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Introduction: Time-restricted eating (TRE), a dietary pattern reducing the duration of daily food consumption, has recently gained popularity. Existing studies show the potential benefits of TRE for cardiometabolic health. Uncertainty remains about whether these benefits are solely from altered meal timing or influences on other health behaviors, including sleep. Despite growing scientific interest in the effects of TRE on sleep parameters, the topic has not been systematically explored.

Methods: This review examined the effects of TRE interventions (daily fasting duration ≥14 h) lasting at least 8 weeks on objective and subjective sleep parameters. Six randomized control trials were identified through Pubmed, Embase, Google Scholar, and Scopus through September 2023.

Results: Of the included studies, three employed objective sleep measures using wearables and five studies assessed sleep subjectively through self-report questionnaires. Only one study reported significant improvements in subjective sleep quality following a TRE intervention. Additionally, one study found significant decreases in sleep duration, two studies found significant decreases in sleep efficiency, and one found significant increases in sleep onset latency.

Discussion: Current evidence indicates that short to mid-term TRE does not typically worsen sleep parameters. However, some populations may experience reduced sleep disturbances, while others may experience reductions in sleep efficiency. Longer duration studies with objective sleep assessments are needed to better understand the effects of TRE on sleep parameters.
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1 Introduction

The circadian system is responsible for various physiological processes over a 24-h cycle, including the sleep/wake cycle, heart rate, blood pressure, and hormone secretion (1). Accumulating evidence indicates that the disruption of the circadian rhythm is the cause of many metabolic diseases and is linked with sleep disturbances (2, 3). Despite the critical role sleep has in maintaining overall health (4–7), a growing percentage of adults report challenges falling and/or staying asleep. Specifically, more than 14% of adults indicate difficulty falling asleep, while 17% experience challenges in staying asleep (8). As of the year 2022, the CDC has reported that 36.8% of adults are reporting insufficient sleep which includes getting less than the recommended 7 h of sleep per night (9). This is of concern as long-term sleep disturbances increase the risk of chronic disease conditions, including diabetes, cardiovascular disease, hypertension, and obesity (10–12). Subsequently, improving sleep quality through increased sleep duration, regulated sleep schedules, and lowered sleep disruptions have been proposed to promote optimal health and quality of life, and reduce overall risk factors related to chronic conditions (13–15).

In line with this, sleep and meal timing have both been directly linked with both central and peripheral circadian rhythm, suggesting a common factor underlying the relationship between sleep quality and the timing of food intake (16). The energy metabolism pathway is circadian, affecting cellular function and metabolism of carbohydrates, proteins, and fat. As such, the use and storage of these macronutrients is not a linear process. In humans, insulin sensitivity varies according to the time of day, with decreased values in the evening and at night (17). In a study by Van Cauter et al., participants were observed in a sleep laboratory following a meal at the start of the study and then exposed to both uninterrupted sleep and interrupted sleep on different nights (17). During sleep deprivation, both glucose levels and insulin secretion rose to approximately the same level that corresponded to the beginning of the habitual sleep period. Additionally, daytime sleep was associated with a rise of 16% in glucose levels, 55% in insulin secretion, and 39% in serum insulin. This study demonstrates the importance that sleep quality and sleep timing both have on insulin and glucose regulation. Another study conducted by Arasaradnam et al. examined lipoprotein lipase activity in healthy adults before and after eating (18). This study revealed that peripheral circadian rhythms played a role in the activation of hormone-sensitive lipase (HSL), which contributes to nocturnal lipid intolerance. Specifically, participants with nightly fasting durations of 11.20 or longer displayed almost double the amplitude in HSL activity rhythm than those with short duration. Moreover, participants who habitually had early diners had 1.6 times higher amplitude than those who reported typically having late diners (18).

