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SUMMARY

Time-restricted eating (TRE) has become a popular strategy to treat obesity. TRE involves 

confining the eating window to 4–10 h per day and fasting for the remaining hours (14–20 h 

fast). During the eating window, individuals are not required to monitor food intake. The sudden 

rise in popularity of TRE is most likely due to its simplicity and the fact that it does not require 

individuals to count calories to lose weight. This feature of TRE may appeal to certain individuals 

with obesity, and this could help produce lasting metabolic health improvements. The purpose 

of this review is to summarize current evidence from randomized clinical trials of TRE (without 

calorie counting) on body weight and metabolic risk factors. The efficacy of TRE in various 

populations groups, including those with obesity, type 2 diabetes (T2DM), and polycystic ovary 

syndrome (PCOS), is also examined.

INTRODUCTION

Intermittent fasting has greatly increased in popularity over the past decade owing to its 

ability to produce clinically significant weight loss and confer protection against metabolic 

diseases.1–4 Currently, the most popular form of intermittent fasting in the United States is 

time-restricted eating (TRE).4,5 TRE typically involves confining the eating window to 4–10 

h and fasting for the remaining hours of the day (14–20 h fast). During the eating window, 

individuals are not required to count calories or monitor food intake in any way. During the 

fasting window, individuals are encouraged to drink plenty of water and may also consume 

energy-free beverages.

The sudden rise in popularity of TRE is mostly likely due to its simplicity and the fact 

that it does not require individuals to count calories to lose weight. Indeed, evidence shows 

that when adults with obesity limit their eating window to 4–10 h per day, they naturally 

reduce energy intake by 200–550 kcal/day.6–9 These findings have important implications 

from a clinical standpoint. One of the barriers to traditional dieting approaches, such as daily 

calorie restriction (CR), is having to monitor calorie intake every day.10,11 TRE can bypass 
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this requirement by allowing participants to simply “watch the clock” instead of monitoring 

energy intake while still producing weight loss.4,5 This feature of TRE may appeal to certain 

individuals with obesity, which could help produce lasting weight control and metabolic 

health improvements.

The purpose of this review is to summarize current evidence from randomized clinical trials 

of TRE (without calorie counting) on body weight and metabolic risk factors. The effects 

of TRE in various population groups, including those with obesity, type 2 diabetes (T2DM), 

and polycystic ovary syndrome (PCOS), are examined. We also look to the future of this 

field and comment on how TRE interventions may have a role in the treatment of obesity 

and metabolic diseases.

METHODS: HUMAN TRIAL SELECTION

A Medline search was conducted in July 2023 using the following keywords: “time-

restricted eating,” “time limited eating,” “time-restricted feeding,” “intermittent fasting,” 

“intermittent energy restriction,” “fasting,” “meal timing,” “meal frequency,” “meal 

skipping,” “breakfast skipping,” “randomized trial,” “human,” “obesity,” “weight loss,” 

“diabetes,” “prediabetes,” “polycystic ovary syndrome,” “adolescents,” “teenagers,” 

“children,” “elderly,” and “older adults.” Inclusion criteria for research articles were as 

follows: (1) randomized controlled trials conducted in human subjects, (2) participants with 

overweight or obesity, and (3) endpoints that included changes in body weight and at least 

one relevant marker of metabolic disease. The following exclusion criteria were applied: (1) 

cohort and observational studies, (2) fasting performed as a religious practice (Ramadan or 

Seventh Day Adventist), (3) trial durations of less than 1 month, (4) trials that combined 

TRE with intentional energy restriction, and (5) trials that combined TRE with an exercise 

intervention. Our search retrieved 8 randomized controlled trials of TRE (without calorie 

counting) in individuals with obesity (Table 1). Since very few trials examined the effect 

of TRE in special population groups (i.e., adolescents, elderly, and individuals with type 2 

diabetes [T2DM] or PCOS), we opted to include non-randomized controlled trials in this 

section. The TRE trials conducted in special population groups are summarized in Table 

2. We also performed a risk-of-bias assessment using the Cochrane Collaboration tool for 

randomized trials.12 Random sequence generation, allocation concealment, blinding, and 

incomplete outcome data were graded as having a high, low, or unclear risk of bias.

