06 
n.s. 

↓ -1.5 ± 

0.2 
0.03 

(36)
 ↓ kg* 0.04 - - - - DXA ↓ % 0.48 ↓ * 0.04 ↓ * 0.03 

(44)
 

↓ -2.6 ± 

0.5% 
<0.001 ↓ <0.001 - - DXA ↓ kg 0.23 ↓ 0.19 ↔ 0.12 

BMI, body mass index; WC, waist circumference; TRE, time-restricted eating; SD, standard deviation; DXA, dual x-ray absorptiometry; n.s., not 

significant; BIA, bioelectrical impedance analysis; ADP, air displacement plethysmography; APE, anthropometric prediction equations;
 a

 

Comparison of the mean differences between the TRE group and the control group; 
b
 Results from the in-person cohort that did not include all 

the participants; 
c
 Results from the 4-hour TRE group; 

d
 Results from the 6-hour TRE group; ↓, decrease in the mean value; ↔, no changes in the 

mean value; ↑, increase in the mean value; *p < 0.05 
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Table 3. Effects of time-restricted eating on metabolic biomarkers compared with the control groups. 

Ref. 

Glucose  HbA1c  Insulin  HOMA-IR  

∆ TRE 

Mean ± SD 

(mg/dL) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

(%) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

(µIU/mL) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

TRE vs 

control 

p-value 
(43)

 ↓ -11.02 <0.05
a
 ↓ -0.72 <0.05

a
 - - - - 

(46)
 ↓ * 0.134

b
 ↓ 0.177

b
 ↓ 0.087

b
 ↓ 0.079

b
 

(40)
 ↓ -1.9 ± 8.08 n.s. - - ↓ -0.2 ± 4.08 n.s. ↓ -0.1 ± 0.93  n.s. 

(74)
 ↓

c
 0.10 - - ↓

d
 0.58 - - 

(45)
 ↔ - - - 

↑ 12:00 am* 

↓ 12:00 pm* 
- - - 

(47)
 ↓ <0.001 ↓ -1.54 ± 0.19 <0.001 ↓ 0.03 ↓ -0.51 ± 0.08 0.02 

(37)
 ↓ 0.12 ↑ 0.05 - - - - 

(41)
 ↑ 0.91 - - ↑ 0.13 ↓ 0.07 

(39)
 ↓ -1.06

e
 0.50

 e
 ↓ -0.024

e
 0.63

e
 ↓

e
 0.60

e
 ↓ -0.160

e
 0.42

e
 

(42)f
 ↓ -5.0 ± 3.8 n.s. ↓ -0.2 ± 0.1 n.s. ↓ -2.3 ± 1.5  0.02 ↓ -0.8 ± 0.4 0.03 

(42)g
 ↓ -2.3 ± 2.0 n.s. ↓ -0.2 ± 0.1 n.s. ↓ -1.9 ± 1.1 0.04 ↓ -0.5 ± 0.3 0.04 

(36)
 ↓ * 0.98 ↔ 0.57 ↓ 0.84 ↓ 0.95 

(44)
 ↑ 0.77 - - ↓ 0.16 ↓ 0.21 

HbA1c, Glycated haemoglobin A1c; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; TRE, time-restricted eating; SD, 

standard deviation; n.s., not significant; 
a
 Comparison of the mean differences between the TRE group and the control group; 

b
 Comparison of the 

differences between the TRE alone group and the control group; 
c
 Glucose AUC (mg h/dL); 

d
 Insulin AUC (mU h/L); 

e
 Results from the in-

person cohort that did not include all the participants; 
f
 Results from the 4-hour TRE group; 

g
 Results from the 6-hour TRE group; ↓, decrease in 

the mean value; ↔, no changes in the mean value; ↑, increase in the mean value; *p < 0.05 
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Table 4. Effects of time-restricted eating on lipid profile biomarkers and comparison with the control groups. 

 
Total 

cholesterol 
 LDL-C  HDL-C  Triglycerides  

Ref. 

