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Abstract

Background/Objectives—Experimental studies of time-restricted eating suggest that limiting 

the daily eating window, shifting intake to the biological morning, and avoiding eating close to the 

biological night may promote metabolic health and prevent weight gain.

Subjects/Methods—We used the Eating & Health Module of the 2006–2008 and 2014–2016 

American Time Use Survey to examine cross-sectional associations of timing of eating in relation 

to sleep/wake times as a proxy for circadian timing with body mass index (BMI). The analytical 

sample included 38 302 respondents (18–64 years; BMI 18.5 – 50.0 kg/m2). A single 24-hour time 

use diary was used to calculate circadian timing of eating variables: eating window (time between 

first and last eating activity); morning fast (time between end of sleep and start of eating window); 

and evening fast (time between end of eating window and start of sleep). Multinomial logistic 

regression and predictive margins were used to estimate adjusted population prevalences (AP) by 

BMI categories and changes in prevalences associated with a one-hour change in circadian timing 

of eating, controlling for sociodemographic and temporal characteristics.
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Results—A one-hour increase in eating window was associated with lower adjusted prevalence 

of obesity (AP= 27.1%, SE=0.1%). Conversely, a one-hour increase in morning fast (AP= 28.7%, 

SE=0.1%) and evening fast (AP= 28.5%, SE=0.1%) were each associated with higher prevalence 

of obesity; interactions revealed differing patterns of association by combination of eating window 

with morning/evening fast (p<0.0001).

Conclusions—Contrary to hypotheses, longer eating windows were associated with a lower 

adjusted prevalence of obesity and longer evening fasts were associated with a higher prevalence 

of obesity. However, as expected, longer morning fast was associated with a higher adjusted 

prevalence of obesity. Studies are needed to disentangle the contributions of diet quality/quantity 

and social desirability bias in the relationship between circadian timing of eating and BMI.
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Eating patterns; temporal eating patterns; meal timing; circadian rhythm; body mass index; BMI; 
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Introduction

Experimental evidence suggests that aligning the timing of eating with circadian rhythms, 

as with some forms of time-restricted eating (TRE), may promote metabolic health and 

prevent weight gain (1–4), representing an understudied opportunity for intervention (1, 

5). However, it is unknown whether these experimental results reflect mechanisms linking 

behavior and body mass index (BMI; kg/m2) in the general population.

Evidence from epidemiological studies regarding the association of meal timing with BMI 

and related health outcomes is mixed (6–8). One limitation of previous studies is a focus 

on the timing of eating in relation to external clock time (e.g. 8:00 am) or in terms of 

socially defined meal types (e.g., breakfast). Few studies have examined the timing of 

eating in relation to internal biological (i.e., circadian) time as it relates to weight (9). 

The human biological clock is an intrinsically generated timekeeping system, which is 

synchronized (i.e., entrained) to local clock time. Individuals’ chronotype, or phase of 

entrainment between the circadian system and local clock time (10), can vary by up to 10–12 

hours (h) (11, 12), indicating that for a given clock time, individuals may vary widely in 

their internal circadian time. This potential mismatch between clock and circadian time may 

contribute to conflicting population-level associations between meal timing and BMI.

Extending the overnight fasting window causes modest weight loss among overweight 

individuals (6, 13, 14), potentially through improved insulin sensitivity and increased 

robustness of circadian rhythms (14, 15). For example, free-living adults who reduced their 

daily eating window from ≥14 h to 10–12 h for 16 weeks lost weight (average reduction: 

1.15 kg/m2), without overt attempts to improve diet quality or decrease energy intake 

(16). In a seven-year observational study, adults with the longest (≥18 h) overnight fast 

had modest reductions in their BMI compared to the group of adults with shortest (7–11 

h) overnight fast, who experienced increases in BMI over the study period (8). A recent 

systematic review and meta-analysis of 19 clinical trials of TRE concluded that this dietary 
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strategy induces significant reductions in body weight and fat mass, with preservation of 

fat-free mass (3).

In addition to the length of the daily eating and fasting windows, the placement of the 

eating window in relation to biological time may also have implications for BMI (17) 

due to time-of-day dependent physiological responses to food intake (18). Eating earlier in 

the biological day in alignment with the circadian peak in metabolism and thermogenesis 

promotes metabolic health and weight loss among overweight individuals (19). Conversely, 

eating close to the biological night and melatonin onset may disrupt metabolic homeostasis, 

induce glucose intolerance (20), increase postprandial triglycerides (21), and has been 

linked to higher BMI (22) and % body fat (23) in observational studies. There are limited 

studies examining the effect of early vs. late TRE with identical eating windows on weight 

outcomes; evidence from a small 1-week cross-over RCT of men at risk for type 2 diabetes 

found that both early (8:00–17:00) and late (12:00–21:00) TRE improved glycemic control 

and induced weight loss of approximately 1% with no significant differences in weight 

loss between the early and late conditions (24). Other studies have suggested that a short 

eating window placed early in the biological day may be beneficial (25), while a long eating 

window that extends into the biological night may be particularly detrimental.

While experimental findings suggest a benefit of aligning the timing of food intake with 

circadian rhythms for metabolism and weight loss among overweight and obese individuals, 

it is unknown how these experimental results relate to the association between circadian 

timing of eating and BMI among the general population. To address this gap, the current 

study used a nationally representative dataset of time use patterns to examine the cross-

sectional associations of eating window (time between first and last eating activity); morning 
fast (time between end of sleep and start of eating window); and evening fast (time between 

end of eating window and start of sleep), and their interactions, with BMI. BMI was selected 

as the primary outcome based on experimental evidence that TRE promotes weight loss (2, 

26, 27). As in previous studies (9), meal timing relative to the sleep/wake cycle was used to 

approximate circadian timing of eating, because of the strong relationship between circadian 

time and sleep/wake timing (28–30). We hypothesized that longer eating window and longer 

morning fast (delayed food intake after awakening) would be associated with higher and that 

longer evening fast (avoiding food intake close to bedtime) would be associated with lower 

prevalence of overweight and obesity. Additionally, we hypothesized an interaction effect 

such that having a short eating window and short morning fast would be associated with 

lower prevalence of overweight and obesity.

Subjects and Methods

Data for the current study were drawn from the American Time Use Survey (ATUS), 

a nationally representative, continuously administered survey of the time use patterns of 

civilian, non-institutionalized US adults age 15 years and older sponsored by the Bureau of 

Labor Statistics (31). Trained ATUS interviewers administer a single 24 h time use diary 

via telephone interview, in which respondents sequentially recall each activity engaged in 

during the previous 24 h period beginning at 4:00 am, along with the start and stop time of 

each activity. All respondent-reported activities related to sleep (e.g., sleeping, falling asleep, 
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napping, tossing and turning, sleeplessness) were coded as sleep in the ATUS. The ATUS is 

an anonymized public domain dataset that is not subject to IRB approval. Additional details 

of the ATUS sampling and study procedures are available at: https://www.bls.gov/tus/.

ATUS Eating and Health Module

In 2006 – 2008 and 2014 −2016, the ATUS included the supplemental Eating and Health 

Module (ATUS-EHM), sponsored by the United States Department of Agriculture’s Food 

and Nutrition Service and the National Cancer Institute. Following the time use diary, 

ATUS-EHM respondents reported all secondary eating activities (i.e., eating that occurred 

while engaged in another primary activity) and their duration for the same 24 h period. 

EHM respondents also self-reported their height and weight (without shoes). Female 

participants between the ages of 18–50 years were asked if they were currently pregnant, 

and if a respondent indicated current pregnancy, weight was not recorded. Additional 

details of the EHM are available at: https://www.ers.usda.gov/data-products/eating-and-

health-module-atus/.

Data preparation

The ATUS dataset and EHM are available for public download, and the IPUMS ATUS 

Extract Builder (ATUS-X) (32) was used to extract relevant variables and assemble the 

activity-level dataset for the current analysis, which included all respondents who completed 

the ATUS-EHM.

Prior to analysis, all sleep-related activity codes, primary eating/drinking and secondary 

eating activity codes were identified and used to calculate the three circadian timing of 

eating variables. Eating window, morning fast, and evening fast were calculated (in h) 

using the respondent-reported activity start and stop times for eating/drinking and sleep 

activities (Figure 1). Secondary eating activities were anchored to the midpoint of the 

primary activity during which the secondary eating occurred (33). For example, 30 minutes 

(min) of secondary eating during a primary activity occurring from 13:00 – 14:00, would be 

designated as occurring from 13:15 – 13:45.

The primary outcome was BMI category (normal weight=18.5–24.9 kg/m2; overweight=25–

29.9 kg/m2; obese ≥ 30.0 kg/m2), derived from the ATUS BMI variable calculated 

using respondent-reported height and weight and classified according to World Health 

Organization cutoffs (34).

Exclusion criteria

The original analytical sample included 70 904 respondents who reported a total of 1 400 

200 unique activities. Of the original sample, 1 124 (1.70%) respondents were excluded 

due to underweight (BMI <18.5 kg/m2), 327 (0.50%) due to BMI >50.0 kg/m2, and 4 

861 (6.86%) due to missing BMI values (including pregnant women). Additionally, 3 361 

(4.74%) respondents age <18 years, and 13,908 (19.62%) age >64 years were excluded due 

to age-related differences in sleep patterns (35). Respondents with <2 (n=5 958 ) or >10 

(n=165) eating/drinking activities, or <2 (n=2 809) or >4 (n=290) sleep activities (due to 

suspected shift work or difficulties in determining the circadian timing of eating variables) 
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were excluded. After excluding 1 849 respondents for a-typical schedules (e.g., inverted 

daily pattern in which eating occurred prior to first sleep activity or following the final 

sleep activity) and outliers (e.g., circadian timing variables >99% of distribution), 38 302 

respondents remained in the final sample. The data cleaning and preparation approach is 

included in the Supplementary Materials.