The relationship between meal timing and sleep has been examined in a few other human studies. For example, a cross-sectional study involving college-aged individuals found an association between the time in which the last meal was consumed with sleep efficiency. Specifically, individuals who consumed their last meal within 3 h of their bedtime had more frequent nighttime awakenings, and thus decreased sleep efficiency (19). In line with this, another study observed that food intake 30–60 min before sleep was associated with negative effects on sleep quality, as measured by polysomnography, in healthy men and women (16). Furthermore, another cross-sectional study, which looked at Japanese young adults showed that shorter sleep to dinner time windows were associated with an increase in sleep onset latency (20). Such findings suggest that altering the time in which we eat the last meal of the day can help align the body’s natural peripheral circadian rhythms, which could have a beneficial effect on the sleep–wake cycle and improve various health outcomes (21, 22). Findings from preclinical studies have also highlighted the importance of aligning the timing of food intake with the body’s natural circadian rhythm to produce improvements in sleep outcomes (23, 24).

A novel approach to altering the time in which food is eaten is called time-restricted eating (TRE), a type of intermittent fasting that typically involves restricting daily eating periods to 8–10 h and fasting for the remaining hours of the day and night. TRE has been proposed to promote healthy sleep patterns by aligning food intake with the body’s sleep/wake cycle (25). Potential mechanisms that may underlie the purported health benefits of TRE include its influence on peripheral circadian rhythms and autophagy processes (26). Emerging evidence suggests that metabolic switching, specifically the transition from utilizing glucose to ketone bodies as primary fuel substrates, may play a role in regulating circadian rhythms and contribute to the favorable cardiometabolic outcomes associated with TRE interventions (27).

Although this dietary approach has shown positive effects on body weight and overall metabolic health (25), its effect on sleep parameters is less understood. Animal studies have shown that time-restricted feeding (TRF) has a positive effect on sleep and health, by aligning food intake with the animal’s circadian rhythm, which is needed to maintain a robust sleep–wake cycle (28). In preclinical animal models, TRF, without reducing caloric intake, has been shown to decrease the severity of metabolic diseases, and has also improved different metabolic parameters which indirectly support better sleep. Wang et al. (29) found that, in mice, TRF can prevent and reverse diet-induced dysfunction of the paraventricular thalamic nucleus and excessive sleepiness. These results are promising, as high-fat diet-induced obesity is a growing public health concern and excessive daytime sleepiness is a common symptom of this type of obesity.

Additionally, by limiting food intake to a specific time window, TRF helps maintain a robust circadian rhythm, which includes the sleep–wake cycle. In addition, TRF has been shown to improve different metabolic parameters which indirectly support better sleep (30). King et al. (31) demonstrated that by synchronizing circadian rhythms, TRF exerts protective effects in mice models of Alzheimer’s disease, indirectly resulting in better sleep patterns. Further preclinical research in disease progression assessed the effectiveness of a circadian intervention in a neurodegenerative disease, specifically Huntington’s, where TRF implementation produced promising results in sleep improvements in male mice (32).

Current evidence from non-randomized human trials has produced mixed results. Specifically, a 14:10 TRE intervention (daily fasting for 14 and 10 h of eating) resulted in improved morning restfulness but had no effect on sleep quality in patients with metabolic syndrome after 12 weeks (33). Conversely, another trial involving 14:10 TRE improved sleep quality in overweight individuals after 16 weeks (34). Moreover, a shorter-term 8-week trial involving 9-h TRE had no effect on self-reported sleep duration in adults with obesity (35).

Such mixed findings suggest that TRE interventions produce varying results on sleep, with potential improvements for sleep parameters in some populations and deficits for others. A previous systematic review has explored the effects of another type of intermittent fasting, specifically Ramadan fasting, a type of religious, dry diurnal fasting in which individuals abstain from consuming foods and water from sundown to sunset, on sleep (36). The key finding of this review was that sleep duration was decreased during the Ramadan fasting month. However, this type of fasting is distinct from traditional TRE interventions in that food and liquids are only consumed during the evening and pre-dawn hours, rather than during the daytime.

