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Abstract

Background: Time-restricted eating (TRE), without calorie counting, has become a popular 

weight loss strategy, yet long-term randomized trials evaluating its efficacy are limited.

Objective: To determine whether TRE is more effective for weight control and cardiometabolic 

risk reduction compared with calorie restriction (CR) or control.

Design: 12-month randomized controlled trial. (ClinicalTrials.gov: NCT04692532)

Setting: University of Illinois Chicago from January 2021 to September 2022.

Participants: 90 adults with obesity.

Intervention: 8-hour TRE (eating between noon and 8:00 p.m. only, without calorie counting), 

CR (25% energy restriction daily), or control (eating over a period of 10 or more hours per day). 

Participants were not blinded.

Measurements: Change in body weight, metabolic markers, and energy intake by month 12.

Results: Seventy-seven persons completed the study. Mean age was 40 years (SD, 11), 33% were 

Black, and 46% were Hispanic. Mean reduction in energy intake was −425 kcal/d (SD, 531) for 

TRE and −405 kcal/d (SD, 712) for CR. Compared with the control group, weight loss by month 

12 was −4.61 kg (95% CI, −7.37 to −1.85 kg; P ≤ 0.01) (−4.87% [CI, −7.61% to −2.13%]) for the 

TRE group and −5.42 kg (CI, −9.13 to −1.71 kg; P ≤ 0.01) (−5.30% [CI, −9.06% to −1.54%]) for 

the CR group, with no statistically significant difference between TRE and CR (0.81 kg [CI, −3.07 

to 4.69 kg; P = 0.68]) (0.43% [CI, −3.48% to 4.34%]).

Limitation: Not blinded, not powered to detect relatively large differences in weight loss, and 

lack of adjustment for multiple comparisons.

Conclusion: Time-restricted eating is more effective in producing weight loss when compared 

with control but not more effective than CR in a racially diverse population.

Time-restricted eating (TRE) has become a popular weight loss regimen (1–3). The sudden 

increase in popularity of TRE is mostly likely due to its sheer simplicity and the fact that 

it does not require persons to count calories to lose weight. Participants are simply asked 

to consume all food within a specified time frame and fast with energy-free beverages 

for the remaining hours of the day. Evidence shows that when persons with obesity limit 

their eating window to 6 to 8 hours per day, they naturally reduce energy intake by 350 to 
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500 calories (4, 5). From a clinical standpoint, these findings are paramount. One of the 

main reasons for participant attrition with traditional dieting–that is, daily calorie restriction 

(CR)–is frustration with having to count calories every day (6, 7). Time-restricted eating 

regimens can sidestep this requirement by allowing participants to simply “watch the clock” 

instead of monitoring calories, while still producing weight loss and cardiometabolic health 

improvements (8–10). This feature of TRE has the potential to improve long-term adherence 

to this eating plan, and in turn, produce lasting weight control in adults with obesity.

However, few long-term trials have evaluated the efficacy of TRE for weight loss. In the 

study by Liu and colleagues (11), adults with obesity were randomly assigned to either early 

TRE (consuming all food between 8:00 a.m. and 4:00 p.m.) combined with intentional CR 

or CR alone. After 12 months, both groups lost a similar amount of weight (7% to 9% 

from baseline) (11). Although these findings are valuable to the field, the study is limited 

in that it did not examine how TRE alone–that is, without calorie counting–affects body 

weight. In addition, the real-life applicability of the study is questionable given that an early 

eating window was used. Evidence from a recent large-scale observational study of nearly 

800 000 adults shows that Americans who engage in TRE place their eating window in the 

afternoon or evening so that they can continue to eat dinner with family and friends (12). 

Moreover, the generalizability of the findings is uncertain given that the trial was done solely 

in Chinese adults. Thus, it is unclear if these findings would be reproducible in a diverse 

American population. Indeed, conventional nutrition strategies are often difficult to execute 

in historically marginalized communities because they require a high level of numeracy, 

literacy, cost, and time to change the food composition in the home. All these factors limit 

the ability of traditional CR protocols to support weight reduction in these high-risk cohorts.

