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Abstract

Background A growing number of studies have investigated chrononutrition-related variables in relation to health
outcomes. However, only a few questionnaires specifically designed for assessing chrononutrition-related param-
eters have been validated. We aimed to examine the relative validity of the Chrono-Nutrition Behavior Questionnaire
(CNBQ) against 11-day event-based ecological momentary assessment (EMA) diaries of eating.

Methods Informed by previous research, we developed the CNBQ for the comprehensive assessment of chrononu-
trition-related parameters, including sleep variables, eating frequency, timing of eating, duration of eating occasions,
duration of eating windows, and time interval between sleep and eating, for workdays and non-workdays separately.
Between February and April 2023, a total of 1050 Japanese adults aged 20-69 years completed the online CNBQ

and subsequently kept event-based EMA food diaries for 11 days, including 6.5 workdays and 4.5 non-workdays

on average.

Results Mean differences between estimates derived from the CNBQ and the EMA food diaries were < 10% for most
of the variables examined, both for workdays (27 of 33; 82%) and non-workdays (25 of 33; 76%), and for variables
based on differences between workdays and non-workdays, such as eating jetlag (5 of 6; 83%). Spearman correla-
tion coefficients between estimates based on the CNBQ and estimates based on the EMA food diaries were >0.50
for 26 variables (79%) on workdays and 22 variables (67%) on non-workdays (e.g., mid-sleep time; total eating fre-
quency; timing of first eating occasion, last eating occasion, first meal, and last meal; duration of first meal and last
meal; duration of eating window; eating midpoint; and time interval between wake time and first eating occasion
and between last meal and sleep time), and 2 variables based on differences between workdays and non-workdays
(e.g., eating jetlag base on breakfast timing). Bland-Altman analysis showed that the limits of agreement were wide
and that the bias of overestimation by the CNBQ was proportional as mean estimates of the CNBQ and EMA food
diaries increased.

Conclusions These findings suggest that the relative validity of the CNBQ justifies its use in estimating mean values
and ranking individuals for the majority of chrononutrition-related parameters.

*Correspondence:

Kentaro Murakami

kenmrkm@m.u-tokyo.acjp

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-025-01740-9&domain=pdf
http://orcid.org/0000-0002-4189-7753

Murakami et al. Int J Behav Nutr Phys Act (2025) 22:46

Page 2 of 17

Keywords Chrononutrition, Temporal eating patterns, Meal timing, Meal regularity, Eating window, Chronotype,
Sleep, Questionnaire, Ecological momentary assessment, Epidemiology

Background
Circadian rhythms—daily rhythms in our body that
repeat every 24 h—are controlled by the master circadian
clock in the suprachiasmatic nuclei of the hypothalamus
and regulate daily sleep—wake rhythms, feeding behavior,
and hormone secretion [1]. These circadian rhythms can
be affected by entrainment factors (zeitgebers), such as
light, hormones, and food intake [2]. Proper functioning
of this system is essential for maintaining optimal meta-
bolic health [3]. The typology of an individual’s circadian
rhythm is summarized in the concept of chronotype,
referring to an individual’s activity-rest preference over
a 24-h period [4]. Individuals who preferentially wake up
early and are active in the morning are said to be morn-
ing chronotypes, while those who preferentially wake up
late and are night-oriented are said to be evening chrono-
types [5]. Similarly, in later chronotypes (more evening-
type), food consumption is temporally shifted to later in
the day, whereby individuals eat later in the day and con-
sume more energy toward the end of the day [6].
Recently, chrononutrition—the science that com-
bines elements of nutritional research and chrono-
biology—has received increasing attention [7, 8] as
a growing body of literature reveals a possible asso-
ciation between chronotype, temporal eating patterns,
and health [2, 6-14]. For example, having a later first
meal (later than 9 AM compared to earlier than 8 AM)
and last meal of the day (later than 9 PM compared to
earlier than 8 PM) was associated with a higher risk of
cardiovascular disease in a prospective cohort study
of French adults [15]. In the US, a prospective cohort
study showed that, compared with men with a reported
eating frequency of 3 times per day, those who reported
an eating frequency of 1-2 times per day had a higher
risk of type 2 diabetes [16]. Additionally, another US
prospective cohort study showed a lower risk of 5-year
incident obesity among women with stable breakfast
consumption habits (i.e., those who always or never
ate breakfast) compared to those with irregular break-
fast habits (i.e., those who ate breakfast 3—4 days per
week) [17]. Furthermore, several meta-analyses of
randomized controlled trials have shown that time-
restricted eating achieves weight loss similar to con-
tinuous energy restriction [18] and improves blood
pressure, glucose, and lipid profiles [19, 20]. Moreover,
a cross-sectional study in young Spanish adults showed
a positive association of the eating midpoint difference
between weekdays and weekend days (i.e., eating jetlag)

with body mass index (BMI) [21]. Thus, chrononutri-
tion encompasses a wide range of eating behaviors,
including the clock time of the first and last food intake,
the frequency and regularity of eating, time-restricted
eating (or the duration of eating window), and eating
jetlag [2, 8-11, 13, 14].

Nevertheless, chrononutrition research is hampered
by the limited availability of standardized and validated
tools that can be used in large-scale epidemiologic
studies [11]. The appropriate modification of traditional
tools to assess actual eating behaviors, such as 24-h die-
tary recall [13, 22] and food diary [15, 23], are viable
options. However, these methods place a high burden
on both participants and researchers [11], which is
amplified by the need for multiple-day data collection
to capture habitual eating patterns [24]. Conversely,
traditional dietary assessment questionnaires, which
are the mainstay of large-scale studies, are generally
not designed to capture temporal patterns of eating [11,
25] and may accelerate the use of additional questions
with uncertain validity regarding these variables [16,
17, 26-28]. As a result, the development of a single but
comprehensive questionnaire to assess every aspect of
chrononutrition-related behaviors is warranted [6, 11,
25, 29]. In nutritional epidemiology, it is best practice
to evaluate the validity of a newly developed question-
naire before its use [30]. It is widely acknowledged that
a food diary, a type of ecological momentary assess-
ment (EMA), is the first method of choice for validating
dietary questionnaires [30]. This is because in EMA,
participants’ current eating behaviors are repeatedly
sampled in their natural environment in real-time [31,
32], helping reduce recall bias, maximize ecological
validity (i.e., generalizability to people’s daily lives and
the natural environment), and capture intra-individual
behaviors over time and across settings (e.g., workdays
vs non-workdays) in a real-world context [31, 32].

To date, a small number of questionnaires on chron-
onutrition-related parameters have been specifically
developed and validated [29, 33-37]. However, these
questionnaires are limited in terms of their scope
and relevance [2, 6, 11]. Specifically, they only assess
meal timing and eating frequency [35-37], do not dis-
tinguish between workdays and non-workdays and,
consequently, do not account for variables based on dif-
ferences between workdays and non-workdays [29, 33—
37], and do not assess chronotype [33-37]. Therefore,
to our knowledge, no attempt has been made to validate
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a questionnaire for a comprehensive assessment of
chrononutrition-related parameters, in comparison to
an EMA tool. It is important to assess a comprehensive
set of chrononutrition-related parameters, as the vari-
ables having the greatest pertinence to chrononutrition
research have not yet been identified [6, 36]. To address
these gaps, the aim of this study was to examine the rel-
ative validity of the newly developed Chrono-Nutrition
Behavior Questionnaire (CNBQ) against 11-day event-
based EMA diaries of eating in a large sample of Japa-
nese adults.