The effects that TRE interventions have on sleep, particularly based on findings of randomized clinical trials (RCTs), however, have not been systematically examined. Thus, there is a need to systematically explore the effect that TRE has on sleep parameters based on the findings of RCTs. Therefore, this systematic review aimed to comprehensively summarize the current state of evidence of TRE interventions on measures of sleep based on findings of RCTs.



2 Materials and methods

The present systematic review used PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for reporting methods and results (37).


2.1 Eligibility criteria

The present review contains RCTs that examined the effects of TRE on sleep parameters. Studies with the following characteristics were included: (1) Study design: randomized controlled trials in adults (≥18 y) with a minimum duration of 8 weeks, (2) Measured sleep parameters (sleep duration, sleep efficiency, sleep onset latency) and/or subjective sleep quality, (3) Language: English, (4) Publication year: studies published from September 2008 until September 2023 (the last 15 years) as research on time-restricted eating has only recently gained more attention, (5) TRE protocol (daily fasting ≥14 h). Studies were excluded if they prescribed <14 h fasting, included types of intermittent fasting other that TRE (e.g., Ramadan fasting, alternative day fasting, or fasting mimicking diet), did not measure sleep quality, had a duration <8 weeks, or were published in a language other than English.



2.2 Search strategy

The authors (CB, CM) conducted two separate searches on PubMed, Embase, Google Scholar, and Scopus from the date of March 2023 until September 2023. The search terms that we used included time-restricted eating or time-restricted feeding or intermittent fasting and sleep or Pittsburgh sleep quality index or sleep duration or sleep efficiency or sleep onset latency. For each database, keywords and MeSH terms were searched within the title/abstract, and subject/keywords. Additionally, filters were applied as they were available on each database. Filters included: (1) English, (2) clinical trial, (3) randomized controlled trial, (4) humans, (5) 2008–2023. Content experts (SA, AE) were incorporated into the review process to provide expertise and rigor. The detailed search strategy used for each database is shown in Supplementary material.



2.3 Study selection

Independent reviewers (CB, CM) assessed each record for the prior inclusion or exclusion criterion based on an initial review of the title and abstract. Articles that met all the inclusion criteria were retrieved for review of the full text of the article, those that showed any of the exclusion criteria were not considered. Citations retrieved from the initial database search were imported into Zotero version 6.0.30 for the purposes of duplicate screening, and full-text article review. Each citation underwent blinded screening by two independent reviewers, with any discrepancies resolved through reviewer consensus. The same independent reviewers assessed the full-text articles separately before a joint assessment of the articles. Discrepancies regarding the inclusion of an article were resolved through subsequent discussions, resulting in a mutual decision by the reviewers.



2.4 Data extraction

Extraction of relevant data was completed by two independent reviewers (CB, DI). Data that was extracted was related to the characteristics of the included study, specifically including study design, recruitment setting, edibility criteria, and population characteristics. These reviewers extracted the data from the included studies, the data was assessed and any disputes that arose were resolved through discussions between reviewers to determine mutual agreement.



2.5 Subjective and objective sleep measurements

In addition to examining study characteristics, this review also included both objective and subjective sleep measurements. Objective sleep measurements refer to data collected independently of human reporting. Studies included in this review utilize objective measurements, obtained using accelerometer-based wearables, such as the Oura ring and the ActiGraph watch. These non-invasive devices monitor rest and activity patterns by recording movements in three dimensions and tracking frequency, intensity, and duration. Algorithms process this data to determine sleep and wake periods, where minimal movement indicates sleep and increased movement indicates activity. These measurements provide sleep duration, sleep efficiency, and sleep onset latency. In addition to objective data, subjective sleep quality was assessed through self-report questionnaires. The Pittsburgh Sleep Quality (PSQI) was used to gather participants’ retrospective evaluations of their sleep. These questionnaires assess various aspects of sleep, including perceived sleep quality, bedtime, and wake time.

