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s u m m a r y

Background & aims: This study aimed to critically review the potential effects of time-restricted eating 
(TRE) on lipemic and glycemic control, as well as certain inflammatory biomarkers, including 
interleukin-1 beta (IL-1β), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) levels, in in
dividuals with obesity and insulin resistance.
Methods: A critical review of the relevant published articles (56 original articles) from 2007 to 2025 was 
carried out using several search engines, including PubMed, Scopus, Cochrane, and Google Scholar. The 
following keywords were used: TRE, insulin resistance, inflammatory biomarkers, and blood glucose.
Results: TRE shows potential in improving glycemic and lipemic control in obese individuals with in
sulin resistance, although its effect on inflammatory  markers such as IL-1β, TNF-α, and IL-6 remains 
inconsistent. Mechanistic studies suggest that activation of adenosine monophosphate-activated pro
tein kinase (AMPK), suppression of mammalian target of rapamycin (mTOR), and ketosis help enhance 
glucose metabolism, promote autophagy, boost mitochondrial function, and lower triglyceride and low- 
density lipoprotein (LDL) levels. Despite these benefits,  human trial results are mixed, with in
consistencies mainly caused by small sample sizes, varying TRE protocols, and differences in study 
design and populations characteristics.
Conclusion: The effect of TRE is contradictory regarding body weight, insulin sensitivity, lipid profile, 
and pro-inflammatory status. Furthermore, a well-designed, randomized controlled trial with a long 
study duration is warranted to investigate the effectiveness of TRE, as it would provide critical insights 
into the sustainability and broader health impact of this dietary approach.
© 2025 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights are 

reserved, including those for text and data mining, AI training, and similar technologies.

1. Introduction

Obesity is a chronic disease with serious pandemic proportions, 
affecting populations worldwide regardless of age, gender, socio
economic status, or geographic location. It is a significant  risk 
factor for prediabetes, type 2 diabetes mellitus (T2DM), cardio
vascular disease, and certain types of cancer [1]. In 2022, the World 
Health Organization reported that 2.5 billion adults worldwide 
were overweight, including 890 million with obesity [2]. A sys
tematic review reported that the prevalence of obesity in the 

Middle East is 21.17 %, with 35.65 % of the Jordanian population 
affected [3,4].

Obesity is a multifactorial, complex, subclinical, low-grade 
systemic pro-inflammatory chronic disease primarily caused by a 
chronic failure of body weight control mechanisms, resulting in a 
chronic accumulation of white adipose tissue (WAT) that un
dergoes a complex remodeling process [5]. This proinflammatory 
state is characterized by elevated serum levels of certain bona fide 
proinflammatory adipokines, such as leptin, tumor necrosis factor- 
alpha (TNF-α), and adipsin, along with cytokines including in
terleukins (Interleukin-1 beta, (IL-1β), Interleukin-6 (IL-6), and 
Interleukin-10 (IL-10), adiponectin, and others [6]. These proin
flammatory biomarkers affect insulin receptor sensitivity, leading 
to insulin resistance (IR) and eventually T2DM [7]. The term 
“diabesity” has recently emerged to highlight the strong patho
physiological link between obesity and diabetes. Diabesity often 
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manifests as a syndrome of IR, where the body's cells are more 
resistant to insulin, resulting in dysglycemia and an increased risk 
of metabolic complications [8].

A complex interplay of various endogenous and exogenous risk 
factors triggers obesity. Endogenous risk factors include epigenetic 
influences, age, gender, metabolic rate, and hormonal imbalances. 
Exogenous risk factors encompass nutritional behaviors, passive 
overconsumption of calorie-dense foods, and sedentary lifestyles 
[9]. There is a strong need for reliable and feasible medical nutri
tion interventions that can be implemented to achieve and 
maintain a healthy body weight in individuals who are overweight 
or obese [10]. Time-restricted eating (TRE) is a form of intermittent 
fasting that limits food intake to a specific  daily period, usually 
between 4 and 12 h, with fasting during the remaining hours [11]. 
Among dietary approaches, TRE has emerged as a promising 
strategy for managing obesity and mitigating its associated 
metabolic complications. Unlike dietary strategies that focus on 
calorie restriction or food composition, TRE emphasizes the timing 
of meals [12]. Recently, TRE has become very popular because it is 
practical, does not require constant calorie counting, and does not 
change the food composition of the diet. This can help improve 
adherence and metabolic results, and its perceived benefits  for 
weight management and blood sugar control have increased its 
appeal in both scientific and public health communities [13,14].

