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ABSTRACT
Background: Circadian rhythms coordinate multiple biological processes, and time of eating is an important entrainer of peripheral circadian
clocks, including those in the gastrointestinal tract and liver. Whereas time of eating can be assessed through valid and reliable tools designed to
measure nutrient intake (24-h recalls), currently there is no easily administered, valid, and reliable tool designed to specifically assess both time of
food intake and sleep.
Objectives: The objective of this study was to test the validity and reliability of 2 questionnaires developed to measure food and sleep-wake
timing, the Food Timing Questionnaire (FTQ) and Food Timing Screener (FTS), and the agreement between these 2 tools.
Methods: The content validity of these tools was assessed by an expert panel of 10 registered dietitian nutritionists. Adult volunteers (n = 61)
completed both tools to assess internal consistency and test-retest reliability. Criterion-related validity was determined through the association of
FTQ and FTS with 2 valid instruments, the Automated Self-Administered 24-hour recall (ASA24®) Dietary Assessment tool and the Munich
Chronotype Questionnaire. Agreement between the FTQ and FTS was tested by calculating the Pearson’s correlations for both food and
sleep-wake timing.
Results: The content validity indexes for both tools were >0.80, and internal consistency and test-retest reliability coefficients were >0.50 for all
meals and sleep-wake times. Correlation coefficients were >0.40 between both tools and criterion measures of food intake and sleep except for
snacks. Correlations between the FTQ and FTS for all eating events and sleep were >0.60 except for snack 1.
Conclusions: Both the FTQ and FTS are valid and reliable instruments for meal timing and sleep. However, further psychometric testing in a more
expansive and diverse sample will improve the ability of these tools to accurately assess food timing and sleep and their impact on health
outcomes. Curr Dev Nutr 2022;6:nzab148.
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Introduction

Energy intake as reported by eating event has remained mainly con-
sistent in the United States between 1970 and 2010, with slight de-
creases in energy from meals and increases in energy from snacks (1).

Over this same time span, a shift in breakfast and lunch to a later clock
time has contributed to a reduced duration of the ingestive period (1).
Using data from the NHANES, researchers reported that dinner and
after-dinner snack in combination contributes substantially to daily en-
ergy intake (2). In addition to eating late at night, skipping meals and
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inconsistent meal patterns between types of days are dietary intake pat-
terns that may be considered examples of “irregular eating.” Contribut-
ing to these meal pattern changes is the increasing number of people
who have irregular work hours, which adds to these irregular eating
times (3).

Emerging evidence suggests that irregular eating times adversely af-
fect metabolism and contribute to obesity, cardiovascular disease, and
type 2 diabetes mellitus (4–6) through disruption of circadian rhythms.
The term “circadian” derives from the Latin phrase “circa diem,” which
means “about a day.” Whereas the master, or central, clock located in the
suprachiasmatic nucleus is entrained, or synchronized, primarily by the
external light-dark cycle (7), clock genes present in peripheral cells—
including the intestine, pancreas, liver, and adipose tissue (8, 9)—are
entrained by environmental factors such as food intake (10). Accord-
ingly, food intake is the primary zeitgeber, or event that provides stimuli
to reset an organism’s biological clock, that entrains peripheral circadian
rhythms in the intestine and liver (11, 12). Nutrient composition (13),
nutrient quantity (14), and time of eating (15) are all thought to entrain
the intestinal/hepatic circadian system and thus partially regulate func-
tion, nutrition, absorption, and metabolism within the gastrointestinal
tract. Specific to timing, irregular eating times, including eating close
to the biological night when sleep normally occurs, have been shown
to induce circadian misalignment, or a mismatch, between the central
and gastrointestinal peripheral clocks (12, 16, 17). This in turn has been
associated with proinflammatory states (18, 19) and implicated in reg-
ulating blood glucose, energy intake, and body weight (5, 20, 18, 19). In
addition, when sleep alone is not aligned with circadian cues, circadian
misalignment can result and contribute to alterations of metabolism and
health (21). Although the current study did not aim to assess the impact
of food or sleep timing on these aforementioned health outcomes, accu-
rately capturing these lifestyle factors is an important first step for future
investigations into this relation.