Subjective measures, while less precise, offer valuable insights into the perception of sleep quality and disturbances. The included studies included the use of the PSQI, a retrospective self-report questionnaire. The PSQI has been extensively validated and shown to be reliable in clinical settings (38). Studies have demonstrated its correlation with objective sleep measures, distinguishing between “good” and “poor” sleepers, and confirming good internal consistency and test–retest reliability (39–41).

For objective measures of sleep, the included studies employed actigraphy devices. Actigraphy utilizes wearable technology, making it particularly suitable for clinical trials aiming to objectively measure sleep. Actigraphy has been validated against polysomnography (PSG), the gold standard in objective sleep measurement, and is recognized for its validity in community settings (42). It provides reliable data across different settings, enhancing our understanding of sleep outcomes in diverse populations (43, 44).



2.6 Baseline sleep quality status

The baseline sleep quality status of participants enrolled in each study was determined through assessment of baseline PSQI scores by independent reviewers. Participants who scored <5 were classified as having good sleep quality, while those who scored >5 were categorized as poor sleepers. A PSQI score of 5 represents the cutoff range for clinically significant sleep disturbances and this method aligns with established practices in sleep research (45).



2.7 Quality assessment

For quality assessment of the included studies, the Cochrane Risk of Bias Tool for Randomized Trials was utilized (46). Two independent reviewers (CB, CM) determined the risk of bias (RoB) of each of the included articles. The judgment of articles consisted of categorizing, as low risk of bias, some concern, or high risk of bias, over five domains of bias, including the following: randomization process, deviation from the intended intervention, outcome data, measurement of the outcome, and selection of the reported results.




3 Results


3.1 Search results

A comprehensive literature search identified a total of 298 abstracts for initial review (see Figure 1).

[image: Figure 1]

FIGURE 1
 PRISMA flow chart.


After removing duplicate publications (n = 149), 149 unique abstracts remained. The analysis of abstracts and titles led to the exclusion of a total of 85 articles, leaving 64 reports for full-text retrieval. Among these, 16 articles were inaccessible due to articles not being digitalized and licensing issues, rendering them ineligible for inclusion. Subsequently, a thorough examination of the 48 retrieved full-text articles was conducted, resulting in the exclusion of 42 articles due to non-randomized study designs, and/or outcome measures not including sleep parameters. Thus, out of the initial pool of 149 articles screened, six articles met our predetermined eligibility criteria and were included in the present systematic review.



3.2 Study characteristics

Four of the included studies recruited adults with overweight or obesity (47–50). The two remaining studies encompassed specific populations, including young adults (51) and 24-h shift workers (52). There was a total of 548 participants who were initially enrolled across these studies, with 430 completing the research interventions, representing a 21.5% attrition rate across all studies included.

The mean age of participants across all included studies ranged from 22 to 49 years, representing both young and middle-aged populations. The intervention durations ranged from 8 to 14 weeks, and the daily fasting duration within TRE interventions varied from 14 to 20 h. The daily fasting window was determined either based on participant choice or dictated explicitly by the study protocol. Among the six included studies, one study employed a 14:10 TRE intervention (52), three studies employed a 16:8 TRE intervention (47, 49, 50), one study employed an 18:6 TRE intervention (51), and one study implemented a 20:4 TRE intervention (48). Only one study implemented a TRE protocol with the addition of calorie restriction (CR), a strategy aimed at reducing calories in order to reduce body weight (50). The utilization of a sleep quality assessment as a criterion for participant eligibility was not applied across any of the included studies. Table 1 provides a summary of key characteristics from the six eligible studies included in this systematic review.



TABLE 1 Characteristics of included studies.
[image: Table1]



3.3 Risk of bias

Of the six included studies, five studies were determined to be of a low risk of having bias (47, 49–52) and one as having some risk of bias (48) (see Figure 2). For bias arising from the randomization process, all six studies were determined to have a low risk. For bias due to deviations of intended procedures, five studies were determined to have a low risk (47, 49–52), while one study had some risk due to potential bias to deviations from intended interventions (48). For bias resulting from missing data, measurement of outcome, and selection of reported results, all six studies were determined to have a low risk.

