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A B S T R A C T

Background: Regulating meal timing may have efficacy for improving metabolic health for preventing or managing chronic disease. However, the
reliability of measuring meal timing with commonly used dietary assessment tools needs characterization prior to investigating meal timing and health
outcomes in epidemiologic studies.
Objectives: To evaluate the reliability of estimating meal timing parameters, including overnight fasting duration, the midpoint of overnight fasting time,
the number of daily eating episodes, the period with the largest percentage of daily caloric intake, and late last eating episode (> 09:00 pm) from repeated
24-h dietary recalls (24HRs).
Methods: Intraclass correlation coefficients (ICC), Light’s Kappa estimates, and 95% CIs were calculated from repeated 24HR administered in 3
epidemiologic studies: The United States-based Interactive Diet and Activity Tracking in AARP (IDATA) study (n ¼ 996, 6 24HR collected over 12-mo),
German EPIC-Potsdam Validation Study (European Prospective Investigation into Cancer and Nutrition Potsdam Germany cohort) (n ¼ 134, 12 24HR
collected over 12-mo) and EPIC-Potsdam BMBF-II Study (Federal Ministry of Education and Research, “Bundesministerium für Bildung und For-
schung”) (n ¼ 725, 4 24HR collected over 36 mo).
Results: Measurement reliability of overnight fasting duration based on a single 24HR was “poor” in all studies [ICC range: 0.27; 95% CI: 0.23, 0.32 –

0.46; 95% CI: 0.43, 0.50]. Reliability was “moderate” with 3 24HR (ICC range: 0.53; 95% CI: 0.47, 0.58 in IDATA, 0.62; 95% CI: 0.52, 0.69 in the
EPIC-Potsdam Validation Study, and 0.72; 95% CI: 0.70–0.75 in the EPIC-Potsdam BMBF-II Study). Results were similar for the midpoint of overnight
fasting time and the number of eating episodes. Reliability of measuring late eating was “fair” in IDATA (Light’s Kappa: 0.30; 95% CI: 0.21, 0.39) and
“slight” in the EPIC-Potsdam Validation study and the EPIC-Potsdam BMBF-II study (Light’s Kappa: 0.19; 95% CI: 0.15, 0.25 and 0.09; 95% CI: 0.06,
0.12, respectively). Reliability estimates differed by sex, BMI, weekday, and season of 24HR administration in some studies.
Conclusions: Our results show that � 3 24HR over a 1–3-y period are required for reliable estimates of meal timing variables.
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Introduction

The daily timing of when people eat could be important for
managing or preventing metabolic diseases, independent of diet
quality [1]. Irregular mealtimes have been linked to poor glycemic
control, dyslipidemia, and hypertension [2–5]. On the other hand,
meal timing patterns like duration of overnight fasting, skipping
breakfast, and late-night eating episodes have been associated with
metabolic health parameters like blood glucose and blood pressure
via circadian regulation of metabolic tissues, gut microbial charac-
teristics, and health behaviors (e.g., food intake, physical activity, and
sleep) [1,3,6–11]. In addition, meal timing may play a role in energy
balance and, thus, body weight and adipose tissue distribution [3,8].
Consequently, modifying the timing of food consumption could be
leveraged as a tool to improve metabolic health with the goal of
preventing, postponing, or managing diet and obesity-related chronic
diseases [4]. Clinical studies (e.g., randomized trials) and longitudinal
cohort studies are now testing the feasibility and efficacy of a range of
meal timing modification regimes, including various forms of inter-
mittent fasting, for their effects on metabolic parameters, body
weight, and various health outcomes such as diabetes, cardiovascular
disease, and cancer [3,4,12–15].

Despite the promise of meal timing as a dietary strategy for
improving metabolic health and/or disease prevention from animal
and small clinical studies, few large observational studies have
evaluated the association of meal timing with metabolic health or
disease outcomes [3,16–19]. Large studies often administer food
frequency questionnaires (FFQs) that estimate habitual dietary intake
time (e.g., intake over the past 6-mo or 1-y) to account for day-to-day
and seasonal fluctuations. However, FFQs typically do not capture the
daily timing of eating occasions [4,20]. On the other hand, 24-h di-
etary recalls (24HR) inquire about all foods, beverages, and often
dietary supplements and the clock time of their consumption in the
prior 24-h [21]. Although multiple administrations of 24HR and food
records may produce more accurate and less biased estimates of
nutrient intakes than FFQs, [21] their use in large observational
studies has been considered impractical because of the cost and re-
sources required to collect and code the data [20], and a single
administration does not capture day-to-day or seasonal dietary intake
variation [22,23]. However, this can be mitigated with repeated
measures over time [21]. In addition, 24HR may be administered to a
representative sub-sample of a cohort to account for random mea-
surement errors in the FFQ via dietary calibration [24,25]. When
implemented with a sufficient sample size, unique opportunities exist
to conduct meal timing studies at the population level [16–18].

Several studies have investigated the reliability of 24HR for esti-
mating intakes of energy and nutrients [22,26,27] but not for measuring
meal timing parameters. Given that technology is now enabling the
completion of 24HR via computer and telephone applications, their use
in large-scale epidemiologic studies is likely to grow. The purpose of
this study was to evaluate the reliability of 24HR to estimate meal
timing [overnight fasting duration, the midpoint of overnight fasting
time, number of eating episodes per day, daily period of greatest per-
centage caloric intake, and late last eating episode (> 09:00 pm)].
These variables were selected to enable comparison with the small
number of previous studies on meal timing and health outcomes. We
leveraged data from epidemiologic sub-studies that administered
repeated 24HR over 12–36 mo.
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Methods

The interactive diet and activity tracking in the NIH-
AARP study

The Interactive Diet and Activity Tracking in AARP (IDATA) study
was designed to evaluate measurement errors of self-reported dietary
intake and physical activity against objective dietary reference bio-
markers and physical activity measures among adults in the United
States [28]. Invitations to participate were mailed to AARP (formerly
known as the American Association of Retired Persons) members living
in Pittsburgh, PA, in 2012. Eligibility criteria included having the ability
to speak and read English, not recently following a weight loss diet,
being free of health conditions affecting metabolism, having general
mobility, and having access to the internet. Interested individuals were
directed to a study website, and eligible individuals visited the study
center to provide informed consent. The IDATA study was approved by
the NCI special studies institutional review board (NCT03268577) [29].
A total of 1082 males and females aged 50–74 y completed the study.
Participants were assigned to 1 of 4 groups. Groups 1 and 3 had refer-
ence biomarkers measured from blood samples taken in the first month
of the study, and groups 2 and 4 measured reference biomarkers in the
sixth month of the study. Assessment of biomarkers, physical activity,
and dietary intake was identical for each assigned group, but individuals
entered and exited the study on different timelines [30]. Participants were
asked to complete 6 automated self-administered 24HR (ASA24), ~2 mo
apart. Each participant was provided with � 3 attempts to complete a
single 24HR. A total of 996 participants completed the recalls, 797 of
whom completed all 6 administrations [30].
The European Prospective Investigation into Cancer and
Nutrition (EPIC)-Potsdam