OVERVIEW OFTIME-RESTRICTED EATINGPROTOCOLS

Figure 1 provides a general overview of different forms of TRE. Participants randomized 

to the TRE group were instructed to eat ad libitum during a specified number of hours 

each day, ranging from 4 to 10 h. Subjects were not required to monitor food or caloric 

intake during the eating windows. Many studies specified where the eating window should 

be placed in the day.6–8,13,14,16,20–23 For example, if an 8-h eating window was tested, 

participants were asked to eat all food between 12 and 8 p.m. that day and fast from 

8 p.m. that evening to 12 p.m. the following day. These pre-specified protocols helped 

to standardize the TRE intervention and alleviate the confounding effects of early versus 

late eating on certain outcomes (e.g., glycemic control). However, some trials allowed 
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individuals to self-select their eating windows according to personal preference.15,18,19,17 

During the fasting period, participants were encouraged to drink plenty of water and were 

permitted to consume energy-free drinks, such as coffee and tea without additives. Some 

trials also permitted the consumption of diet sodas during the fasting period.6–8 However, 

diet soda consumption was limited to two drinks per day since these beverages have been 

shown to increase sugar craving.24

EFFICACY OF TIME-RESTRICTED EATING IN HEALTHY INDIVIDUALS WITH 

OBESITY

Risk-of-bias assessment

Results of the risk-of-bias assessment using the Cochrane Collaboration tool12 are displayed 

in Figure 2. We found that 5 of 12 randomized trials were at high risk of bias because of 

missing participant outcome data. Moreover, none of the studies blinded study personnel 

or participants, as this was not possible due to the nature of the dietary interventions. In 

addition, only 4 of 12 trials blinded personnel performing the outcomes assessment. These 

findings highlight the need for more high-quality randomized controlled trials that clearly 

and accurately report outcome data to be performed.

Changes in body weight and body composition

Body weight—Weight loss ranging from 5% to 10% is associated with improvements 

in several metabolic disease parameters, including blood pressure, triglycerides, and low-

density lipoprotein (LDL) cholesterol levels.25–27 Whether TRE can produce clinically 

significant weight loss (>5% from baseline28,29) compared with a non-intervention control 

group, has been tested in several trials to date (Table 1; Figure 3). After 1–3 months of 

TRE ignoring calories, body weight decreased by 3% to 5% versus controls,6,7,14,15 but not 

always.16,17 Only one study evaluated the longer-term effects of TRE.8 After 12 months of 

8-h TRE (12–8 p.m.), Lin et al.8 demonstrated 5% reductions in body weight in a racially 

diverse group of men and women with obesity. Since this longer-term study (12 months)8 

did not produce greater body weight reductions than short-term trials (1–3 months),6,7,14,15 

it is possible that the weight loss efficacy of TRE may peak around 3 months. However, 

more long-term studies will be required to confirm this.

Several different population groups were evaluated. Evidence to date shows that TRE is 

an effective weight loss strategy in individuals with either overweight (BMI 25–29.9 kg/

m2)14,15 or obesity (BMI > 30 kg/m2).6–8,15 Individuals with insulin resistance8,14,15 or 

prediabetes6 also benefit from these eating plans and may lose similar amounts of weight as 

those who do not have these conditions.7 In addition, the weight loss efficacy of TRE does 

not appear to vary according to sex30 or menopausal status.31 However, it should be noted 

that no study to date has directly compared these different population groups in one study, so 

it is difficult to draw comparisons between studies due to the heterogeneity of trial designs 

and study durations.

Whether or not TRE produces comparable weight loss as traditional dieting (i.e., daily CR) 

has also been examined. After 12 months, it was shown that 8-h TRE (12–8 p.m., without 
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calorie counting) produced similar degrees of energy restriction and weight loss (425 kcal/

day; 4.9%) as daily CR (405 kcal/day; 5.3%), versus controls.8 These findings suggest that 

TRE may be just as effective as traditional dieting approaches for weight control in adults 

with obesity, but more studies are warranted.

Body composition—Based on the trials reviewed here (Table 1), the weight loss 

produced by TRE is primarily attributable to reductions in fat mass rather than lean mass. 

The only trial that observed drastic decreases in lean mass with TRE was the study by 

Lowe et al.16 After 3 months of 8-h TRE (12–8 p.m.) adults with obesity lost ~1% of 

body weight.16 Surprisingly, approximately 65% of the weight loss was fat-free mass.16 

Though the precise reason for this remains unknown, it is possible reductions in lean mass 

occurred because participants reported reduced protein intake.32 Alternatively, these effects 

may have happened because hydration status may not have been controlled before body 

composition was measured by dual-energy X-ray absorptiometry (DXA). Acute ingestion of 

water before the scan can result in overestimations of fat-free mass and underestimations of 

fat mass.33 Changes in abdominal fat by TRE were also assessed in several studies reviewed 

here.6–8,14–16 Visceral fat mass only decreased in the trials that observed 4%–5% weight 

loss, versus controls,14,15 with one exception.8 Thus, TRE may only reduce visceral fat mass 

when overall weight loss approaches clinically significant levels.