[image: Figure 2]

FIGURE 2
 The risk of bias assessment summary for the included studies.




3.4 Sleep measurements

Among the six studies that were included in this systematic review, three studies employed wearable sleep measurement devices for measuring sleep duration, efficiency, and onset latency (47, 49, 52), while the remaining three studies (48, 50, 51) relied on participant self-report. Measurements were gathered at baseline and following the completion of the intervention employed in each study.


3.4.1 Sleep quality

Five of the six included studies utilized subjective sleep quality (47–51) using the PSQI, with one study (52) additionally incorporating the use of the Epworth Sleep Scale (ESS). Only one (52) of the five studies that measured sleep quality found a statistically significant outcome, showing a significant decrease in the number of self-reported sleep disturbances observed within the TRE group (14:10 TRE) from the baseline to the post-intervention assessments. None of the other four studies (47, 48, 50, 51) reported statistically significant changes in PSQI or ESS scores from baseline following participation in a TRE intervention.



3.4.2 Sleep duration

Five of the six included studies assessed sleep duration (48–52), with two utilizing objective measurement methods (49, 52) and two relying on self-reported data (48, 50, 51). No statistically significant results were observed in studies using objective measurement methods. However, one study utilizing self-reported sleep quality yielded a significant result. Steger et al. (50) reported a significant decrease in mean self-reported sleep duration by 0.5 h from baseline (p < 0.05) over the 14-week early TRE (eTRE) intervention. This reduction in sleep duration within the eTRE group was significantly different from the control group, which reported an increase in sleep duration of 17 min (p < 0.05).



3.4.3 Sleep efficiency

Three of the included studies assessed sleep efficiency (47, 50, 52), with two utilizing objective sleep measurement methods (47, 52) and one relying on participant self-report (50). Of these, two studies (47, 50), one with objective measures and one with subjective measures, reported significant reductions in sleep efficiency in the TRE intervention groups. Lowe et al. (47) reported a significant decrease in mean sleep efficiency of 2.7%, measured by the Oura ring, for the TRE group (late TRE; eating window between 12:00 p.m. – 8:00 p.m.) from baseline (p < 0.05), which was also significantly different from the control group (p < 0.05). Steger et al. (50) found a significant decrease in mean self-reported PSQI sleep efficiency of 2% (SD 1%) for the eTRE group (eating window between 7:00 a.m. – 3:00 p.m.) from baseline (p < 0.05), which was also significantly different from the control (p < 0.05).



3.4.4 Sleep onset latency

Four of the included studies (47, 48, 50, 52) measured sleep onset latency, with one utilizing objective sleep measurement methods and three relying on participant self-report. Of these, only one study showed a significant change based on participant report (50). Steger et al. (50) reported a significant increase in self-reported sleep onset latency of 7 min within the eTRE group from baseline (p < 0.05), which was statistically different from the control group (p < 0.05).





4 Discussion

The purpose of this systematic review was to examine the current state of evidence on the effects of TRE on sleep parameters in adults. Based on objective measures, TRE interventions had minimal effects on sleep parameters and typically did not exhibit a worsening effect in the included studies. However, one 12-week study observed a significant reduction in sleep efficiency based on objective measurements obtained by the Oura ring with late TRE compared to a control condition in adults with overweight or obesity (47). When subjective measures were used, the effects were mixed. In one 14-week study testing the effects of eTRE in adults with obesity, participants reported reductions in sleep duration and efficiency, and a small increase in sleep onset latency (50). In contrast, participants who were 24-h shift workers reported reductions in self-reported sleep disturbances following a 12-week self-selected TRE (14:10) intervention (52). Thus, our findings suggest that short-term TRE interventions may improve some aspects of sleep quality in individuals with circadian disruption (24-h shift workers) but may have a negative effect on sleep duration and efficiency in other populations.