∆ TRE 

Mean ± SD 

(mg/dL) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

(mg/dL) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

(mg/dL) 

TRE vs 

control 

p-value 

∆ TRE 

Mean ± SD 

(mg/dL) 

TRE vs 

control 

p-value 
(43)

 ↓ -0.18 n.s. ↓ -0.23 n.s. ↑ 3.20 n.s. ↓ -15.43 n.s. 
(46)

 ↓ 0.076
a
 ↓ 0.154

a
 - 0.578

a
 ↓ 0.520

a
 

(40)
 

↓ -13.9 ± 

12.82* 
0.145 ↓ -9.1 ± 11.25* 0.251 ↓ -7.7 ± 10.61 0.437 ↑ 15.4 ± 27.41 0.128 

(47)
 ↓ 0.01 ↓ 0.02 ↓ 0.33 ↓ 0.03 

(37)
 - - - - ↓ 0.70 ↓ 0.69 

(41)
 ↑ 0.11 ↑ 0.26 ↑ 0.14 ↓ 0.77 

(39)
 ↓ -3.56 0.52 ↑ 0.60 0.62 ↓ -0.72 0.44 ↓ -10.27 0.29 

(42)b
 - - ↑ 2.6 ± 5.7 n.s. ↓ -2.4 ± 1.3 n.s. ↓ -1.9 ± 6.7 n.s. 

(42)c
 - - ↓ -4.8 ± 5.1 n.s. ↓ -0.8 ± 1.4 n.s. ↑ 2.6 ± 4.6 n.s. 

(36)
 - - ↑ 0.84 ↑ 0.66 ↓ * 0.62 

(44)
 ↑ n.s. ↑ n.s. ↑ n.s. ↓ n.s. 

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; n.s., not significant; 
a
 Comparison of the differences 

between the TRE alone group and the usual care in patients with impaired fasting glucose group; 
b
 Results from the 4-hour TRE group; 

c
 Results 

from the 6-hour TRE group 

 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

Financial Support 

This work was supported by Portuguese national funds provided by FCT – Fundação 

para a Ciência e Tecnologia, I.P., (UI/05704/2020), by the Portuguese Society of 

Diabetology through the award of the 2020 Emilio Peres Scholarship and by the Faculty 

of Nutrition and Food Sciences of the University of Porto and LabITR 

(LA/P/0064/2020). ML is supported by a PhD Scholarship from the FCT – Fundação 

para a Ciência e Tecnologia, I.P. (DOI 10.54499/2021.07673.BD). MPG work is funded 

by national funds through FCT – Fundação para a Ciência e Tecnologia, I.P., under the 

Scientific Employment Stimulus – Institutional Call (DOI 

10.54499/CEECINST/00051/2018/CP1566/CT0009). 

 

Declaration of Interests 

The authors declare no conflicts of interest. 

Authorship 

ML, SCS, RB, and MPG conceived and designed the study and contributed to the 

protocol development. ML conducted the literature search, article selection, and 

analysis, and wrote the first draft of the manuscript. All authors contributed to the 

manuscript by revising it critically for intellectual content. All authors read and 

approved the final manuscript submitted. 

 

  

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

References 

1. Kazibwe J, Tran PB, Annerstedt KS. The household financial burden of non-

communicable diseases in low- and middle-income countries: a systematic 

review. Heal Res Policy Syst [Internet]. 2021 Dec 21;19(1):96. Available from: 

https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-021-

00732-y 

2. Bennett JE, Stevens GA, Mathers CD, Bonita R, Rehm J, Kruk ME, et al. NCD 

Countdown 2030: worldwide trends in non-communicable disease mortality and 

progress towards Sustainable Development Goal target 3.4. Lancet [Internet]. 

2018 Sep;392(10152):1072–88. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0140673618319925 

3. Hecker J, Freijer K, Hiligsmann M, Evers SMAA. Burden of disease study of 

overweight and obesity; the societal impact in terms of cost-of-illness and health-

related quality of life. BMC Public Health [Internet]. 2022 Jan 7;22(1):46. 