Changes in coronary heart disease risk factors

Blood pressure—The impact of TRE on blood pressure levels is highly variable (Table 

1). Although some studies report decreases in systolic blood pressure (4%–8%)7,13,14 and 

diastolic blood pressure (13%),13 versus controls, others show no benefit.6,8,15,16,17 The 

studies that observed improvements in blood pressure included participants with borderline 

hypertension (i.e., systolic blood pressure: >120 mm Hg and/or diastolic blood pressure: >80 

mm Hg).7,13,14 Thus, TRE may only be effective at reducing blood pressure in those with 

elevated levels at the onset of treatment. Interestingly, the studies that implemented early 

eating windows (all food consumed before ~2 p.m.) observed consistent reductions in blood 

pressure.13,14 The reason for this remains unclear but may involve early TRE facilitating 

natriuresis by shifting salt consumption to earlier in the day when sodium excretion is 

upregulated by the circadian system.34

Plasma lipids—TRE appears to have little to no effect on plasma lipid levels (Table 

1). For instance, high-density lipoprotein (HDL) cholesterol levels remained unaffected by 

TRE, relative to controls, in all studies that examined this parameter.6,7,13–16,17 Likewise, 

LDL cholesterol concentrations remained unchanged, relative to controls, in the majority 

of studies.6,7,13,15,16,17 The only study that observed changes in LDL cholesterol was 

conducted by Zhang et al.14 After 2 months of either early 6-h TRE (7 a.m.–1 p.m.) or 

late 6-h TRE (12–6 p.m.), LDL cholesterol levels increased by 20% and 21%, respectively, 

versus controls, in overweight adults with normal LDL cholesterol values at baseline.14 

Similar increases in LDL cholesterol concentrations have been reported in a study testing the 

acute (4-day) effects of early 6-h TRE (8 a.m.–2 p.m.).35 It is possible that LDL cholesterol 

levels increased because of the prolonged fasting period and greater reliance on fat 
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oxidation.36 Whether early TRE produces mild increases in LDL cholesterol concentrations 

warrants further investigation.

Triglycerides levels remained unchanged in all studies6,7,14–16,17 but one.13 However, 

participants in all of these trials had triglyceride levels within the normal range at 

baseline.6,7,14–16,17 Since the participants already had healthy concentrations of this 

lipid parameter at the onset of the intervention, this could explain why no additional 

improvements were observed. The only trial that observed changes in triglycerides was 

performed by Sutton et al.13 After 1 month of early 6-h TRE (8 a.m.–2 p.m.), triglyceride 

levels increased by 48% in men with normal triglyceride levels at baseline.13 It is possible 

that the elevation in triglycerides resulted from an extended acute fast prior to the blood 

draw. For instance, the participants in the Sutton et al.13 trial fasted for 18-h prior to blood 

collection, whereas participants in the other studies generally fasted for shorter durations 

(8–12 h) before testing.6,7,14–16,17 Acute fasting has been shown to augment lipolysis and 

produce sharp increases in fatty acids and triglycerides.37–40 Therefore, the elevation in 

fasting triglycerides may be a transient byproduct of extended daily fasting with early TRE. 

More research will be required to confirm that this phenomenon is not pathogenic.

Changes in diabetes risk factors

Fasting glucose—Fasting glucose was assessed in all the trials reviewed here (Table 1). 

Results reveal that fasting glucose levels did not change after 2–12 months of TRE in adults 

with obesity,6–8,13–16,17 even when participants achieved 5% weight loss.8,14 Although it 

should be noted that participants in these trials were primarily normo-glycemic (fasting 

glucose < 100 mg/dL), fasting glucose is not likely to change when baseline values are in the 

healthy range.41

Mean glucose—Mean glucose levels were assessed in one trial14 using continuous 

glucose monitoring (CGM) (Table 1). CGMs are a powerful research tool that tracks 

glucose concentrations in the body’s interstitial fluid every 10 s of the day.42 These data 

are then used to calculate mean 24-h glucose levels, which is a more accurate reflection 

of an individual’s glycemic control than fasting glucose alone.42 The only trial that used 

CGMs to assess glucoregulation was the study by Zhang et al.14 In this trial, adults with 

overweight and insulin resistance were randomized to early 6-h TRE (7 a.m.–1 p.m.), late 

6-h TRE (12–6 p.m.), or a no-intervention control group.14 After 2 months of diet, mean 

glucose levels significantly decreased in the early TRE group, relative to the late TRE 

group, and controls.14 It was also noted that interstitial glucose levels in the evening (i.e., 

between 6:30 and 11:00 p.m.) were approximately 10% lower in the early TRE group 

compared with the late TRE group and controls.14 These findings are not surprising as 

glucose tolerance exhibits circadian variation, with better glycemic control in the morning 

and poorer control in the evening.43,44 Specifically, glucose tolerance is typically 20%–30% 

lower in the evening compared with the morning.45 As such, early TRE interventions that 

require participants to consume all their food in the morning/early afternoon may be more 

effective at improving glucoregulation versus later TRE eating patterns.