Covariates

The following covariates were controlled for in all adjusted analyses: sex, age, age2 (to 

test for potential curvilinear relationship with outcome), education, income, race/ethnicity, 

household size, employment status, total sleep time, bedtime, season of measurement, 

weekend (vs. weekday), and ATUS-EHM measurement cycle. Prior to analyses, these 

variables were re-coded. The level of education was re-coded as: less than high school, 

high school graduate, some college, and graduate of four-year college or greater. Annual 

household income was re-coded as: <$30 000, $30 000 - $49 999, $50 000 - $74 999, 

$75 000 - $99 999, and ≥ $100 000. Race and ethnicity were used to create six mutually 

exclusive race/ethnicity categories: non-Hispanic white, Non-Hispanic black, Hispanic only/

Hispanic mixed, Asian/Pacific Islander, American Indian/Alaska Native, and non-Hispanic 

mixed. Household size (number of individuals residing in the household) was re-coded as 1, 

2, 3–4, and ≥ 5. Employment status was re-coded so that past two-week labor force status 

of “Employed – at work” or “Employed – absent” were coded as 1 and “Unemployed” 

or “Not in labor force” were coded as 0. Total sleep time was coded as <7 h, 7–9 h, and 

>9 h. Bedtime was coded as < 22:00, 22:00–22:59, 23:00–23:59, and >00:00. Season was 

coded as winter (Dec – Feb), spring (March – May), summer (Jun – Aug), and fall (Sept – 

Nov). Weekend was defined based on the ATUS interview day of week variable of Saturday 

or Sunday. ATUS-EHM measurement cycle was coded as 0 (2006 – 2008) and 1 (2014 – 

2016).

Statistical Approach

Weighted population means for each circadian timing of eating variable (i.e., eating window, 

morning fast, evening fast) by demographic and temporal characteristics were assessed 

using linear regression (Table 1). Predicted margins computed from the multinomial logistic 

regression were used to estimate unadjusted and adjusted prevalences (AP) of the population 

in each BMI category and changes in these prevalences with a one-hour increase in 

each circadian timing of eating variable, controlling for sociodemographic and temporal 

characteristics (Table 2). Multinomial logistic regression estimated the AP of the population 

in each BMI category for a given two-way interaction between eating window quartile 

and morning (Table 3) or evening fast (Table 4) (median of each tertile) and stratified by 

weekend (Supplementary Table S1) and weekday reporters (Table S2). Multinomial logistic 

regression was used to estimate ORs for overweight (vs. normal weight) and obesity (vs. 

normal weight) for each of the circadian timing of eating variables (Table S3). Additional 

models adjusted for eating window when estimating the ORs of morning/evening fast on 

overweight or obesity ( Table S4), stratified the sample by weekend vs. weekday reporters 

(Tables S5 and S6), restricted the sample to respondents aged 26–64 (Table S7), and tested 

BMI as a 5-level outcome (Table S8). Analyses were conducted using SAS statistical 

software version 9.4 (SAS Institute Inc) and SAS-callable SUDAAN, version 11.0.1 (RTI 
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International) accounting for the ATUS-EHM survey design (36). R v. 4.0.0 (R Core Team) 

was used for data visualization. All p-values are two-sided and are not adjusted for multiple 

comparisons.

Results

Descriptive Results

Respondents reported an average of 2.80 eating activities per day (SD: 1.53), and an average 

of 101.12 min (SD: 113.32) spent in primary and secondary eating. Mean wake-up time was 

7:15 (SD: 25 min), mean eating start time was 9:20 (SD: 40 min), mean eating stop time was 

19:30 (SD: 33 min), and mean sleep time was 22:49 (SD: 24 min) (data not shown). Mean 

eating window was 10.06 h (95% CI: 10.01–10.10), mean morning fast was 2.26 h (95% CI: 

2.22–2.29), and mean evening fast was 3.35 h (95% CI: 3.32–3.38).

Differences in circadian timing of eating variables by demographic characteristics

There were small but statistically significant differences in the circadian timing of eating 

by all sociodemographic and temporal characteristics considered (Table 1). Circadian timing 

of eating variables also differed by BMI category (p<0.0001 for all) with shorter eating 

windows, longer morning fast, and longer evening fast among individuals with obesity 

(Figure 2).

Results for associations of circadian timing of eating with BMI

Association of eating window with BMI category.—In adjusted multinomial logistic 

regression models, a one-hour increase in eating window duration was associated with a 

0.9% higher adjusted prevalence of the population classified as normal weight (AP= 37.5%, 

SE= 0.1%), a 0.2% lower prevalence of overweight (AP= 35.4%, SE= 0.1%) and a 0.7% 

lower prevalence of obesity (AP= 27.1%, SE= 0.1%) (p<0.0001 for all) (Table 2).

Association of morning fast with BMI category.—A one-hour increase in morning 

fast was associated with a 1.2% lower adjusted prevalence of normal weight (AP= 35.4%, 

SE= 0.1%), a 0.4% higher prevalence of overweight (AP= 35.9%, SE= 0.1%) and a 0.8% 

higher prevalence of obesity (AP= 28.7%, SE= 0.1%) (p<0.0001 for all) (Table 2).

Association of evening fast with BMI category.—A one-hour increase in evening 

fast duration was associated with a 0.6% lower adjusted prevalence of normal weight (AP= 

35.9%, SE= 0.1%, p<0.0001), a 0.02% non-significantly higher prevalence of overweight 

(AP= 35.6%, SE= 0.1%, p=0.7), and a 0.6% higher prevalence of obesity (AP= 28.5%, SE= 

0.1%, p<0.0001) (Table 2).

Stratification by Weekend/Weekday.—Results from weekend only models (Tables S1 

and S5) were largely consistent with the full sample for the normal weight and obesity 

outcomes and remained highly significant, however for overweight was attenuated (Table 

S1) or non-significant (Table S5). Results from the weekday only models (Tables S2 and 6) 

largely mirrored the full model, except for the association of evening fast with overweight 

which was non-significant (Table S6).
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Interaction effects.—There were highly significant interactions between eating window 

quartiles and morning (Table 3) and evening fast (Table 4) across the three weight categories 

(global Wald F-test p<0.0001). This interaction is manifest in apparent differences in the 

association of eating window by the length of the morning or evening fast; for example, 

while a short morning fast was associated with lower prevalence of obesity, within the 

shortest morning fast tertile (tertile 1), the prevalence of obesity is lowest in the longest 

eating window quartile (24.16% in Q4 vs. 30.72% in Q1) (Table 3). Additionally, while 

a short evening fast was associated with higher prevalence of normal weight, within the 

shortest evening fast tertile, the prevalence of normal weight is higher with longer eating 

window quartiles (40.58% in Q4 vs. 31.85% in Q1) (Table 4).

Discussion

This study used a large, nationally representative time use dataset to investigate cross-

sectional associations between the timing of eating in relation to the sleep/wake cycle (a 

proxy for circadian timing) and BMI. Based on emerging evidence for metabolic and weight 

benefits of time-restricted eating (3, 4), we hypothesized that shorter eating window, shorter 

morning fast and longer evening fast would be associated with lower predicted prevalence 

of obesity. Our results largely contradicted these hypotheses. Although individuals with 

normal weight reported the shortest morning fast (2.11 h), they also reported longer eating 

windows (by 25 min) and shorter evening fasts (by 15 min) compared to individuals with 

overweight and obesity. Our analysis also revealed significant interactions of eating window 

with morning and evening fast which were largely contrary to our hypotheses.

Eating window and BMI

Compared to individuals with normal weight, individuals with obesity reported a shorter 

daily eating window, and a longer eating window was associated with a higher adjusted 

prevalence of the population classified as normal weight. Previous studies examining the 

association between eating window and BMI have had mixed results. One study used 

a smartphone app to measure free-living timing of eating for three weeks and found a 

weak correlation between mean eating window and BMI; however, among a subset of 8 

participants with >14 h eating duration and BMI >25, a 16 week pilot intervention to 

reduce eating window to 10–12 h resulted in a reduction in BMI by an average of 1.15 

kg/m2 (16). However, a TRE intervention among overweight individuals found a positive 

association of both cross-sectional baseline eating window with BMI (r=0.45; p=0.04), 

as well as prospective reductions in weight and fat mass among participants who were 

randomized to an 8 h eating window (37). A growing body of literature describes a reduction 

of approximately 1–3% of body weight in RCTs of TRE with study duration ranging 

from several days to several weeks (3, 38). These findings suggest that while reducing 

one’s usual eating window may lead to prospective reductions in BMI, the cross-sectional 

association between free-living eating patterns and BMI may be less robust, particularly 

without information on the content of the diet and energy intake, as well as history of 

weight and weight change. For example, among the general population, individuals with 

overweight or obesity may exhibit altered eating patterns due to altered appetitive hormones 

(39), while individuals actively attempting to lose weight may restrict their eating window 
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and/or shift the timing of eating as a weight-loss strategy (40), which may further complicate 

the association between eating patterns and BMI.