Accordingly, we conducted a 1-year randomized controlled trial to compare the effects of 

TRE (eating all food between noon and 8:00 p.m., without calorie counting) versus CR 

(25% energy restriction daily) and a control group eating over a period of 10 or more hours 

per day on body weight and cardiometabolic risk factors in a racially and ethnically diverse 

group of American adults with obesity. We hypothesized that the TRE group would achieve 

greater weight loss and have more pronounced improvements in insulin sensitivity over 12 

months than the CR and control groups.

METHODS

Design Overview

This is a 12-month prospective, parallel-group, randomized controlled trial done at the 

University of Illinois Chicago. Participants were randomly assigned in a 1:1:1 ratio to 

a TRE, CR, or control group. Participants were not blinded. Assessments were done at 

baseline, month 6, and month 12 (end of intervention). Trial recruitment occurred from 1 

January to 30 September 2021, with the last follow-up on 30 September 2022.

The protocol was approved by the Office for the Protection of Research Subjects at the 

University of Illinois Chicago (Protocol #2020–1512). All participants provided signed 

informed consent. The trial is registered at ClinicalTrials.gov (NCT04692532). The full 

study protocol (available at Annals.org) and the CONSORT check-list (Supplement, 
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available at Annals.org) are available. All authors had access to the study data and have 

reviewed and approved the final manuscript.

Setting and Participants

Participants were recruited by means of flyers placed around the University of Illinois 

Chicago campus and surrounding area. Recruitment was not targeted toward certain racial 

or ethnic groups. Participants were screened via a questionnaire, body mass index (BMI) 

assessment, pregnancy test, and a 7-day food record. No adjustments were made in the BMI 

eligibility criteria for Asian participants. Inclusion criteria were female, male, age between 

18 and 65 years, and BMI between 30 and 50 kg/m2. Exclusion criteria were history of 

diabetes mellitus, use of weight loss medications, weight unstable for 3 months before 

the beginning of the study (>4 kg weight loss or gain), eating within less than a 10-hour 

window, perimenopausal or otherwise irregular menstrual cycle, nightshift workers, pregnant 

or trying to become pregnant, and current smokers.

Randomization and Interventions

Participants were randomly assigned in a 1:1:1 ratio to a TRE, CR, or control group. 

Randomization was done by a stratified random sampling procedure by sex, age (18 to 42 

years and 43 to 65 years), and BMI (30 to 40 kg/m2 and 40.1 to 50 kg/m2). The trial duration 

was 1 year, and participants were provided compensation for their time and transportation 

costs.

Participants in all 3 groups were instructed not to change their physical activity habits 

throughout the trial to avoid potential confounding. The TRE and CR interventions 

consisted of a weight loss phase (6 months) and a weight maintenance phase (6 months) 

(Supplement Figure 1, available at Annals.org). Trained registered dietitians delivered 

dietary counseling to TRE and CR intervention participants (by telephone or Zoom [Zoom 

Video Communications]) every week during the first 3 months of the study, then biweekly 

from months 4 to 6. During these sessions, participants were taught how to make general 

healthy food choices to conform with American Diabetes Association nutrition guidelines 

(13). During the weight maintenance phase between months 6 and 12, participants in the 

TRE and CR (but not control) groups met individually with the dietitian every month to 

learn cognitive behavioral strategies to prevent weight regain (14).

TRE Dietary Strategy—During the 6-month weight loss phase, participants in the TRE 

group were instructed to eat ad libitum from noon to 8:00 p.m. daily and fast from 8:00 p.m. 

to noon. During the 8-hour eating window, participants were not required to monitor caloric 

intake, and there were no restrictions on types of or quantities of food consumed. During 

the 16-hour fasting window, participants were encouraged to drink plenty of water and were 

permitted to consume energy-free drinks, such as black tea, coffee, and diet sodas (limit 2 

diet sodas per day).