Methods

Overview of the study procedure

This analysis was based on data from the Who, What,
When, Where, and Why for Healthy Eating study (here-
after referred to as 5W study). Using a cross-sectional
design, the 5W study was conducted between February
and April 2023. The study schedule is shown in Fig. 1.
First, each participant was asked to answer two web-
based questionnaires (using the Google Forms platform),
including the CNBQ and the Meal-based Diet History
Questionnaire (MDHQ) [38-41]. Then, 7-consecutive-
day event-based EMA diaries of food timing and 4-non-
consecutive-day event-based EMA diaries of food intake
(i.e., weighed dietary record) were conducted. The final
component was the 3rd web-based questionnaire. Infor-
mation from the 2nd (i.e., MDHQ) and 3rd question-
naires was not used in the present analysis. During the
study period, anthropometric measurement was also
conducted. Each participant received an honorarium to
the value of 4000 Japanese yen (US$25.20 as of 19 June
2024) after completing the study. The study was con-
ducted in accordance with the guidelines of the Declara-
tion of Helsinki, and all procedures were approved by the
Ethics Committee of the University of Tokyo Faculty of
Medicine (protocol code: 2022235 NI; date of approval:
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24 November 2022). Written informed consent was
obtained from all participants.

Study participants

The target population comprised apparently healthy
Japanese aged 20—69 years living in private households
in Japan. Initially, 26 (of 47) prefectures, which cover
>72% of the total population of Japan, were selected on
the basis of geographical diversity and feasibility of the
survey. A total of 264 research dietitians with expertise in
collecting dietary record data [23, 41] agreed to support
the study and were responsible for recruitment of partici-
pants and data collection. On the basis of the availability
of research dietitians and financial resources (assum-
ing 4-5 participants per research dietitian), we decided
to include 110 individuals for each of sex-specific, five
10-year age categories (i.e., 20-29, 30-39, 40-49, 50-59,
and 60-69 years), resulting in 1110 individuals in total.
For recruitment, we aggregated the 26 prefectures into
7 regions. The target number of participants for each
region (1 =100-200) was determined mainly based on
the number of research dietitians available. To minimize
the dropout rate, potential participants were restricted to
individuals who had a full understanding of the study’s
protocol and agreed to complete the entire survey pro-
cedure. Exclusion criteria were dietitians, individuals
living with a dietitian, those who were currently receiv-
ing dietary counselling from a doctor or dietitian, those
taking insulin treatment for diabetes, those undergo-
ing dialysis treatment, those without sufficient internet
access, those who had difficulty answering the web-based
questionnaires, and pregnant or lactating women. We did
not exclude night shift workers but asked them not to
conduct the 4-non-consecutive-day EMA diaries of food
intake on night shift working days, or on the days imme-
diately preceding and following these days. Participation
of only one person per household was permitted. Using

Anthropometric measurements within the study period (February to April 2023)

1st questionnaire
(including CNBQ)

2nd questionnaire
(MDHQ)

7-consecutive-day
event-based EMA
diaries of food timing

4-non-consecutive-day
event-based EMA
diaries of food intake

3rd questionnaire

At least 5 days’
interval

Next day or later

Within 3

weeks Next day or later

Fig. 1 Schedule of the 5W study. 5W study, Who, What, When, Where, and Why for Healthy Eating study; CNBQ, Chrono-Nutrition Behavior
Questionnaire; MDHQ, Meal-based Diet History Questionnaire; EMA, ecological momentary assessment. In the present analysis, data derived

from the 2nd and 3rd questionnaires were not used
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the snowball sampling procedure, the number of individ-
uals approached for this study was 1796, 1110 of whom
agreed to participate (response rate 61.8%).

Chrono-Nutrition Behavior Questionnaire

Development of the CNBQ was informed by existing
questionnaires [29, 33-37] and several reviews [6, 11, 12]
in the field of temporal patterns of eating and chrononu-
trition. We designed the CNBQ with the aim of compre-
hensively assessing chrononutrition-related parameters.
Supplemental Tables 1 and 2 show the original Japanese
and translated English versions of CNBQ, respectively.
An in-house pretest was conducted with staff and stu-
dents from the Department of Social and Preventive
Epidemiology, School of Public Health, University of
Tokyo, after which some modifications were made. The
CNBQ consisted of three parts. Part 1 included general
questions on engagement in shift work and the number
of paid work (or school) days per week. For participants
without a paid job or school (e.g., primary homemakers
and caregivers), we asked them to consider the days when
their partner was engaged in paid work as workdays and
the days their partner was not as non-workdays. If the
partner of a participant without a paid job (or school) did
not have a paid job or if the participants did not have a
partner, we asked them to consider weekdays (Mondays
to Fridays) as workdays and weekend days (Saturdays and
Sundays) as non-workdays.

Participants were then asked about sleep and chron-
onutrition behaviors on workdays (in Part 2) and non-
workdays (in Part 3) separately. Question items included
sleep habits (sleep time, wake time, and use of alarm
clock), based on the concept of Munich ChronoType
Questionnaire [42, 43]; timing of eating; and duration of
eating occasions. For the timing of eating and duration
of eating occasions, we provided six pre-specified eat-
ing occasion slots (i.e., breakfast, morning snack, lunch,
afternoon snack, dinner, and evening snack), since our
previous analysis based on 8-day weighed food records
collected over a single year (2 days in each season) from a
large sample of general Japanese (n =4032) showed clear
peaks in the timing of these eating occasions [23]. Also,
as snack frequencies are generally low in Japanese [23],
we asked participants to combine their snacking events
into one within the eating occasion slots (by averaging
the timing and summing up the time spent eating).

In the CNBQ, participants were asked to only consider
eating occasions which consisted of at least one food but
not consider those which consisted of beverages or water
only. Participants who answered that they worked seven
days a week (in Part 1) were not provided with a series of
questions on non-workdays (i.e., Part 3). Reference time
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period in the CNBQ was defined as the preceding month
(to correspond with the time frame of the MDHQ [38]).

Eleven-day event-based ecological momentary assessment
diaries of eating

As reference method in this study, we selected 11-day
event-based EMA food diaries, namely a combination of
7-consecutive-day food timing diaries and 4-non-con-
secutive-day (2 workdays and 2 non-workdays) weighed
food intake diaries. Using this combination, we expected
to collect data on a sufficient number of non-workdays
(at least 4 days) while not compromising the feasibility
and simplicity of the conduct of the survey. After receiv-
ing written and verbal instructions by a research dieti-
tian, as well as an example of a completed food timing
diary sheet, each participant was requested to maintain a
record of food timing (start and finish clock times), both
in and out of the home. Participants were also asked to
select the most appropriate eating occasion name from
the prescribed list (breakfast, lunch, dinner, and snack),
as well as to indicate if the recording day was either a
workday or a non-workday. The definitions of workdays
and non-workdays were identical to those used in the
CNBQ. To minimize the burden on participants, they
were not asked to provide information about the foods
they consumed, nor were they asked to report the occa-
sions on which they consumed only beverages or water.
Conversely, participants were also asked to record the
time of going to bed, time of finishing preparation for
sleep, and sleep latency (i.e., the length of time of the
transition from full wakefulness to sleep) on the pre-
vious day and the time of waking. Research dietitians
checked the completeness of the food timing diaries via
phone, internet, or in-person three times during the
7-day period (for day 1, days 2-3, and days 4-7), and if
necessary, additional information was added. The proce-
dure used to complete the food intake diaries which has
been described thoroughly elsewhere [23, 41] was simi-
lar to the food timing diaries, but more detailed descrip-
tions were requested, including the name and amount of
each food and beverage consumed. The food intake diary
sheets were submitted directly to the research dietitian
after the completion of entries for each day, who then
reviewed the sheets and, whenever necessary, sought
additional information or modified the sheets via phone
or in-person interview.