Morning fast and BMI

Individuals with obesity reported a delay in their first morning meal by about 20 min 

compared to individuals with normal weight. Although a longer morning fast was associated 

with a higher adjusted prevalence of the population classified as overweight or obese, the 

higher odds of obesity (vs. normal weight) were attenuated when accounting for the effect 

of eating window. While a longer morning fast was associated with higher prevalence 

of obesity, interaction analysis found that among those with the longest morning fast, 

the prevalence of obesity was higher among those with longer eating windows. Previous 

epidemiological studies have generally supported the importance of breakfast consumption 

for the maintenance of healthy weight (7, 41, 42), however a recent meta-analysis of RCTs 

found that breakfast skipping was associated with modest weight loss (43). The focus in this 

study was on morning fast duration, which may present an advantage over previous studies, 

in which the definition of breakfast varies widely across studies and is often not defined 

based on the time of day or proximity to wake time. Initiating eating relatively earlier in 

the biological morning may be protective against obesity due to alignment with the peak 

in glucose metabolism and thermogenesis (25), as well as through beneficial downstream 

effects on the frequency, timing, and content of subsequent eating occasions that day (44).

Evening fast and BMI

Individuals with normal weight reported a shorter evening fast than individuals with obesity, 

and a longer evening fast was associated with a higher adjusted prevalence of the population 

classified as overweight or obese. Additionally, our interaction analysis found that this 

association differed by eating window quartile. Among eating window Q1 and Q2, the 

prevalence of each weight category did not significantly differ by evening fast tertile (as 

illustrated by the overlapping 95% CIs) whereas among eating window Q3 and Q4 the 

prevalence of obesity was lowest in evening fast tertile 1. This is contrary to our hypothesis 

that a longer evening fast and shorter eating window would be associated with lower 

prevalence of obesity. Previous observational studies have found that food intake close to 

melatonin onset (a marker of biological night) is associated with higher BMI and % body 

fat (23). Additionally, a randomized cross-over trial study found that a late (10pm) vs. 

routine (6pm) dinner with isocaloric meal content led to a delayed postprandial period, 

nocturnal glucose intolerance and reduced fatty acid oxidization (20), which may contribute 

to metabolic disfunction and weight gain (18, 19). One potential interpretation is that, while 

overweight and obese individuals may report ceasing food consumption relatively earlier in 

their day compared to individuals of normal weight, their diet quality and overall energy 

intake may be a stronger contributor to higher BMI. This unexpected pattern of findings may 

be partially attributed to the underreporting of non-main meal snack and beverage intake 

within the ATUS-EHM compared to other nationally representative samples (33). Further, 

later timing of eating may be particularly stigmatized (45), which may have contributed to 

underreporting of after-dinner snacking and biased estimates of evening fast, particularly for 

individuals with overweight and obesity.
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Strengths and Limitations

The current study has several strengths. The ATUS is a nationally representative sample, 

allowing results to be generalized to the US adult population. The 24 h period of the 

ATUS-EHM is suited to capture a ‘metabolic day’ (16), and the short-term recall period may 

be less subject to errors and biases than other self-report methods for assessing sleep/wake 

patterns and meal timing. Although not specific to ATUS, diverse 24 h recalls have been 

validated using a variety of approaches (46–48) and display high levels of reliability and 

validity. Additionally, compared to other dietary recall methods, such as the 24 h dietary 

recall used in the National Health and Nutrition Examination Survey (NHANES), which 

collects only the start time, the ATUS-EHM assesses both start and stop time of eating 

occasions (33), which is needed to calculate the duration of eating activities.

There are several limitations to this study. First, ATUS is a cross-sectional study, limiting 

inference about causality. Future longitudinal observational studies could build upon the 

current study by examining prospective associations between BMI and weight-related 

behaviors and eating patterns (49). Time use surveys measure a single randomly selected day 

of activities, and thus are subject to day-to-day variability and are valid for the estimation of 

group rather than individual level estimates of associations between behavior and BMI (50). 

The time-use approach to estimating sleep time also differs from other stylized approaches 

to estimating sleep time and is known to produce relatively higher estimates of sleep (51). 

Additionally, this study presents combined results from across weekends and weekdays, 

with stratified models in the Supplementary Materials showing a similar patten of findings 

for the association of timing of eating with BMI.

A further key limitation of this study is lack of data on diet composition, which would have 

strengthened the analysis. Energy intake, macronutrient composition of meals, and overall 

diet quality contribute to weight status and may also interact or act synergistically with 

the timing of eating to influence BMI (9, 19, 52–54). Given the strong circadian control 

of the sleep-wake cycle, using the timing of eating in relation to self-reported sleep/wake 

timing as a proxy for circadian timing of eating is a practical approach for approximating 

circadian time (9, 30) particularly in a large sample where a biological measure (i.e., 

dim-light melatonin onset) would be impractical. However, inter-individual differences in 

the correlation between sleep/wake timing and endogenous circadian phase, as well as the 

varying influence of external factors (e.g., work schedules) (29) may weaken the correlation 

between circadian timing and the proxy used in the current analysis. Biological measures 

of circadian time and availability of covariates such as illness, menstrual phase, or use of 

certain medications (i.e., birth control) that are not assessed in ATUS may strengthen future 

studies examining timing of eating and BMI.

Reporting bias is a potentially significant limitation of the use of the ATUS dataset for 

analyzing the timing of eating, and eating activities are underreported in ATUS-EHM 

compared to NHANES (33). In the current analysis, the average eating window was 10 h, 

which is markedly shorter than estimates from NHANES 2009–2014, in which the average 

eating duration for adults age ≥20 years was 12.2 ± 0.06 h (55). Although ATUS-EHM 

captures the majority of main meals (e.g., breakfast), there is substantial underreporting of 

non-main meals (e.g., snacks) (33) compared to NHANES, which may contribute to biased 

O’Connor et al. Page 9

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



estimates of circadian timing of eating. Underreporting of morning intake is likely, given 

the large difference in mean eating start time within the current analysis (9:20) compared 

to the mean breakfast time (7:41 for men; 7:54 for women) reported by adults in NHANES 

(56). Social desirability bias may have contributed to differential underreporting of weight 

and eating; this is of particular concern among individuals with overweight or obesity (57, 

58), as well as for high-fat foods, which are often consumed as non-main meals (57, 58), 

and which are underreported in ATUS-EHM compared to NHANES. There is much to learn 

about the extent of measurement error related to timing and frequency of eating, and this 

may have affected estimates of BMI, morning/evening fast, and eating duration (59).

In conclusion, the current study found that longer eating windows were associated with 

lower adjusted prevalence of obesity, and longer morning and evening fasts were associated 

with higher prevalence of obesity. However, given the cross-sectional design, single 

measurement day and lack of data on diet composition in the ATUS-EHM, findings should 

be interpreted with caution. Future studies should consider how energy intake, macronutrient 

profile, and dietary quality intersect with circadian timing of eating to influence metabolism, 

energy balance, and weight trajectories over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

There are no support or funding sources to report.

Abbreviations

BMI Body mass index

ATUS American Time Use Survey

EHM Eating and Health Module

NHANES National Health and Nutrition Examination Survey

TRE Time-restricted eating

REFERENCES

1. Chaix A, Manoogian ENC, Melkani GC, Panda S. Time-Restricted Eating to Prevent and Manage 
Chronic Metabolic Diseases. Annu Rev Nutr. 2019;39:291–315. [PubMed: 31180809] 

2. Wilkinson MJ, Manoogian ENC, Zadourian A, Lo H, Fakhouri S, Shoghi A, et al. Ten-Hour 
Time-Restricted Eating Reduces Weight, Blood Pressure, and Atherogenic Lipids in Patients with 
Metabolic Syndrome. Cell Metab. 2020;31(1):92–104 e5. [PubMed: 31813824] 

3. Moon S, Kang J, Kim SH, Chung HS, Kim YJ, Yu JM, et al. Beneficial Effects of Time-Restricted 
Eating on Metabolic Diseases: A Systemic Review and Meta-Analysis. Nutrients. 2020;12(5).

4. Swiatkiewicz I, Wozniak A, Taub PR. Time-Restricted Eating and Metabolic Syndrome: Current 
Status and Future Perspectives. Nutrients. 2021;13(1).

O’Connor et al. Page 10

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Mattson MP, Allison DB, Fontana L, Harvie M, Longo VD, Malaisse WJ, et al. Meal frequency 
and timing in health and disease. Proc Natl Acad Sci U S A. 2014;111(47):16647–53. [PubMed: 
25404320] 

6. Paoli A, Tinsley G, Bianco A, Moro T. The Influence of Meal Frequency and Timing on Health in 
Humans: The Role of Fasting. Nutrients. 2019;11(4).