The European Prospective Investigation into Cancer and Nutrition
(EPIC) is a multi-center, prospective cohort study aimed at investi-
gating the relationships between diet, metabolic characteristics, life-
style, genetic and environmental factors, and the risk of chronic disease
in 10 European countries (Denmark, France, Germany, Greece, Italy,
Spain, the Netherlands, Sweden Norway, and the United Kingdom)
[24]. The EPIC-Potsdam cohort is 1 of 2 German EPIC centers,
including 27,548 participants aged 35–65 y who were recruited be-
tween 1994 and 1998. Two validation sub-studies within the
EPIC-Potsdam cohort collected multiple 24HRs. At the baseline ex-
amination from 1995 to 1997, 160 participants were asked to partici-
pate in the EPIC-Potsdam Validation Study, a sub-study to examine the
reliability and validity of the baseline FFQ. Participants were asked to
complete a second FFQ after 1 y in addition to 12 24HR in monthly
intervals. A total of 134 people completed � 12 (� 10) repeated 24HR
over a 36 mo period [31]. A second validation and calibration
sub-study [the EPIC-Potsdam BMBF-II Study (Federal Ministry of
Education and Research, “Bundesministerium für Bildung und For-
schung”)] was designed to improve the assessment of exposures,
including diet. A gender- and age-stratified random sample from the
EPIC-Potsdam study (n ¼ 815) were invited to participate. From this
sample, 725 participants completed � 4 24HR in 2 waves (BMBF-I
2010–2012; BMBF-II 2013). Although the first and fourth 24HRs were
conducted during visits to the examination center, the second and third
24HR were conducted as telephone interviews on randomly chosen
days, so weekdays were represented in equal proportions [32]. The
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mean time interval between the first and second 24HR was 107
(15–224) days, between the second and third 104 (13–450) days, and
between the third and fourth 395 (31–825) days.

Dietary assessment
As part of the IDATA dietary assessment, participants completed 6

ASA24 dietary recalls [33]. Each 24-h recall (“recall”) captures dietary
intake for a single day. Each recall was unscheduled on a randomly
assigned day, approximately every other month over 1 y (i.e., months 1,
3, 5, 7, 9, and 11) covering all seasons [34]. A single recall was
collected at each interval. The ASA24 is an online dietary assessment
tool accessible via a website link [35]. Participants were asked to recall
all foods and drinks they consumed the previous day from midnight to
midnight. Initial questions inquired about whether participants
consumed items from a list of foods or beverages the previous day.
Subsequent questions collected information on food and beverage type
and preparation and confirmed portion sizes using images depicting
various examples. In the analytic cohort, 94% of participants
completed �3 recalls, and 67% completed all 6 recalls [34].

In both EPIC-Potsdam sub-studies, participants completed com-
puter-assisted and interviewer-based 24HR using EPIC-SOFT software
(German version, software was developed specifically for this study),
which was developed to standardize the 24HR interviews collected as
part of the main EPIC study [36,37]. The EPIC-SOFT 24HR defined
the 24-h period as the time between waking up on the day before the
interview to the time upon waking on the interview day (mean 24-h)
[36]. The interview involved a detailed assessment and description of
the foods consumed per meal. Meals were referred to as “food con-
sumption occasions” common to all EPIC countries. Eleven food
consumption occasions covered the entire eating period from before
breakfast to during the night [36,38]. The EPIC-Potsdam Validation
Study includes the collection of 12 computer-assisted and
interviewer-based 24HR (3 in each season) that were collectively
conducted on all weekdays and weekend days [31]. Among the 4 24HR
in the EPIC-Potsdam BMBF-II Study, the first recall was collected
during a study center visit. Recalls 2 and 3 were collected via telephone
interview between August 2010 and December 2012. The fourth 24HR
was collected in person at another study center visit (February
2013–November 2013) [32].

Dietary data preparation
Meal timing variables were calculated using data from the 24HR in

both IDATA and the 2 EPIC-Potsdam sub-studies. To enable a com-
parison of our findings with those from prior studies, 5 meal timing
variables were generated for analysis [16,17,39–42]. An overview of
the meal timing variables is presented in Figure 1. The duration of
overnight fasting (in h) was estimated by calculating the time between
the first and the last eating episode of the day and subtracting it from
24-h. In IDATA, since intake was measured from midnight to midnight,
a secondary fasting variable was also calculated to account for eating
episodes occurring after midnight that were part of the prior days’
intake (i.e., presleep). We assessed the longest fasting duration in a
24-h period, which was > 5-h. The midpoint of the overnight fasting
period (i.e., time on a 24-h clock) was calculated as the duration of
overnight fasting divided by 2 and added to the start time of the
overnight fast (i.e., the fasting period started either earlier or later in the
day) [43]. The number of eating episodes was calculated as an ordinal
variable and included any time-stamped eating episode of a
calorie-containing food or beverage (� 25 calories) as defined in prior
studies [17,40]. The period of greatest percentage daily calories was
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calculated as a 6-category variable, assigning participants to the cate-
gory with the greatest caloric intake: 1) 00:00–04:00; 2) 04:00–08:00
; 3) 08:00–12:00; 4) 12:00–16:00; 5) 16:00–20:00; 6) 20:00–24:00 h
[44]. The late last eating episode was calculated as a binary variable to
evaluate whether the last eating episode in the 24-h period was prior to
or at 09:00 pm or after 09:00 pm [17,40,45]. We excluded recalls that
were labeled as incomplete in the data set and those with implausible
caloric intake estimates (< 500 kcals/d or > 4500 kcal/d) [46].