During the 6-month weight maintenance phase, participants were instructed to maintain their 

body weight and to widen their eating window to 10:00 a.m. to 8:00 p.m. and fast from 

8:00 p.m. to 10:00 a.m. This maintenance eating window was chosen because our previous 
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TRE trials (4, 5) showed that eating within a 10-hour window resulted in no change in 

body weight in this population group. Thus, we hypothesized that this would be an ideal 

eating window for sustained weight loss. As in the weight loss phase, participants were 

not required to monitor caloric intake and could eat food as desired. During the 14-hour 

fasting window, participants were encouraged to drink plenty of water and were permitted to 

consume energy-free drinks.

Calorie Counting Dietary Strategy—During the 6-month weight loss phase, 

participants in the CR group were instructed to reduce their energy intake by 25% every day. 

Total energy expenditure was calculated by the Mifflin–St. Jeor equation (15) and multiplied 

by the appropriate activity factor for each participant. Participants in the CR group met with 

the study dietitian at the beginning of the trial to develop individualized weight loss meal 

plans. The plans included menus, portion sizes, and food lists that were consistent with 

the participant’s food preferences and prescribed calorie levels for weight loss. The food 

lists contained examples of healthy foods that should be purchased to make the meals–for 

example, lean proteins (chicken, turkey, fish, and tofu), fruits, vegetables, nuts, and low-fat 

dairy products. Participants were asked to fill half their plates with fruits or vegetables at 

every meal and to consume roughly 50% of energy as carbohydrates, 30% of energy as fat, 

and 20% of energy as protein.

During the weight maintenance phase, CR participants were instructed to consume 100% 

of their energy needs every day. Total daily energy expenditure was recalculated at the 

beginning of this period for all participants. The net caloric reduction from baseline was 

approximately 15%.

Control—Control participants were instructed to maintain their weight, physical activity 

habits, and baseline eating window of 10 or more hours per day throughout the trial. This 

eating window was chosen because our previous TRE studies (4, 5) indicated that persons 

in the Chicago area typically eat within 10 or more hours each day. Control participants 

received no food or dietary counseling but visited the research center at the same frequency 

as the intervention participants to provide outcome measurements. Control participants who 

completed the 12-month trial received free weight loss counseling at the end of the study.

Outcomes and Follow-up

The primary outcome was absolute change in body weight between the TRE, CR, and 

control groups by month 12. Prespecified secondary outcome measures included relative 

change in body weight; change in fat mass, lean mass, visceral fat mass, bone density, 

blood pressure, heart rate, total cholesterol, low-density lipoprotein cholesterol, high-density 

lipoprotein cholesterol, triglycerides, fasting glucose, fasting insulin, insulin resistance, 

insulin sensitivity, hemoglobin A1c, energy intake, and steps per day; and dietary adherence 

between the TRE, CR, and control groups by month 12. Occurrence of general adverse 

events were assessed by a questionnaire at 3-month intervals. Adverse events were not 

graded. Analytical methods are detailed in the full protocol.
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Statistical Analysis

For the sample size calculation, we estimated that the TRE and CR groups would reduce 

body weight by 8 kg (extrapolated from our pilot data) and 5 kg (16), respectively, by month 

12 versus the control group (no change in body weight). We calculated that 26 participants 

per group would provide 90% power to detect a statistically significant difference in body 

weight between the TRE, CR, and control groups by month 12 using an overall F-test from 

a one-way analysis of variance with α = 0.05, effect size of 0.4125, and a common SD of 8 

kg. We anticipated a dropout rate of 12%. Thus, we aimed to recruit 90 participants (30 per 

group), assuming that 78 participants (26 per group) would complete the trial.