7. Ma Y, Bertone ER, Stanek EJ 3rd, Reed GW, Hebert JR, Cohen NL, et al. Association between 
eating patterns and obesity in a free-living US adult population. Am J Epidemiol. 2003;158(1):85–
92. [PubMed: 12835290] 

8. Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser GE. Meal Frequency and Timing 
Are Associated with Changes in Body Mass Index in Adventist Health Study 2. J Nutr. 
2017;147(9):1722–8. [PubMed: 28701389] 

9. Xiao Q, Garaulet M, Scheer F. Meal timing and obesity: interactions with macronutrient intake and 
chronotype. Int J Obes (Lond). 2019;43(9):1701–11. [PubMed: 30705391] 

10. Roenneberg T, Kuehnle T, Juda M, Kantermann T, Allebrandt K, Gordijn M, et al. Epidemiology 
of the human circadian clock. Sleep Med Rev. 2007;11(6):429–38. [PubMed: 17936039] 

11. Fischer D, Lombardi DA, Marucci-Wellman H, Roenneberg T. Chronotypes in the US - Influence 
of age and sex. PLoS One. 2017;12(6):e0178782. [PubMed: 28636610] 

12. Innominato PF, Roche VP, Palesh OG, Ulusakarya A, Spiegel D, Levi FA. The circadian timing 
system in clinical oncology. Ann Med. 2014;46(4):191–207. [PubMed: 24915535] 

13. Patterson RE, Sears DD. Metabolic Effects of Intermittent Fasting. Annu Rev Nutr. 2017;37:371–
93. [PubMed: 28715993] 

14. Zarrinpar A, Chaix A, Panda S. Daily Eating Patterns and Their Impact on Health and Disease. 
Trends Endocrinol Metab. 2016;27(2):69–83. [PubMed: 26706567] 

15. de Cabo R, Mattson MP. Effects of Intermittent Fasting on Health, Aging, and Disease. N Engl J 
Med. 2019;381(26):2541–51. [PubMed: 31881139] 

16. Gill S, Panda S. A Smartphone App Reveals Erratic Diurnal Eating Patterns in Humans that Can 
Be Modulated for Health Benefits. Cell Metab. 2015;22(5):789–98. [PubMed: 26411343] 

17. Oike H, Oishi K, Kobori M. Nutrients, Clock Genes, and Chrononutrition. Curr Nutr Rep. 
2014;3:204–12. [PubMed: 25101217] 

18. Aoyama S, Shibata S. Time-of-Day-Dependent Physiological Responses to Meal and Exercise. 
Front Nutr. 2020;7:18. [PubMed: 32181258] 

19. Jakubowicz D, Barnea M, Wainstein J, Froy O. High caloric intake at breakfast vs. dinner 
differentially influences weight loss of overweight and obese women. Obesity (Silver Spring). 
2013;21(12):2504–12. [PubMed: 23512957] 

20. Gu C, Brereton N, Schweitzer A, Cotter M, Duan D, Borsheim E, et al. Metabolic Effects of Late 
Dinner in Healthy Volunteers - A Randomized Crossover Clinical Trial. J Clin Endocrinol Metab. 
2020.

21. Al-Naimi S, Hampton SM, Richard P, Tzung C, Morgan LM. Postprandial Metabolic Profiles 
Following Meals and Snacks Eaten during Simulated Night and Day Shift Work. Chronobiology 
International. 2009;21(6):937–47.

22. Okada C, Imano H, Muraki I, Yamada K, Iso H. The Association of Having a Late Dinner 
or Bedtime Snack and Skipping Breakfast with Overweight in Japanese Women. J Obes. 
2019;2019:2439571. [PubMed: 30944735] 

23. McHill AW, Phillips AJ, Czeisler CA, Keating L, Yee K, Barger LK, et al. Later circadian 
timing of food intake is associated with increased body fat. Am J Clin Nutr. 2017;106(5):1213–9. 
[PubMed: 28877894] 

24. Hutchison AT, Regmi P, Manoogian ENC, Fleischer JG, Wittert GA, Panda S, et al. Time-
Restricted Feeding Improves Glucose Tolerance in Men at Risk for Type 2 Diabetes: A 
Randomized Crossover Trial. Obesity (Silver Spring). 2019;27(5):724–32. [PubMed: 31002478] 

25. Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin E, Peterson CM. Early Time-Restricted 
Feeding Improves 24-Hour Glucose Levels and Affects Markers of the Circadian Clock, Aging, 
and Autophagy in Humans. Nutrients. 2019;11(6).

O’Connor et al. Page 11

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Cienfuegos S, Gabel K, Kalam F, Ezpeleta M, Wiseman E, Pavlou V, et al. Effects of 4- and 6-h 
Time-Restricted Feeding on Weight and Cardiometabolic Health: A Randomized Controlled Trial 
in Adults with Obesity. Cell Metab. 2020.

27. Pellegrini M, Cioffi I, Evangelista A, Ponzo V, Goitre I, Ciccone G, et al. Effects of time-restricted 
feeding on body weight and metabolism. A systematic review and meta-analysis. Rev Endocr 
Metab Disord. 2019.

28. Czeisler CA, Weitzman E, Moore-Ede MC, Zimmerman JC, Knauer RS. Human Sleep: Its 
Duration and Organization Depend on Its Circadian Phase. Science. 1980;210:1264–7. [PubMed: 
7434029] 

29. Sletten TL, Vincenzi S, Redman JR, Lockley SW, Rajaratnam SM. Timing of sleep and 
its relationship with the endogenous melatonin rhythm. Front Neurol. 2010;1:137. [PubMed: 
21188265] 

30. Lovato N, Micic G, Gradisar M, Ferguson SA, Burgess HJ, Kennaway DJ, et al. Can the circadian 
phase be estimated from self-reported sleep timing in patients with Delayed Sleep Wake Phase 
Disorder to guide timing of chronobiologic treatment? Chronobiol Int. 2016;33(10):1376–90. 
[PubMed: 27611743] 

31. American Time Use Survey User’s Guide 2020 [Available from: https://www.bls.gov/tus/
atususersguide.pdf.

32. American Time Use Survey Data Extract Builder: Version 2.7 [dataset] [Internet]. Available from: 
10.18128/D060.V2.7.

33. Zeballos E, Todd JE, Restrepo B. Frequency and Time of Day That Americans Eat: A Comparison 
of Frequency and Time of Day Data From the American Data From the American Time Use 
Survey and the National Health and Nutrition Examination Survey. US Department of Agriculture. 
July 2019;Economic Research Service.

34. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World 
Health Organ Tech Rep Ser. 2000.

35. Skeldon AC, Derks G, Dijk DJ. Modelling changes in sleep timing and duration across the 
lifespan: Changes in circadian rhythmicity or sleep homeostasis? Sleep Med Rev. 2016;28:96–107. 
[PubMed: 26545247] 

36. Korn E, Graubard B. Epidemiologic Studies Utilizing Surveys: Accounting for the Sampling 
Design. Am J Public Health. 1991;81(9):1166–73. [PubMed: 1951829] 

37. Chow LS, Manoogian ENC, Alvear A, Fleischer JG, Thor H, Dietsche K, et al. Time-Restricted 
Eating Effects on Body Composition and Metabolic Measures in Humans who are Overweight: A 
Feasibility Study. Obesity (Silver Spring). 2020;28(5):860–9.

38. Adafer R, Messaadi W, Meddahi M, Patey A, Haderbache A, Bayen S, et al. Food Timing, 
Circadian Rhythm and Chrononutrition: A Systematic Review of Time-Restricted Eating’s Effects 
on Human Health. Nutrients. 2020;12(12).

39. Lean ME, Malkova D. Altered gut and adipose tissue hormones in overweight and obese 
individuals: cause or consequence? Int J Obes (Lond). 2016;40(4):622–32. [PubMed: 26499438] 

40. Kesztyus D, Cermak P, Gulich M, Kesztyus T. Adherence to Time-Restricted Feeding and Impact 
on Abdominal Obesity in Primary Care Patients: Results of a Pilot Study in a Pre-Post Design. 
Nutrients. 2019;11(12).

41. St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P, et al. Meal Timing and 
Frequency: Implications for Cardiovascular Disease Prevention: A Scientific Statement From the 
American Heart Association. Circulation. 2017;135(9):e96–e121. [PubMed: 28137935] 

42. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005.

43. Bonnet JP, Cardel MI, Cellini J, Hu FB, Guasch-Ferre M. Breakfast Skipping, Body Composition, 
and Cardiometabolic Risk: A Systematic Review and Meta-Analysis of Randomized Trials. 
Obesity (Silver Spring). 2020.

44. Dashti HS, Scheer F, Saxena R, Garaulet M. Timing of Food Intake: Identifying Contributing 
Factors to Design Effective Interventions. Adv Nutr. 2019;10(4):606–20. [PubMed: 31046092] 

45. Leech RM, Worsley A, Timperio A, McNaughton SA. Understanding meal patterns: definitions, 
methodology and impact on nutrient intake and diet quality. Nutr Res Rev. 2015;28(1):1–21. 
[PubMed: 25790334] 

O’Connor et al. Page 12

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.bls.gov/tus/atususersguide.pdf
https://www.bls.gov/tus/atususersguide.pdf


46. Matthews CE, Berrigan D, Fischer B, Gomersall SR, Hillreiner A, Kim Y, et al. Use of previous-
day recalls of physical activity and sedentary behavior in epidemiologic studies: results from four 
instruments. BMC Public Health. 2019;19(Suppl 2):478. [PubMed: 31159761] 

47. Matthews CE, Keadle SK, Sampson J, Lyden K, Bowles HR, Moore SC, et al. Validation 
of a previous-day recall measure of active and sedentary behaviors. Med Sci Sports Exerc. 
2013;45(8):1629–38. [PubMed: 23863547] 

48. Harms T, Gershuny J, Doherty A, Thomas E, Milton K, Foster C. A validation study of the 
Eurostat harmonised European time use study (HETUS) diary using wearable technology. BMC 
Public Health. 2019;19(Suppl 2):455. [PubMed: 31159770] 

49. Ekelund U, Brage S, Besson H, Sharp S, Wareham NJ. Time spent being sedentary and weight gain 
in healthy adults: reverse or bidirectional causality? Am J Clin Nutr. 2008;88:612–7. [PubMed: 
18779275] 

50. Carroll RJ, Ruppert D, Stefanski LA, Crainiceanu CM. Measurement error in nonlinear models: A 
modern perspective, second edition: CRC Press; 2006. 455 p.