Despite this emerging evidence to support the relation between food
and sleep timing and health outcomes, our understanding has been lim-
ited owing to the lack of validated tools to assess time of eating. Al-
though a number of smart phone applications have been developed that
could potentially capture the timing of eating events (22–26), none have
been adequately validated. And, although food records and 24-h recalls
can also capture time of eating, these tools have several shortcomings,
including the time required to complete them and the inability to specif-
ically capture variations in food intake driven by work or social schedule
unless multiple days or types of days are documented. In addition, al-
though the current study is not the first to explore use of a food timing
questionnaire to identify meal timing or patterns (27), ours is, as far as
we know, the first short screening tool specifically designed to identify
diet-induced intestinal/hepatic circadian disruption through the simul-
taneous measurement of time of eating for all days of the week and on
different types of days and the relation between food and sleep timing.
The aim of the present study was to fill this unmet need by validating
2 brief assessment tools, the Food Timing Questionnaire (FTQ) and a
shorter Food Timing Screener (FTS), using a valid measure of dietary
intake [Automated Self-Administered 24-hour recall (ASA24®)] (28)
and sleep [Munich Chronotype Questionnaire (MCTQ)] (29) in a sam-
ple of adults. Validation of these tools will provide support for accurate
assessment of these measures for future studies designed to assess the
impact on health outcomes affected by circadian rhythms.

Methods

We developed 2 structured questionnaires that measure usual time of
eating, the FTQ and FTS, to be used both in practice and in research
where time of eating is assessed. These tools were designed to be both
easy to understand and quick to complete by individuals of all education
levels and backgrounds. We then evaluated their psychometric rigor by
assessing content validity, internal consistency, test-retest reliability, and
criterion-related validity.

Study population
To test the content validity of the FTQ and FTS, a sample of 10 regis-
tered dietitian nutritionists (RDNs) with >2 y of clinical experience as
an RDN was used. To test internal consistency, test-retest reliability, and
criterion-related validity, healthy volunteers were recruited from Rush
University Medical Center (RUMC). Volunteers were excluded if they
met any of the following criteria: 1) were unable to give informed con-
sent; 2) were from a vulnerable population, including participants <18
y old, currently pregnant, and prisoners; 3) were shift workers; and 4)
had traveled across >2 time zones in the past week. The study was ap-
proved by the RUMC Institutional Review Board, and procedures fol-
lowed were in accordance with the ethical standards of the Helsinki
Declaration of 1975 as revised in 1983.

Procedures
Items on the initial FTQ and FTS were developed by experts in
both chronobiology and nutrition. Constructs were conceptualized and
modified by these experts based on content expertise, clinical experi-
ence, and the anticipated application of the tool. Tools were informally
pilot tested with both clinicians and non-experts before deeming the
tools ready for formal review by content experts.

Ten RDNs (content experts) were sampled to test the content va-
lidity of the FTQ and FTS. A link to an online survey was sent to the
content experts after they consented to participate by email. The con-
tent experts were asked to evaluate each item on the FTQ and FTS for
both relevance and clarity on a 4-point scale. Comments related to each
FTQ and FTS section were solicited to assist in guiding changes to the
tools. A reminder email was sent to all experts 10 d after the original
email. The survey was completed in 2 rounds, and all responses were
confidential with no personal identifiers collected.

For internal consistency, test-retest reliability, and criterion-related
validity, healthy volunteers were recruited through word-of-mouth. In-
terested, self-selected volunteers contacted the researchers in person,
by phone, or through email. All eligible volunteers were sent study de-
tails by email, and those who were interested in participating consented
electronically through REDCap®. Participants then completed a demo-
graphics questionnaire, the FTQ, FTS, and MCTQ. Forty-eight hours
after completing the first set of questionnaires (time point 1), the par-
ticipants electronically completed a second FTQ and FTS (time point 2).
The participants were then directed to complete the ASA24® dietary as-
sessment tool for 7 consecutive days to capture both free days and work
days.

FTQ
The FTQ (Supplemental Figure 1) is a self-report questionnaire that
assesses an individual’s usual eating and sleep habits on all 7 d of the
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week through soliciting responses to 6 questions for each of the 7 d of
the week. Individuals can select school/work day or free time/day off
for each day, herein called work days and free days, respectively. Re-
spondents report, in 1 sitting, the time of eating for 3 meals (breakfast,
lunch, and dinner) and ≤3 snacks (snack 1, snack 2, and snack 3), the
times of awakening and falling asleep, whether s/he awakens from sleep
to eat, and the largest eating event of the day (self-defined most food to
identify the relation of energy intake to time of day in the absence of
direct reporting of energy intake) for all 7 d of the week. The FTQ in-
quires about sleep-wake time to be able to identify the relation between
food intake and sleep timing.