Available from: 

https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-12449-2 

4. Nagi MA, Ahmed H, Rezq MAA, Sangroongruangsri S, Chaikledkaew U, 

Almalki Z, et al. Economic costs of obesity: a systematic review. Int J Obes 

[Internet]. 2024 Jan 26;48(1):33–43. Available from: 

https://www.nature.com/articles/s41366-023-01398-y 

5. World Health Organization. WHO. 2024 [cited 2024 May 7]. Obesity and 

overweight. Available from: https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight 

6. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge 

AW, et al. IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 

and projections for 2045. Diabetes Res Clin Pract [Internet]. 2018 Apr;138:271–

81. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0168822718302031 

7. Naghavi M, Ong KL, Aali A, Ababneh HS, Abate YH, Abbafati C, et al. Global 

burden of 288 causes of death and life expectancy decomposition in 204 

countries and territories and 811 subnational locations, 1990–2021: a systematic 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

analysis for the Global Burden of Disease Study 2021. Lancet [Internet]. 2024 

Apr; Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0140673624003672 

8. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, 

regional, and national age-sex-specific mortality for 282 causes of death in 195 

countries and territories, 1980–2017: a systematic analysis for the Global Burden 

of Disease Study 2017. Lancet [Internet]. 2018 Nov;392(10159):1736–88. 

Available from: https://linkinghub.elsevier.com/retrieve/pii/S0140673618322037 

9. Wennberg M, Gustafsson PE, Wennberg P, Hammarström A. Irregular eating of 

meals in adolescence and the metabolic syndrome in adulthood: results from a 

27-year prospective cohort. Public Health Nutr [Internet]. 2016 Mar 4;19(4):667–

73. Available from: 

https://www.cambridge.org/core/product/identifier/S1368980015001445/type/jou

rnal_article 

10. Mattson MP, Allison DB, Fontana L, Harvie M, Longo VD, Malaisse WJ, et al. 

Meal frequency and timing in health and disease. Proc Natl Acad Sci [Internet]. 

2014 Nov 25;111(47):16647–53. Available from: 

https://pnas.org/doi/full/10.1073/pnas.1413965111 

11. Dashti HS, Scheer FAJL, Saxena R, Garaulet M. Timing of Food Intake: 

Identifying Contributing Factors to Design Effective Interventions. Adv Nutr 

[Internet]. 2019 Jul;10(4):606–20. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2161831322004045 

12. Taetzsch A, Roberts SB, Bukhari A, Lichtenstein AH, Gilhooly CH, Martin E, et 

al. Eating Timing: Associations with Dietary Intake and Metabolic Health. J 

Acad Nutr Diet [Internet]. 2021 Apr;121(4):738–48. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2212267220313721 

13. Xiao Q, Bauer C, Layne T, Playdon M. The association between overnight 

fasting and body mass index in older adults: the interaction between duration and 

timing. Int J Obes [Internet]. 2021 Mar 19;45(3):555–64. Available from: 

https://www.nature.com/articles/s41366-020-00715-z 

14. Alkhulaifi F, Darkoh C. Meal Timing, Meal Frequency and Metabolic Syndrome. 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

Nutrients [Internet]. 2022 Apr 21;14(9):1719. Available from: 

https://www.mdpi.com/2072-6643/14/9/1719 

15. Sierra‐Johnson J, Undén A, Linestrand M, Rosell M, Sjogren P, Kolak M, et al. 

Eating Meals Irregularly: A Novel Environmental Risk Factor for the Metabolic 

Syndrome. Obesity [Internet]. 2008 Jun 6;16(6):1302–7. Available from: 

https://onlinelibrary.wiley.com/doi/10.1038/oby.2008.203 

16. Wilkinson MJ, Manoogian ENC, Zadourian A, Lo H, Fakhouri S, Shoghi A, et 

al. Ten-Hour Time-Restricted Eating Reduces Weight, Blood Pressure, and 

Atherogenic Lipids in Patients with Metabolic Syndrome. Cell Metab [Internet]. 