Recent evidence suggests that TRE can improve metabolic 
health and anthropometric indices in individuals with metabolic 
disorders. Studies in overweight or obese populations, as well as 
those with prediabetes, T2DM, or hepatosteatosis, have reported 
improvements in fasting glucose, insulin sensitivity, liver fat con
tent, and body composition [15]. These conditions are often 
characterized by chronic low-grade inflammation,  which may 
contribute to disease progression. TRE may exert beneficial effects 
in part by reducing this pro-inflammatory burden, supporting its 
potential use in managing obesity, prediabetes, T2DM, and related 
metabolic liver conditions [11].

Findings of various reports have indicated that TRE significantly 
reduces blood glucose levels and IR via suppressing Jun NH2- 
terminal kinase (JNK) and nuclear factor kappa B (NFκB) 
signaling in individuals diagnosed with obesity, also allowing 
switching between glucose and lipids as sources of energy and 
producing ketone bodies [16,17]. However, ketone bodies are not 
just used as fuel and may also influence health and aging status by 
regulating the expression and activity of several proteins and 
molecules. These include peroxisome proliferator-activated re
ceptor γ coactivator 1α (PGC1α), brain-derived neurotrophic factor 
(BDNF), nicotinamide adenine dinucleotide, polymerase 1, ADP 
ribosyl cyclase, and fibroblast growth factor 1 [18].

The effect of TRE on obesity and metabolic health has been 
investigated, with several RCTs indicating improvements in body 
weight among individuals with obesity, even without calorie 
counting [19,20]. However, some studies highlight disadvantages, 
including slight reductions in lean muscle mass and challenges in 
adherence due to socio-environmental factors like family obliga
tions, work schedules, and evening social events [21]. To improve 
adherence to TRE, strategies such as leveraging social support 
systems, implementing structured meal planning, and offering 
personalized TRE interventions tailored to individual lifestyles and 
cultural contexts may be helpful. These approaches could help 
overcome socio-environmental barriers and increase the feasi
bility and sustainability of TRE across diverse populations [21]. 
Future research should continue exploring these methods to 
optimize adherence and maximize the health benefits of TRE. The 
use of additional therapies and short study durations often limits 
these findings.  Additionally, other clinical trials have found no 
significant  effects of TRE on glycemic control or inflammatory 

biomarkers, possibly due to small sample sizes and the lack of 
dietary intake assessments [22,23].

These inconsistent findings make the overall impact of TRE on 
metabolic health controversial and raise important questions 
about its effectiveness, particularly when it is not accompanied by 
calorie restriction. Therefore, this critical literature review aimed 
to discuss TRE's effects on glycemic control, body composition, 
lipid profile, and proinflammatory biomarkers IL-1β, TNF-α, and IL- 
6 in obese adults with IR.

2. Materials and methods

2.1. Study selection

A critical review of the relevant published articles from 2007 to 
2025 was carried out using several search engines, including 
Cochrane, PubMed, Scopus, EMBASE, and Google Scholar. The 
search focused on studies investigating the effect of TRE on obesity 
and IR. The following keywords were used: “Obesity”, 
“Insulin Resistance”, “Time-Restricted eating”, “Proinflammatory 
biomarkers".

2.2. Inclusion and exclusion criteria

“Inclusion criteria: (1) human and animal studies, (2) adults 
aged ≥18 years, (3) interventions involving TRE for 4–10 h, (4) 
outcomes including inflammatory markers, glycemic control, lipid 
profile, and body composition, (5) participants with pre diabetic 
and T2DM.

Exclusion criteria: (1) Case reports and conference abstracts, (2) 
participants with other acute illnesses, (3) Studies where TRE is 
combined with other major dietary interventions (e.g., ketogenic 
diet, low-carbohydrate diet), (4) non-English publications, (5) 
Duplicate.