FTS
The FTS (Supplemental Figure 2) is a brief self-report screener that
assesses an individual’s usual eating and sleep habits through 6 ques-
tions pertaining to all days of the week but with the response option
dichotomized into 2 types of days: school/work days and free days/days
off. Respondents report, in 1 sitting, the time of eating for 3 meals
(breakfast, lunch, and dinner) and ≤3 snacks (snack 1, snack 2, and
snack 3), the times of awakening and falling asleep, whether s/he awak-
ens from sleep to eat, and the largest eating event of the day (self-defined
most food to identify the relation of energy intake to time of day in the
absence of direct reporting of energy intake) on each type of day. The
FTS was designed to be a concise form of the FTQ to be used indepen-
dently when time to complete the full FTQ is limited. As with the FTQ,
sleep-wake time is included to be able to identify the relation between
food intake and sleep timing.

MCTQ
The MCTQ is a self-administered, validated questionnaire (29–31) that
measures individual chronotype. It contains a total of 14 questions
pertaining to sleep timing, accompanied by pictures describing sleep-
related activities such as bedtime, length of time to fall asleep, time of
awakening, and use of an alarm clock. All questions are asked separately
for workdays/schooldays and for free days (weekend/vacation). The va-
lidity of the MCTQ has been supported by positive correlations between
MCTQ-measured chronotype and dim light melatonin onset (30) and
associations between mid-sleep on free days corrected for sleep-debt
accumulated through weekdays (MSFsc) and dim light melatonin onset
(30, 32). The MCTQ was used to validate the sleep-wake time questions
on the FTQ and FTS. Sleep timing was identified using the MCTQ re-
sponse options “I actually get ready to fall asleep at __ o’clock” and “I
wake up at __ o’clock.”

ASA24® recalls
The ASA24® is a valid and reliable (33) web-based tool developed by the
National Cancer Institute to capture 24-h dietary intake (28, 34). Par-
ticipants report each food item that they consumed in the last 24 h us-
ing the Automated Multiple-Pass Method, a reference standard adapted
from the USDA (35). The ASA24® guides the respondent through mul-
tiple steps of recalls that include reporting each meal or snack or any
other time that foods or beverages were consumed, a comprehensive
list of foods and drinks consumed, and finally a detail step that in-
cludes quantity of food consumed, any forgotten foods, and a final re-
view. Respondents are asked to self-define meals and snacks, as well as
document the times of all eating events. The criterion validity of the

ASA24® recalls is supported by high agreement (∼80%) with tradi-
tional interviewer-administered recalls (36) and comparable energy in-
take estimates between ASA24® recalls and the interview-administered
Automated Multiple-Pass Method in healthy men and women (37). A
total of 7 consecutive ASA24® recalls were used to validate the time of
eating events and the largest meal on the FTQ and FTS. Participants
were excluded if not all 7 recalls were completed.

Statistical analysis
Based on psychometric studies done in the field of nutrition, the cor-
relations between different FFQs or between FFQs and recalls tend to
be in the range of 0.3–0.6 (extracted from https://epi.grants.cancer.go
v/cgi-bin/dacv/index.pl). Using 0.3 as the correlation coefficient, it was
determined that a sample size of 60 would yield a power of 0.80 given a
1-tailed α of 0.05.

Using 4-point Likert scales, content validity indexes (CVIs) were cal-
culated to assess the relevance and clarity of both the individual items
on the FTQ and FTS and the overall scales. For relevance, the scale was
as follows: 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant,
4 = very relevant. For clarity, the scale was as follows: 1 = not clear,
2 = somewhat clear, 3 = quite clear, 4 = very clear. For each item, the
item-CVI (I-CVI) was computed as the number of experts giving a rat-
ing of either 1 and 2 or 3 and 4 (thus dichotomizing the ordinal scale
into relevant and not relevant, and clear and not clear), divided by the
total number of experts (38, 39). The scale CVI (S-CVI) was calculated
by dividing the total number of questions that were scored as 3 or 4 by
the total number of questions. The S-CVI/Ave was calculated by taking
the average of the S-CVIs. The I-CVI threshold was defined as ≥0.78
and S-CVI/Ave was defined as ≥0.9 (40–42).