2020 Jan 7 [cited 2021 May 11];31(1):92-104.e5. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1550413119306114 

17. Kessler K, Pivovarova-Ramich O. Meal Timing, Aging, and Metabolic Health. 

Int J Mol Sci [Internet]. 2019 Apr 18;20(8):1911. Available from: 

https://www.mdpi.com/1422-0067/20/8/1911 

18. Panda S. Circadian physiology of metabolism. Science (80- ) [Internet]. 2016 

Nov 25;354(6315):1008–15. Available from: 

https://www.science.org/doi/10.1126/science.aah4967 

19. Chaput JP, McHill AW, Cox RC, Broussard JL, Dutil C, da Costa BGG, et al. 

The role of insufficient sleep and circadian misalignment in obesity. Nat Rev 

Endocrinol [Internet]. 2023 Feb 24;19(2):82–97. Available from: 

https://www.nature.com/articles/s41574-022-00747-7 

20. Shimizu I, Yoshida Y, Minamino T. A role for circadian clock in metabolic 

disease. Hypertens Res [Internet]. 2016 Jul 18;39(7):483–91. Available from: 

https://www.nature.com/articles/hr201612 

21. Zimmet P, Alberti KGMM, Stern N, Bilu C, El‐Osta A, Einat H, et al. The 

Circadian Syndrome: is the Metabolic Syndrome and much more! J Intern Med 

[Internet]. 2019 Aug 10;286(2):181–91. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/joim.12924 

22. Vieira E, G. Ruano E, C. Figueroa AL, Aranda G, Momblan D, Carmona F, et al. 

Altered Clock Gene Expression in Obese Visceral Adipose Tissue Is Associated 

with Metabolic Syndrome. Oster H, editor. PLoS One [Internet]. 2014 Nov 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

3;9(11):e111678. Available from: 

https://dx.plos.org/10.1371/journal.pone.0111678 

23. Gómez-Abellán P, Hernández-Morante JJ, Luján JA, Madrid JA, Garaulet M. 

Clock genes are implicated in the human metabolic syndrome. Int J Obes 

[Internet]. 2008 Jan 24;32(1):121–8. Available from: 

https://www.nature.com/articles/0803689 

24. Gachon F, Loizides-Mangold U, Petrenko V, Dibner C. Glucose Homeostasis: 

Regulation by Peripheral Circadian Clocks in Rodents and Humans. 

Endocrinology [Internet]. 2017 May 1;158(5):1074–84. Available from: 

https://academic.oup.com/endo/article/158/5/1074/3070585 

25. Turek FW, Joshu C, Kohsaka A, Lin E, Ivanova G, McDearmon E, et al. Obesity 

and Metabolic Syndrome in Circadian Clock Mutant Mice. Science (80- ) 

[Internet]. 2005 May 13;308(5724):1043–5. Available from: 

https://www.science.org/doi/10.1126/science.1108750 

26. Hergenhan S, Holtkamp S, Scheiermann C. Molecular Interactions Between 

Components of the Circadian Clock and the Immune System. J Mol Biol 

[Internet]. 2020 May;432(12):3700–13. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0022283620300280 

27. Lewis P, Oster H, Korf HW, Foster RG, Erren TC. Food as a circadian time cue 

— evidence from human studies. Nat Rev Endocrinol [Internet]. 2020 Apr 

13;16(4):213–23. Available from: https://www.nature.com/articles/s41574-020-

0318-z 

28. Pot GK, Almoosawi S, Stephen AM. Meal irregularity and cardiometabolic 

consequences: results from observational and intervention studies. Proc Nutr Soc 

[Internet]. 2016 Nov 22;75(4):475–86. Available from: 

https://www.cambridge.org/core/product/identifier/S0029665116000239/type/jou

rnal_article 

29. Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al. European 

Guidelines for Obesity Management in Adults. Obes Facts [Internet]. 