Creation of chrononutrition-related parameters

All responses to the web-based questionnaire (includ-
ing CNBQ) were automatically entered into a spread-
sheet format downloaded from Google Drive. Data were
minimally cleaned (e.g., times that logically should be pm
rather than am were adjusted) to avoid overestimating
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the validity of the test method (CNBQ). All collected
EMA food diaries were thoroughly reviewed by the
research dietitians and trained staff at the study center,
and any ambiguity was solved by asking the research
dietitians in charge. All information from the EMA food
diaries was then manually entered into a spreadsheet by
trained staff at the study center in duplicate, and any dis-
crepancies were checked and corrected. All eating occa-
sions recorded in food intake diaries which consisted of
beverages or water only were excluded from this analysis.

For each of the CNBQ and EMA food diaries, we cre-
ated sleep variables and temporal patterns of eating
variables for workdays and non-workdays separately.
Detailed descriptions of these variables can be found in
Supplemental Table 3. In short, four sleep variables were
considered, namely sleep time, wake time, sleep dura-
tion, and mid-sleep time [29]. Temporal patterns of eat-
ing variables included three eating frequency variables
(meal frequency, snack frequency, and total eating fre-
quency) [23, 29, 37]; nine variables of start time of eating
(first eating occasion, last eating occasion, first meal, last
meal, first snack, last snack, breakfast, lunch, and dinner)
[23, 29, 33, 37]; nine variables of duration of eating occa-
sions (same as the start time of eating) [23]; four eating
window variables (duration of eating window and eating
midpoint (i.e., midpoint of clock time of eating window)
based on the start time of first eating occasion and the
start time of last eating occasion, and those based on the
start time of first eating occasion and the finish time of
last eating occasion (i.e., start time of last eating occasion
plus time spent on last eating occasion)) [11, 29, 33, 34,
44]; and four variables of time interval between sleep and
eating (wake time and first eating occasion, wake time
and first meal, last eating occasion and sleep time, and
last meal and sleep time) [11, 29, 33, 34, 45]. In this study,
we considered that meals included breakfast, lunch, and
dinner while snacks included all other eating occasions,
including morning snack, afternoon snack, and evening
snack [23, 46].

Additionally, we created several variables based on
workday and non-workday differences. Specifically, social
jetlag was calculated as the absolute difference between
mid-sleep time on workdays and non-workdays [47].
Also, eating jetlag based on eating window, breakfast tim-
ing, lunch timing, and dinner timing was calculated as
the absolute difference between workdays and non-work-
days in each variable [21]. Furthermore, chronotype was
defined based on the Munich ChronoType Questionnaire
concept of chronotype [42], as follows.

« For people whose sleep duration on non-workdays
was longer than that on workdays, chronotype was
defined as the midpoint of sleep on non-workdays,
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adjusted for possible sleep debt accumulated on
workday nights, namely by subtracting half of the
difference between sleep duration on non-workdays
and sleep duration on workdays.

+ For people whose sleep duration on non-workdays
was equal to or shorter than that on workdays,
chronotype was defined as the midpoint of sleep on
non-workdays.

The calculation of chronotype was conducted for the
entire sample, but also only for participants who do not
use an alarm clock on non-workdays, as suggested by the
original authors [42].

Assessment of other variables

In this study, biological sex was self-selected as either
male or female. Age at the start of the study was calcu-
lated based on birth date. Based on BMI (in kg/m?) calcu-
lated using body weight and height, which in many cases
were measured by either a family member or research
dietitian, four categories of weight status were created:
underweight (< 18.5), normal weight (> 18.5 to <25),
overweight (> 25 to <30), and obese (> 30) [48]. Self-
reported information on the following variables was also
used in this study (categorization shown in parentheses):
smoking status (never, past, and current), living alone
(yes or no), education level (junior high school or high
school, junior college or technical school, university or
higher, and other), annual household income (< 4 million
Japanese yen, >4 to <7 million Japanese yen, >7 million
Japanese yen, and unknown/do not want to answer), and
employment status (none, student, part-time paid job,
and full-time paid job).

Analytic sample

Figure 2 shows a flow diagram of participant selection
in the present analysis. From the initial sample of 1110
participants, we retained participants who answered
the first questionnaire and conducted EMA diaries of
food timing and EMA diaries of food intake (n =1088).
We then excluded participants who provided <7 days’
data in the EMA diaries of food timing (n =2) or only
2 days’ data in the EMA diaries of food intake (n =1),
those whose 4 days’ data in the EMA diaries of food
intake were considered insufficient in terms of data
quality according to the research dietitian in charge (n
=1), and those whose EMA diaries of food intake were
conducted in a consecutive manner (n =1). We finally
excluded participants who reported 7 days’ working
per week during the preceding month in the CNBQ
(because they missed the opportunity to answer a
series of questions on non-workdays in the CNBQ; n=
19), provided illogical or implausible data in the first
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Participants in the 5W study (n = 1110)

~ Excluded:
- Participants who did not answer the first questionnaire including the
CNBQ (n=7)

- Participants who did not conduct the 7-consective-day EMA diaries of
food timing (n = 13)

- Participants who did not conduct the 4-non-consective-day EMA diaries
of food intake (n = 2)

\/
Participants who answered the first questionnaire and conducted EMA diaries of food timing
and EMA diaries of food intake (n = 1088)

Excluded:

- Participants who provided <7 days’ data in the EMA diaries of food timing
(n=2)

- Participants who provided only 2 days’ data in the EMA diaries of food
intake (n = 1), whose 4 days’ data in the EMA diaries of food intake were
considered insufficient in terms of data quality according to the research
dietitian in charge (n = 1), and whose EMA diaries of food intake were
conducted in a consecutive manner (n = 1)

Participants who completed the questionnaires and 11-day EMA food diaries (n = 1083)

A

Excluded:

- Participants who reported 7 days’ working per week during the preceding
month in the CNBQ, because they missed the opportunity to answer a
series of questions on non-workdays in the CNBQ (n = 19)

- Participants who provided illogical or implausible data in the first
questionnaire for one or more variables of interest (n = 13)

- Participants who had <2 days’ data on workdays or <2 days’ data on
non-workdays in the 11-day EMA food diaries (n = 1)