Covariates
Age, sex, and race/ethnicity were self-reported in IDATA. Age and

sex were self-reported for EPIC-Potsdam, which includes mostly non-
Hispanic White participants. Other demographic covariates, such as
education, income, and smoking, were not available for IDATA. BMI
(in kg/m2) was calculated from objectively measured height and weight
taken at clinical visits in both IDATA and EPIC-Potsdam. In IDATA,
the mean of all BMI calculations collected at 6 clinical visits over 1 y
was used for the current analysis. In EPIC-Potsdam, BMI was
measured at baseline by trained study personnel [47]. BMI was cate-
gorized according to WHO criteria for analysis: < 25 kg/m2 (normal
weight), 25 to< 30 kg/m2 (overweight), 30 to< 35 kg/m2 (obese class
1), and > 35 kg/m2 (obese class 2þ) [48,49].

Statistical analysis

Continuous variables
Intraclass correlation coefficients (ICC) were calculated to evaluate

the reliability of repeated continuous or ordinal meal timing variables
(i.e., overnight fasting duration, the midpoint of overnight fasting time
on a 24-h clock, and the number of eating episodes) across repeated
24HR measurements. The ICC is calculated as the ratio of between-

person variance (σ2bÞto total variance (σ2b þ 2) in the meal timing var-
iable value. The larger the ICC, the greater the proportion of the
variability that is explained by between-person compared with within-
person variation in meal timing values. Larger values represent a more
reliable recall of meal timing over a specified period of time. Between-
and within-person variation (σ2Þ were estimated using linear mixed-
effects regression in R using the lmer function (lme4 package, Rver-
sion 4.1.2, R Foundation for Statistical Computing) [50]. We calculated
the reliability of estimating meal timing variables based on multiple
recalls, on average. The ICC of multiple (m) meal timing measurements
(i.e., from different 24HR) is calculated by Equation 1:

σ2b
σ2
b þ σ2

m

(1)

For example, if we estimated σ2b ¼ 0.1 and σ2 ¼ 0.05, the ICC of 1
recall is 0.67 (Equation 2), the ICC of 2 recalls is 0.80 (Equation 3), and
the ICC of 6 recalls is 0.92 (Equation 4).

0:1
0:1þ 0:05

1

(2)

0:1
0:1þ 0:05

2

(3)

0:1
0:1þ 0:05

6

(4)

Models were analyzed with and without adjustment for age, sex,
BMI, and caloric intake. Four different models were fit: 1) unadjusted;
2) adjusted for sex and age; 3) model 2 plus BMI; 4) model 3 plus total



FIGURE 1. Description of meal timing variables calculated from 24-h dietary recalls. Five meal timing variables were calculated based on 24-h dietary recall
data from the Interactive Diet and Activity Tracking in Association of Retired Persons study, the EPIC-Potsdam Validation Study (European Prospective
Investigation into Cancer and Nutrition Potsdam Germany cohort), and the EPIC-Potsdam BMBF-II Study (Federal Ministry of Education and Research
“Bundesministerium für Bildung und Forschung”). The duration of overnight fasting (in h) was estimated by calculating the time between the first and the last
eating episode of the day and subtracting it from 24-h. The midpoint of overnight fasting time was calculated as the duration of overnight fasting divided by 2
and added to the start time of the overnight fasting based on clock time. A number of eating episodes included any eating episode associated with calorie-
containing food or beverage consumption > 25 calories. The period of greatest percentage caloric intake over 24-h was calculated as the percent of total
daily caloric intake allocated to 6 4-h periods (1) 00:00–04:00; 2) 04:00–08:00 ; 3) 08:00–12:00; 4) 12:00–16:00; 5) 16:00–20:00; 6) 20:00–24:00 h) over the
measurement day. Late eating was calculated as a binary variable (yes/no) to evaluate whether the last eating episode in the 24-h period was before or after 9 pm.
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daily caloric intake. All participants with at least the number of 24HR
of interest were included in the model. Participant-wise bootstrapping
with 10,000 iterations was used to calculate a 95% CI for the ICC.
Results are presented for model 4, where ICC values were attenuated
by ~0.02 from the other models for continuous variables and were
similar for the midpoint of overnight fasting time. ICC values closer to
1 imply greater reliability, whereas an ICC closer to 0 indicates lower
reliability. The level of reliability was defined using the following
criteria: “poor” (ICC <0.5), “moderate” (0.5 to <0.75), “good” (0.75
to <0.9), and “excellent” (ICC �0.9) [51].
Categorical variables
To estimate the reliability of 24HR for measuring categorical meal

timing variables (i.e., the period of greatest percentage caloric intake in
967
24-h [6-level categorical variable defined above) and late last eating
episode (> 09:00 pm, yes/no)], we calculated the Light’s Kappa
measure of agreement. Light’s Kappa is an extension of Cohen’s Kappa
for multiple raters (i.e., multiple 24HR) that equals computing the
mean of Cohen’s Kappa for all pairs (i.e., it is an overall index of
agreement). Light’s Kappa was computed for each categorical meal
timing variable as a single reliability index based on the mean of all
possible Cohen’s Kappa for any 2 measures [52]. Participant-wise
bootstrapping with 10,000 iterations was used to generate 95% CI on
the Light’s Kappa estimates. The strength of agreement was defined as
“poor” (� 0), “slight” (0.01–0.20), “fair” (0.21–0.40), “moderate”
(0.41– 0.60), “substantial” (0.61–0.80), and “almost perfect”
(0.81–1.00) [53]. All analyses were conducted using R (iir package, R
version 4.1.1, R Foundation for Statistical Computing) [50].
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Sensitivity analyses
We re-categorized the distribution of caloric intake to evaluate 3 8-h

time periods to determine whether an alternative cut-point would yield
a more or less reliable estimate than 6, 4-h time periods. Being a late
eater was also re-categorized using different cut-points (i.e., 19:00,
20:00, 21:00, and 22:00 h). Analyses were also stratified by weekday
compared with weekend 24HR, sex, and BMI (< 25 or � 25 kg/m2).
Seasonal variation was investigated by stratifying estimates according
to Autumn/Winter (September through February) and Spring/Summer
(March through August) 24HR measurement. Differences in reliability
estimates between subgroups were compared using 2-sample t-tests.
Finally, to provide context for comparing the reliability of 24HR to
measure meal timing with other commonly measured dietary variables
in nutritional epidemiology, we calculated ICCs for daily calorie and
protein intake in IDATA. Pearson correlation coefficients were
computed for the correlation of meal timing variables between time
points. We provide these coefficients to enable comparisons with other
published literature on this topic.