Ezpeleta et al. Page 5

Cell Metab. Author manuscript; available in PMC 2024 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fasting insulin and insulin resistance (HOMA-IR)—Fasting insulin decreased in a 

few TRE trials,6,13,14 but most studies showed no change in this parameter versus controls 

(Table 1).7,8,15,16,17 Interestingly, all the studies that reported reductions in fasting insulin 

involved TRE interventions with shorter eating windows (ranging from 4 to 6 h).6,13,14 In 

the trial by Cienfuegos et al.,6 fasting insulin significantly decreased in both the 4-h TRE 

group (20%) and 6-h TRE group (12%), versus controls, after 2 months of intervention 

in adults with obesity and prediabetes. Sutton et al.13 also reported reductions in fasting 

insulin levels by 14% after 1 month of early 6-h TRE (8 a.m.–2 p.m.), relative to controls, 

in men with obesity and prediabetes. Complementary to these findings, Zhang et al.14 

demonstrated 33% decreases in fasting insulin by early 6-h TRE (7 a.m.–1 p.m.), but not late 

6-h TRE (12–6 p.m.), relative to controls, in adults with overweight and insulin resistance. 

By contrast, none of the studies that implemented longer eating windows (ranging from 8 

to 10 h) reported changes in fasting insulin, relative to controls.7,8,15,16,17 Thus, it would 

appear as though TRE interventions with shorter eating windows (4–6h), placed earlier in 

the day (before 2 p.m.),may produce the most consistent reductions in fasting insulin levels 

in adults with insulin resistance or prediabetes.

Changes in insulin resistance were quantified by the homeostatic model assessment of 

insulin resistance (HOMA-IR) (Table 1). HOMA-IR calculates insulin resistance based 

on fasting glucose and fasting insulin values.46 It serves as a simple and minimally 

invasive surrogate marker of insulin resistance and is commonly used in dietary intervention 

trials. Changes in HOMA-IR were assessed in all the studies reviewed here.6–8,13–16,17 

Insulin resistance was reduced only in the studies that also reported reductions in fasting 

insulin.6,13,14 Since the HOMA-IR calculation is based on fasting insulin and glucose levels, 

these findings are not surprising. Overall, insulin resistance was reduced by 12%–29%, 

versus controls, in the TRE studies, which implemented shorter eating windows of 4–6 h 

(i.e., longer fasting durations of 18–20 h).6,13,14 The studies that demonstrated no change 

in insulin resistance employed either late TRE (10 a.m.–6 p.m. or 12–8 p.m.)7,8,16 or 

self-selected eating windows,15,17 where participants chose their preferred eating times. We 

speculate that the self-selected eating windows resulted in food consumed late into the 

evening, as individuals tend to prioritize eating dinner with their families.47 However, this is 

simply as assumption, as the timing of the eating window was not reported in these trials of 

self-selected TRE.15,17 Overall, these data suggest that short eating windows placed earlier 

in the day may be the most effective for lowering insulin resistance in adults at risk for 

developing diabetes.

HbA1c—The impact of TRE on glycated hemoglobin (HbA1c) levels in adults without 
diabetes was assessed in most of the trials reviewed here (Table 1).6,8,14–16 Circulating 

levels of HbA1c remained unchanged with 2–12 months of 4, 6, or 8-h TRE in individuals 

with obesity, insulin resistance, or prediabetes.6,8,14–16 However, changes in HbA1c are 

typically only demonstrated with larger amounts of weight loss (5%–10%),48–50 so the body 

weight reductions in these studies (3%–5%)6,8,14–16 were probably not sufficient to change 

this parameter. Moreover, most of these studies ran for less than 3 months.6,14–16 Since 

HbA1c levels generally take at least 3 months to change,51,52 it is not surprising that these 

short-term studies showed no effect.
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EFFICACY OF TIME-RESTRICTED EATING IN SPECIAL POPULATIONS 

WITH OBESITY

Adolescents

In the United States, one in five adolescents has obesity, and 30%–50% of those children 

will go on to develop T2DM as adults.53,54 Due to its simplicity, TRE may serve as a 

feasible intervention to treat childhood obesity. Only one randomized controlled trial18 to 

date has examined the effects of TRE in adolescents (Table 2; Figure 3). In this study 

by Vidmar et al.,18 50 adolescents (aged 14–18 years) with BMI >95th percentile were 

randomized to one of three groups: 8-h TRE (with real-time CGM feedback), 8-h TRE 

(with a blinded CGM), or control (standard care) for 3 months. Participants self-selected 

the placement of the eating window during the day. Adolescents were excluded from the 

study if they were previously diagnosed with type 2 diabetes or had a history of eating 

disorders (anorexia, bulimia, or binge eating disorder). CGMs were used to capture glycemic 

excursions, monitor adherence, and detect episodes of hypoglycemia. Participants were 

adherent to the 8-h TRE window on 5–6 days per week, and no serious adverse events 

or hypoglycemia were reported.18 Most participants chose to place their eating windows 

in the afternoons and evenings. Shortening the eating window to 8 h per day resulted in 

energy intake reductions of approximately 375 kcal/day (~25% reduction).18 Body weight 

was reduced by ~2% from baseline in the TRE groups; however, this was not significant 

when compared with controls.18 Mean glucose levels and time in euglycemic range (i.e., 

glucose levels between 70 and 180 mg/dL) did not differ between the TRE groups with 

and without real-time CGM biofeedback or versus controls.18 These preliminary findings 

suggest that TRE may be a safe and well-tolerated diet intervention in adolescents with 

obesity. However, since there were no differences between the TRE and control groups in 

terms of weight loss, mean glucose levels, and time in euglycemic range, the efficacy of this 

eating pattern in this population remains uncertain. Notably, TRE did not result in unhealthy 

eating behaviors.18 Since disordered eating is prevalent among adolescents with obesity, the 

potential for unhealthy eating behaviors should be continuously monitored in future trials of 