\
Analytic sample: 1050 individuals aged 20 to 69 years

Fig. 2 Flow diagram of participant selection in the present analysis. 5W study, Who, What, When, Where, and Why for Healthy Eating study; CNBQ,
Chrono-Nutrition Behavior Questionnaire; EMA, ecological momentary assessment

questionnaire for one or more variables of interest (n  Statistical analysis

=13), or had <2 days’ data on workdays or <2 days’ Statistical analyses were performed using the SAS statisti-
data on non-workdays in the 11-day EMA food diaries  cal software (version 9.4; SAS Institute Inc.). All reported
(n =1). Thus, the final analysis sample comprised 1050 P values are 2-tailed, and P values <0.05 were considered
participants. statistically significant. Data on sample characteristics
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are presented as means and standard deviations (SDs) for
continuous variables and as the numbers and percentages
of participants for categorical variables. All chrononutri-
tion-related parameters were expressed using means and
SDs. All analyses were conducted for workday data and
non-workday data separately, except for variables based
on differences between workdays and non-workdays (e.g.,
social jetlag). To assess estimation ability at the group
level, mean values of estimates derived from the CNBQ
were compared with those derived from the EMA food
diaries using the paired t-test. In accordance with a pre-
vious review [49], we considered the group-level estima-
tion ability good when P> 0.05; furthermore, given the
large sample size, a group-level bias of <10% was clas-
sified as acceptable (i.e., indication of a relatively simi-
lar mean intake) [49]. The use of nonparametric testing
(Wilcoxon signed-rank test) and median values did not
change the results materially (data not shown). In addi-
tion, to assess agreement, mean differences (with 95%
limits of agreement) between the CNBQ-based estimates
and EMA food diary-based estimates were calculated
using Bland—Altman analysis [50]; for selected variables,
we also displayed the Bland—Altman plots [50], accompa-
nied by examination of proportional bias using the linear
regression analysis [51]. Further, the ability of the CNBQ
to rank individuals in a population was assessed using
Spearman correlation coefficients between the CNBQ-
based estimates and EMA food diary-based estimates.
Correlations in nutritional epidemiology validation stud-
ies tend to be on the order of 0.4-0.7 [52, 53]. Although
there is no certain cutoff, low correlation values (e.g.,
<0.4) were considered undesirable [54, 55]. In accord-
ance with a previous validation study on the same topic
[37], we considered Spearman correlation coefficients of
0.5 to be acceptable. The same analyses were repeated for
male and female participants separately; for younger and
older participants (divided by median age of 44 years in
the present sample) separately; and for shift working par-
ticipants (individuals who reported engagement in shift
working during the preceding three months as assessed
by the CNBQ) and non-shift working participants sepa-
rately. These subgroup analyses were intended to provide
insight into future studies based on the CNBQ, in which,
for example, only female participants, younger partici-
pants, or non-shift working participants may be included.

Results

This analysis included a total of 1050 Japanese adults
aged 20-69 years who completed the CNBQ and subse-
quently kept event-based EMA food diaries for 11 days,
including 6.5 workdays and 4.5 non-workdays on average
(Table 1).
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Sleep and temporal patterns of eating variables

on workdays

Table 2 shows sleep and temporal patterns of eating
variables on workdays. Note that, to facilitate statistical
analysis, all time-related variables in this and subsequent
tables are shown in decimal format. For 12 of the 33 vari-
ables listed here, mean values of the CNBQ-based esti-
mates did not significantly differ from the corresponding
values of the EMA food diaries. For the remaining 21 var-
iables, significant differences between the 2 instruments
were observed. However, the magnitude of differences
was relatively small (i.e., <7%), except for the 6 following
variables: daily snack frequency (21.6% overestimation by
CNBQ), duration of first eating occasion (23.6% overesti-
mation), duration of last meal (11.9% underestimation),
duration of first snack (12.1% underestimation), dura-
tion of dinner (12.0% underestimation), and time inter-
val between last eating occasion and sleep time (11.3%
underestimation). The Spearman correlation coefficients
ranged from 0.28 (duration of last eating occasion) to
0.80 (start time of first eating occasion) with a median of
0.63 (25 th percentile 0.53; 75 th percentile 0.73). When
separate analyses were conducted by sex (Supplemental
Tables 4 and 5), age (Supplemental Tables 6 and 7), and
shift working status (Supplemental Tables 8 and 9), the
CNBQ showed a somewhat better ability in male par-
ticipants, older participants, and non-shift working par-
ticipants compared with their counterparts. For example,
the median Spearman correlation coefficients were 0.65
in male participants compared with 0.59 in female par-
ticipants; 0.64 in older participants compared with 0.60
in younger participants; and 0.68 in non-shift work-
ing participants compared with 0.52 in shift-working
participants.

Sleep and temporal patterns of eating variables

on non-workdays

Table 3 shows sleep and temporal patterns of eating vari-
ables on non-workdays. For nine variables, no signifi-
cant differences were observed between mean values of
the CNBQ-based and EMA food diary-based estimates.
Although there were significant differences in the other
24 variables, the magnitude of differences was rela-
tively small (i.e., <8%), except for daily snack frequency
(19.3% overestimation by CNBQ), duration of first eat-
ing occasion (20.5% overestimation), duration of last
meal (16.9% underestimation), duration of first snack
(13.2% underestimation), duration of last snack (13.5%
underestimation), duration of lunch (10.3% underesti-
mation), duration of dinner (16.4% underestimation),
and time interval between last eating occasion and sleep
time (11.6% underestimation). The Spearman correlation
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Table 1 Basic characteristics of study participants (n =1050) @

Variable Value
Female sex [n (%)] 518 (49.3)
Age (years) 443 +139
BMI (kg/m?) 230+39
Weight status [n (%)]
Underweight (BMI < 18.5 kg/m?) 82(7.8)
Normal weight (BMI = 185 to < 25 kg/m?) 700 (66.7)
Overweight (BMI > 25 to <30 kg/m?) 204 (19.4)
Obese (BMI =30 kg/m?) 64 (6.1)
Smoking status [n (%)]
Never 680 (64.8)
Past 188(17.9)
Current 182 (17.3)
Living alone [n (%)] 173 (16.5)
Education level [n (%)]
Junior high school or high school 274 (26.1)
Junior college or technical school 354 (33.7)
University or higher 419 (39.9)
Other 3(03)
Annual household income [n (%)]
< 4 million Japanese yen 294 (28.0)
> 4 to <7 million Japanese yen 349 (33.2)
> 7 million Japanese yen 375 (35.7)
Unknown/do not want to answer 32(3.1)
Employment status [n (%)]
None 63 (6.0)
Student 25(24)
Part-time paid job 159 (15.1)
Full-time paid job 803 (76.5)
Number of workdays during the preceding 49+08
month (per week)
Number of workdays during the 11-day EMA food 6.5 +1.1
diaries ®
Number of non-workdays during the 11-day EMA 4.5 £1.1
food diaries °
Experience of shift work during the preceding 246 (234)
three months [n (%)]
Night shift work during the period of 11-day EMA 55 (5.2)
food diaries [n (%)]
Use of an alarm clock on workdays [n (%)] 897 (85.4)
Use of an alarm clock on non-workdays [n (%)] 391 (37.2)

BMI body mass index, EMA ecological momentary assessment
?Values are means +standard deviations unless otherwise indicated

b The11-day EMA food diaries consisting of 7-consecutive-day food timing
diaries and 4-non-consecutive-day food intake diaries

coefficients ranged from 0.20 (duration of last eating
occasion) to 0.77 (mid-sleep time) with a median of 0.54
(25 th percentile 0.47; 75 th percentile 0.65). Results of
separate analyses by sex (Supplemental Tables 10 and 11),
age (Supplemental Tables 12 and 13), and shift-working
status (Supplemental Tables 14 and 15) were similar.
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Workday and non-workday differences variables

Social and eating jetlag variables and chronotype are
shown in Table 4. The magnitude of mean differences
between the CNBQ-based and EMA food diary-based
estimates was relatively small (i.e., <9%) for all variables
(except for eating jetlag based on eating midpoint 1,
which showed 15.6% overestimation by CNBQ), although
some of these reached statistical significance. The Spear-
man correlation coefficients ranged from 0.30 (eating jet-
lag based on lunch timing) to 0.71 (chronotype). Separate
analyses by sex and age provided similar results, whereas
the CNBQ showed somewhat better ability in non-shift
working participants compared with shift-working par-
ticipants (Supplemental Table 16); for example, the
Spearman correlation coefficients ranged from 0.30 to
0.76 in non-shift working participants and from 0.23 to
0.58 in shift-working participants.