51. Kaplan RL, Kopp B, Phipps P. Contrasting Stylized Questions of Sleep with Diary Measures from 
the American Time Use Survey. Office of Survey Methods Research, Bureau of Labor Statistics; 
2016.

52. Jakubowicz D, Froy O, Wainstein J, Boaz M. Meal timing and composition influence ghrelin 
levels, appetite scores and weight loss maintenance in overweight and obese adults. Steroids. 
2012;77(4):323–31. [PubMed: 22178258] 

53. Teixeira GP, Barreto ACF, Mota MC, Crispim CA. Caloric midpoint is associated with total 
calorie and macronutrient intake and body mass index in undergraduate students. Chronobiol Int. 
2019;36(10):1418–28. [PubMed: 31409139] 

54. Bo S, Musso G, Beccuti G, Fadda M, Fedele D, Gambino R, et al. Consuming more of daily 
caloric intake at dinner predisposes to obesity. A 6-year population-based prospective cohort study. 
PLoS One. 2014;9(9):e108467. [PubMed: 25250617] 

55. Kant AK. Eating patterns of US adults: Meals, snacks, and time of eating. Physiol Behav. 
2018;193(Pt B):270–8. [PubMed: 29574043] 

56. Kant AK, Graubard BI. 40-year trends in meal and snack eating behaviors of American adults. J 
Acad Nutr Diet. 2015;115(1):50–63. [PubMed: 25088521] 

57. Goris AH, Westerterp-Plantenga MS, Westerterp KR. Undereating and underrecording of habitual 
food intake in obese men: selective underreporting of fat intake. Am J Clin Nutr. 2000;71:130–4. 
[PubMed: 10617957] 

58. Macdiarmid J, Blundell J. Assessing dietary intake: Who, what and why of under-reporting. Nutr 
Res Rev. 1998;11(2):231–53. [PubMed: 19094249] 

59. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the 
Secretary of Agriculture and the Secretary of Health and Human Services. Washington, DC: U.S. 
Department of Agriculture, Agricultural Research Service; 2020.

O’Connor et al. Page 13

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Illustration of circadian timing of eating variables from two hypothetical days in the 

American Time Use Survey Eating and Health Module (ATUS-EHM), from 4:00 on Day 

1 to 3:59 on Day 2. The solid black bars indicate eating activities, and their width indicates 

duration, and the dotted bars indicate sleep. While Panel A and Panel B both have the 

same sleep/wake activity pattern, the timing of eating in relation to sleep and wake (i.e., 

circadian timing of eating) show different patterns. In Panel A, morning fast is short, eating 

window lasts about 14 h, and eating continues until approximately an hour before bedtime. 

In contrast, Panel B displays a longer morning fast, a shorter eating window and a longer 

evening fast.
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Figure 2. 
Population-adjusted mean, standard deviation, and range of circadian timing of eating 

characteristics by BMI category among N= 38 302 respondents from the American Time 

Use Survey Eating and Health Module (ATUS-EHM). The top panel displays eating window 

duration, the middle panel displays morning fast duration, and the lower panel displays 

evening fast duration by BMI category (i.e., obese, overweight, normal weight). In each 

panel, the vertical center line indicates the population-adjusted mean value, the lower and 
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upper box boundaries indicate the standard deviation of the mean, and the horizontal line 

indicates the range.

O’Connor et al. Page 16

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 17

Ta
b

le
 1

.

W
ei

gh
te

d 
po

pu
la

tio
n 

pr
op

or
tio

ns
 a

nd
 m

ea
ns

 o
f 

ci
rc

ad
ia

n 
tim

in
g 

of
 e

at
in

g 
by

 s
oc

io
de

m
og

ra
ph

ic
 a

nd
 te

m
po

ra
l c

ha
ra

ct
er

is
tic

s 
am

on
g 

N
=

38
 3

02
 

re
sp

on
de

nt
s 

in
 th

e 
20

06
–2

00
8 

&
 2

01
4–

20
16

 A
m

er
ic

an
 T

im
e 

U
se

 S
ur

ve
y 

E
at

in
g 

&
 H

ea
lth

 M
od

ul
e 

(A
T

U
S-

E
H

M
)

E
at

in
g 

W
in

do
w

M
or

ni
ng

 F
as

t
E

ve
ni

ng
 F

as
t

n
W

ei
gh

te
d 

%
 (

SE
)

M
ea

n 
(S

E
)

p-
va

lu
e 

a
M

ea
n 

(S
E

)
p-

va
lu

e
M

ea
n 

(S
E

)
p-

va
lu

e

Se
x

 
M

al
e

17
48

8
49

.7
9 

±
 0

.1
9

10
.2

1 
±

 0
.0

3
<

0.
00

01
2.

19
 ±

 0
.0

2
<

.0
00

1
3.

29
 ±

 0
.0

2
<

0.
00

01

 
Fe

m
al

e
20

81
4

50
.2

1 
±

 0
.1

9
9.

91
 ±

 0
.0

3
2.

33
 ±

 0
.0

2
3.

41
 ±

 0
.0

2

A
ge

 (
ye

ar
s)

 
18

–2
4

28
59

14
.2

6 
±

 0
.1

8
9.

41
 ±

 0
.0

8
<

0.
00

01
2.

21
 ±

 0
.0

5
<

0.
00

01
3.

41
 ±

 0
.0

5
<

0.
00

01

 
25

–3
4

79
79

21
.4

0 
±

 0
.1

7
9.

90
 ±

 0
.0

5
2.

46
 ±

 0
.0

4
3.

24
 ±

 0
.0

3

 
35

–4
4

10
54

8
21

.9
8 

±
 0

.1
4

10
.1

0 
±

 0
.0

4
2.

40
 ±

 0
.0

3
3.

29
 ±

 0
.0

2

 
45

–5
4

91
51

22
.7

8 
±

 0
.1

5
10

.2
8 

±
 0

.0
4

2.
25

 ±
 0

.0
4

3.
32

 ±
 0

.0
3

 
55

–6
4

77
65

19
.6

8 
±

 0
.1

6
10

.4
0 

±
 0

.0
4

1.
92

 ±
 0

.0
4

3.
52

 ±
 0

.0
3

H
ig

he
st

 le
ve

l o
f 

ed
uc

at
io

n

 
L

es
s 

th
an

 H
S

26
69

8.
22

 ±
 0

.2
1

9.
43

 ±
 0

.0
7

<
0.

00
01

2.
24

 ±
 0

.0
6

<
0.

00
01

3.
38

 ±
 0

.0
6

<
0.

00
01

 
H

S 
G

ra
du

at
e

90
53

28
.1

4 
±

 0
.2

8
9.

68
 ±

 0
.0

5
2.

37
 ±

 0
.0

4
3.

47
 ±

 0
.0

3

 
So

m
e 

C
ol

le
ge

11
12

7
28

.0
6 

±
 0

.3
1

9.
96

 ±
 0

.0
4

2.
31

 ±
 0

.0
3

3.
38

 ±
 0

.0
3

 
C

ol
le

ge
 G

ra
du

at
e

15
45

3
35

.5
7 

±
 0

.3
3

10
.5

8 
±

 0
.0

3
2.

12
 ±

 0
.0

3
3.

22
 ±

 0
.0

2

In
co

m
e 

($
)

 
<

 $
30

,0
00

86
39

21
.2

2 
±

 0
.2

9
9.

73
 ±

 0
.0

5
<

0.
00

01
2.

20
 ±

 0
.0

3
0.

05
15

3.
49

 ±
 0

.0
5

<
0.

00
01

 
$3

0,
00

0 
- 

$4
9,

99
9

86
25

21
.5

0 
±

 0
.2

7
9.

80
 ±

 0
.0

4
2.

32
 ±

 0
.0

3
3.

42
 ±

 0
.0

3

 
$5

0,
00

0 
- 

$7
4,

99
9

71
92

19
.4

4 
±

 0
.2

6
10

.1
4 

±
 0

.0
5

2.
29

 ±
 0

.0
4

3.
31

 ±
 0

.0
3

 
$7

5,
00

0 
- 

$9
9,

99
9

51
42

13
.6

8 
±

 0
.2

2
10

.1
4 

±
 0

.0
6

2.
29

 ±
 0

.0
5

3.
33

 ±
 0

.0
4

 
≥ 

$1
00

,0
00

87
04

24
.2

0 
±

 0
.3

0
10

.4
7 

±
 0

.0
4

2.
21

 ±
 0

.0
3

3.
20

 ±
 0

.0
3

R
ac

e/
E

th
ni

ci
ty

 
N

on
-H

is
pa

ni
c 

w
hi

te
 o

nl
y

26
30

1
68

.8
8 

±
 0

.2
6

10
.2

4 
±

 0
.0

3
<

0.
00

01
2.

17
 ±

 0
.0

2
<

0.
00

01
3.

35
 ±

 0
.0

2
<

0.
00

01

 
N

on
-H

is
pa

ni
c 

bl
ac

k 
on

ly
41

57
9.

61
 ±

 0
.1

6
9.

40
 ±

 0
.0

7
2.

66
 ±

 0
.0

5
3.

54
 ±

 0
.0

5

 
H

is
pa

ni
c 

on
ly

/H
is

pa
ni

c 
m

ix
ed

55
59

15
.0

1 
±

 0
.1

6
9.

59
 ±

 0
.0

5
2.

39
 ±

 0
.0

4
3.

32
 ±

 0
.0

3

 
A

si
an

/P
ac

if
ic

 I
sl

an
de

r 
on

ly
87

6
2.