Data are shown as mean (95% CI) unless otherwise noted. A Bonferroni-adjusted 2-tailed 

P value of less than 0.017 was considered statistically significant for pairwise group 

comparisons of body weight. P values generated from analyses of secondary outcomes were 

not adjusted for multiplicity and are considered descriptive. We conducted an intention-to-

treat analysis, which included data from all 90 participants who were randomly assigned. 

Results are reported by intention-to-treat analysis unless indicated otherwise.

A linear mixed model was used to assess time, group, and time-by-group effects for each 

outcome. Linear mixed models for longitudinal data analysis account for missing outcome 

data using maximum likelihood principles. Thus, these models provide unbiased estimates 

of time and treatment effects under a missing at random assumption. The inclusion of 

time in the model allows for changes in the outcome over time that are unrelated to the 

intervention. In each model, time and group effects (and their interaction) were estimated 

without imposing a linear time trend. In models for body weight, which was measured at 13 

time points (baseline plus 12 months of follow-up), time was modeled with cubic splines. In 

models of all other outcome variables, which were measured at 3 time points (baseline plus 

month 6 plus month 12), time was modeled as a categorical variable.

For each outcome variable, linear modeling assumptions were assessed with residual 

diagnostics. To account for the potential for nonuniform variances (heteroskedasticity) 

between treatment groups due to random chance, all CIs and P values from linear mixed 

models were calculated using robust variance estimators (sandwich estimators) (17–19). 

Intraclass correlation coefficients from each linear mixed effect were also calculated. To 

assess the effect of loss to follow-up on study findings, we conducted a sensitivity analysis 

using multiple imputation. All analyses were done using R, version 4.3.1 (R Foundation).

Role of the Funding Source

The funders had no influence on the study design, data collection, statistical analysis, 

preparation of the manuscript, or on the decision to publish.

RESULTS

Trial Participants

Of the 126 participants who were screened, 90 (71%) were randomly assigned to the 

intervention or control groups, and 77 (86% of those assigned) completed the study (Figure 
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1). All dropouts occurred during the first 6 months of the study: 13% in the TRE group, 

17% in the CR group, and 13% in the control group. Reasons for participant attrition were 

scheduling conflicts, personal reasons, and inability to contact. No participants reported 

dropping out due to dislike of the TRE or CR interventions. All baseline characteristics had 

similar distributions between the TRE, CR, and control groups (Table 1). The participants 

were primarily non-Hispanic Black and Hispanic women with insulin resistance. The 

participants who dropped out of the study were generally younger, heavier, and more 

insulin resistant when compared with those who completed the study (Supplement Table 

1, available at Annals.org).

Weight Loss and Body Composition

Compared with the control group, absolute weight loss (primary outcome) was −4.61 kg 

(95% CI, −7.37 to −1.85 kg; P ≤ 0.01) for the TRE group and −5.42 kg (CI, −9.13 to −1.71 

kg; P ≤ 0.01) for the CR group, with no statistically significant difference between the TRE 

and CR groups (0.81 kg [CI, −3.07 to 4.69]; P = 0.68]) by month 12 (Figure 2, top and 

middle, and Table 2). Relative to the control group, weight loss (secondary outcome) as a 

percentage of baseline body weight was −4.87% (CI, −7.61% to −2.13%) for the TRE group 

and −5.30% (CI, −9.06% to −1.54%) for the CR group, with no notable difference between 

the TRE and CR groups (0.43% [CI, −3.48% to 4.34%]) by month 12.

At month 12, both TRE and CR led to reductions in fat mass, waist circumference, and 

BMI but not lean mass, visceral fat mass, bone mineral density, and bone mineral content 

compared with control (Table 2).

Glucoregulatory Factors, Blood Pressure, and Plasma Lipids

Fasting plasma glucose, fasting insulin, insulin resistance, and hemoglobin A1c were 

not associated with treatment group in any pairwise comparisons at month 12 (Table 

3; Supplement Table 2, available at Annals.org). Time-restricted eating was associated 

with increases in insulin sensitivity compared with control but not compared with CR. 