Results

Study participant characteristics are detailed in Table 1. A total of
996 participants from IDATA, 134 participants from the EPIC-Potsdam
Validation Study, and 725 participants from the EPIC-Potsdam BMBF-
II study were included in our analyses (see study flow chart in Sup-
plemental Figure 1). IDATA participants had equal proportions of male
and female participants. On average, they were aged 63 � 6 y, over-
weight (BMI 28 � 5 kg/m2), and predominantly non-Hispanic White
(91%). The EPIC-Potsdam Validation Study had a slightly higher
proportion of male (56%) than female participants, the mean age at
recall was 55 � 8 y, and participants were slightly overweight (BMI of
26 � 4 kg/m2), on average. The EPIC-Potsdam BMBF-II study had
TABLE 1
Baseline characteristics of The Interactive Diet and Activity Tracking in AARP (ID
(EPIC)-Potsdam Validation and EPIC-Potsdam BMBF-II sub-study participants

Study IDATA (n ¼ 996)1 E
(

Participant characteristics N (%) or mean � SD
Age, (y)
Mean � SD 63.10 ± 6.0 5
<50 0 (0%) 7
50–59 319 (29.5%) 2
60–69 582 (53.8%) 5
>70 181 (16.7%) 4

Sex
Male 541 (50%) 7
Female 541 (50%) 5

BMI (kg/m2)
Mean � SD 27.66 ± 4.72 2
<25 294 (27.7%) 4
25 to <30 437 (41.1%) 6
30 to <35 230 (21.7%) 1
35þ 101 (9.5%) 4

Caloric intake (kcal/d) 2095 (745)

BMBF-II Study, Federal Ministry of Education and Research (German: Bundesmin
European Prospective Investigation into Cancer and Nutrition; IDATA, The Inter
1 A total of 6 recalls were completed by 797 of the IDATA participants; 75 people

between 1–3 recalls.
2 A total of 134 participants of the EPIC-Potsdam Validation study completed �
3 A total of 725 participants of the EPIC- Potsdam BMBF-II study completed 4
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equal proportions of males and females with a mean age of 66 � 8 y
and a mean BMI in the overweight range (27 � 4 kg/m2).

Overnight fasting duration
ICCs for overnight fasting duration are presented in Supplemental

Table 1. A comparison across studies of ICCs for overnight fasting
duration measured with � 12 24HR is presented in Figure 2. Pearson
correlation coefficients for overnight fasting duration between the
repeated recalls in IDATA are presented in Table 2. Reliability of
overnight fasting duration was “poor” based on a single 24HR for both
IDATA (ICC: 0.27; 95% CI: 0.23, 0.32) and the EPIC-Potsdam Vali-
dation Study (ICC: 0.35; 95% CI: 0.27, 0.42) (Supplemental Table 1).
In IDATA, “moderate” reliability was achieved with 3, 4, 5, or 6 24HR
(ICC: 0.53; 95% CI: 0.47, 0.58 and ICC: 0.69; 95% CI: 0.64, 0.74 for 3
and 6 24HR, respectively). The EPIC-Potsdam Validation Study
demonstrated “moderate” reliability for measuring overnight fasting
duration with 2 24HR (ICC: 0.52; 95% CI: 0.42, 0.59) and “good”with
6 24HR (ICC: 0.76; 95% CI: 0.69, 0.81). Reliability continued to
improve from 7 to 12 recalls (ICC: 0.86: 95% CI: 0.81, 0.90 for 12
24HR). Results from the EPIC-Potsdam BMBF-II study exhibited
slightly higher reliability for measuring overnight fasting duration with
a single 24HR, although the ICC was still “poor” (ICC: 0.46; 95% CI:
0.43, 0.50) and “moderate” reliability was attained with 2, 3, or 4 24HR
measurements (ICC: 0.63; 95% CI: 0.60, 0.66 and ICC: 0.78; 95% CI:
0.75, 0.80 respectively). Reliability based on ICC increased in all
groups with a larger number of recalls.

In IDATA, since dietary intake was evaluated from midnight to
midnight and some participants may have eaten after midnight, but
before bedtime, we generated an alternative variable for overnight
fasting duration. We measured the longest time period without food or
beverage intake � 25 kcal. The reliability of overnight fasting duration
was similar to the originally computed variable, with an ICC: 0.30;
ATA) study, the European Prospective Investigation into Cancer and Nutrition

PIC-Potsdam validation study
n ¼ 134)2

EPIC-Potsdam BMBF-II study
(n ¼ 725)3

5.24 � 8.16 65.73 � 8.29
(5.2%) 17 (2.4%)
7 (20.2%) 206 (28.4%)
6 (41.8%) 235 (32.4%)
4 (32.8) 267 (36.8%)

5 (56%) 372 (51%)
9 (44%) 353 (49%)

6.44 � 4.05 27.39 � 4.21
9 (36.6%) 227 (31.3%)
3 (47.0%) 336 (46.3%)
8 (13.4%) 123 (17.0%)
(3.0%) 39 (5.4%)

isterium für Bildung und Forschung); BMI, body mass index; EPIC-Potsdam,
active Diet and Activity Tracking in AARP; SD, standard deviation.
completed 5 recalls, 13 people completed 4 recalls, and 111 people completed

12 recalls.
recalls.



FIGURE 2. Bootstrap mean and 95% CIs of intraclass correlation coefficients (ICC) and Light’s Kappa for meal timing variables measured by 24-h dietary
recall in the IDATA, EPIC-Potsdam Validation, and EPIC-Potsdam BMBF-II studies. Shapes denoting the different studies indicate the level of reliability as
defined using the following criteria: “poor” (ICC <0.50), “moderate” (0.50–0.75), and “good” (0.75–0.90). (A) Overnight fasting duration; (B) Midpoint of
overnight fasting time; (C) Number of eating episodes. Intraclass correlation coefficients were calculated using a 1-way linear mixed effects model with and
without fixed covariates [51]. Kappa statistics were calculated based on the formula for multiple raters proposed by Light [52]. IDATA participants (n ¼ 996)
completed � 6 24-h dietary recalls. EPIC-Potsdam Validation study participants (n ¼ 134) completed � 12 24-h dietary recalls. EPIC-Potsdam BMBF-II study
participants (n ¼ 725) completed � 4 24-h dietary recalls. The duration of overnight fasting (in h) was estimated by calculating the time between the first and the
last eating episode of the day and subtracting it from 24-h. The midpoint of the overnight fasting period was calculated as the duration of overnight fasting
divided by 2 and added to the start time of the overnight fasting. The number of eating episodes was calculated as an ordinal variable and included any
time-stamped eating episode associated with calorie-containing food or beverage consumption (� 25 calories). Late eating was calculated as a binary variable
(yes/no) indicating whether the last eating episode in the 24-h period was prior to 9 pm or at/after 9 pm. The daily period of greatest percentage caloric intake
was calculated by assigning individuals to the period of greatest daily percentage caloric intake in the 24-h period: 1) 00:00–04:00; 2) 04:00–08:00 ; 3)
08:00–12:00; 4) 12:00–16:00; 5) 16:00–20:00; 6) 20:00–24:00 h. BMBF, Federal Ministry of Education and Research (German: Bundesministerium für Bildung
und Forschung); EPIC, European Prospective Investigation into Cancer and Nutrition; IDATA, The Interactive Diet and Activity Tracking in AARP.