To assess internal consistency of the FTQ, intraclass correlation co-
efficients (ICCs) for the timing of eating events across all self-reported
work days, as well as free days, were calculated. The internal consis-
tency of the FTS was not tested because this tool only has 1 work day
and 1 free day. To assess test-retest reliability, Pearson’s correlations were
calculated for the timings for breakfast, lunch, dinner, and snacks at the
2 time points, 48 h apart, for both the FTQ and FTS. Work days and free
days were analyzed separately.

Criterion-related validity of the FTQ was assessed by calculating
Pearson’s correlations between reported usual times of breakfast, lunch,
dinner, snack 1, and snack 2 intake for all work and free days as mea-
sured by the first administered FTQ and the 7 ASA24® recalls. Addi-
tional snacks were not reported because of low overall consumption.
The reported times of each eating event on the ASA24® recalls were
averaged for work days and free days to compare them with the times
of eating on the first administered FTS. Agreement between sleep-wake
timings was assessed by calculating Pearson’s correlations for the sleep-
wake timings on the FTQ/FTS and the MCTQ; the reported times on
the FTQ were averaged for work days and free days to compare them
with the timings on the MCTQ. Cohen’s κ values were calculated to as-
sess agreement on the largest meals between the FTQ/FTS and ASA24®

recalls, with the former (both FTQ and FTS) self-defined by the partic-
ipant and the latter defined by the meal with the highest caloric con-
tent. Agreement between the first administered FTQ and FTS was as-
sessed by calculating Pearson’s correlations for all meal, snack 1 and 2,
and sleep timings on the FTS with an average of these same timings
over the self-reported work days and free days on the FTQ. Because only
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Assessed for Eligibility 
(n = 108)

Enrolled (n = 79)

Completed study (n = 61) 

Did not complete study (n = 18)

Incomplete FTQ/FTS (n = 8)

1–6 Diet recalls completed (n = 10)

Excluded (n = 29) 

Did not meet inclusion criteria (n = 5) 

Declined to participate (n = 24) 

FIGURE 1 Flow diagram depicting participant enrollment and
attrition. Study completion was defined as those who fully
completed seven 24-h recalls, 2 FTQs, and 1 FTS. FTQ, Food
Timing Questionnaire; FTS, Food Timing Screener.

3 participants reported waking up at night to eat on the FTQ and FTS,
these data were not included in the analyses.

Results

Content validity
A total of 9 out of 10 experts responded to the survey for a 90% response
rate. All I-CVI relevance scores for each item on the FTQ were >0.80,
whereas those for clarity were >0.40. The S-CVI/Ave for relevance was
0.90 and for clarity was 0.68. All I-CVI relevance scores for each item
on the FTS were >0.80, whereas those for clarity were >0.63. The S-
CVI/Ave for relevance was 0.94 and for clarity was 0.80.

Because I-CVI and S-CVI/Ave for relevance of items on both the
FTQ and FTS met the thresholds, all items on both tools were deemed
relevant. To increase the clarity of both tools, the instructions and ques-
tions on the FTQ and FTS were revised based on expert comments. Nine
of the 10 (90%) experts then evaluated the revised FTQ for clarity, and
the subsequent I-CVI and S-CVI/Ave scores were both 1.0. Because the
FTS revisions were minimal based on the initial CVI and expert com-
ments, the experts were not asked to re-evaluate this tool.

Reliability and criterion-related validity
To test FTQ internal consistency, as well as test-retest reliability and
criterion-related validity of both tools, a total of 79 participants were
enrolled of whom 61 completed the study (Figure 1). The sample
was 72.1% female, with a mean ± SD age of 34.9 ± 11.2 y and BMI
of 26.8 ± 5.4 kg/m2. Of the sample, 63.9% were employed full time,
with a majority (67.2%) reporting 5 work/school days and 2 free days.
Table 1 shows participant characteristics.