3. Effect of time-restricted eating on glycemic control

Dietary interventions, such as TRE programs that reduce food 
intake, can significantly enhance glycemic and insulin responses 
[24]. The quantity of food intake and the timing of major meals 
throughout the day are crucial in determining the increase in 
glucose and insulin levels after meals [25].

An animal study on mice showed that TRE improves insulin 
sensitivity and glucose tolerance and maintains normal insulin 
levels by activating AMPK. AMPK suppresses mTOR phosphoryla
tion, a key driver of obesity and IR [26]. By inhibiting mTORC1, 
AMPK reduces inflammation and insulin resistance through JNK/ 
NFκB signaling suppression (Fig. 1). It is also a target of glucose- 
lowering drugs like thiazolidinediones and metformin, which 
enhance insulin sensitivity and help prevent T2DM [27]. AMPK has 
been reported to be involved in the synthesis and release of insulin 
by pancreatic β cells and glucagon release from pancreatic α cells, 
regarding glucose concentration [28].

Recent evidence highlights autophagy—a homeostatic process 
regulated by AMPK and mTOR signaling—as a key mechanism 
activated during nutrient deprivation to provide cellular energy 
[29]. This process involves the formation of autophagosomes, 
which sequester intracellular components for lysosomal degra
dation, and is coordinated by autophagy-related proteins (ATG). 
AMPK promotes autophagy through Unc-51 Like Autophagy Acti
vating Kinase 1 (ULK1) phosphorylation and Vacuolar Protein 
Sorting 34 (VPS34) activation, whereas mTOR inhibits it by 
phosphorylating ULK1, ATG proteins, and suppressing Transcrip
tion Factor EB (TFEB) [29,30]. TRE appears to enhance autophagy- 
related gene expression, including Microtubule-Associated 
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Protein 1 Light Chain 3 Alpha (LC3A) and ULK1, partly through 
circadian regulation and miRNA-mediated modulation of mTOR 
signaling. Although human data remain limited, TREs may help 
restore physiological autophagic activity, with potential benefits 
for obesity-related metabolic health [31]. In addition, TRE has also 
been linked to improved mitochondrial biogenesis by activating 
AMPK and sirtuins (SIRT1, SIRT3), which enhance fatty acid 
oxidation, energy metabolism, and protection against oxidative 
stress. These pathways upregulate transcription factors like PGC1α 
and Forkhead box O proteins, supporting mitochondrial biogen
esis and metabolic flexibility, all of which contribute to better 
energy homeostasis and protection against metabolic dysfunction 
[32,33].

Time-restricted eating induces ketosis, where depleted glucose 
and glycogen stores shift energy reliance to ketone bodies and 
acetone. Ketosis may enhance metabolism by reducing reactive 
oxygen species, promoting autophagy and lipolysis, and increasing 
stress resistance, thus extending the benefits of caloric restriction 
[34]. A five-week, randomized, crossover, isocaloric, and eucaloric 
controlled feeding trial testing TRE in men with IR found that TRE 
enhances insulin sensitivity, β-cell function, and overall health, 
making it effective for prediabetes management [35]. Another 
report demonstrated that TRE significantly lowers blood glucose in 
overweight and obese adults with prediabetes, suggesting its po
tential to reduce diabetes and cardiovascular disease risk 
[20,36,37]. Conversely, other studies have reported no significant 
effects of TRE on glycemic control in obese individuals, with lim
itations including small sample sizes and a lack of calorie intake 
assessment [23,38,39].

Findings of several reports examining TRE in obese individuals 
with IR remain inconclusive. A major limitation is the use of 

various blood glucose measurement methods, such as HOMA-IR 
[38], HbA1c, and the oral glucose tolerance test [38]. This mea
surement inconsistency hinders the ability to make direct com
parisons and to fully understand TRE's impact on metabolic health. 
Further studies are needed to facilitate stratified comparisons by 
disease, ethnicity, intervention type, and duration.

4. Effects of time-restricted eating on body weight status 
and lipid profile

Time-restricted eating (TRE) reduces late-night food intake, 
particularly energy-dense options like alcohol and sweets, which 
are common dietary traps [40]. This pattern naturally decreases 
total daily energy consumption, encouraging better adherence to 
dietary interventions and improving overall well-being. By 
limiting post-dinner snacking, TRE serves as a straightforward yet 
effective method to support weight management and long-term 
metabolic health [38].