Bland-Altman plots

Figure 3 shows Bland—Altman plots assessing the agree-
ment between selected variables derived from the CNBQ
and EMA food diaries. The magnitude of mean differ-
ences was relatively small (i.e., <9%) for all variables.
However, the limits of agreement were generally wide,
indicating poor agreement at the individual level (see
Tables 2—4 for other variables). There was also an indica-
tion of proportional bias between the CNBQ and EMA
food diary-based estimates for all the variables examined,
in which CNBQ-based estimates tended to be overesti-
mated as the average estimates increased.

Discussion

To our knowledge, this is the first study to examine
the relative validity of a novel questionnaire (CNBQ)
designed to collect comprehensive data on chrononutri-
tion-related parameters. Using the 11-day event-based
EMA food diaries as a reference method, this study
showed that the CNBQ has acceptable relative validity for
estimating mean values (i.e., < 10% difference [49]) for the
majority of chrononutrition-related parameters exam-
ined: 27 (of 33; 82%) workday variables, 25 (of 33; 76%)
non-workday variables, and 5 (of 6; 83%) variables based
on differences between workdays and non-workdays.
These results are generally consistent with several pre-
vious studies. For example, Hartman et al. evaluated the
relative validity of a 24-h grid approach to assessing eat-
ing timing and frequency, in comparison to data derived
from up to 6 unannounced, telephone, interviewer-
administered 24-h dietary recalls in 626 US adults (64%
females) [37]. Mean differences between the 2 methods
were <10% for 8 out of 10 variables examined for both
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Table 2 Sleep and temporal patterns of eating variables on workdays ?

CNBQ EMA food diaries Paired Mean Limit of Spearman
n Mean (SD) n Mean (SD) n difference ¢ Agreement ¢ correlation ¢
Sleep variables
Sleep time (clock time; decimal) 1050  23.51(1.58) 1050  23.56(1.38) 1050 —0.05 —3.16,3.06 0.71
Wake time (clock time; decimal) 1050  6.24(1.17) 1050  6.38(1.22) 1050 — 0.14%%% —1.75,147 0.79
Daily sleep duration (hours; decimal) 1050  6.66(1.16) 1050  6.53(1.03) 1050 0.13%x** —-1.70,1.96 0.63
Mid-sleep time (clock time; decimal) 1050  3.02(1.77) 1050  3.24(1.45) 1050 —0.27%x** —2.82,240 0.79
Daily eating frequency (number)
Meals 1050 278 (0.45) 1050  2.77(0.39) 1050 0.01 —0.56,0.58 0.69
Snacks 1050 1.20(0.98) 1050 0.99 (0.90) 1050 0.27%x** -172,2.14 0.50
Total 1050 3.99(1.13) 1050  3.76(1.02) 1050 0.22%%x* —1.82,226 0.55
Start time of eating (clock time; decimal)
First eating occasion 1050  8.06 (2.44) 1050 807 (2.17) 1050 -001 —2.90,2.88 0.80
Last eating occasion 1050  20.37(1.72) 1050  20.09 (1.24) 1050 0.27%x** —258,3.12 0.58
First meal 1050  8.14(261) 1050  8.23(230) 1050 —-0.09 —297,279 0.80
Last meal 1050 1940 (1.34) 1050 19.53(1.17) 1050 —0.13%%% — 224,198 0.70
First snack 755 1550 (4.38) 907 15.67 (3.63) 710 -0.17 —830,7.96 047
Last snack 755 19.35(3.35) 907 17.99 (3.02) 710 1.28%%x* —5.40,7.96 039
Breakfast 857 7.04(0.89) 972 7.27 (1.00) 852 — 0.17%x%% —134,1.12 0.77
Lunch 1025 1244 (0.81) 1045 12.59(0.73) 1024 —0.13%%% —149,123 0.61
Dinner 1040 1947 (1.15) 1049 19.64 (1.07) 1040 — Q.]7%xx* - 175141 0.74
Duration of eating occasion (minutes; decimal)
First eating occasion 1050 14.25(7.38) 1050 11.53 (4.99) 1050 2.72%xx% —11.80,17.24 045
Last eating occasion 1050  17.47(18.89) 1050  18.31(9.30) 1050 -084 —3952,37.84 0.28
First meal 1050  14.25(7.38) 1050 1451 (7.14) 1050 -0.26 —13.65,13.13 058
Last meal 1050  26.86(16.21) 1050 3047 (16.67) 1050 —3.61%% —32.88,25.66 0.58
First snack 736 9.90 (11.94) 907 11.95(18.28) 695 — 144 —32.25,29.37 0.40
Last snack 736 1240 (15.60) 907 13.02 (19.28) 695 -022 —3478,34.34 043
Breakfast 861 13.50 (6.14) 972 13.07 (6.29) 856 0.18 —10.99,11.35 0.60
Lunch 1028 17.38 (7.24) 1045 18.20 (7.41) 1027 —0.72%% —13.20,11.76 0.62
Dinner 1039 26.84(15.94) 1049 3048 (16.69) 1039 — 3.64%%%* —3251,2523 0.58
Eating window
Duration of eating window 1 (hours; decimal)’ 1050 1231 (278) 1050  12.03(2.32) 1050 0.28%x** —3.75,431 0.66
Duration of eating window 2 (hours; decimal)? 1050 1260 (2.76) 1050 12.33(2.32) 1050 0.27%**x —3.82,436 0.64
Eating midpoint 1 (clock time; decimal)f 1050 14.21(1.59) 1050  14.08(1.34) 1050 0.13%**x -191,217 0.74
Eating midpoint 2 (clock time; decimal)® 1050 14.36 (1.61) 1050 14.23 (1.36) 1050 0.12%%* —1.95,219 0.73
Time interval between sleep and eating (hours;
decimal)
Wake time and first eating occasion 1050 1.84(2.32) 1050 1.77 (1.95) 1050 0.07 —277,291 0.73
Wake time and first meal 1050  1.92(246) 1050 1.90 (2.10) 1050 0.03 —286,292 073
Last eating occasion and sleep time 1050  2.95(1.59) 1050 3.33(1.21) 1050 —0.38%x** —3.39,263 045
Last meal and sleep time 1050  3.72(1.58) 1050  3.67(1.32) 1050 0.05 —253,263 0.66

CNBQ Chrono-Nutrition Behavior Questionnaire, EMA ecological momentary assessment, SD standard deviation

@ Meals included breakfast, lunch, and dinner. All time-related variables are shown in decimal format, with the unit of clock time; decimal (e.g., 23.51 means 11:30 PM,
while 6.24 means 6:14 AM); hours; decimal (e.g., 6.66 means a duration of 6 h 40 min); or minutes; decimal (e.g., 14.25 means a duration of 14 min 15s)

b Based on 2-9 days’ data (median 7 days)

¢ Calculated as the CNBQ-based value minus the EMA food diary-based value (at the individual level). Paired comparison was made using the paired t-test: * P <0.05,
**P<0.01,*** P<0.001, and **** P< 0.0001