The variations between studies in terms of fasting protocols, participant baseline sleep status, and study durations may explain the mixed effects. Of note, two studies (49, 52) had self-selected eating windows, two studies (50, 51) specified early or late TRE, and two studies had pre-selected eating windows that were not considered early or late TRE (47, 48). Notably, of the six included studies, two studies (47, 50) included both good and poor sleepers, and two studies (48, 52) exclusively enrolled poor sleepers as determined through PSQI scores at baseline. The remaining two studies did not report baseline PSQI values (51) or did not utilize the PSQI assessment (49).

Based on objective measures, sleep efficiency was decreased in one study (47), during which participants were asked to limit their eating windows to later in the day (12:00 p.m. – 8:00 p.m.) for 12 weeks. This study utilized the Oura ring while the other two studies (49, 52) in which sleep parameters remained unchanged employed the Actiwatch (52) or ActiGraph tools (49). The reason for the mixed results is unclear, however, the type of measurement device used may have influenced the results due to different sleep/wake measures within wearable technology. For self-reported sleep efficiency, only one study (50) that included both good and poor sleepers in the eTRE intervention group found statistically significant decreases in sleep efficiency. Importantly, these effects were not significant enough to reclassify individuals with initially good sleep as poor sleepers following the intervention. Therefore, the effects on sleep efficiency were not clinically significant.

A significant reduction in self-reported sleep duration was reported in only one study compared to the control arm (50). Steger et al. (50) implemented an 8-h eating window with an eTRE intervention combined with CR with a duration of 14 weeks. The addition of CR to the TRE intervention, as well as the longer study duration, may have resulted in significant changes in sleep parameters in this study (50). In contrast, shorter trials that imposed TRE with ad libitum intake did not alter sleep durations in studies with both poor and good sleepers (47, 49, 51). Similarly, sleep onset latency was only found to be significantly increased in the study by Steger et al. (50), and it is possible that the addition of CR to the TRE intervention may have contributed to this significant outcome.

In line with our findings, circadian rhythm regulation has emerged as a pivotal mechanism through which TRE is thought to regulate the sleep/wake cycle, affecting peripheral clocks and synchronizing metabolic processes, thereby optimizing sleep architecture (26). It is hypothesized that metabolic switching, which is the transition from utilizing glucose to ketone bodies as primary fuel substrates, may play a role in regulating circadian rhythm (53) This metabolic transition triggers various cellular responses including reduced levels of leptin and insulin, the mobilization of fatty acids, and increased adiponectin levels (54) Circadian alignment through the reinforcement of daily fasting/eating windows by TRE may consequently enhance sleep quality (26).

Notably, in a randomized controlled trial assessing gene expression analysis, TRE altered the expression of six genes associated with circadian rhythm (55). Likewise, skipping dinner in TRE protocols (eTRE) significantly reduced cortisol levels in the evening suggesting the impact of TRE on the circadian rhythm of cortisol levels (55). By contrast, findings from previous systematic reviews suggest that Ramadan fasting may disturb circadian rhythm by significantly decreasing sleep duration (36), and melatonin secretion during Ramadan month (56). Similarly, shift work-induced circadian rhythm disruption induces sleep disturbances most likely due to irregular sleeping schedules or patterns (57).

The bi-directional relationship between circadian misalignment and sleep disruption and/or irregularity may be altered through the timing of food intake (58, 59). This further supports the hypothesis that alignment of food intake in TRE protocols is the key determinant of its impact on hormonal regulation and sleep outcomes. In line with this, a study included in our review by Manoogian et al. observed reductions in self-reported nightly sleep disturbances, which suggested improved sleep quality following a 14:10 TRE intervention (52). Noteworthy, this study included a population of 24-h shift workers (mostly men; 91%) who experience limited or unpredictable sleep schedules and thus they may be more likely than other populations to benefit from a TRE pattern. The findings of this study are specific to a population with circadian misalignment, however, and thus may not apply to all populations. Noteworthy, sleep quality was not affected in the other five studies included in this review.