In addition, we found a negative correlation between body weight and insulin sensitivity 

(Supplement Figure 2, available at Annals.org). Blood pressure, heart rate, total cholesterol, 

low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglyceride 

concentrations were not associated with treatment group in any pairwise comparisons at 

month 12.

Sensitivity Analyses Using Multiple Imputation

Sensitivity analyses incorporating multiple imputation of missing data (Supplement Table 3, 

available at Annals.org) showed the robustness of our primary results.

Adherence, Energy Intake, and Physical Activity

Energy intake decreased in the TRE and CR groups, relative to baseline, at months 3, 6, 

9, and 12 (Figure 2, bottom). Over the 12-month study, the mean caloric deficit was −425 

kcal/d (SD, 531) in the TRE group and −405 kcal/d (SD, 712) in the CR group, with no 

difference between groups. Participants in the TRE group reported being adherent with their 

eating window on average 6.1 days per week (SD, 0.8) (87% of days) over the course of 
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the 12-month study (Supplement Figure 3, available at Annals.org). As for CR, 61% of 

participants reported being adherent with their prescribed calorie goal during the 12-month 

trial. The mean (SD) daily eating window in the TRE group decreased from baseline to 

month 12 (Table 4). The mean (SD) eating window in the CR and control groups was greater 

than 10 hours at baseline and did not change during the trial. Dietary intake did not differ 

over time within group or between groups (Table 4). Physical activity, measured as steps per 

day, did not differ over time within group or between groups (Table 4).

Adverse Events

No serious adverse events or deaths were reported during the year-long trial and did not 

differ substantially across groups (Supplement Table 4, available at Annals.org).

DISCUSSION

Our randomized controlled trial shows that both an 8-hour TRE strategy without calorie 

counting and a CR strategy with calorie counting produced greater weight loss than 

no-intervention control at 12 months. Differences in weight loss were not statistically 

significantly different between the TRE and CR groups. Participants of both active 

interventions showed moderately high adherence and decreased energy intake to a 

meaningful level. No serious adverse events were detected in any group.

Several clinical trials have compared the effect of TRE combined with intentional energy 

restriction with that of daily CR on body weight. Liu and colleagues (11) found that 12 

months of 8-hour TRE with calorie counting produced similar reductions in body weight 

(9%) as daily CR (7%) in 139 adults with obesity. Peeke and colleagues (20) found similar 

reductions in body weight by 10-hour TRE plus energy restriction (8%) when compared 

with daily CR (7%) after 2 months of intervention. Likewise, Thomas and colleagues (21) 

found that 3 months of 10-hour TRE combined with calorie counting produced similar 

weight loss (6%) as daily CR (5%) in 85 men and women with obesity. Taken together, TRE 

combined with intentional energy restriction may produce similar reductions in body weight 

as daily CR over 2 to 12 months.

Our trial is novel in that it compared the effects of TRE without intentional energy 

restriction with that of daily CR. We show here that limiting the eating window to 8 hours 

per day (noon to 8:00 p.m.) without calorie counting reduced body weight by 4.6 kg by 

month 12 versus control. These body weight reductions were not statistically significantly 

different compared with CR (5.4 kg), although our study was only powered to detect 

relatively large weight loss differences. Only a few controlled trials have assessed the effect 

of TRE with ad libitum food intake on body weight. Chow and colleagues (22) found that 3 

months of 8-hour TRE without calorie counting reduced body weight by 4%, versus control 

in 20 adults with obesity. Likewise, Gabel and colleagues (5) showed that 8-hour TRE 

produced 3% weight loss after 3 months versus control. Cienfuegos and colleagues (4) also 

noted 3% reductions in body weight with 6-hour TRE after 2 months, relative to control, 

among 58 men and women with obesity. In contrast to these findings, Lowe and colleagues 

(23) reported no change in body weight after 3 months of 8-hour TRE in 116 adults with 

obesity relative to control. As for daily CR, body weight generally decreases by 4% to 5% 

Lin et al. Page 8

Ann Intern Med. Author manuscript; available in PMC 2024 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://Annals.org
https://Annals.org


after 3 months of intervention in persons with obesity (24). As such, the weight loss efficacy 

of TRE without calorie monitoring may be similar to that of daily CR over short periods of 

time (24).