83
 ±

 0
.1

3
10

.2
5 

±
 0

.1
3

2.
23

 ±
 0

.1
1

2.
90

 ±
 0

.0
8

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 18

E
at

in
g 

W
in

do
w

M
or

ni
ng

 F
as

t
E

ve
ni

ng
 F

as
t

n
W

ei
gh

te
d 

%
 (

SE
)

M
ea

n 
(S

E
)

p-
va

lu
e 

a
M

ea
n 

(S
E

)
p-

va
lu

e
M

ea
n 

(S
E

)
p-

va
lu

e

 
A

m
er

ic
an

 I
nd

ia
n/

A
la

sk
a 

N
at

iv
e

42
4

1.
15

 ±
 0

.0
8

9.
78

 ±
 0

.1
8

2.
38

 ±
 0

.1
4

3.
64

 ±
 0

.1
3

 
N

on
-H

is
pa

ni
c 

m
ix

ed
98

5
2.

52
 ±

 0
.1

1
10

.2
5 

±
 0

.1
1

2.
22

 ±
 0

.1
0

3.
11

 ±
 0

.0
8

H
ou

se
ho

ld
 S

iz
e

 
1

72
15

11
.5

4 
±

 0
.2

3
10

.0
3 

±
 0

.0
4

<
0.

00
01

2.
17

 ±
 0

.0
3

<
0.

00
01

3.
45

 ±
 0

.0
4

0.
03

04

 
2

89
34

30
.0

6 
±

 0
.2

7
10

.2
7 

±
 0

.0
4

2.
09

 ±
 0

.0
3

3.
34

 ±
 0

.0
3

 
3–

4
16

39
9

41
.0

6 
±

 0
.3

6
9.

99
 ±

 0
.0

3
2.

34
 ±

 0
.0

3
3.

32
 ±

 0
.0

2

 
≥ 

5
57

54
16

.3
4 

±
 0

.2
5

9.
87

 ±
 0

.0
6

2.
43

 ±
 0

.0
5

3.
35

 ±
 0

.0
3

E
m

pl
oy

m
en

t s
ta

tu
s

 
E

m
pl

oy
ed

29
60

4
76

.9
6 

±
 0

.2
6

10
.1

7 
±

 0
.0

3
<

0.
00

01
2.

36
 ±

 0
.0

2
<

0.
00

01
3.

27
 ±

 0
.0

2
<

0.
00

01

 
U

ne
m

pl
oy

ed
86

98
23

.0
4 

±
 0

.2
6

9.
69

 ±
 0

.0
5

1.
92

 ±
 0

.0
3

3.
61

 ±
 0

.0
3

To
ta

l s
le

ep
 ti

m
e 

(h
)

 
<

7
67

58
19

.7
3 

±
 0

.2
9

11
.1

1 
±

 0
.0

5
<

0.
00

01
2.

82
 ±

 0
.0

4
<

0.
00

01
3.

97
 ±

 0
.0

3
<

0.
00

01

 
7–

9
14

63
1

40
.0

9 
±

 0
.3

6
10

.4
9 

±
 0

.0
3

2.
38

 ±
 0

.0
3

3.
30

 ±
 0

.0
2

 
>

9
16

91
3

40
.1

8 
±

 0
.3

4
9.

11
 ±

 0
.0

3
1.

86
 ±

 0
.0

2
3.

09
 ±

 0
.0

2

B
ed

tim
e

 
<

22
:0

0
92

21
24

.0
7 

±
 0

.2
9

9.
58

 ±
 0

.0
4

<
0.

00
01

2.
33

 ±
 0

.0
3

<
0.

00
01

2.
51

 ±
 0

.0
2

<
0.

00
01

 
22

:0
0–

22
:5

9
12

06
0

31
.1

1 
±

 0
.3

3
10

.1
2 

±
 0

.0
4

2.
24

 ±
 0

.0
3

3.
09

 ±
 0

.0
2

 
23

:0
0–

23
:5

9
87

52
22

.7
9 

±
 0

.2
9

10
.2

7 
±

 0
.0

4
2.

17
 ±

 0
.0

4
3.

51
 ±

 0
.0

3

 
>

00
:0

0
82

69
22

.0
3 

±
 0

.2
7

10
.2

8 
±

 0
.0

5
2.

29
 ±

 0
.0

4
4.

46
 ±

 0
.0

4

Se
as

on
 b

 
W

in
te

r
99

40
24

.9
8 

±
 0

.2
8

9.
94

 ±
 0

.0
4

0.
00

07
2.

27
 ±

 0
.0

3
0.

28
71

3.
41

 ±
 0

.0
3

0.
10

90

 
Sp

ri
ng

97
61

25
.1

3 
±

 0
.2

4
10

.1
7 

±
 0

.0
4

2.
23

 ±
 0

.0
3

3.
31

 ±
 0

.0
3

 
Su

m
m

er
94

33
25

.2
6 

±
 0

.2
7

10
.1

1 
±

 0
.0

4
2.

22
 ±

 0
.0

4
3.

32
 ±

 0
.0

3

 
Fa

ll
91

68
24

.6
3 

±
 0

.2
5

10
.0

0 
±

 0
.0

5
2.

31
 ±

 0
.0

3
3.

35
 ±

 0
.0

3

D
ay

 o
f 

th
e 

w
ee

k 
c

 
W

ee
kd

ay
18

92
9

71
.2

3 
±

 0
.1

4
10

.2
0 

±
 0

.0
3

<
0.

00
01

2.
43

 ±
 0

.0
2

<
0.

00
01

3.
32

 ±
 0

.0
2

0.
00

06

 
W

ee
ke

nd
 d

ay
19

37
3

28
.7

7 
±

 0
.1

4
9.

71
 ±

 0
.0

2
1.

83
 ±

 0
.0

2
3.

41
 ±

 0
.0

2

Su
rv

ey
 c

yc
le

 
20

06
–2

00
8

21
13

6
48

.6
2 

±
 0

.1
9

10
.0

8 
±

 0
.0

3
0.

19
82

2.
31

 ±
 0

.0
2

0.
00

10
3.

40
 ±

 0
.0

2
0.

00
33

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 19

E
at

in
g 

W
in

do
w

M
or

ni
ng

 F
as

t
E

ve
ni

ng
 F

as
t

n
W

ei
gh

te
d 

%
 (

SE
)

M
ea

n 
(S

E
)

p-
va

lu
e 

a
M

ea
n 

(S
E

)
p-

va
lu

e
M

ea
n 

(S
E

)
p-

va
lu

e

 
20

14
–2

01
6

17
16

6
51

.3
8 

±
 0

.1
9

10
.0

3 
±

 0
.0

3
2.

21
 ±

 0
.0

2
3.

30
 ±

 0
.0

2

B
od

y 
M

as
s 

In
de

x 
d

 
N

or
m

al
 w

ei
gh

t
13

83
4

36
.5

6 
±

 0
.3

5
10

.2
2 

±
 0

.0
4

<
0.

00
01

2.
11

 ±
 0

.0
2

<
0.

00
01

3.
25

 ±
 0

.0
2

<
0.

00
01

 
O

ve
rw

ei
gh

t
13

65
9

35
.5

2 
±

 0
.3

1
10

.0
9 

±
 0

.0
4

2.
31

 ±
 0

.0
3

3.
33

 ±
 0

.0
2

 
O

be
se

10
80

9
27

.9
3 

±
 0

.2
9

9.
82

 ±
 0

.0
4

2.
38

 ±
 0

.0
3

3.
49

 ±
 0

.0
3

N
ot

e:
 T

ot
al

 N
=

 3
8 

30
2.

a p-
va

lu
es

 f
ro

m
 g

lo
ba

l W
al

d 
F-

te
st

 f
or

 s
ur

ve
y 

da
ta

 f
or

 te
st

in
g 

fo
r 

eq
ua

lit
y 

of
 m

ea
n 

ci
rc

ad
ia

n 
tim

in
g 

ac
ro

ss
 le

ve
l o

f 
th

e 
co

va
ri

at
e.

b Se
as

on
 c

od
ed

 a
s 

w
in

te
r 

(D
ec

-F
eb

),
 S

pr
in

g 
(M

ar
-M

ay
),

 S
um

m
er

 (
Ju

n-
A

ug
),

 F
al

l (
Se

pt
-N

ov
).

c W
ee

kd
ay

 d
ef

in
ed

 a
s 

a 
re

ca
lle

d 
da

y 
be

gi
nn

in
g 

on
 M

on
da

y-
Fr

id
ay

; W
ee

ke
nd

 d
ay

 d
ef

in
ed

 a
s 

a 
re

ca
lle

d 
da

y 
be

gi
nn

in
g 

on
 S

at
ur

da
y 

or
 S

un
da

y.

d B
od

y 
m

as
s 

in
de

x 
(B

M
I)

 c
al

cu
la

te
d 

fr
om

 s
el

f-
re

po
rt

ed
 h

ei
gh

t a
nd

 w
ei

gh
t, 

an
d 

ca
te

go
ri

es
 w

er
e 

cr
ea

te
d 

ba
se

d 
on

 W
H

O
 c

ut
-o

ff
s 

(n
or

m
al

 w
ei

gh
t =

 1
8.

5–
24

.9
 k

g/
m

2 ;
 o

ve
rw

ei
gh

t =
 2

5–
29

.9
 k

g/
m

2 ;
 o

be
se

 ≥
 

30
.0

 k
g/

m
2 )

.

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 20

Ta
b

le
 2

.