Fasting periods promote fatty acid oxidation through higher 
expression of peroxisome proliferator-activated receptor alpha 
(PPAR) and peroxisome proliferator-activated receptor-gamma 
coactivator 1-alpha (PGC-1) during fasting [17]. Increased fatty 
acid oxidation in the liver reduces triglyceride (TG) accumulation 
in hepatocytes, leading to decreased production of very low- 
density lipoprotein (VLDL). As such, circulating levels of VLDL 
and TG decline. Since apo B is a crucial structural component of 
VLDL, serum apo B levels also decrease. Furthermore, because apo 
B is also present in LDL, reductions in VLDL production indirectly 
contribute to lower LDL and apo B concentrations in the blood
stream [41].

Fig. 1. Role of AMPK in Glucose Uptake and Insulin Sensitivity. 
Adenosine monophosphate-activated protein kinase (AMPK) is activated through phosphorylation at the Thr172 residue by upstream kinases such as LKB1, CaMKKβ, and TAK1, in 
response to increased intracellular calcium (Ca2+) and cAMP levels. Once activated, AMPK enhances glucose uptake primarily by phosphorylating Akt and promoting the 
expression and translocation of GLUT-4 to the plasma membrane. It also improves insulin sensitivity by disrupting the negative feedback loop involving IRS-1, achieved through 
inhibition of mammalian target of rapamycin (mTOR) and its downstream target S6K1. Beyond glucose metabolism, AMPK acts as a central regulator of cellular energy ho
meostasis by inhibiting anabolic pathways, including lipid and protein synthesis—via suppression of enzymes like HMG-CoA reductase and acetyl-CoA carboxylase (ACC)—and 
mTOR signaling. Concurrently, AMPK promotes catabolic processes such as fatty acid oxidation and mitochondrial biogenesis to restore ATP levels. Through these coordinated 
actions, AMPK integrates energy status with metabolic adaptation to maintain overall cellular and systemic metabolic balance. AMPK, adenosine monophosphate-activated 
protein kinase; PI3Ks, phosphoinositide 3-kinases; TAK1, transforming growth factor-β-activated kinase 1; CaMKKβ, Ca2+/calmodulin-dependent protein kinase kinase-β; 
LKB1, liver kinase B1; cAMP, cyclic adenosine monophosphate; Thr172, phosphorylation at threonine-172; IRS-1, insulin receptor substrate 1; mTOR, mammalian target of 
rapamycin; S6K1, 40 S ribosomal S6 kinase 1; HMG-CoA reductase, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase; ACC, acetyl-CoA carboxylase. [15, 26,27].

N. Al Sarayreh, H. Al-Domi and A. Jawamis Clinical Nutrition ESPEN 69 (2025) 703–710

705



Rodent studies suggested fasting reduces adipocyte size and 
improves lipid profile  [34]. Human studies on TRE also show 
weight loss and improved lipid profiles in individuals with IR, with 
significant  reductions in BMI, weight, and waist circumference 
[20,36,37,42,43]. TRE promotes WAT browning and mitochondrial 
biogenesis, whereas TRE enhances the browning of WAT by 
upregulating fibroblast growth factor 21 (FGF21), which increases 
the expression of uncoupling protein 1 and PGC-1α, promoting 
thermogenesis and suppressing adipogenesis. [34,44]. However, 
two RCTs found no lipid metabolism improvements [34,38], and a 
year-long study showed no added health benefits  over conven
tional dieting, though TRE had higher attrition [45].

However, the variability in study designs and populations 
limits the consistency of these findings.  Intervention durations 
range from a few weeks to over a year, and this inconsistency likely 
influences outcomes related to weight loss and lipid metabolism. 
Furthermore, none of these studies matched food intake and meal 
frequency or supervised participants to ensure they followed the 
prescribed dietary regimen intervention [20,36–38].