TRE.55,56

Elderly

Aging is associated with many biological changes that can lead to a progressive decline in 

cognitive and physical functioning.57,58 These changes are accelerated by obesity, which can 

result from low levels of physical activity accompanied by excessive energy intake.59,60 As 

such, the ability of TRE to aid with weight control and slow the rate of functional decline 

in elderly populations is of great interest. Two studies19,20 to date have assessed the efficacy 

and safety of TRE in older adults with overweight or obesity (Table 2; Figure 3). In the 

study by Anton et al.,19 10 sedentary elderly participants with obesity (mean age 77 years) 

participated in an 8-h TRE (self-selected window) for 1 month. Participants were adherent 

with the 8-h eating window on 85% of days, and body weight decreased by approximately 

2% from baseline.19 Clinically meaningful improvements in walking speed and quality of 

life were reported, with few adverse events.19 Domaszewski et al.20 also evaluated the 

impact of TRE in older adults. In this trial, older men with overweight (mean age 69 years) 
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were randomized to 8-h TRE (12–8 p.m.) or control.20 After 1.5 months, weight loss was 

2%, relative to controls.20 Reductions in body weight primarily resulted from decreases 

in fat mass and visceral fat mass.20 Skeletal muscle mass did not change significantly 

versus controls.20 These preliminary data suggest that TRE may be a well-tolerated eating 

plan for weight control in older adults, at least in the short term (1–2 months). TRE does 

not appear to lead to deleterious reductions in skeletal muscle mass, though more studies 

with larger sample sizes will be needed to confirm this. Future studies in this area should 

also comprehensively examine how metabolic disease risk factors and bone metrics change 

during TRE in this population. Moreover, the optimal level of protein intake to maintain lean 

mass in older adults during TRE should also be investigated.

Type 2 diabetes (T2DM)

Approximately 1 in 10 adults in the United States have T2DM.61 If current trends continue, 

one in three adults in the United States will have T2DM by 2050. TRE may serve as 

an effective diet strategy for weight loss and glycemic control in patients with T2DM. 

However, clinical trial evidence in this area is very limited. Only two trials21,22 to date 

have examined the effect of TRE in patients with T2DM (Table 2; Figure 3). In a 1-month 

cross-over trial by Andriessen et al.,21 10-h TRE (8 a.m.–6 p.m.) decreased body weight by 

1%, lowered mean glucose levels, and increased time spent in the euglycemic range (i.e., 

glucose levels between 70 and 180 mg/dL) in adults with obesity and T2DM versus controls. 

Complementary to these findings, Che et al.22 showed that 3 months of 10-h TRE (8 a.m.–6 

p.m.) lowered body weight by 4%, reduced fasting glucose levels, and decreased HbA1c by 

1.5% in adults with obesity and T2DM, versus controls. LDL cholesterol and triglycerides 

concentrations were also reduced in the trial by Che et al.22 Occurrences of hypoglycemia 

and hyperglycemia were rare in both trials,21,22 but patients were monitored closely by 

their physicians throughout the fasting protocol. These preliminary findings suggest that 

TRE may be safe and effective in patients with T2DM, though much more evidence from 

randomized controlled trials will be needed before TRE can be incorporated into clinical 

guidelines.

PCOS

PCOS is the most common cause of anovulatory infertility,62 and it affects up 

to 18% of reproductive-aged females.63 This complex disorder is characterized by 

hyperandrogenism, ovulatory dysfunction, and polycystic ovarian morphologic features.63 

Many women with PCOS have insulin resistance and compensatory hyperinsulinemia, 

which augments ovarian androgen production.62 Additionally, 50%–70% of women with 

PCOS have obesity.64 Weight loss of as little as 5% can improve hyperandrogenism by 

reducing testosterone, androstenedione, and dehydroepiandrosterone-sulfate (DHEA-S) and 

increasing sex hormone-binding globulin (SHBG).63 This degree of weight loss can also 

improve insulin resistance and menstrual function in women with PCOS.63 Whether TRE 

is an effective weight loss strategy in individuals with this condition has been evaluated 

in two trials23,65 (Table 2; Figure 3). Li et al.23 conducted an 8-h TRE trial, where young 

women with PCOS and obesity ate all their energy needs early in the day (8 a.m.–4 p.m.) 