TABLE 2
Pearson correlation matrix for overnight fasting duration1 measured with � 6
automated self-administered 24-h dietary recalls measured over 12-mo in the
Interactive Diet and Activity Tracking in AARP (IDATA) study

Number of recalls 1 2 3 4 5 6

1 1.00
2 0.21 1.00
3 0.29 0.33 1.00
4 0.24 0.30 0.32 1.00
5 0.22 0.28 0.36 0.33 1.00
6 0.24 0.23 0.27 0.28 0.34 1.00

1 Duration of overnight fasting (in h) was estimated by calculating the time
between the first and the last eating episode of the day and subtracting from
24-h.
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95% CI: 0.26, 0.35 for 1 24HR and ICC: 0.72; 95% CI: 0.68, 0.76 for 6
24HR.
Midpoint of overnight fasting time
The ICC for the midpoint of overnight fasting time in IDATA

showed “poor” reliability based on 1 24HR (ICC: 0.31; 95% CI: 0.27,
0.35) and was “moderate” for 3 24HR (ICC: 0.58; 95% CI: 0.53, 0.62)
and � 6 24HR (ICC: 0.73; 95% CI: 0.69, 0.77) (Supplemental Table 1
and Figure 2). Moreover, the reliability of measuring the midpoint of
overnight fasting time increased when considering the window of the
longest time period without food as opposed to the first compared with
the last eating episode in the day from midnight to midnight. The
midpoint of overnight fasting time in the EPIC-Potsdam Validation
study showed “poor” reliability for 1–2 24HR and “moderate” reli-
ability with 3 (ICC: 0.58; 95% CI: 0.51, 0.64) to 6 recalls (ICC: 0.73;
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95% CI: 0.67, 0.78). Reliability was “good” when considering 7 24HR
(ICC: 0.76; 95% CI: 0.71, 0.81). The EPIC-Potsdam BMBF-II study
showed similar reliability with fewer recalls, “poor” when measured
with a single 24HR (ICC: 0.49; 95% CI: 0.46, 0.53), and “good”with 3
24HR (ICC: 0.75; 95% CI: 0.72, 0.77).
Number of eating episodes
The reliability of measuring the number of eating episodes was

similar to the midpoint of overnight fasting time. In IDATA, reliability
was “poor” with 1 24HR measure of the number of eating episodes
(ICC: 0.29; 95% CI: 0.25, 0.33) (Supplemental Table 1 and Figure 2).
There was “moderate” reliability using 2–5 24HR and “good” reli-
ability with 6 24HR in IDATA. In the EPIC-Potsdam Validation study,
reliability was “moderate” with 2–4 24HR and “good” with 5 24HR
(ICC: 0.75; 95% CI: 0.70, 0.79). Reliability continued to increase when
administering � 12 24HR, which had “good” reliability (ICC: 0.88;
95% CI: 0.85, 0.90). In the EPIC-Potsdam BMBF-II study, the number
of eating episodes measured with 2 24HR had “moderate” reliability
(ICC: 0.65; 95% CI: 0.63, 0.68), progressively improving � 4 24HR,
which had “good” reliability (ICC: 0.79; 95% CI: 0.77, 0.81).
Late last eating episode
Agreement between measures of late last eating episode after 21:00

h (yes, no) was “fair” in IDATA (Light’s Kappa: 0.30; 95% CI: 0.21,
0.39). The agreement was “slight” for both the EPIC-Potsdam Valida-
tion study (Light’s Kappa: 0.19; 95% CI: 0.15, 0.25) and the EPIC-
Potsdam BMBF-II study (Light’s Kappa: 0.09; 95% CI: 0.06, 0.12).
In IDATA, the late last eating episode was also re-categorized using
different cut-points (i.e., 19:00, 20:00, and 22:00 h). There was a slight
variation in consistency according to the cut-point (Light’s Kappa: 0.21;
95%CI: 0.18, 0.25 for 19:00 h; Light’s Kappa: 0.26; 95%CI: 0.23, 0.30
for 20:00 h; Light’s Kappa: 0.30; 95% CI: 0.21, 0.39 for 22:00 h).
Daily period of greatest percentage caloric intake
Light’s Kappa values for measuring the period in the day with the

greatest proportion of caloric intake are presented for each study in
Supplemental Table 1 and Figure 2. Results were similar across studies.
IDATA showed a “slight” agreement between any 2 measures of the
period with the largest percentage daily caloric intake (Light’s Kappa:
0.09; 95% CI: 0.02, 0.16). In addition, we conducted analyses using
alternative cut-points of 3, 8-h periods of time across the day [i.e., 1)
21:00 h–05:00 h; 2) 05:00 h–13:00 h; and 3) 13:00–21:00 h], which
also showed “slight” agreement between any 2 measures (Light’s
Kappa: 0.12; 95% CI: 0.09, 0.14). The period of the greatest percentage
caloric intake in the EPIC-Potsdam Validation study also showed
“slight” agreement between any 2 measures (Light’s Kappa: 0.09; 95%
CI: 0.07, 0.12), similar to results from the EPIC-Potsdam BMBF-II
study (Light’s Kappa: 0.06; 95% CI: 0.04, 0.07).
Reliability by subgroup
Analyses of meal timing variables stratified by sex, BMI (< or� 25