5. Effects of time-restricted eating on pro-inflammatory 
biomarkers

Excess fat buildup causes fat cells to enlarge, leading to 
dysfunction and the release of proinflammatory  markers that 
attract macrophages, which worsens inflammation  and disrupts 
metabolism [22]. Since inflammation  and IR promote adipose 
tissue problems, lowering obesity-related inflammation is essen
tial for reducing risks associated with metabolic syndrome and 
cardiovascular disease [46]. Insulin resistance is associated with 
ongoing low-grade inflammation  triggered by cytokines (IL-1β, 
TNF-α, IL-6), chemokines, oxidative stress, and metabolic imbal
ances [7]. Continuous exposure to these factors damages insulin 
receptor activity in pancreatic β-cells, impairing glucose process
ing and increasing the risk of metabolic disorders [17].

One of the important cytokines that links inflammation to IR is 
TNF-α. It is an adipose-derived proinflammatory cytokine that 
links inflammation  to IR by promoting adipocyte lipolysis and 
disrupting insulin signaling by inducing serine phosphorylation of 
insulin receptor substrate, impairing downstream action (Fig. 2) 
[47].

Interleukin-1β is another essential pro-inflammatory cytokine 
that plays a crucial role in regulating the expression of various 
other pro-inflammatory cytokines. Its secretion is controlled by 
inflammasome  activity and is directly related to IR [49]. IL-1β 
contributes to IR by impairing insulin signaling in peripheral tis
sues and macrophages, reducing the expression of insulin receptor 
substrate-1 (IRS-1) at the extracellular signal-regulated kinase 
(ERK)-dependent transcriptional level and ERK-independent post- 
transcriptional level, which leads to a decrease in insulin sensi
tivity of β-cells and possible impaired insulin secretion [50]. 
Furthermore, the levels of IL-1β are elevated in various cells, such 
as monocytes, during hyperglycemia, exacerbating IR [47].

Another interleukin that plays an important role in obesity and 
IR is IL-6. IL-6 is secreted by multiple tissues, particularly adipose 
tissue, where it acts as a proinflammatory mediator that impairs 
insulin action by decreasing the expression of glucose transporter- 
4 (GLUT-4) and IRS-1 [50]. These effects are exerted through the 
activation of the Janus kinase-signal transducer and activator of 
transcription (JAK-STAT) signaling pathway and enhancing the 
expression of suppressor of cytokine signaling 3 (SOCS3). Addi
tionally, IL-6 also induces IR by blocking the phosphoinositide 3- 
kinase (PI3K) pathway and impairing glycogen synthesis through 
downregulating the expression of microRNA-200s (miR-200s) and 
upregulating that of a friend of GATA 2 (FOG-2) [47].

Time-restricted eating (TRE) enhances glucose uptake in adi
pocytes via activation of the AMPK pathway, which, in turn, in
hibits inflammatory pathways, particularly the nuclear factor 
kappa B (NF-κB) pathway, which controls the expression of IL-1β, 
TNF-α, and IL-6 [16]. In addition, TRE modulates c-Jun N-terminal 

Fig. 2. Influence of the inflammatory cytokines on the status of insulin resistance. 
This figure shows how inflammation contributes to insulin resistance. TNF-α activates the JNK and NF-κB pathways, which inhibit IRS-1 and impair insulin signaling. IL-6 activates 
the JAK-STAT pathway via STAT3 and TLR4, leading to increased SOCS3 expression, which in turn blocks GLUT4 and reduces glucose uptake. Additionally, IL-6 suppresses PI3K, 
thereby lowering miR-200 and increasing FOG-2, which in turn decreases glycogen synthesis. These inflammatory signals will negatively affect glucose metabolism and promote 
insulin resistance. TNF-α: tumor necrosis factor-alpha, IL-6: interleukin-6, AT: Adipose tissue, JNK: c-Jun N-terminal kinase, NF-κB: nuclear factor-kappa B, TLR-4: toll-like 
receptor-4, SCOS3: Suppressor of cytokine signaling 3, STAT3: Signal transducer and activator of transcription 3, PI3K: phosphoinositide 3-kinase, miR-200: microRNA-200s, FOG- 
2: friend of GATA 2, JAK-STAT: Janus kinase-signal transducer and activator of transcription signaling pathway, IRS-1: Insulin receptor substrate-1 [47,48].
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Table 1 
Studies that investigated the association between time-restricted eating (TRE) and weight, inflammation, glycemic, and lipid profile in prediabetic adults/human studies.