and fasted with water for the rest of the day. After 1 month, body weight significantly 

decreased by 2%, total testosterone levels were reduced, and SHBG was increased relative 
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to baseline.23 Another study65 examined the effect of meal timing on androgens in women 

with PCOS. In this trial by Jakubowicz et al.,65 women with PCOS were randomized to one 

of two isoenergetic diets where they ate >50% of calories at dinner or >50% of calories 

at breakfast. After 3 months, circulating levels of DHEA-S and androstenedione decreased, 

whereas levels of SHBG increased, in the breakfast group relative to the dinner group.65 

Inflammation and insulin resistance were also reduced in the breakfast group, further 

illustrating the link between hyperandrogenism and metabolic disturbances.65 Altogether, 

these preliminary findings23,65 suggest that TRE and early meal timing may improve 

androgen markers in females with PCOS, but more research is warranted.

UNRESOLVED QUESTIONS IN THE FIELD

Is TRE easier to adhere to than other diet interventions?

Since TRE does not require complicated carbohydrate or calorie counting, it has been 

postulated that TRE might be easier to adhere to than other diet interventions. In the trials 

reviewed here, adherence to TRE was measured using an app (e.g., myCircadianClock or 

RedCap)8,15,16,17 or a paper log6,7,14 which documented the times that participants started 

and stopped eating each day. On average, subjects reported adhering to their prescribed 

eating windows on 5–6 days per week (70%–85% of days) for up to 12 months.6–8,14–

16,17 Compliance did not appear to wane over longer durations of TRE, but long-term 

data are very limited.8 Adherence was lowest on Saturdays and Sundays, due to increased 

engagement in social eating events on the weekends.8

Only one study8 compared TRE adherence with that of another diet. In this study by Lin et 

al.,8 adults with obesity followed an 8-h TRE diet (eating only 12–8 p.m., without calorie 

counting) or daily CR (25% energy restriction) for 12 months. Adherence to TRE was 

high, with subjects complying with the 8-h eating window on average 6.1 out of 7 days 

per week (87%) over 12 months. In comparison, CR subjects showed moderately high 

compliance, with 61% of participants adhering to their prescribed calorie goals over 1 year. 

The adherence data for TRE and CR are difficult to compare as different metrics were 

used to assess compliance. However, since the average degree of energy reduction achieved 

with TRE and CR were comparable (~400 kcal/day), it is likely that overall adherence was 

also similar. Based on the limited data available, it is impossible to say if TRE is easier to 

comply with compared with other diets. Much more research will be needed before any solid 

conclusions can be reached.

Are there any weight-loss-independent effects of TRE?

Some evidence suggests that TRE may improve metabolic health even in the absence of 

weight loss. For instance, Sutton et al.13 evaluated the effects of early 6-h TRE (8 a.m.–2 

p.m.) versus controls in men with obesity and prediabetes. By the end of the study, body 

weight remained stable, but several metabolic benefits were still observed, such as improved 

insulin sensitivity, pancreatic beta-cell function, and blood pressure.13 Complementary to 

these findings, Jamshed et al.35 observed reductions in mean glucose levels and glycemic 

excursions (measured by CGM) with early 6-h TRE (8 a.m.–2 p.m.), versus controls, in the 

absence of weight loss. Although these short-term studies offer promise for the weight-loss-
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independent effects of TRE, they need to be confirmed by larger and longer randomized 

controlled trials.

What are the effects of TRE on diet quality?

There is some concern among clinicians that limiting the eating window to 4–10 h per 

day may lead to the increased consumption of energy-dense foods. There is also concern 

that individuals may consume more caffeinated beverages during the fasting window to 

boost their energy levels, which could lead to sleep disturbances. The effects of TRE on 

diet quality have only been assessed in a few clinical trials to date.6,8,22 Cienfuegos et al.6 

reported no changes in diet quality or caffeinated beverage consumption with shorter TRE 

eating windows (4 or 6 h) in adults with obesity after 2 months, relative to controls. In 

the 8-h TRE study by Lin et al.,8 key diet quality indicators, such as sugar, saturated fat, 

cholesterol, fiber, sodium, and caffeine intake, did not change over 12 months in the TRE 

group versus CR or controls. Complementary to these findings, Che et al.22 showed no 

changes in percent energy from macronutrients during 3 months of 10-h TRE in adults with 

T2DM. These preliminary studies show that limiting the eating window to 4–10 h per day 

does not negatively impact diet quality, but more research is warranted.

How does TRE impact physical activity?

Changes in habitual physical activity were measured by pedometers or actigraphers in most 

of the studies reviewed here.6–8,14–16,22 At baseline, subjects were taking approximately 

5,500–7,500 steps/day, which is classified as “low activity.”66 This level of physical activity 

remained stable during the TRE intervention in all studies,6–8,14,15,22 but one,16 suggesting 

that TRE probably does not impact regular physical activity habits. Whether TRE impacts 

spontaneous physical activity has also been investigated. Spontaneous physical activity is 

defined as an activity behavior that emanates from an unconscious drive for movement and 

includes fidgeting, gesticulating, and more time spent standing.67 In a trial by Ravussin et 

al.,36 spontaneous physical activity was measured using a metabolic chamber over 4 days 

in adults with overweight following an early 6-h TRE (8 a.m.–2 p.m.) intervention. By the 

end of the study, there were no changes in spontaneous physical activity by the TRE group, 

relative to controls. Taken together, these preliminary findings suggest that TRE does not 

affect habitual physical activity or spontaneous physical activity in individuals with obesity.