Internal consistency.
For the FTQ, the mean ICC on work days for all events was 0.84, with all
ICCs >0.70 (Supplemental Table 1). On average, the ICCs on free days
were somewhat lower than those on work days; the mean ICC on free

TABLE 1 Demographics of study participants1

Characteristic Value

Age, y 34.9 ± 11.24
Gender

Male 17 (27.9)
Female 44 (72.1)

BMI, kg/m2 26.82 ± 5.37
Race

Native American 1 (1.6)
Asian 14 (23.0)
African American 12 (19.7)
White 34 (55.7)

Ethnicity
Hispanic 12 (19.7)
Not Hispanic 49 (80.3)

Education
High school dropout 2 (3.3)
High school graduate/GED 8 (13.1)
Associates degree 6 (9.8)
Bachelor’s degree 15 (24.6)
Graduate/professional degree 30 (49.2)

Employment status
Full time 39 (63.9)
Part time 5 (8.2)
Retired 3 (4.9)
Student 10 (16.4)
Homemaker 2 (3.3)
Unemployed 2 (3.3)

1n = 61. Values are mean ± SD or n (%). GED, general educational development.

days for all events was 0.69, with 75% of ICCs >0.60. The lowest ICC
(0.27) was for snack 1 on free days. All ICCs were statistically significant
at the 0.05 level except for snack 1 on free days.

Test-retest reliability.
The mean Pearson’s correlation coefficient for all eating events between
the 2 time points was 0.75 and 0.66 for the FTQ and FTS, respectively,
with 70% of correlations >0.70 for both the FTQ and FTS (Table 2). On
average, the Pearson’s correlations on free days were lower than those on
work days for both the FTQ and FTS. All test-retest correlations for the
FTQ were significant, and all correlations except for snack 1 on the FTS
were significant at the 0.05 level (r = 0.09, P = 0.62).

Criterion-related validity.
Breakfast, lunch, and dinner times on the FTQ and FTS were signifi-
cantly correlated to the reported eating events on the ASA24® recalls
(Figure 2). A majority of the correlations for meal timing were >0.40
except for breakfast on free days for both the FTQ and FTS, as well as
dinner on the FTQ for work days and lunch on the FTS for free days.
Overall, correlation coefficients for meals were either similar or higher
for the FTS compared with the FTQ in relation to the ASA24® dietary
recalls. Snack times between the ASA24® recalls and both the FTQ and
FTS were not significantly correlated. There was poor agreement for
the largest meal reported on the FTQ (Supplemental Table 2) and FTS
(Cohen κ on work day: 0.23 and on free day: 0.19) compared with the
ASA24® dietary recalls.

Sleep-wake times on the FTQ and FTS were compared with those on
the MCTQ. All correlations for awakening and sleep times were signif-
icant, with mean correlations of 0.90 and 0.58 for awakening and sleep
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TABLE 2 Test-retest reliability of the FTQ and FTS on 2 types of days1

FTQ FTS
Event Work day Free day Work day Free day

Breakfast 0.884 0.927 0.758 0.759
Snack 1 0.784 0.485 0.731 0.090
Lunch 0.928 0.817 0.835 0.639
Snack 2 0.721 0.346 0.769 0.647
Dinner 0.893 0.647 0.786 0.546
Awaken 0.967 0.947 0.938 0.866
Fall asleep 0.709 0.733 0.641 0.712
1P < 0.05 for all correlations except FTS snack 1 on free days, P = 0.62. FTQ, Food Timing Questionnaire; FTS, Food Timing
Screener.

times on the FTQ, and mean correlations of 0.58 and 0.56 for awakening
and sleep times on the FTS, respectively (Supplemental Table 3).

FTQ and FTS agreement
In addition, the FTQ was compared with the FTS for food and sleep-
wake timings (Table 3). Time of food intake and sleep were significantly
correlated for sleep/awakening and all eating events except for snack 1
on weekends.

Discussion

Time of eating has emerged as an additional important and modifiable
factor that may affect health, with irregular eating patterns, or eating at
what may be considered the wrong time, associated with metabolic and
neuropsychological disorders (17, 43). Despite recent evidence to sup-
port this association, simple tools to accurately assess when individuals
usually eat do not exist. Our findings suggest that, overall, both the FTQ
and FTS are reliable and valid tools to assess not only usual time of meal
intake, but also simultaneously usual sleep-wake time. In addition, our
findings indicate that the FTQ and FTS are stable with repeat adminis-
tration in respect to breakfast, lunch, and dinner, but are more limited
when assessing both timing of specific snacks and the largest meal.