Authors Country Study Design Intervention Duration Weight/BMI Inflammation Glycemic Profile Lipid Profile

Fu et al., 2025 China RCT overweight or 
obese adults with 
T2DM 
n = 18

TRE (14:10) 12 weeks (↓) weight, WC, BMI – (↓) BG, HbA1c (↓) TG

Habe et al., 
2025

Slovenia RCT 
Overweight 
Or obese adults n = 90

eTRE + CR with lTRE + ER eTRE + ER greater 
improvement in weight, BMI

eTRE + ER greater 
improvement in 
BG, HOMA-IR, 
insulin level

eTRE + ER greater 
improvement in 
lipid profiile

Duman et al., 
2025

Turkey RCT 
Patients with metabolic 
syndrome n = 20

TRE (14:10) or (16:8) 12 weeks (↓) weight, WC, BMI – (↓) BG and insulin –

Chair et al., 2022 China RCT overweight or 
obesity and 
prediabetes n = 101

TRE (16:8) vs. 
Normal eating

3 weeks (↓) weight, WC, BMI – (↓) BG (↓) LDL-C, 
cholesterol, TG

Ezzati et al., 2025 USA RCT overweight, older 
adults 
n = 10

TRE (16:8) 4 weeks (↓) TNF-α, IL-β no change in IL-6

Cienfuegos et al., 
2022

USA RCT 
Obese n = 49

lTRE (18:6) and (20:4) with 
controls

10 weeks (↓) fat mass on both lTRE – No significant 
change BG c insulin 
level, IR in both 
lTRE

No significant 
effect on HDL, TG, 
LDL in both lTRE

Hutchison et al., 
2019

USA RCT 
Prediabetic n = 15

Early (TRFe) or delayed (TRFd) 
(9:15)

5 weeks – – (↓) BG in TREe 
No significant 
change in insulin

No significant 
effect in HDL, TG, 
LDL

Zhang et al., 2022 China RCT 
Overweight or obese 
young adults n = 40

6-h eTRE (eating from 7 am to 1 
pm.) vs control group (ad 
libitum intake in a day)

8 weeks (↓) weight, WC, BMI Does not affect CRP, TNF-α, or 
IL-6

(↓) BG, fasting 
insulin, IR

(↑) LDL-C 
No effect on 
cholesterol, HDL-C 
and TG

Mena-Hern�andez 
et al., 2024

Mexico RCT n = 17 
Overweight or obesity

eTRE 16 h of fasting (3:00 pm to 
7:00 am) and 8 h of ad libitum 
eating (7:00 am to 03:00 pm) 
(16:8)

2 months eTRE did not induce beneficial 
effects on the glycemic and lipid metabolisms, body 
composition, subjective appetite, or blood pressure

Soto, 2023 Australia RCT n = 22 
Pre diabetic

eTRE and multimodal exercise 
and eTRF alone, in individuals 
identified 
As being at-risk of developing 
T2D. (16:8)

4 weeks. (↓) weight, BMI, WC – – –

Sutton et al., 2018 Spain RCT n = 8 prediabetic 
men

eTRE (6-h feeding period, with 
dinner before 3 pm) or a 
control schedule (12-h feeding 
period)

5 weeks. – Does not affect CRP, TNF-α, or 
IL-6

(↓) insulin level, IR, 
improve pancreatic 
β cell function

did not affect HDL- 
C cholesterol, LDL- 
C (↑) TG

He et al., 2022 China RCT n = 44 
Prediabetic 
Men

TRE (Choose freely between 
two meal-eating windows for 
participants: 8 am to 4 pm 
(eTRE) and 12 pm–8 pm (lTRE) 
with control group

3 months (↓) body weight 
(↓) VF

– (↓) insulin level, IR 
(↓) BG,

(↓) LDL-C, 
cholesterol, TG

RCT: randomized controlled trial, TRE: Time-restricted eating, eTRE: Early time-restricted eating, lTRE: Late time-restricted eating), T2D: Type 2 diabetes, BMI: body mass index, VF: Visceral fat, WC: waist circumference, IR: 
Insulin resistance, CRP: C-reactive protein, IL-6: interleukin-6, BG: blood glucose, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride.
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kinase (JNK1/2) activation in visceral adipocytes, thereby 
improving insulin sensitivity and decreasing TNF-α production 
[48]. TRE also indirectly suppresses NOD-like receptor protein 3 
(NLRP3) inflammasome activity by reducing oxidative stress and 
mitochondrial dysfunction. As a result, IL-1β levels are reduced, 
alleviating one pathway of inflammation-induced  IR [47]. 
Furthermore, TRE decreases the activation of JAK-STAT and thus 
prevents the downstream suppression of insulin signaling, leading 
to decreased IL-6 [50].