A
dj

us
te

d 
pr

ev
al

en
ce

 o
f 

no
rm

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 b
y 

m
ea

n 
an

d 
w

ith
 o

ne
-h

ou
r 

in
cr

ea
se

 in
 c

ir
ca

di
an

 ti
m

in
g 

of
 e

at
in

g 
va

ri
ab

le
s 

in
 th

e 

A
m

er
ic

an
 T

im
e 

U
se

 S
ur

ve
y 

E
at

in
g 

an
d 

H
ea

lth
 M

od
ul

e 
(A

T
U

S-
E

H
M

)

N
or

m
al

 W
ei

gh
t

O
ve

rw
ei

gh
t

O
be

se

P
re

va
le

nc
e 

(%
)

SE
p-

va
lu

ea
P

re
va

le
nc

e 
(%

)
SE

p-
va

lu
e

P
re

va
le

nc
e 

(%
)

SE
p-

va
lu

e

U
na

dj
us

te
d 

E
at

in
g 

w
in

do
w

M
ea

n 
(1

0.
06

)
36

.6
%

0.
1%

<
0.

00
01

35
.6

%
0.

1%
0.

02
12

27
.9

%
0.

1%
<

0.
00

01

1 
h 

in
cr

ea
se

 (
11

.0
6)

37
.2

%
0.

1%
35

.7
%

0.
1%

27
.2

%
0.

1%

D
if

fe
re

nc
e

0.
6%

0.
1%

0.
1%

0.
1%

−
0.

7%
0.

1%

M
or

ni
ng

 f
as

t

M
ea

n 
(2

.2
60

)
36

.5
%

0.
1%

<
0.

00
01

35
.6

%
0.

1%
<

0.
00

01
27

.9
%

0.
1%

<
0.

00
01

1 
h 

in
cr

ea
se

 (
3.

26
0)

35
.6

%
0.

1%
35

.9
%

0.
1%

28
.6

%
0.

1%

D
if

fe
re

nc
e

−
0.

9%
0.

1%
0.

3%
0.

1%
0.

6%
0.

1%

E
ve

ni
ng

 f
as

t

M
ea

n 
(3

.3
5)

36
.6

%
0.

1%
<

0.
00

01
35

.6
%

0.
1%

0.
05

92
27

.9
%

0.
1%

<
0.

00
01

1 
h 

in
cr

ea
se

 (
4.

35
)

35
.8

%
0.

1%
35

.5
%

0.
1%

28
.8

%
0.

1%

D
if

fe
re

nc
e

−
0.

8%
0.

1%
−

0.
1%

0.
1%

0.
9%

0.
1%

A
dj

us
te

d 

E
at

in
g 

w
in

do
w

M
ea

n 
(1

0.
06

)
36

.6
%

0.
1%

<
0.

00
01

35
.6

%
0.

1%
0.

00
01

27
.9

%
0.

1%
<

0.
00

01

1 
h 

in
cr

ea
se

 (
11

.0
6)

37
.5

%
0.

1%
35

.4
%

0.
1%

27
.1

%
0.

1%

D
if

fe
re

nc
e

0.
9%

0.
1%

−
0.

2%
0.

1%
−

0.
7%

0.
1%

M
or

ni
ng

 f
as

t

M
ea

n 
(2

.2
60

)
36

.5
%

0.
1%

<
0.

00
01

35
.5

%
0.

1%
<

0.
00

01
27

.9
%

0.
1%

<
0.

00
01

1 
h 

in
cr

ea
se

 (
3.

26
0)

35
.4

%
0.

1%
35

.9
%

0.
1%

28
.7

%
0.

1%

D
if

fe
re

nc
e

−
1.

2%
0.

1%
0.

4%
0.

1%
0.

8%
0.

1%

E
ve

ni
ng

 f
as

t

M
ea

n 
(3

.3
5)

36
.6

%
0.

1%
<

0.
00

01
35

.6
%

0.
1%

0.
66

59
27

.9
%

0.
1%

<
0.

00
01

1 
h 

in
cr

ea
se

 (
4.

35
)

35
.9

%
0.

1%
35

.6
%

0.
1%

28
.5

%
0.

1%

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 21

N
or

m
al

 W
ei

gh
t

O
ve

rw
ei

gh
t

O
be

se

P
re

va
le

nc
e 

(%
)

SE
p-

va
lu

ea
P

re
va

le
nc

e 
(%

)
SE

p-
va

lu
e

P
re

va
le

nc
e 

(%
)

SE
p-

va
lu

e

D
if

fe
re

nc
e

−
0.

6%
0.

1%
0.

0%
0.

1%
0.

6%
0.

1%

N
ot

e:
 N

=
38

 3
02

 r
es

po
nd

en
ts

. P
op

ul
at

io
n-

w
ei

gh
te

d 
pr

ev
al

en
ce

s.
 M

ul
tin

om
ia

l l
og

is
tic

 r
eg

re
ss

io
n 

es
tim

at
ed

 th
e 

ad
ju

st
ed

 p
re

va
le

nc
e 

of
 n

or
m

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 w
ith

 a
 o

ne
-h

ou
r 

in
cr

ea
se

 f
ro

m
 

th
e 

m
ea

n 
of

 e
ac

h 
ci

rc
ad

ia
n 

tim
in

g 
of

 e
at

in
g 

va
ri

ab
le

. A
dj

us
te

d 
m

od
el

s 
co

nt
ro

lle
d 

fo
r 

se
x,

 a
ge

, a
ge

2 ,
 e

du
ca

tio
n,

 in
co

m
e,

 r
ac

e/
et

hn
ic

ity
, h

ou
se

ho
ld

 s
iz

e,
 e

m
pl

oy
m

en
t s

ta
tu

s,
 to

ta
l s

le
ep

 ti
m

e,
 b

ed
tim

e,
 A

T
U

S 
su

rv
ey

 c
yc

le
, s

ea
so

n,
 a

nd
 d

ay
 o

f 
w

ee
k.

a p-
va

lu
es

 f
or

 te
st

 o
f 

th
e 

di
ff

er
en

ce
 in

 a
dj

us
te

d 
pr

ev
al

en
ce

 o
f 

ea
ch

 w
ei

gh
t c

at
eg

or
y 

fo
r 

a 
1-

hr
 in

cr
ea

se
 in

 e
ac

h 
ea

tin
g 

va
ri

ab
le

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 22

Ta
b

le
 3

.

A
dj

us
te

d 
pr

ev
al

en
ce

 o
f 

no
rm

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 b
y 

in
te

ra
ct

io
n 

of
 e

at
in

g 
w

in
do

w
 a

nd
 m

or
ni

ng
 f

as
t i

n 
th

e 
A

m
er

ic
an

 T
im

e 
U

se
 S

ur
ve

y 

E
at

in
g 

an
d 

H
ea

lth
 M

od
ul

e 
(A

T
U

S-
E

H
M

)a

N
or

m
al

 W
ei

gh
t

O
ve

rw
ei

gh
t

O
be

se

P
re

va
le

nc
e 

(%
)

95
%

 C
I

P
re

va
le

nc
e 

(%
)

95
%

 C
I

P
re

va
le

nc
e 

(%
)