kg/m2), weekend compared with weekday, and season (Spring/Summer
compared with Autumn/Winter) are presented in Table 3 for IDATA
and Supplemental Tables 2–4 for both EPIC-Potsdam studies. Differ-
ences in reliability estimates were observed between days of the week,
season, and sex. We did not stratify by weekend compared with
weekday or season of Light’s Kappa because of the limited sample size
for estimates by subgroup. We observed evidence of differences in
reliability estimates from 24HRmeasurements of meal timing variables
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according to sex, day of the week, and season. Overnight fasting
duration was more reliably measured in Autumn/Winter than in Spring/
Summer in the IDATA and EPIC-Potsdam BMBF-II studies. Overnight
fasting was also more reliably measured on the weekend than on
weekdays in the EPIC-Potsdam Validation Study and EPIC-Potsdam
BMBF-II study. There was suggestive evidence that fasting duration
was measured more reliability among females than males in the EPIC-
Potsdam Validation Study, and strong evidence that reliability is greater
among males than females in IDATA. The midpoint of overnight
fasting time was more reliably measured on weekdays than weekend
days and in Autumn/Winter in the EPIC-Potsdam BMBF-II study.
Lastly, the number of eating episodes was more reliably measured on
weekdays compared with weekend days in the EPIC-Potsdam Vali-
dation Study and the EPIC-Potsdam BMBF-II study. In the IDATA and
EPIC-Potsdam BMBF-II study, the reliability of measuring the number
of easting episodes was greater among males than females. In the
EPIC-Potsdam BMBF-II study, there was suggestive evidence of dif-
ferences in the reliability of measuring the number of eating episodes
according to BMI, with better reliability among individuals in the
normal weight range compared to those with overweight or obesity.
Autumn/Winter measures of the number of eating episodes were
significantly more reliable compared to Spring/Summer in the EPIC-
Potsdam BMBF-II study.
Comparison of reliability estimates for meal timing
variables and nutrients

Protein and caloric intake are commonly used variables in epide-
miologic studies. We, therefore, compared the reliability of measuring
meal timing variables with 24HR with these commonly used variables
as a benchmark. The ICCs for overnight fasting duration in IDATA
were comparable to ICCs for total protein intake (g/d), but overnight
fasting duration showed a slightly lower reliability than daily caloric
intake (kcal/d) for any combination of repeated 24HR (Table 4).
Discussion

In 3 dietary calibration studies within prospective cohorts in both
the United States and Germany, we evaluated the reliability over time
(� 36-m) for 24HR estimates of meal timing. Three 24HR per indi-
vidual showed “moderate” to “good” reliability for estimating over-
night fasting duration, the midpoint of overnight fasting time, and the
number of eating episodes in all cohorts. There was slight to the fair
agreement between any 2 measures of late last eating episode and
period of greatest percentage caloric intake. The reliability of the
different meal timing variables was comparable, except for the number
of eating episodes that were most reliably measured among German
participants. There was poor reliability of single measures of meal
timing. However, moderate to good reliability over 1–3 y of meal
timing parameters was achieved with � 3 24HR, which was similar to
our estimates for calorie and protein intakes and those of other studies
[20,22,27,54–57]. Finally, we observed differences in reliability esti-
mates according to the day of the week, the season of recall, and sex.

Since the 24HRs administered in IDATA and the EPIC-Potsdam
sub-studies were conducted over time rather than on consecutive
days, it is possible that meal timing variation over the year is a natural
phenomenon rather than dietary recall being imprecise, per se. Since
the 24HRs were nonconsecutive, the overnight fasting duration
calculation assumed a similar day-to-day distribution of meal timing.
Assessing the day-to-day reliability of meal timing using 24HR in



TABLE 3
Estimated bootstrap mean and 95% CIs of intra-rater reliability 1 for meal timing variables measured by 24-h dietary recall in the Interactive Diet and Activity Tracking in AARP2 dietary calibration sub-study,
stratified by biological sex, BMI, day of recall, and season

Subgroup Sex – ICC (95% CI) BMI – ICC (95% CI) Day of recall – ICC (95% CI) Season – ICC (95% CI)

Male Female P value <25 kg/m2 >25 kg/m2 P value Weekday Weekend P value Spring/Summer Autumn/Winter P value

Overnight fasting duration3

Mean � SD 11.40 � 2.89 11.76 � 2.59 11.58 � 1.74 11.57 � 2.75 11.44 �2.73 11.91 �2.78 11.59 � 2.70 11.57 � 2.81
1 recall 0.33 (0.26, 0.39) 0.24 (0.18, 0.29) 0.05 0.33 (0.24, 0.43) 0.28 (0.22, 0.33) 0.29 0.31 (0.26, 0.37) 0.35 (0.24, 0.45) 0.61 0.25 (0.19, 0.32) 0.36 (0.28, 0.43) 0.04
2 recalls 0.49 (0.41, 0.57) 0.38 (0.31, 0.45) 0.04 0.50 (0.39, 0.60) 0.43 (0.36, 0.49) 0.29 0.48 (0.41, 0.54) 0.51 (0.39, 0.62) 0.62 0.40 (0.31, 0.48) 0.53 (0.44, 0.60) 0.04
3 recalls 0.59 (0.51, 0.66) 0.48 (0.40, 0.56) 0.05 0.60 (0.48, 0.69) 0.53 (0.46, 0.59) 0.30 0.58 (0.51, 0.64) 0.61 (0.48, 0.71) 0.63 0.50 (0.41, 0.58) 0.62 (0.54, 0.70) 0.04
4 recalls 0.66 (0.58, 0.72) 0.55 (0.47, 0.62) 0.05 0.66 (0.56, 0.75) 0.60 (0.53, 0.66) 0.30 0.65 (0.58, 0.70) 0.67 (0.56, 0.77) 0.64 0.57 (0.48, 0.65) 0.69 (0.61, 0.75) 0.04
5 recalls 0.71 (0.64, 0.77) 0.61 (0.53, 0.68) 0.05 0.71 (0.61, 0.79) 0.65 (0.59, 0.71) 0.30 0.70 (0.64, 0.75) 0.72 (0.61, 0.81) 0.65 0.62 (0.53, 0.70) 0.73 (0.66, 0.79) 0.04
6 recalls 0.74 (0.68, 0.88) 0.65 (0.57, 0.71) 0.05 0.75 (0.65, 0.82) 0.69 (0.63, 0.74) 0.30 0.73 (0.68, 0.78) 0.76 (0.65, 0.83) 0.65 0.66 (0.58, 0.74) 0.77 (0.70, 0.82) 0.04
Midpoint of overnight fasting time4