Several studies have demonstrated the potential anti- 
inflammatory  benefits  of TRE, particularly in individuals with 
obesity or those at risk of diabetes [19]. After 12 months of TRE, the 
pro-inflammatory significantly  improved after TRE compared to 
the control group [44]. A 4-week TRE intervention showed modest 
reductions in TNF-α and IL-1β in overweight older adults. However, 
other inflammatory markers and oxidative stress indicators 
remained largely unchanged [51,52]. Additionally, in a short RCT, it 
was observed that IL-6 levels significantly  decreased in partici
pants following TRE [53]. Moreover, the limitations of these find
ings include that the intervention's caloric and macronutrient 
intake were determined through self-reported interviews, a 
method known to have inherent inaccuracies. The timing of meals 
relative to training sessions varied among participants, which 
might have influenced their responses. Additionally, they investi
gated the effects of TRE in participants who were also undergoing 
training, so it was not possible to isolate the specific benefits of TRE 
alone. Longer and larger studies are needed to confirm these ef
fects [51–53].

Conversely, an RCT found no significant effect of TRE, even with 
energy restriction, on the proinflammatory state in individuals 
with obesity, which was limited by the short duration of the study 
[22]. Similarly, an early TRE showed no change in IL-6 levels in 
prediabetic men over five weeks; however, the small sample size 
limited the reliability of these findings  [35]. An eight-week TRE 
trial also failed to reduce TNF-α or IL-6 in obese adults, with the 
limitation that their study did not implement a crossover design. A 
crossover design could have reduced confounding variables, as 
each participant would be their control. Additionally, the study did 
not assess the effects of different time windows for TRE (early 
versus late) [38]. A previous report suggested that insulin sensi
tivity is higher in the morning compared to the evening [54]. A 
meta-analysis of 18 RCTs confirmed  no significant  reductions in 
these markers, with limitations such as small sample sizes and a 
lack of calorie intake assessment [5].

Changes in TRE protocols, such as the duration of the eating 
window (from 4 to 10 h) and its timing (early morning versus late 
in the day), may influence both metabolic responses and circadian 
rhythms. Early TRE might align more closely with biological 
circadian rhythms and, as a result, could improve insulin sensi
tivity, diet-induced thermogenesis, and lipid metabolism 
[41,54,55]. In contrast, late TRE could have more negative effects 
[54]. This variability across studies is one reason for the differing 
results reported in the literature. Future research should consider 
all these factors to develop optimal eating windows that maximize 
metabolic benefits.

The summarized results of previous human studies are pre
sented in Table 1.

6. Conclusion and future links

The current review examined the available evidence on the 
beneficial effects of TRE on body weight status, glycemic control, 
lipid profile, proinflammatory biomarkers, and other health issues. 
Conversely, other reports have not been able to provide evidence 
for the positive effects of TRE. The duration of the study, 

characteristics of the selected population, sample size, study 
design, and the combined effects of TRE and other treatments may 
impact the results. Additionally, to date, there is a lack of reports 
comparing TRE with calorie restriction to TRE without calorie re
striction, specifically  among individuals with prediabetes. This 
limitation restricts our ability to determine whether improve
ments in metabolic health can be attributed to TRE itself or a 
reduction in energy intake.

Future research should also focus on several specific  areas, 
including identifying the optimal eating windows (early versus 
late TRE) to determine the timing that yields the greatest meta
bolic benefits.  Investigating the potential synergistic effects of 
combining TRE with other therapeutic interventions, such as ex
ercise or pharmacotherapy, is also needed. Furthermore, a well- 
designed, randomized controlled trial with a long study duration 
is warranted to investigate the effectiveness of TRE on inflamma
tion markers and cardiovascular health would provide critical in
sights into the sustainability and broader health impact of this 
dietary approach.
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