4 Calculated as mean difference plus-minus 1.96 SD of the difference
€ All values were significant (P <0.0001)
f Calculated using the start time of first eating occasion and the start time of last eating occasion

9 Calculated using the start time of first eating occasion and the finish time of last eating occasion
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Table 3 Sleep and temporal patterns of eating variables on non-workdays 2
CNBQ EMA food diaries Paired Mean Limit of Spearman
n Mean (SD) n Mean (SD) n difference ¢ Agreement ¢ correlation ¢
Sleep variables
Sleep time (clock time; decimal) 1050 2362 (2.61) 1050 2394 (1.67) 1050 —0.32%** —5.54,4.90 0.65
Wake time (clock time; decimal) 1050 746 (1.59) 1050  7.36(1.50) 1050 0.10** —2.15,235 0.74
Daily sleep duration (hours; decimal) 1050  7.63(142) 1050  7.17(1.24) 1050 0.46**** —227,3.19 047
Mid-sleep time (clock time; decimal) 1050 3.69(1.59) 1050  3.82(1.39) 1050 —0.13** —278,252 0.77
Daily eating frequency (number)
Meals 1050 272 (0.49) 1050  2.69(0.42) 1050 0.03* —0.74,0.80 0.59
Snacks 1050  1.26(1.01) 1050  1.06 (0.82) 1050 0.20%*** — 174,214 047
Total 1050  3.98(1.17) 1050  3.75(0.99) 1050 0.23*%x* -191,237 0.51
Start time of eating (clock time; decimal)
First eating occasion 1050  9.13(2.20) 1050  9.07 (1.97) 1050 0.06 —2.90,3.02 0.76
Last eating occasion 1050  19.81(1.62) 1050 1961 (1.19) 1050 0.20%*** —268,3.08 051
First meal 1050 9.25(240) 1050 9.19(2.06) 1050 0.06 —-3.11,323 0.76
Last meal 1050 18.81(1.02) 1050 18.98 (1.02) 1050 —0.17%%% —2.04,1.70 0.61
First snack 752 14.57 (3.74) 949 14.87 (2.95) 726 -0.23 —7.74,728 0.35
Last snack 752 18.80 (3.18) 949 17.26 (2.78) 726 1.43%%x% —5.26,8.12 035
Breakfast 803 8.13(1.12) 961 8.28 (1.05) 796 0.00 —-1.69,1.69 0.71
Lunch 1016 12.55(0.77) 1040 12.74(0.72) 1010 —0.19%%* -1.71,133 049
Dinner 1041 18.85(0.89) 1048 19.14(0.86) 1041 —0.29%x** -170,1.12 0.67
Duration of eating occasion (minutes; decimal)
First eating occasion 1050 18.13(10.38) 1050 15.05 (7.33) 1050 3,087 —18.01,24.17 0.40
Last eating occasion 1050 19.90 (20.54) 1050 2061 (11.73) 1050 -071 —4455,43.13 0.20
First meal 1050 18.13(10.38) 1050  19.49(12.98) 1050 —1.37%* —26.19,2345 0.54
Last meal 1050  29.99 (18.70) 1050  36.08(21.65) 1050 — 6.08%*** —41.59,2943 0.55
First snack 751 1241 (11.01) 949 14.34 (16.60) 726 —1.89** —32.27,2849 032
Last snack 751 14.35 (15.50) 949 16.32 (21.46) 726 —2.20%* —37.80,33.40 040
Breakfast 814 16.37 (7.51) 961 17.01 (8.53) 803 —1.00%** —16.14,14.14 0.57
Lunch 1019 21.36(10.29) 1040  23.88(11.21) 1012 — 245%%%x —24.60,19.70 047
Dinner 1043 29.96 (18.46) 1048  35.80(21.07) 1042 — 5.88%*** —40.25,2849 0.55
Eating window
Duration of eating window 1 (hours; decimal)’ 1050 1068 (2.53) 1050  10.54 (2.06) 1050 0.13* — 415,441 0.54
Duration of eating window 2 (hours; decimal)? 1050 11.01(2.48) 1050 1089 (2.07) 1050 0.12 —4.20,444 0.52
Eating midpoint 1 (clock time; decimal)f 1050 1447 (1.46) 1050  14.34(1.26) 1050 0.13%**x —1.85,2.11 0.74
Eating midpoint 2 (clock time; decimal)® 1050 14.63 (1.48) 1050 14.51(1.29) 1050 0.12%%* —1.89,213 0.74
Time interval between sleep and eating (hours;
decimal)
Wake time and first eating occasion 1050 1.68(1.75) 1050 1.73(141) 1050 —0.05 —3.03,293 0.54
Wake time and first meal 1050  1.80(1.92) 1050  1.84(1.53) 1050 —0.04 —3.25,3.17 0.57
Last eating occasion and sleep time 1050  3.66(1.67) 1050 4(1.34) 1050 — 0.48%x** —3.81,285 0.39
Last meal and sleep time 1050  4.48(1.55) 1050  4.50(1.41) 1050 -0.02 —275,271 0.59

CNBQ Chrono-Nutrition Behavior Questionnaire, EMA ecological momentary assessment, SD standard deviation

@ Meals included breakfast, lunch, and dinner. All time-related variables are shown in decimal format, with the unit of clock time; decimal (e.g., 23.62 means 11:37 PM,

while 7.46 means 7:28 AM); hours; decimal (e.g., 7.63 means a duration of 7 h 38 min); or minutes; decimal (e.g., 18.13 means a duration of 18 min 8 s)

b Based on 2-9 days’ data (median 4 days)

¢ Calculated as the CNBQ-based value minus the EMA food diary-based value (at the individual level). Paired comparison was made using the paired t-test: * P <0.05,

**P<0.01,*** P<0.001, and **** P< 0.0001

4 Calculated as mean difference plus-minus 1.96 SD of the difference

€ All values were significant (P <0.0001)

f Calculated using the start time of first eating occasion and the start time of last eating occasion

9 Calculated using the start time of first eating occasion and the finish time of last eating occasion
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Table 4 Social and eating jetlag variables and chronotype °
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CNBQ EMA food diaries® Paired Mean Limit of Spearman
n Mean (SD) n Mean (SD) n difference© Agreement d  correlation ©
Social jetlag (hours; decimal) 1050 0.92(1.63) 1050 0.96(1.18) 1050 —-0.04 —2.68,2.60 041
Eating jetlag based on eating midpoint 1 1050 089 (1.01) 1050  0.77(0.73) 1050 0.12%%xx —1.74,1.99 0.34
(hours;decimal) f
Eating jetlag based on breakfast timing 759 1.17 (1.04) 916 1.14 (0.97) 753 0.10** —1.73,1.92 057
(hours;decimal)
Eating jetlag based on lunch timing (hours; 994 0.67 (0.73) 1036 0.64 (0.58) 989 0.05* —1.36,146 030
decimal)
Eating jetlag based on dinner timing (hours; 1033 0.80(0.89) 1048  0.77 (0.74) 1033 0.04 —1.55,162 039
decimal)
Chronotype (clock time; decimal) 1050 3.31(1.54) 1050 3.53(1.33) 1050 — 0.22%*x* —297,252 0.71
Chronotype (clock time; decimal) among non- 659 3.31(1.28) 659 3.59(1.36) 659 — 0.28**** —239,183 0.71

users of clock alarm on non-workdays

CNBQ Chrono-Nutrition Behavior Questionnaire, EMA ecological momentary assessment, SD standard deviation