Findings from this systematic review should be interpreted with caution. It must be noted that study-specific factors, such as participant levels of physical activity or diet and/or self-report, may have influenced the included study data. An important limitation of this review is the scarce number of studies on individuals with circadian disturbances which limited our findings. Our findings were unable to encompass the strength of the effects of TRE on sleep in populations with circadian misalignment due to the limited number of published studies. Many studies on TRE are conducted in populations with overweight or obesity, narrowing the findings of our review to specific populations. Furthermore, inability to retrieve 16 articles that were identified as relevant to our research. The primary reasons included the lack of digital versions and access restrictions due to licensing issues. This limitation may have affected the comprehensiveness of our literature review and potentially influenced our findings. Another limitation of this review is that fasting initiating times across the included studies were not comparable, which could make it challenging to draw conclusions on the effects of TRE on circadian rhythm and sleep. Additionally, not all included studies assessed the same sleep measures, and the methods used to assess these varied across studies. Specifically, only three (47, 49, 52) of the identified studies employed objective measures of sleep duration, efficiency, and onset latency. In contrast, the remaining studies (48, 50, 51) depended on self-report methodologies, utilizing sleep questionnaires, mainly the PSQI. The use of self-reported sleep measurements may introduce a potential for participant response bias, a factor that warrants consideration in the interpretation of subjective findings. Lastly, the studies included in this review had a relatively short duration, ranging from 8 to 14 weeks, thus the long-term effects of TRE on sleep parameters cannot be concluded from this review.

This systematic review also had a few noteworthy strengths. To our knowledge, this was the first time that the effects of TRE on sleep have been systematically explored. Furthermore, all included studies were RCTs with a duration of at least 8 weeks and daily fasting periods of a minimum of 14 h. Across all included studies, there was a 78% completion rate with minimal reported adverse outcomes. Additionally, the studies were of high quality with relatively low to moderate risk of bias.

Future studies should assess the effects of TRE on sleep disturbances due to circadian misalignment to further explore the proposed relationship between circadian alignment, TRE, and sleep. More specifically, studies should consider the effects of meal timing on objective and subjective sleep parameters in individuals with good or poor sleep quality as separate populations. In comparing preclinical and clinical studies, there are vast differences in fasting protocol which should be considered when creating future studies. Preclinical models tend to implement shorter fasting durations to assess immediate fasting effects on biological markers that could suggest results in human models (60). Future research should determine the optimal fasting duration and initiation times for improving sleep outcomes. Moreover, given that accumulating evidence suggests aging is associated with disruption of circadian rhythms (61), future studies should investigate the effects of TRE on sleep disturbances in older adults. Findings from observational studies indicate the association between longer fasting hours in TRE regimen (≥12 h fasting) with significant improvement in sleep duration in older adults (62); however, there is a lack of evidence from clinical trials investigating the potential role that TRE can play in improving sleep in the older population. Additionally, studies should include longer TRE interventions to examine the long-term effects of meal timing on sleep quality. Finally, it is recommended that future studies incorporate self-reported sleep measures alongside wearable sleep-tracking devices, as this dual approach will allow for a comprehensive assessment of alterations in sleep parameters following a TRE intervention.



5 Conclusion

The findings from the present systematic review suggest that short to mid-term TRE interventions in adults generally do not influence objective or subjective sleep quality. TRE interventions, however, may improve some aspects of perceived sleep quality in individuals with circadian rhythm disruptions. In other populations, however, short to mid-term TRE interventions have the potential to reduce sleep duration and efficiency, as well as increase sleep onset latency. Thus, further research with longer study durations is needed to fully understand the complex interactions between meal timing, circadian rhythms, and their specific impacts on sleep outcomes.
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