2015;8(6):402–24. Available from: 

https://www.karger.com/Article/FullText/442721 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

30. Cornier MA. A review of current guidelines for the treatment of obesity. Am J 

Manag Care [Internet]. 2022 Dec 1;28(Suppl 15):S288–96. Available from: 

https://www.ajmc.com/view/review-of-current-guidelines-for-the-treatment-of-

obesity 

31. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 

3. Prevention or Delay of Diabetes and Associated Comorbidities: Standards of 

Care in Diabetes—2023. Diabetes Care [Internet]. 2023 Jan 

1;46(Supplement_1):S41–8. Available from: 

https://diabetesjournals.org/care/article/46/Supplement_1/S41/148039/3-

Prevention-or-Delay-of-Diabetes-and-Associated 

32. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 

1. Improving Care and Promoting Health in Populations: Standards of Care in 

Diabetes—2023. Diabetes Care [Internet]. 2023 Jan 1;46(Supplement_1):S10–8. 

Available from: 

https://diabetesjournals.org/care/article/46/Supplement_1/S10/148045/1-

Improving-Care-and-Promoting-Health-in 

33. Eckel-Mahan KL, Patel VR, de Mateo S, Orozco-Solis R, Ceglia NJ, Sahar S, et 

al. Reprogramming of the Circadian Clock by Nutritional Challenge. Cell 

[Internet]. 2013 Dec;155(7):1464–78. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0092867413014852 

34. Chambers L, Seidler K, Barrow M. Nutritional entrainment of circadian rhythms 

under alignment and misalignment: A mechanistic review. Clin Nutr ESPEN 

[Internet]. 2022 Oct;51:50–71. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2405457722003035 

35. Chaix A, Manoogian ENC, Melkani GC, Panda S. Time-Restricted Eating to 

Prevent and Manage Chronic Metabolic Diseases. Annu Rev Nutr [Internet]. 

2019 Aug 21;39(1):291–315. Available from: 

https://www.annualreviews.org/doi/10.1146/annurev-nutr-082018-124320 

36. Chow LS, Manoogian ENC, Alvear A, Fleischer JG, Thor H, Dietsche K, et al. 

Time-Restricted Eating Effects on Body Composition and Metabolic Measures in 

Humans who are Overweight: A Feasibility Study. Obesity [Internet]. 2020 May 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

1 [cited 2021 Dec 21];28(5):860–9. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1002/oby.22756 

37. Phillips N, Mareschal J, Schwab N, Manoogian E, Borloz S, Ostinelli G, et al. 

The Effects of Time-Restricted Eating versus Standard Dietary Advice on 

Weight, Metabolic Health and the Consumption of Processed Food: A Pragmatic 

Randomised Controlled Trial in Community-Based Adults. Nutrients [Internet]. 

2021 Mar 23;13(3):1042. Available from: https://www.mdpi.com/2072-

6643/13/3/1042 

38. Andriessen C, Fealy CE, Veelen A, van Beek SMM, Roumans KHM, Connell 

NJ, et al. Three weeks of time-restricted eating improves glucose homeostasis in 

adults with type 2 diabetes but does not improve insulin sensitivity: a randomised 

crossover trial. Diabetologia [Internet]. 2022 Oct 25;65(10):1710–20. Available 

from: https://link.springer.com/10.1007/s00125-022-05752-z 

39. Lowe DA, Wu N, Rohdin-Bibby L, Moore AH, Kelly N, Liu YE, et al. Effects of 

time-restricted eating on weight loss and other metabolic parameters in women 

and men with overweight and obesity: The TREAT randomized clinical trial. 

JAMA Intern Med. 2020 Nov 1;180(11):1491–9.  

40. Mengi Çelik Ö, Köksal E, Aktürk M. Time-restricted eating (16/8) and energy-

restricted diet: effects on diet quality, body composition and biochemical 

parameters in healthy overweight females. BMC Nutr [Internet]. 2023 Aug 

9;9(1):97. Available from: 

https://bmcnutr.biomedcentral.com/articles/10.1186/s40795-023-00753-6 

41. Schroder JD, Falqueto H, Mânica A, Zanini D, de Oliveira T, de Sá CA, et al. 

Effects of time-restricted feeding in weight loss, metabolic syndrome and 

cardiovascular risk in obese women. J Transl Med [Internet]. 2021 Dec 6;19(1):3. 