What is the optimal eating window length?

TRE eating windows lengths vary from short (4–6 h) to long (8–10 h). When choosing the 

eating window length, it is important to consider both feasibility (adherence) and efficacy 

(weight reduction). In terms of feasibility, data from randomized controlled trials show that 

adherence to shorter eating windows (4–6 h)6,13,14 is similar to that of longer windows (8–

10 h).7,8,15,17 In general, adults with obesity comply with their eating window on 5–6 days 

per week, regardless of eating window length. Though it should be noted that only one trial 

evaluated compliance with very short windows (4 h), so data are lacking.6 As for efficacy, 

shorter eating windows tend to produce greater energy restriction by simply limiting the total 

time available to eat, which in turn produces greater weight loss. For instance, in the study 

by Cienfuegos et al.,6 it was demonstrated that TRE with shorter (4–6 h) eating windows 

reduced energy intake by ~500–550 kcal/day in adults with obesity, which produced ~3% 
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weight loss over 2 months. In comparison, in the studies by Gabel et al.7 and Lin et al.8 it 

was shown that eating within an 8-h window reduced calorie intake by ~350–400 kcal/day 

which produced ~2.5% weight loss over 2 months. Whereas, Haganes et al.9 showed that 

eating within a 10-h window reduced energy intake by ~200 kcal/day and decreased body 

weight by ~1.5% over 2 months. Taken together, shorter eating windows (4–6 h) may 

produce superior weight loss, but the same level of adherence, as longer windows (8–10 

h). Thus, shorter eating windows may serve as better weight loss strategies, though more 

research that directly compares various eating window lengths will be needed to confirm 

this.

Are early eating windows better than late windows for glycemic control?

Glucose tolerance is highest a few hours after waking and steadily decreases over the course 

of the day.45,68 As such, concerns have been raised about later eating windows during 

TRE promoting insulin resistance. Several recent studies14,69–71 have directly compared the 

effects of early versus late TRE on glycemic control. Queiroz et al.69 found that early 8-h 

TRE (8 a.m.–4 p.m.) produced similar improvements in fasting insulin, insulin sensitivity, 

and functional beta-cell capacity when compared with late 8-h TRE (12–8 p.m.) in adults 

with obesity. Ruddick-Collins et al.70 tested the effects of isoenergetic weight loss diets 

with morning-loaded or evening-loaded calories and found that both protocols produced 

similar improvements in glucose tolerance. By contrast, Zhang et al.14 showed that mean 

glucose levels (assessed by CGM) were improved only in the early 6-h TRE group (7 

a.m.–1 p.m.) when compared with late 6-h TRE (12–6 p.m.) and controls, after 2 months in 

adults with overweight and insulin resistance. Similarly, Xie et al.71 demonstrated that early 

8-h TRE (7 a.m.–3 p.m.), but not late 8-h TRE (12–8 p.m.), decreased insulin resistance 

and fasting glucose levels, versus controls, in healthy adults who were normal weight. 

In view of these equivocal findings, it remains unclear if earlier eating windows produce 

greater improvements in glycemic control versus later eating windows. On one hand, it 

is possible that the weight loss benefits of TRE outweigh any differences arising from 

calorie distribution. TRE regimens that produce energetic deficits, regardless of meal timing, 

may improve insulin sensitivity. On the other hand, human metabolism is optimized for 

food intake in the morning. As such, early eating windows, which properly align with 

our circadian rhythms, may prove to be better for glycemic control than eating later in 

the day.45,68 More randomized controlled studies with larger sample sizes that implement 

robust techniques (i.e., hyperinsulinemic euglycemic clamps) will be needed before solid 

conclusions can be reached.

LIMITATIONS

This review has some limitations. First and foremost, the body of literature in this area 

is still quite small. Only eight randomized controlled trials6–8,13–16,17 have examined the 

effects of TRE (without calorie counting) on body weight and metabolic risk parameters in 

adults with obesity. Second, most studies were short (1–3 months)6,7,13–16,17 and only one8 

examined the long-term (12 months) effects of this diet. Third, the sample size in each study 

was small (n = 8–150). As such, it is unlikely that most of the studies reviewed here were 

adequately powered to detect statistically significant differences in primary and secondary 
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outcomes, such as blood pressure, plasma lipids, and glycemic endpoints. Fourth, only one 

randomized controlled trial8 to date has compared the weight loss efficacy of TRE (without 

calorie counting) to a traditional dieting approach, such as daily CR. In view of these 

limitations, future randomized controlled trials that run for longer durations (>6 months) 

with larger sample sizes, which directly compare TRE to other weight loss approaches, will 

be needed before solid conclusions can be reached.