Adherence to the TRE eating plan was high, with participants adhering to the 8-hour eating 

window on average 6.1 out of 7 days per week (87%) over 12 months. This finding is 

consistent with several studies of TRE (5, 22, 23, 25) but not all (26). In comparison, CR 

participants displayed moderately high adherence, with 61% of participants adhering to their 

prescribed calorie goals over 1 year. The adherence data for TRE and CR are difficult to 

compare because different metrics were used to assess adherence. However, given that the 

average degree of energy reduction achieved with TRE (425 kcal/d) and CR (405 kcal/d) 

seemed similar, it is likely that overall adherence was similar.

Changes in blood pressure, plasma lipids, and insulin sensitivity did not differ between 

TRE and CR, although the study was underpowered to detect differences in these metabolic 

outcomes. However, we did observe an increase in insulin sensitivity by month 12 when 

TRE was compared with control. Nevertheless, this finding should be viewed solely as 

hypothesis generating given the lack of correction for multiple testing.

Non-Hispanic Black and Hispanic adults have the highest age-adjusted prevalence of obesity 

in the United States (27). Effective nonpharmacologic weight loss regimens are critically 

needed in these populations. Our findings show that TRE is an effective and feasible 

regimen for sustained weight loss over 1 year in a sample population that was highly 

diverse in terms of its racial and ethnic makeup. Time-restricted eating is undoubtedly an 

attractive approach to weight loss in that it does not require the purchase of expensive 

food products, allows persons to continue consuming familiar foods, and omits complicated 

calorie tracking. Given the paucity of literature on nutrition strategies in this cohort (28), this 

study of a racially and ethnically diverse population may help to fill in critical knowledge 

gaps and improve the health of underrepresented racial and ethnic groups.

Our study has some important limitations. First, the study was small and not blinded. It 

was not powered to detect smaller but potentially clinically important differences between 

TRE and CR. Second, results from the secondary analyses should be viewed as hypothesis 

generating, given the fact that the type I error was not corrected for with multiple testing. 

Third, energy expenditure was not quantified in this trial. Measuring energy expenditure 

using the doubly labeled water technique would have provided more accurate assessments of 

the overall energy restriction produced by the intervention groups in relation to weight loss 

(29). Finally, the generalizability of our findings to patients with diabetes or cardiovascular 

diseases is limited by the enrollment.

In conclusion, TRE is effective for weight loss when compared with controls eating over 

a period of 10 or more hours but not more effective than daily CR in a racially diverse 

population. Future studies are needed to confirm our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant flow diagram.
CR = calorie restriction; TRE = time-restricted eating.
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Figure 2. Change in body weight and energy intake between groups over 12 months.
CR = calorie restriction; TRE = time-restricted eating. Top. Body weight: Data were 

included for 90 participants; means were estimated using an intention-to-treat analysis using 

a linear mixed model. Error bars indicate 95% CIs for each parameter from baseline by 

diet group. Middle. Box plot of change in absolute weight from baseline to month 12 by 

treatment group. Participants with missing values for weight at month 12 are excluded from 

the figure. Bottom. Energy intake: Data are expressed as mean (SD); only observed values 

included. A total of 19 of 30 TRE participants returned all food records; 17 of 30 CR 

participants returned all food records. The widths of the CIs have not been adjusted for 

multiplicity and should therefore not be used to reject or not reject treatment effects.
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