Available from: https://translational-

medicine.biomedcentral.com/articles/10.1186/s12967-020-02687-0 

42. Cienfuegos S, Gabel K, Kalam F, Ezpeleta M, Wiseman E, Pavlou V, et al. 

Effects of 4- and 6-h Time-Restricted Feeding on Weight and Cardiometabolic 

Health: A Randomized Controlled Trial in Adults with Obesity. Cell Metab. 2020 

Sep 1;32(3):366-378.e3.  

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

43. Pavlou V, Cienfuegos S, Lin S, Ezpeleta M, Ready K, Corapi S, et al. Effect of 

Time-Restricted Eating on Weight Loss in Adults With Type 2 Diabetes. JAMA 

Netw Open [Internet]. 2023 Oct 27;6(10):e2339337. Available from: 

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2811116 

44. Gabel K, Hoddy KK, Haggerty N, Song J, Kroeger CM, Trepanowski JF, et al. 

Effects of 8-hour time restricted feeding on body weight and metabolic disease 

risk factors in obese adults: A pilot study. Nutr Heal aging [Internet]. 2018 [cited 

2021 Dec 21];4(4):345–53. Available from: 

https://pubmed.ncbi.nlm.nih.gov/29951594/ 

45. Zhao L, Hutchison AT, Liu B, Wittert GA, Thompson CH, Nguyen L, et al. 

Time–restricted eating alters the 24‐hour profile of adipose tissue transcriptome 

in men with obesity. Obesity [Internet]. 2023 Feb;31(S1):63–74. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/oby.23499 

46. Suthutvoravut U, Anothaisintawee T, Boonmanunt S, Pramyothin S, Siriyothin S, 

Attia J, et al. Efficacy of Time-Restricted Eating and Behavioral Economic 

Intervention in Reducing Fasting Plasma Glucose, HbA1c, and Cardiometabolic 

Risk Factors in Patients with Impaired Fasting Glucose: A Randomized 

Controlled Trial. Nutrients [Internet]. 2023 Sep 30;15(19):4233. Available from: 

https://www.mdpi.com/2072-6643/15/19/4233 

47. Che T, Yan C, Tian D, Zhang X, Liu X, Wu Z. Time-restricted feeding improves 

blood glucose and insulin sensitivity in overweight patients with type 2 diabetes: 

a randomised controlled trial. Nutr Metab (Lond) [Internet]. 2021 Oct 7;18(1):88. 

Available from: 

https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/s12986-021-

00613-9 

48. Parr EB, Steventon-Lorenzen N, Johnston R, Maniar N, Devlin BL, Lim KHC, et 

al. Time-restricted eating improves measures of daily glycaemic control in people 

with type 2 diabetes. Diabetes Res Clin Pract [Internet]. 2023 Mar;197:110569. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S016882272300044X 

49. Reppert SM, Weaver DR. Coordination of circadian timing in mammals. Nature 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

[Internet]. 2002 Aug;418(6901):935–41. Available from: 

https://www.nature.com/articles/nature00965 

50. Marcheva B, Ramsey KM, Peek CB, Affinati A, Maury E, Bass J. Circadian 

Clocks and Metabolism. In 2013. p. 127–55. Available from: 

https://link.springer.com/10.1007/978-3-642-25950-0_6 

51. O’Byrne NA, Yuen F, Butt WZ, Liu PY. Sleep and circadian regulation of 

cortisol: A short review. Curr Opin Endocr Metab Res [Internet]. 2021 

Jun;18:178–86. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2451965021000363 