Within type of day, timing of eating events was largely consistent, as
seen by high ICCs for overall eating events. This finding is supported in
a sample comparing time of eating within work days (44, 45). Although
still significant, ICCs were slightly lower for eating events on free days,
and specifically, consumption of the first snack (snack 1) was not consis-
tent within free days. This is aligned with current literature, indicating
that food intake on free days is influenced by external factors that are not
consistent from day to day (45). Accordingly, it is likely that this vari-
ability in eating time on free days also contributed to lower test-retest
reliability and criterion validity for snacks because individuals are less
likely to be able to consistently identify a set time for usual eating events
when intake is highly variable. However, meal timing on both the FTQ
and FTS was highly stable.

Whereas intake within types of days, especially work days, is rela-
tively stable, the time at which an individual eats varies between work
days and free days (44–46), requiring validation for both types of
days. Overall, both the FTQ and FTS were able to capture meal tim-
ing for both types of days, with the highest correlation for breakfast
and lunch on work days. This is likely largely driven by rigidity of
the work schedule, an important factor that also drives sleep sched-
ule and thus circadian rhythms (47). Whereas the relations between
meal times on the FTQ/FTS and 24-h recalls were significant for all
meals, less relation was seen for dinner on work days and breakfast on
free days. It is likely that lower consistency in food timing on free days

FTQ FTS FTQ FTS
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FIGURE 2 Correlations between the FTQ/FTS and seven 24-h recalls [Automated Self-Administered 24-hour recall (ASA24®)] on work
days and free days for breakfast, lunch, dinner, snack 1, and snack 2. All meal times were significantly correlated at P < 0.05, whereas no
significant relation was found for snack times between tools. FTQ, Food Timing Questionnaire; FTS, Food Timing Screener.
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TABLE 3 Agreement between timing of eating events and
sleep on the Food Timing Questionnaire and Food Timing
Screener1

Event Work day Free day

Breakfast 0.845 0.761
Snack 1 0.681 0.418
Lunch 0.923 0.637
Snack 2 0.827 0.843
Dinner 0.842 0.630
Awaken 0.934 0.809
Fall asleep 0.903 0.683
1P < 0.05 for all correlations (r) except snack 1 on free days, P = 0.059.

contributed to the lower correlations on these days between the 2 as-
sessment methods. Similarly, inconsistent snack intake may be driv-
ing the lack of relation between snack times on the FTQ/FTS and
24-h recalls on both types of days. In addition, the provided guidance
on the FTQ/FTS indicating a broad definition of a snack, any food or
drink except for plain water, may have increased the difficulty in de-
termining time of snack intake. Although this is a clear limitation of
these tools, the majority (78%) of energy intake originates from meal
consumption in the United States (2). In addition, the contribution of
snack intake to overall diet quality is unclear, with limited evidence
suggesting that, although snacks may indeed contribute to increased
diet quality, meals may play a larger role in diet quality than snacks
in certain adult populations (48, 49). Evidence supporting differences
in snack nutrient composition and timing by age (50, 51) should be
taken into consideration before applying this tool to other populations,
especially if administered without a coinciding assessment of nutrient
composition.

One interesting finding was the similar ability of the FTS to capture
time of eating and sleep when compared with the FTQ. In addition to
exhibiting stability over time, correlation coefficients for meal timing
between the 24-h recalls and the FTS were either similar or higher com-
pared with the FTQ. It is likely that the high ICCs on the FTQ allow for
summary data to be collected (average time of eating on work days and
free days) and support use of the FTS. Although completion of the FTQ
allowed for a detailed understanding of food intake for individual days
and did not require significant time, certain clinical or research situa-
tions may call for further brevity. Our findings support requiring only 1
response option for food intake by type of day, despite the potential for
variability in timing, especially on free days.

Although both tools were found to be valid and reliable to capture
meal timing, especially during the weekdays, neither is able to capture
the largest meal of the day. The definition of the “largest meal” was not
included in the tool instructions, because response guidance based on
either energy content or volume would not have provided clarity. A lim-
ited ability to identify the energy density of foods has been seen else-
where (52) and likely contributes to the difficulty in self-identifying the
largest meal as defined by energy intake in the current study. This ques-
tion was included because the quantity of energy intake may influence
circadian rhythms (14), and a majority of individuals consume a sub-
stantial proportion of their energy late in the day (2), with this late con-
sumption disruptive to circadian rhythms and related health outcomes
(5, 53). However, it is possible that the ability to capture the eating event
at which the most energy is consumed is not possible in such a brief for-

mat and rather should be collected through utilization of 24-h recalls if
time allows.