Mean � SD 3.56 � 4.89 3.26 � 4.32 3.41 � 5.06 3.41 � 4.52 3.39 � 4.75 3.46 � 4.48 3.44 � 4.69 3.38 � 4.65
1 recall 0.33 (0.27, 0.38) 0.29 (0.24, 0.35) 0.38 0.36 (0.27, 0.44) 0.29 (0.25, 0.34) 0.20 0.18 (0.12, 0.25) 0.11 (0.06, 0.17) 0.13 0.30 (0.25, 0.36) 0.35 (0.28, 0.42) 0.30
2 recalls 0.49 (0.43, 0.56) 0.45 (0.38, 0.52) 0.38 0.52 (0.43, 0.61) 0.45 (0.40, 0.51) 0.20 0.31 (0.21, 0.41) 0.21 (0.12, 0.29) 0.13 0.46 (0.40, 0.53) 0.52 (0.44, 0.59) 0.30
3 recalls 0.59 (0.53, 0.65) 0.55 (0.48, 0.62) 0.38 0.62 (0.53, 0.70) 0.55 (0.50, 0.60) 0.20 0.40 (0.28, 0.51) 0.28 (0.17, 0.38) 0.13 0.56 (0.50, 0.63) 0.61 (0.54, 0.68) 0.30
4 recalls 0.66 (0.60, 0.71) 0.62 (0.55, 0.68) 0.38 0.69 (0.60, 0.76) 0.62 (0.57, 0.67) 0.20 0.47 (0.34, 0.58) 0.34 (0.21, 0.45) 0.13 0.63 (0.57, 0.69) 0.68 (0.61, 0.74) 0.30
5 recalls 0.71 (0.65, 0.76) 0.67 (0.61, 0.73) 0.38 0.73 (0.65, 0.80) 0.67 (0.62, 0.72) 0.20 0.52 (0.39, 0.63) 0.39 (0.25, 0.50) 0.13 0.68 (0.62, 0.74) 0.73 (0.66, 0.78) 0.30
recalls 0.74 (0.69, 0.79) 0.71 (0.65, 0.76) 0.38 0.77 (0.69, 0.83) 0.71 (0.67, 0.75) 0.20 0.57 (0.44, 0.67) 0.43 (0.29, 0.55) 0.13 0.72 (0.66, 0.77) 0.76 (0.70, 0.81) 0.31
Number of eating episodes per day5

Mean � SD 3.72 � 0.73 3.78 � 0.68 3.79 � 0.69 3.74 � 0.71 3.78 � 0.71 3.68 � 0.70 3.74 � 0.71 3.76 � 0.70
1 recalls 0.34 (0.28, 0.40) 0.23 (0.18, 0.29) 0.01 0.29 (0.20, 0.39) 0.29 (0.24, 0.34) 0.98 0.31 (0.27, 0.36) 0.25 (0.16, 0.33) 0.18 0.27 (0.22, 0.33) 0.33 (0.27, 0.39) 0.17
2 recalls 0.50 (0.43, 0.57) 0.38 (0.31, 0.44) 0.01 0.45 (0.34, 0.56) 0.45 (0.39, 0.50) 1.00 0.47 (0.42, 0.53) 0.39 (0.27, 0.50) 0.19 0.43 (0.36, 0.50) 0.50 (0.43, 0.56) 0.17
3 recalls 0.60 (0.54, 0.66) 0.48 (0.40, 0.55) 0.01 0.55 (0.43, 0.65) 0.55 (0.49, 0.60) 0.99 0.58 (0.52, 0.63) 0.49 (0.36, 0.60) 0.19 0.53 (0.45, 0.60) 0.60 (0.53, 0.66) 0.18
4 recalls 0.67 (0.61, 0.73) 0.55 (0.47, 0.62) 0.01 0.62 (0.50, 0.72) 0.62 (0.56, 0.67) 0.98 0.64 (0.59, 0.69) 0.56 (0.43, 0.66) 0.20 0.60 (0.53, 0.67) 0.66 (0.60, 0.72) 0.18
5 recalls 0.72 (0.66, 0.77) 0.60 (0.53, 0.67) 0.01 0.67 (0.56, 0.76) 0.67 (0.62, 0.72) 0.98 0.69 (0.64, 0.74) 0.61 (0.48, 0.71) 0.21 0.65 (0.58 ,0.71) 0.71 (0.65, 0.76) 0.18
6 recalls 0.75 (0.70, 0.80) 0.65 (0.57, 0.71) 0.01 0.71 (0.60, 0.79) 0.71 (0.66, 0.75) 0.97 0.73 (0.68, 0.77) 0.66 (0.53, 0.75) 0.21 0.69 (0.63, 0.75) 0.75 (0.69, 0.79) 0.18

ICC, intraclass correlation coefficient; IDATA, the Interactive Diet and Activity Tracking in AARP.
1 Intraclass correlation coefficients were calculated using a 1-way linear mixed effects model with and without fixed covariates.
2 IDATA participants completed � 6 24-h dietary recalls.
3 Duration of overnight fasting (in h) was estimated by calculating the time between the first and the last eating episode of the day and subtracting from 24-h.
4 Midpoint of the overnight fasting period was calculated as the duration of overnight fasting divided by 2 and added to the start time of the overnight fasting.
5 The number of eating episodes was calculated as an ordinal variable and included any time-stamped eating episode associated with calorie-containing food or beverage consumption (�25 calories).
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TABLE 4
Comparison of estimated intra-rater reliability1 of 24-h dietary recall mea-
surement of calories, protein, and overnight fasting duration in the Interactive
Diet and Activity Tracking in AARP study (n ¼ 996)

Intraclass correlation coefficient

Dietary exposure/Number
of recalls

1 2 3 4 5 6

Total calories (kcal/d) 0.41 0.58 0.67 0.73 0.77 0.80
Total protein (g/d) 0.32 0.49 0.59 0.65 0.70 0.74
Overnight fasting duration (h)2 0.29 0.45 0.55 0.62 0.67 0.71

1 Intraclass correlation coefficients were calculated using a 1-way linear
mixed effects model with and without fixed covariates.
2 Duration of overnight fasting (in h) was estimated by calculating the time

between the first and the last eating episode of the day and subtracting from
24-h.
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conjunction with an alternative method, such as food records, would
further inform meal timing measurement errors. Moreover, reliability
estimates were calculated based on repeated recalls over a period of
time. Reliability may be influenced by both day-to-day variability and
changes over longer periods of time, potentially leading to lower
reliability when implementing a single 24HR for estimating habitual
meal timing. In our analyses, covariates were not modeled as being
time-varying since we did not have measures at every recall. A time-
varying (longitudinal) model may have inflated within-subject vari-
ability estimates, deflating the ICCs. Therefore, our observed ICC es-
timates are likely conservative.