52. Zeb F, Wu X, Fatima S, Zaman MH, Khan SA, Safdar M, et al. Time-restricted 

feeding regulates molecular mechanisms with involvement of circadian rhythm to 

prevent metabolic diseases. Nutrition [Internet]. 2021 Sep;89:111244. Available 

from: https://linkinghub.elsevier.com/retrieve/pii/S0899900721001064 

53. Manoogian ENC, Chow LS, Taub PR, Laferrère B, Panda S. Time-restricted 

Eating for the Prevention and Management of Metabolic Diseases. Endocr Rev 

[Internet]. 2022 Mar 9;43(2):405–36. Available from: 

https://academic.oup.com/edrv/article/43/2/405/6371193 

54. Wehrens SMT, Christou S, Isherwood C, Middleton B, Gibbs MA, Archer SN, et 

al. Meal Timing Regulates the Human Circadian System. Curr Biol [Internet]. 

2017 Jun 19 [cited 2019 Feb 27];27(12):1768-1775.e3. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28578930 

55. Jakubowicz D, Wainstein J, Landau Z, Raz I, Ahren B, Chapnik N, et al. 

Influences of Breakfast on Clock Gene Expression and Postprandial Glycemia in 

Healthy Individuals and Individuals With Diabetes: A Randomized Clinical 

Trial. Diabetes Care [Internet]. 2017 Nov 1;40(11):1573–9. Available from: 

https://diabetesjournals.org/care/article/40/11/1573/36945/Influences-of-

Breakfast-on-Clock-Gene-Expression 

56. Flanagan A, Bechtold DA, Pot GK, Johnston JD. Chrono‐nutrition: From 

molecular and neuronal mechanisms to human epidemiology and timed feeding 

patterns. J Neurochem [Internet]. 2021 Apr 10;157(1):53–72. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/jnc.15246 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

57. Gabel K, Cienfuegos S, Kalam F, Ezpeleta M, Varady KA. Time-Restricted 

Eating to Improve Cardiovascular Health. Curr Atheroscler Rep [Internet]. 2021 

May 26;23(5):22. Available from: https://link.springer.com/10.1007/s11883-021-

00922-7 

58. Adafer R, Messaadi W, Meddahi M, Patey A, Haderbache A, Bayen S, et al. 

Food Timing, Circadian Rhythm and Chrononutrition: A Systematic Review of 

Time-Restricted Eating’s Effects on Human Health. Nutrients [Internet]. 2020 

Dec 8;12(12):3770. Available from: https://www.mdpi.com/2072-

6643/12/12/3770 

59. Antoni R, Johnston KL, Collins AL, Robertson MD. Intermittent v . continuous 

energy restriction: differential effects on postprandial glucose and lipid 

metabolism following matched weight loss in overweight/obese participants. Br J 

Nutr [Internet]. 2018 Mar 14;119(5):507–16. Available from: 

https://www.cambridge.org/core/product/identifier/S0007114517003890/type/jou

rnal_article 

60. Bloomer RJ, Kabir MM, Trepanowski JF, Canale RE, Farney TM. A 21 day 

Daniel Fast improves selected biomarkers of antioxidant status and oxidative 

stress in men and women. Nutr Metab (Lond) [Internet]. 2011;8(1):17. Available 

from: http://nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-

7075-8-17 

61. Manna P, Jain SK. Obesity, Oxidative Stress, Adipose Tissue Dysfunction, and 

the Associated Health Risks: Causes and Therapeutic Strategies. Metab Syndr 

Relat Disord [Internet]. 2015 Dec;13(10):423–44. Available from: 

http://www.liebertpub.com/doi/10.1089/met.2015.0095 

62. Lechuga-Sancho AM, Gallego-Andujar D, Ruiz-Ocaña P, Visiedo FM, Saez-

Benito A, Schwarz M, et al. Obesity induced alterations in redox homeostasis and 

oxidative stress are present from an early age. Portero-Otin M, editor. PLoS One 

[Internet]. 2018 Jan 25;13(1):e0191547. Available from: 

https://dx.plos.org/10.1371/journal.pone.0191547 

63. McAllister MJ, Pigg BL, Renteria LI, Waldman HS. Time-restricted feeding 

improves markers of cardiometabolic health in physically active college-age 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

men: a 4-week randomized pre-post pilot study. Nutr Res [Internet]. 2020 

Mar;75:32–43. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0271531719305536 

64. Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early Time-

Restricted Feeding Improves Insulin Sensitivity, Blood Pressure, and Oxidative 

Stress Even without Weight Loss in Men with Prediabetes. Cell Metab [Internet]. 