Our study has several strengths. To our knowledge, this is the first
study to demonstrate psychometric maturity for measures of food tim-
ing. Multiple studies have shown that time of eating is critical for
metabolic homeostasis (5, 6, 54) and many signaling pathways responsi-
ble for normal cellular function. Irregular eating patterns have also been
associated with intestinal circadian disruption, which can be a predis-
posing factor for disease, including promoting carcinogenesis (55, 56),
obesity, and metabolic syndrome (57). Validation of these tools allows
for future use of these tools to explicate the health outcomes of this tim-
ing. Second, content experts were RDNs trained in dietary assessment.
Third, a criterion measure of food intake, the 24-h recall, was used for
validation of time of eating, and this was done for 7 d to capture both
weekdays and weekend days; in addition, we confirmed that the week
of dietary reporting reflected participants’ usual intake. Lastly, both the
FTQ and FTS can be used to capture meal and sleep-wake timing, thus
enabling researchers to look at the relation between sleep and food con-
sumption rhythms.

The study does have several limitations. The study sample was pri-
marily highly educated, white females and thus not representative of the
general population. The ICC was calculated across all days within type
of day; thus, a low ICC may reflect an inconsistent eating pattern across
work days or free days rather than indicating that the tool is not reli-
able. Whereas 53% of individuals in the United States reported snack
intake after dinner, only ∼20% of our small sample consumed a snack
at this time (data not shown); because of this low frequency, the rela-
tion of what would be snack 3 intakes between tools is uncertain. We
used ASA24® to administer seven 24-h recalls over 1 wk, which may
not have been an adequate reflection of usual time of eating. We used
the ASA24® as a criterion measure, but ASA24® or the Automated
Multiple-Pass Method used in NHANES has been validated for nutrient
intake but not specifically time of intake. In addition, despite allowing
for identification of food timing, both the FTQ and FTS do not allow for
collection of nutrient intake. Because it is known that specific nutrients
can also influence circadian rhythms (14), ideally a more comprehen-
sive tool should be used to fully determine the impact of food intake, in
terms of both nutrients and timing, on circadian rhythms. Although this
can be accomplished through a 24-h recall, especially with the recent re-
lease of the ASA24® that includes a sleep module, multiple 24-h recalls
would need to be completed to accurately identify both factors; com-
pletion of 1 or more 24-h dietary recalls is not often feasible in certain
clinical and research situations because of responder burden. Despite
the brevity of the FTQ and FTS (∼8 and ∼5 min to complete, respec-
tively) as seen in our current administration among >400 participants
in a clinical setting, the exact amount of time needed to complete these
tools was not assessed in the current study. Because the FTQ and FTS
are self-report instruments, they are subject to common method bias;
future studies with direct observation of time of eating would need to
be done to overcome this limitation. Lastly, if a participant did not indi-
cate an eating time for an eating event, this was counted as missing data
because we were not able to differentiate between skipped eating events
and missing data.

Future directions for the FTQ and FTS include additional cognitive
testing on non-experts, including those with a diversity of backgrounds;
modifying the definitions of snacks and the largest meal; as well as
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consideration of physical activity timing assessment to incorporate an
additional lifestyle measure thought to influence circadian rhythms
(58). In addition, future studies including FTQ/FTS administration and
assessment of biological outcomes would be needed to identify the true
utility of the FTQ and FTS to predict these outcomes or be used as a tool
for intervention.

In conclusion, both the FTQ and FTS are valid and reliable instru-
ments for meal timing and sleep-wake timing. These tools are unique
in that both the FTQ and FTS can be used to capture both of these 2 key
modifiable lifestyle factors that affect health outcomes and can be in-
corporated into studies to advance the field of food timing and circa-
dian rhythms. In addition, these easy-to-administer and validated ques-
tionnaires could accurately assess meal timing to identify those with
irregular meal patterns to modify risk for those susceptible to metabolic
and inflammatory disorders. However, further psychometric testing in
a more expansive and diverse sample and subsequent modification may
improve the ability of these tools to accurately assess food, especially
snack, and sleep-wake timing.
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