95
%

 C
I

E
at

in
g 

w
in

do
w

 Q
1b

 
M

or
ni

ng
 f

as
t t

er
til

e 
1

34
.6

0%
33

.6
8 

– 
35

.5
0

34
.6

8%
33

.7
3 

– 
35

.6
5

30
.7

2%
29

.9
4 

– 
31

.5
1

 
M

or
ni

ng
 f

as
t t

er
til

e 
2

34
.1

0%
33

.3
9 

– 
34

.9
4

35
.0

7%
34

.2
7 

– 
35

.8
7

30
.7

7%
30

.1
1 

– 
31

.4
4

 
M

or
ni

ng
 f

as
t t

er
til

e 
3

32
.4

5%
31

.9
9 

– 
32

.9
1

36
.6

1%
36

.1
9 

– 
37

.0
3

30
.9

4%
30

.5
2 

– 
31

.3
7

E
at

in
g 

w
in

do
w

 Q
2

 
M

or
ni

ng
 f

as
t t

er
til

e 
1

38
.3

3%
37

.5
1 

– 
39

.1
7

32
.5

4%
31

.8
3 

– 
33

.2
0

29
.1

2%
28

.4
5 

– 
29

.8
0

 
M

or
ni

ng
 f

as
t t

er
til

e 
2

37
.4

2%
36

.7
6 

– 
38

.0
8

33
.3

1%
32

.7
4 

– 
33

.8
9

29
.2

7%
28

.7
4 

– 
29

.8
1

 
M

or
ni

ng
 f

as
t t

er
til

e 
3

33
.8

2%
33

.1
5 

– 
34

.5
0

36
.4

2%
35

.7
3 

– 
37

.1
2

29
.7

6%
29

.1
9 

– 
30

.3
3

E
at

in
g 

w
in

do
w

 Q
3

 
M

or
ni

ng
 f

as
t t

er
til

e 
1

38
.6

6%
37

.9
9 

– 
39

.3
2

35
.8

2%
35

.1
5 

– 
36

.5
0

25
.5

2%
25

.0
1 

– 
26

.0
5

 
M

or
ni

ng
 f

as
t t

er
til

e 
2

37
.8

6%
37

.3
6 

– 
38

.3
7

36
.0

3%
35

.5
7 

– 
36

.4
9

26
.1

1%
25

.6
9 

– 
26

.5
4

 
M

or
ni

ng
 f

as
t t

er
til

e 
3

34
.7

3%
33

.4
4 

– 
36

.0
5

36
.7

6%
35

.5
5 

– 
37

.9
9

28
.5

1%
27

.4
0 

– 
29

.6
5

E
at

in
g 

w
in

do
w

 Q
4

 
M

or
ni

ng
 f

as
t t

er
til

e 
1

40
.9

1%
40

.3
1 

– 
41

.5
2

34
.9

3%
34

.3
5 

– 
35

.5
2

24
.1

6%
23

.7
1 

– 
24

.6
2

 
M

or
ni

ng
 f

as
t t

er
til

e 
2

39
.4

4%
38

.9
5 

– 
39

.9
3

34
.9

0%
34

.3
7 

– 
35

.4
4

25
.6

6%
25

.2
1 

– 
26

.1
1

 
M

or
ni

ng
 f

as
t t

er
til

e 
3

33
.5

6%
31

.5
3 

– 
35

.6
5

34
.2

8%
32

.2
1 

– 
36

.4
2

32
.1

6%
29

.9
6 

– 
34

.4
4

N
ot

e:
 N

=
38

 3
02

 r
es

po
nd

en
ts

. P
op

ul
at

io
n-

w
ei

gh
te

d 
ad

ju
st

ed
 p

re
va

le
nc

es
. M

ul
tin

om
ia

l l
og

is
tic

 r
eg

re
ss

io
n 

es
tim

at
ed

 th
e 

ad
ju

st
ed

 p
re

va
le

nc
e 

of
 n

or
m

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 f
or

 a
 g

iv
en

 in
te

ra
ct

io
n 

be
tw

ee
n 

ea
tin

g 
w

in
do

w
 q

ua
rt

ile
 a

nd
 m

or
ni

ng
 f

as
t (

m
ed

ia
n 

of
 e

ac
h 

te
rt

ile
),

 a
dj

us
tin

g 
fo

r 
se

x,
 a

ge
, a

ge
2 ,

 e
du

ca
tio

n,
 in

co
m

e,
 r

ac
e/

et
hn

ic
ity

, h
ou

se
ho

ld
 s

iz
e,

 e
m

pl
oy

m
en

t s
ta

tu
s,

 to
ta

l s
le

ep
 ti

m
e,

 b
ed

tim
e,

 A
T

U
S 

su
rv

ey
 c

yc
le

, s
ea

so
n,

 a
nd

 d
ay

 o
f 

w
ee

k.

a p 
<

0.
00

01
 f

ro
m

 th
e 

gl
ob

al
 W

al
d 

F 
te

st
 f

or
 th

e 
in

te
ra

ct
io

n 
be

tw
ee

n 
m

or
ni

ng
 f

as
t a

nd
 e

at
in

g 
w

in
do

w
 q

ua
rt

ile
 a

cr
os

s 
al

l t
hr

ee
 w

ei
gh

t c
at

eg
or

ie
s.

b Q
1 

in
di

ca
te

s 
qu

ar
til

e 
1

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Connor et al. Page 23

Ta
b

le
 4

.

A
dj

us
te

d 
pr

ev
al

en
ce

 o
f 

no
rm

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 b
y 

in
te

ra
ct

io
n 

of
 e

at
in

g 
w

in
do

w
 a

nd
 e

ve
ni

ng
 f

as
t i

n 
th

e 
A

m
er

ic
an

 T
im

e 
U

se
 S

ur
ve

y 

E
at

in
g 

an
d 

H
ea

lth
 M

od
ul

e 
(A

T
U

S-
E

H
M

)a

N
or

m
al

 W
ei

gh
t

O
ve

rw
ei

gh
t

O
be

se

P
re

va
le

nc
e 

(%
)

95
%

 C
l

P
re

va
le

nc
e 

(%
)

95
%

 C
l

P
re

va
le

nc
e 

(%
)

95
%

 C
l

E
at

in
g 

w
in

do
w

 Q
1 

b

 
E

ve
ni

ng
 f

as
t t

er
til

e 
1

31
.8

5%
31

.1
4–

32
.5

7
36

.8
1%

31
.1

4–
32

.5
7

31
.3

4%
30

.6
5 

– 
32

.0
4

 
E

ve
ni

ng
 f

as
t t

er
til

e 
2

32
.2

3%
31

.7
0 

– 
32

.7
6

36
.6

5%
31

.7
0 

–3
2.

76
31

.1
3%

30
.6

3 
– 

31
.6

3

 
E

ve
ni

ng
 f

as
t t

er
til

e 
3

32
.7

0%
32

.2
3 

– 
33

.1
7

36
.4

4%
32

.2
3 

–3
3.

17
30

.8
7%

30
.4

5 
–3

1.
29

E
at

in
g 

w
in

do
w

 Q
2

 
E

ve
ni

ng
 f

as
t t

er
til

e 
1

35
.7

7%
35

.0
1 

– 
36

.5
0

34
.9

4%
35

.0
1 

–3
6.

57
29

.2
9%

28
.6

3 
–2

9.
96

 
E

ve
ni

ng
 f

as
t t

er
til

e 
2

35
.7

5%
35

.2
2 

– 
36

.2
8

34
.8

1%
35

.2
2 

–3
6.

28
29

.4
4%

29
.0

2 
– 

29
.8

7

 
E

ve
ni

ng
 f

as
t t

er
til

e 
3

35
.7

3%
35

.1
2 

– 
36

.3
4

34
.6

4%
35

.1
2 

–3
6.

34
29

.6
3%

29
.1

1 
– 

30
.1

6

E
at

in
g 

w
in

do
w

 Q
3

 
E

ve
ni

ng
 f

as
t t

er
til

e 
1

36
.6

2%
35

.8
9 

– 
3|

7.
36

37
.1

5%
35

.8
9 

–3
7.

36
26

.2
2%

25
.5

7–
26

.8
S

 
E

ve
ni

ng
 f

as
t t

er
til

e 
2

37
.5

5%
37

.0
5 

–3
8.

04
36

.1
6%

37
.0

5 
– 

38
.0

4
26

.3
0%

25
.8

7–
 2

6.
73

 
E

ve
ni

ng
 f

as
t t

er
til

e 
3

38
.7

1%
37

.9
5 

–3
9.

48
34

.9
2%

37
.9

5 
– 

39
.4

8
26

.3
7%

25
.7

1 
– 

27
.0

4

E
at

in
g 

w
in

do
w

 Q
4

 
E

ve
ni

ng
 f

as
t t

er
til

e 
1

40
.5

8%
40

.0
4–

41
.1

3
34

.6
6%

40
.0

4–
41

.1
3

24
.7

6%
24

.3
1 

–2
5.

21

 
E

ve
ni

ng
 f

as
t t

er
til

e 
2

39
.5

9%
39

.0
3 

–4
0.

14
34

.8
5%

39
.0

3 
–4

0.
14

25
.5

7%
25

.0
8–

26
.0

6

 
E

ve
ni

ng
 f

as
t t

er
til

e 
3

38
.3

4%
37

.2
7 

–3
9.

42
34

.8
5%

37
.2

7 
– 

39
.4

2
26

.6
0%

25
.6

3 
–2

7.
59

N
ot

e:
 N

=
38

 3
02

 r
es

po
nd

en
ts

. P
op

ul
at

io
n-

w
ei

gh
te

d 
ad

ju
st

ed
 p

re
va

le
nc

es
. M

ul
tin

om
ia

l l
og

is
tic

 r
eg

re
ss

io
n 

es
tim

at
ed

 th
e 

ad
ju

st
ed

 p
re

va
le

nc
e 

of
 n

or
m

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
an

d 
ob

es
ity

 f
or

 a
 g

iv
en

 in
te

ra
ct

io
n 

be
tw

ee
n 

ea
tin

g 
w

in
do

w
 q

ua
rt

ile
 a

nd
 e

ve
ni

ng
 f

as
t (

m
ed

ia
n 

of
 e

ac
h 

te
rt

ile
),

 a
dj

us
tin

g 
fo

r 
se

x,
 a

ge
, a

ge
2 ,

 e
du

ca
tio

n,
 in

co
m

e,
 r

ac
e/

et
hn

ic
ity

, h
ou

se
ho

ld
 s

iz
e,

 e
m

pl
oy

m
en

t s
ta

tu
s,

 to
ta

l s
le

ep
 ti

m
e,

 b
ed

tim
e,

 A
T

U
S 

su
rv

ey
 c

yc
le

, s
ea

so
n,

 a
nd

 d
ay

 o
f 

w
ee

k.

a p 
<

0.
00

01
 f

ro
m

 th
e 

gl
ob

al
 W

al
d 

F 
te

st
 f

or
 th

e 
in

te
ra

ct
io

n 
be

tw
ee

n 
ea

tin
g 

w
in

do
w

 q
ua

rt
ile

 a
nd

 e
ve

ni
ng

 f
as

t a
cr

os
s 

al
l

b Q
1 

in
di

ca
te

s 
qu

ar
til

e 
1

Int J Obes (Lond). Author manuscript; available in PMC 2022 April 20.


	Abstract
	Introduction
	Subjects and Methods
	ATUS Eating and Health Module
	Data preparation
	Exclusion criteria
	Covariates
	Statistical Approach

	Results
	Descriptive Results
	Differences in circadian timing of eating variables by demographic characteristics
	Results for associations of circadian timing of eating with BMI
	Association of eating window with BMI category.
	Association of morning fast with BMI category.
	Association of evening fast with BMI category.
	Stratification by Weekend/Weekday.
	Interaction effects.


	Discussion
	Eating window and BMI
	Morning fast and BMI
	Evening fast and BMI
	Strengths and Limitations

	References
	Figure 1
	Figure 2
	Table 1.
	Table 2.
	Table 3.
	Table 4.