2018 Jun 5 [cited 2019 Feb 26];27(6):1212-1221.e3. Available from: 

https://www.sciencedirect.com/science/article/pii/S1550413118302535 

65. Johnston JD, Ordovás JM, Scheer FA, Turek FW. Circadian Rhythms, 

Metabolism, and Chrononutrition in Rodents and Humans. Adv Nutr [Internet]. 

2016 Mar;7(2):399–406. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2161831322006640 

66. Jefcoate PW, Robertson MD, Ogden J, Johnston JD. Exploring Rates of 

Adherence and Barriers to Time-Restricted Eating. Nutrients [Internet]. 2023 

May 16;15(10):2336. Available from: https://www.mdpi.com/2072-

6643/15/10/2336 

67. O’Neal MA, Gutierrez NR, Laing KL, Manoogian ENC, Panda S. Barriers to 

adherence in time-restricted eating clinical trials: An early preliminary review. 

Front Nutr [Internet]. 2023 Jan 12;9. Available from: 

https://www.frontiersin.org/articles/10.3389/fnut.2022.1075744/full 

68. Ganson KT, Cuccolo K, Hallward L, Nagata JM. Intermittent fasting: Describing 

engagement and associations with eating disorder behaviors and 

psychopathology among Canadian adolescents and young adults. Eat Behav 

[Internet]. 2022 Dec;47:101681. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1471015322000873 

69. O’Connor SG, Boyd P, Bailey CP, Nebeling L, Reedy J, Czajkowski SM, et al. A 

qualitative exploration of facilitators and barriers of adherence to time-restricted 

eating. Appetite [Internet]. 2022 Nov;178:106266. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0195666322003579 

70. Parr EB, Devlin BL, Hawley JA. Perspective: Time-Restricted Eating—

Integrating the What with the When. Adv Nutr [Internet]. 2022 May;13(3):699–

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X


Accepted manuscript 
 

711. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2161831322000278 

71. Garaulet M, Corbalán MD, Madrid JA, Morales E, Baraza JC, Lee YC, et al. 

CLOCK gene is implicated in weight reduction in obese patients participating in 

a dietary programme based on the Mediterranean diet. Int J Obes [Internet]. 2010 

Mar 12;34(3):516–23. Available from: 

https://www.nature.com/articles/ijo2009255 

72. Garaulet M, Gómez-Abellán P, Alburquerque-Béjar JJ, Lee YC, Ordovás JM, 

Scheer FAJL. Timing of food intake predicts weight loss effectiveness. Int J 

Obes [Internet]. 2013 Apr 29;37(4):604–11. Available from: 

https://www.nature.com/articles/ijo2012229 

73. Garaulet M, Corbalán-Tutau MD, Madrid JA, Baraza JC, Parnell LD, Lee YC, et 

al. PERIOD2 Variants Are Associated with Abdominal Obesity, Psycho-

Behavioral Factors, and Attrition in the Dietary Treatment of Obesity. J Am Diet 

Assoc [Internet]. 2010 Jun;110(6):917–21. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0002822310002373 

74. Bantle AE, Lau KJ, Wang Q, Malaeb S, Harindhanavudhi T, Manoogian ENC, et 

al. Time‐restricted eating did not alter insulin sensitivity or β‐cell function in 

adults with obesity: A randomized pilot study. Obesity [Internet]. 2023 Feb 

14;31(S1):108–15. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/oby.23620 

 

https://doi.org/10.1017/S002966512400747X Published online by Cambridge University Press

https://doi.org/10.1017/S002966512400747X