2 Meals included breakfast, lunch, and dinner. All variables are shown in decimal format, with the unit of hours; decimal (e.g., 0.92 means a duration of 0 h 55 min) or

clock time; decimal (e.g., 3.31 means 3:19 AM)

b Based on 11 days’ data: 2-9 workdays’ data (median 7 days) and 2-9 non-workdays’ data (median 4 days)

¢ Calculated as the CNBQ-based value minus the EMA food diary-based value (at the individual level). Paired comparison was made using the paired t-test: * P <0.05,

**P<0.01, *** P<0.001, and **** P< 0.0001
9 Calculated as mean difference plus-minus 1.96 SD of the difference

€ All values were significant (P <0.0001)

f Calculated using the start time of first eating occasion and the start time of last eating occasion

weekdays and weekend days [37]. Similarly, in another
study in 249 US adults (75% females), median values of
all the 4 food timing variables assessed via recall-based
survey questions were similar (< 8% difference) to those
derived from up to 14-day paper-based food records
[36]. Furthermore, mean differences between estimates
derived from a Chrononutrition Questionnaire and those
derived from a diary method (a 7-day food diary and a
14-day sleep diary) were <10% for 13 of 16 workday vari-
ables (81%) and 14 of 16 non-workday variables (88%)
in a small group (n =58) of general adult population in
Australia [29]. Considering large differences in partici-
pant characteristics, the test and reference methods, and
the variables examined between studies, these consistent
findings may suggest that well designed questionnaires
may be useful for assessing a number of chrononutrition-
related parameters, at least at the group level.

However, our Bland—Altman analyses showed wide
limits of agreement, clearly indicating that the ability

(See figure on next page.)

to obtain accurate estimates at the individual level was
generally limited. This is largely consistent with previ-
ous studies in the context of chrononutrition-related
parameters [29, 36] but also of common dietary variables
(nutrient and food intakes) [30, 39-41, 49]. Furthermore,
generally similar degrees of both underestimation and
overestimation by the CNBQ were apparent for almost
all variables, probably resulting in relatively accurate esti-
mates at the group level. This is interesting given that in
dietary surveys underreporting, but not overreporting,
of energy intake is highly prevalent [56—58]. In fact, it
remains unclear whether chrononutrition-related vari-
ables (such as timing and frequency of eating) are prone
to underpeporting [6], which is possible considering that
more frequent eating is positively related to energy intake
[46, 59] and later food timing tends to be stigmatized
[25]. Further research in this regard is warranted.

The results from previous studies are not consist-
ent in terms of the ability of chrononutrition-related

Fig. 3 Bland-Altman plots assessing agreement between the CNBQ and EMA food diaries for selected variables. CNBQ, Chrono-Nutrition Behavior
Questionnaire; EMA, ecological momentary assessment; SD, standard deviation. All time-related variables are shown in decimal format, with the unit
of clock time; decimal (e.g., 8.50 means 8:30 AM, while 16.75 means 4:45 PM) or hours; decimal (e.g., 2.19 means 2 h 11 min). Eating midpoint 2

was calculated using the start time of first eating occasion and the finish time of last eating occasion. n= 1050 except for eating jetlag based

on breakfast timing (n =753). The number of days of EMA food diary data was 2-9 (median 7) days for (a), (c), and (e); 2-9 (median 4) days for (b),

(d), and (f); and 11 days for (g).
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questionnaires to rank individuals in a population. For
example, in the US study mentioned above [36], in which
4 food timing variables assessed via recall-based survey
questions were examined against those derived from up
to 14-day paper-based food records, Kendall’s correlation
coefficients were unacceptable (< 0.50 [37]) in all cases,
ranging from 0.05 to 0.45. These results may reflect the
problem of answering questions such as ‘At what time do
you first start eating on weekdays/workdays? (includes
meals, snacks, and drink meals, but not calorie-free bev-
erages)’ [36]. This type of question remarkably contrasts
with those of the majority of previous studies [29, 35, 37]
and the present study, in which researchers asked par-
ticipants to report the timing of each eating occasion
and then identified, for example, the first eating occasion
after data collection. In contrast, somewhat high corre-
lations (> 0.40; exact values not available) were observed
between the timing of breakfast, lunch, and dinner (but
not of snacks) derived from the Food Timing Question-
naire and its short version (Food Timing Screener) and a
reference method, namely Automated Self-Administered
24-h recall conducted for 7 consecutive days, in a small
US study (n =61) [35]. Furthermore, in the US study by
Hartman et al. [37], Spearman correlation coefficients
between the 24-h grid approach and 24-h recalls were
>0.50 for the majority of weekday variables (6 of 10);
however, this was not the case for weekend day variables,
as only one variable had a correlation of >0.50. Higher
correlations (> 0.50) for workday variables compared
with non-workday variables (10 vs 8 out of 16) were also
observed in the Australian study by Phoi et al. [29]. These
results from Hartman et al. [37] and Phoi et al. [29] may
be consistent with the commonly held belief that people
generally eat more regularly on weekdays (or workdays)
than on weekends (or non-workdays) [37]. Alternatively,
these results may also indicate the need to assess a larger
number of weekend days or non-workdays to obtain a
more representative picture of eating patterns on week-
end days or non-workdays (the number of weekend days
[37] and non-workdays [29] assessed was not explicitly
reported in these studies). Conversely, this study showed
that the CNBQ has acceptable relative validity in terms
of ranking individuals (i.e., Spearman correlation coef-
ficient >0.50 [37]) for the majority of chrononutrition-
related parameters examined for both workdays (26
variables; 79%) and non-workdays (22 variables; 67%) as
well as the variables based on differences between work-
days and non-workdays (2 variables; 33%). The relatively
large number of non-workdays (mean 4.5 days) assessed
in our present study may account for the more encour-
aging correlation coefficients for many variables, even for
non-workdays. This may at least partially help to explain
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the discrepancies between our present results and those
of Hartman et al. [37] and Phoi et al. [29].

Our results that the CNBQ has acceptable relative
validity for estimating mean values and ranking individu-
als for the majority of chrononutrition-related parame-
ters are perhaps not surprising, given that the CNBQ was
developed based on careful consideration of the existing
tools mentioned above [29, 33-37]. In addition, we spec-
ulate that our satisfactory results may be largely owing to
the use of pre-specified eating occasion slots which aimed
to fit well with the eating patterns of Japanese, namely a
relatively stable pattern of frequency, timing, and time
spent with regard to meals (breakfast, lunch, and dinner),
and infrequent snack consumption [23]. As a result, the
potential implications of the present results should only
be interpreted in relation to the particular questionnaire
(CNBQ) with considering cultural relevance. Specifically,
the CNBQ might be applied with little difficulty to popu-
lations having an eating pattern similar to Japanese (three
main meals, with infrequent snacks particularly at night),
e.g., Taiwanese [60]. In contrast, potential usefulness of
the CNBQ (without any modification) may be limited in
most Western countries where less eating frequency and
small and infrequent snacks are not common [13, 22].
Therefore, a prerequisite for adopting and validating the
CNBQ in Western populations is to take into account
eating patterns (e.g., eating frequency, characteristics of
snacking behaviors, and energy intake distribution over
24 h) in the target population, and then make appropriate
modifications.