FUTURE DIRECTIONS

Although the number of published trials in this area is still limited, there are many trials 

currently underway. We searched Clinicaltrials.gov and retrieved approximately 50 records 

of ongoing TRE studies. Most trials aim to examine the efficacy of TRE in promoting 

weight loss in various patient populations, such as people with T2DM (NCT05290246; 

NCT05365529; NCT03940482; NCT04762251), type 1 diabetes (NCT05031429), non-

alcoholic fatty liver disease (NCT03848390; NCT05579158; NCT05220956), PCOS 

(NCT06031753; NCT05629858), Alzheimer’s disease (NCT05732935), and certain obesity-

related cancers, such as breast cancer (NCT05639829; NCT05038137; NCT05259410), 

and colorectal cancer (NCT05114798). Two studies are examining the safety and efficacy 

of TRE in adolescents with obesity (aged 13–18 years) (NCT05740254; NCT05107726), 

whereas four other studies are assessing how TRE impacts healthy aging in older adults 

(aged > 65 years) (NCT06019195; NCT05997316; NCT05482711; NCT05732935). In 

addition, there are some mechanistic studies currently underway that aim to differentiate 

the effects of early TRE (all food eating before 3 p.m.) versus late TRE (all food 

eating after 3 p.m.) on body weight and glycemic control (NCT05486702; NCT04618133; 

NCT03504683). Most of these trials employ an 8–10 h eating windows, placed in the 

afternoon or evening. The durations of these studies are generally quite short (3–6 

months); however, we were able to identify two studies that are running for 12 months 

(NCT05453617; NCT04762251). There are also several trials examining the effects of 

TRE combined with either resistance training or endurance training on body composition 

and metabolic endpoints (NCT05486702; NCT05908201; NCT05897073; NCT05908201; 

NCT05167903). Based on the large number of ongoing studies, it is clear that this is a 

very exciting time for TRE research. These data will undoubtedly help to fill in critical 

knowledge gaps and bolster our understanding of the role of TRE in improving human 

health.

Conclusions

In summary, data from randomized controlled trials suggest individuals can adhere to TRE 

interventions, at least in the short term. TRE is a unique diet therapy in that it produces a 

daily energy deficit of 200–550 kcal, without calorie counting. These reductions in energy 

intake result in mild to moderate weight loss of 3%–5% over the course of 2–12 months 

versus no-intervention controls. TRE may produce metabolic benefits, such as improved 

blood pressure and glycemic control. However, improvements in these variables generally 

result from reductions in body weight and do not generally change with insufficient weight 

loss. The optimal timing of the eating window, weight-independent effects, and clinical 

utility of TRE in special populations are still uncertain due to limited evidence to date. 
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Although these preliminary results offer promise for the use of TRE as a weight loss 

intervention, larger and longer-term human trials with suitable comparison to other diet 

interventions will be needed to confirm these findings.
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Figure 1. Overview of time-restricted eating protocols
Time-restricted eating (TRE) typically involves confining the eating window to 4, 6, 8, or 

10-h and fasting for the remaining hours of the day. During the eating window, individuals 

are not required to count calories or monitor food intake. During the fasting window, 

individuals are encouraged to drink plenty of water and may also consume energy-free 

beverages such as tea and coffee without additives. The eating window can be placed earlier 

in the day (early TRE) or later in the day (late TRE). Alternatively, participants can choose 

where they want to place their eating window (self-selected eating window).
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Figure 2. Risk of bias assessment for randomized trials
Risk of bias was assessed using the Cochrane Collaboration tool for the randomized 

controlled trials presented in Tables 1 and 2. Random sequence generation, allocation 

concealment, blinding, and incomplete outcome data were graded for each trial as having a 

high, low, or unclear risk of bias. Single-arm, non-randomized trials were not included in the 

risk-of-bias assessment.
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Figure 3. Summary of time-restricted eating effects on metabolic outcomes in various 
populations
In participants with obesity, time-restricted eating results in 3%–5% weight loss over 2–12 

months, versus controls. Reductions in body weight by TRE generally result from decreases 

in fat mass rather than lean mass. In terms of cardiovascular effects, TRE may improve 

blood pressure but has little effect on plasma lipids. In terms of glycemic control, TRE 

lowers fasting insulin and insulin resistance in adults with obesity and prediabetes but has 

little effect on fasting glucose. In adults with type 2 diabetes, TRE lowers body weight and 

reduces HbA1c. In women with polycystic ovary syndrome, TRE produces mild weight loss 

and improves androgen markers.

Abbreviations are as follows: θ, non-significant change; ↓, decrease; −, not measured; 

HbA1c, glycated hemoglobin; PCOS, polycystic ovary syndrome; TRE, time-restricted 

eating.
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