Nonetheless, the current methodological assessment could be
strengthened by studies that administer multiple 24HR within the same
week. For example, 4 self-reported 24HR administered within 10-
d yielded ICCs for energy and nutrients ranging from 0.31; 95% CI:
0.25, 0.37 – 0.43; 95% CI: 0.37, 0.49 for 1 24HR and 0.36; 95% CI:
0.27, 0.46 – 0.63; 95% CI: 0.55, 0.69 for paired 24HR [54]. None-
theless, evaluating longitudinal 24HR provides information on habitual
dietary intake, which could be considered a more relevant exposure
period in the etiology of disease.

Sex differences were observed in meal timing reliability. Other
studies have observed that habitual calorie and nutrient intakes can be
estimated with fewer 24HR among males than females [26], which we
observed in IDATA. A recent meta-analysis showed similar caloric
underestimation by sex [58]. There was suggestive evidence that BMI
modified reliability estimates of meal timing in our study, with esti-
mates being more reliably measured among individuals in the normal
weight than overweight/obese range. On the contrary, adults with
overweight or obesity showed higher stability in meal timing than lean
young adults in 1 study [59], although meal timing was estimated with
food photograph time stamps, was small in size, and was conducted
among college-age adults. Studies support that individuals with over-
weight or obesity may misreport dietary intakes more than those with a
BMI < 25 kg/m2 [60,61]. In an analysis of data from US adults in the
National Health and Nutrition Examination Survey (NHANES), the
snacking frequency was not associated with the odds of being over-
weight or obese, although the odds trended downward with higher
snack frequency [62]. Meal timing reliability estimates differed by day
and season of 24HR administration. Other studies have reported vari-
ation in dietary intake comparing weekend days to weekdays, but no
studies have investigated meal timing [63–65]. Additional research
may be warranted to evaluate differences in meal timing based on
geography, including north-to-south gradients that associate with
sunlight exposure.
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Meal timing reliability over time was similar in the United States
and Germany, but the included studies lacked age and racial/ethnic
diversity. Meal timing and frequency may differ for stages of life or
other characteristics such as cultural meal patterns, social influences,
marital status, attending college, or shift work [66–68]. There is limited
research investigating meal timing among children and adolescents.
One study among Hispanic adolescents showed that 65% of the intake
of calories, carbohydrates, and added sugars occurred between 11:00
and 19:00 [69], but more studies are needed in younger populations.

Our findings lay the groundwork for future studies of meal timing in
relation to disease outcomes. The 24HR and food records are the only
commonly used, validated dietary assessment tools that include the
timing of meals as an integral part of the data collection process [21].
Emerging alternatives include time-stamped food photograph tech-
nology [70], and 24-h meal timing grid [71]. Meal timing may be an
important disease risk exposure given its links in preclinical and clin-
ical studies with cardiometabolic disease risk factors [3]. However,
chronic diseases evolve over long periods of time [72]; thus, pro-
spective observational studies provide a unique resource to investigate
dietary exposures in relation to disease outcomes. As with other dietary
exposures, implementing � 3 24HR may measure meal timing with an
adequate level of reliability in epidemiologic studies [20,22,27]. A
caveat is that prospective cohorts that conducted dietary calibration
sub-studies with 24HR often administer 1 or 2 measures, which could
attenuate or distort the magnitude of association with disease outcomes
[73,74]. Methods to apply de-attenuation factors because of the sub-
optimal reliability have been proposed [73,75], which may be useful
for future meal timing studies that leverage existing data from pro-
spective cohorts.

Recalling foods and beverages consumed from waking to bedtime
may provide different reliability estimates than recalling from midnight
to midnight since foods may be consumed after 00:00 h. Therefore,
estimates of overnight fasting duration may need to consider the timing
of sleep in relation to the last eating episode. Nonetheless, we did not
observe material differences in overnight fasting duration in IDATA
when taking this into consideration. However, the pattern of meal
timing in IDATA, a cohort of older adults, could differ in other pop-
ulations. Recently, the ASA24 added an optional sleep assessment that
could be informative when determining how sleep aligns with dietary
intake [76]. Moreover, the timing of dietary intake may be influenced
by sleep patterns, which have also been linked to metabolic health
[77–79]. Thus, measuring sleep may be an important covariate to
consider in studies of meal timing and health outcomes.

Strengths of our study include the large, international study sample
with heterogeneity in meal timing behaviors and serial 24HR admin-
istration over time. Our robust sample size allowed for the stratification
of reliability estimates by participant and 24HR measurement charac-
teristics. The different approaches to collecting 24HR (midnight to
midnight or waking to bedtime) enabled a comparison of approaches
for estimating overnight fasting duration at its midpoint. Limitations
exist, however. Since the 24HRs were nonconsecutive, the overnight
fasting duration calculation assumed a similar day-to-day distribution
of meal timing, and the reliability estimates reflect meal timing over
time rather than day-to-day. Assessing the day-to-day reliability of
meal timing using 24HR in conjunction with an alternative method,
such as food records, would further inform meal timing measurement
errors. Incorporating information on sleep timing would further vali-
date meal timing self-report. Since our data contains 24HR collected
from individuals within a timeframe (e.g., 1 y), our reliability estimates
reflect the collection of recalls within the same time frame. The ICC
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calculation does not incorporate time. Therefore, it cannot be deter-
mined whether repeated recalls collected within different time frames
have different levels of reliability. Since the ICC estimates do not
consider the duration of time between measurements, we did not es-
timate the “optimal” timing of 24HR over months or years for
measuring meal timing variables. The current 24HR methodology does
not account for the duration of the eating occasion, which can modulate
meal timing estimation [80]. Moreover, replication in more age and
racial/ethnically-diverse populations is warranted.

In summary, meal timing variables are measured with moderate
reliability over periods of 1–3 y with � 3 24HR, and reliability esti-
mates increase with more recalls. Different meal timing variables have
different levels of reliability that should be considered in future ana-
lyses of meal timing in relation to health or disease outcomes. Reli-
ability estimates showed some differences according to participant
characteristics and the day or season of 24HR administration. Future
meal timing methodology studies will benefit from leveraging
consecutive 24HR recalls and more heterogeneous populations.
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