There are several limitations in the present study. First,
although conducted in diverse regions (26 of 47 prefec-
tures), the participants consisted of volunteers, not a
nationally representative sample of the Japanese popu-
lation. The participants may have been biased toward
greater health consciousness, higher socioeconomic sta-
tus, or both. For example, the education level and annual
household income of the participants were higher than
those of a nationally representative sample (education:
54.6% for junior high school or high school, 20.8% for
junior college or technical school, and 24.6% for uni-
versity or higher [61]; annual household income: 45.0%
for <4 million yen, 26.9% for >4 to <7 million yen, and
28.0% for >7 million yen [62]). Meanwhile, the preva-
lence of current smokers and mean BMI in the present
participants were similar to those of the nationally rep-
resentative sample (males: 27.1% and 23.9 kg/m? (SD
3.6), respectively; females: 7.6% and 22.5 kg/m? (SD 3.7),
respectively) [63]. Ideally, further validation should be
examined using a more nationally representative sample.

Second, event-based EMA food diaries — the refer-
ence method in this study — are ultimately dependent on
the self-reporting of participants and thus susceptible
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to measurement errors due to erroneous recording and
potential changes in eating behavior [30, 64, 65]. Nev-
ertheless, while we welcome the recent development of
a number of automatic, wearable-based approaches to
objectively capture eating events, these are still impracti-
cal for use in free-living settings [66]. In fact, the validity
of these approaches is quite often examined in compari-
son with self-reports of eating behaviors [66]. Considered
broadly, EMA food diaries appear to be an optimal ref-
erence tool which enable the collection of a wide range
of information based on actual eating behaviors without
relying on memory.

Third, because the data were collected over a narrow
time frame (between February and April 2023; late winter
and early spring in Japan), and also due to the 1-month
time reference period used in the CNBQ, potential sea-
sonal differences in chrononutrition-related parameters,
and thus their effect on the validity of the CNBQ, could
not be considered in the present study. However, a recent
study showed that the minimum number of days required
to obtain reliable estimates of meal timing variables (over-
night fasting duration, the midpoint of overnight fasting
time, number of eating episodes per day, daily period of
greatest percentage caloric intake, and late last eating epi-
sode) over a 1-3-year period was 3 days [24], suggesting
small seasonal differences in these variables. Thus, there
is no strong reason to consider that seasonal differences
in chrononutrition-related parameters are a serious prob-
lem, albeit that further investigation is needed.

Finally, due to the lack of questions on dietary intake in
the CNBQ, this study did not include some relevant vari-
ables in the context of chrononutrition, such as energy
intake distribution across the day, midpoint of energy
intake, and period of greatest energy intake consumed
(i.e., timing of largest meal) [11, 29]. Note, however, that
we recently developed and validated the MDHQ [38-41],
a dietary assessment questionnaire specifically designed
to assess dietary intake at each eating occasion (break-
fast, morning snack, lunch, afternoon snack, dinner, and
evening snack), which was incorporated into this study.
Thus, combining data from the CNBQ and MDHQ [38-
41] allows for the creation of the chrononutrition-related
variables described above; examination of relative validity
of this innovative approach was beyond the scope of this
study and thus would be the next step.

Despite these limitations, the strengths of the present
study include the use of EMA food diaries with a large
number of recording days (11 days) as the reference
method and the comprehensive nature of the CNBQ cov-
ering a wide range of chrononutrition-related parameters
with clear definitions. This methodological study is novel
and highly relevant to the growing interest in temporal
patterns of eating and chrononutrition in the discussion
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of nutrition, health, and chronic disease prevention
[9-12]. Specifically, this study suggests that the CNBQ
may be useful to investigate the association between
chrononutrition-related behaviors and health outcomes
in large-scale observational studies as well as interven-
tion trials (e.g., to assess compliance of time-restricted
eating). However, the study of chrononutrition cannot
be isolated from the reality of dietary intake and quality.
It should be fully realized that a better understanding of
chrono-nutritional aspects of eating behaviors in rela-
tion to health will be obtained when information on die-
tary intake and quality is available. Thus, the concurrent
assessment of chrononutrition behaviors (e.g., by CNBQ
or other relevant tools) and dietary intake and quality
(eg, by MDHQ [38-41] and other dietary assessment
tools) should always be encouraged so that the emerg-
ing research field of chrononutrition moves forward to
higher levels.

Conclusions

Compared with 11-day event-based EMA food dia-
ries, the CNBQ, a novel questionnaire designed to col-
lect comprehensive data on chrononutrition-related
parameters, showed sufficient relative validity in terms
of estimating mean values and ranking individuals for
the majority of chrononutrition-related parameters. In
contrast, its ability to produce accurate estimates at the
individual level was generally limited. Although both the
strengths and weaknesses of the CNBQ described in this
study should be carefully considered in any setting, the
CNBQ may be a promising tool in large chrono-nutri-
tional observational studies and intervention trials where
more detailed assessment may not be feasible.

Abbreviations

BMI Body mass index

a Confidence interval

CNBQ Chrono-Nutrition Behavior Questionnaire

EMA Ecological momentary assessment

MDHQ Meal-based Diet History Questionnaire

SD Standard deviation

5Wstudy  Who, What, When, Where, and Why for Healthy Eating study

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512966-025-01740-9.

[ Supplementary Material 1 }

Acknowledgements

The authors would like to thank the research dietitians who conducted data
collection: Masako Shimooka, Erika Iwasaki, Kanon Takaishi, Serina Uji, Fuki
Kudo, Mizuho Hasumi, Kazue Fukushi, Kotomi Hirano and Yumemi Arakawa
(Hokkaido); Michiyo Oowada, Yutaka Shojiguchi, Emi Kikuchi, Kumiko Yamazaki
and Megumi Onodera (Iwate); Akiko Sato, Chiemi Ito, Yuka Endo, Ai Oono,
Hiromi Kawaguchi, Marino Takeda, Yuka Jinbo, Shizuku Numazawa, Chihiro


https://doi.org/10.1186/s12966-025-01740-9
https://doi.org/10.1186/s12966-025-01740-9

Murakami et al. Int J Behav Nutr Phys Act (2025) 22:46

Takahashi, Shiori Niizeki, Mio Ootaki, Satoshi Numazawa, Yumi Miura, and
Haruka Tsutou (Yamagata); Yumiko Oda, Eriko Kuriki, Miyoko Matsumoto,
Setsuko Kikuchi, Haruna Takanezawa, Emiko Kanazawa, Katsuko Aoyama,
Yukari Kitajima, Mayumi Sato, Misaki Ito, Midori Soeta, Masayo Numata

and Natsumi Hoshi (Fukushima); Hanayo Kadoi, Toshie Nakayama, Noriko
Suzuki, Kayoko Kikuchi, Akiko Seki, Sayaka Ebata, Masako Yamaguchi, Chiaki
Sato, Kazuyo Shibano, Yuka Ota, Tomoko Oga, Yuko Takano, Mariko Usui,

Yoko Nakazaki, Satomi Fujii, Miki Terakado, Sayuri Fujii, Tomoko Saito, Junko
Hanzawa, Yurie Shibata, Hisako Watahiki and Kimi Miura (Ibaraki); Kaoru Goto,
Yuka Arai, Manami Honda, Miki Hori, Fumiyo Endo, Akiko Kato, Emiko Kajiwara,
Keiko Sekine, Etsuko Kusakari, Mami Ono, Akiko Utsumi, Asako Hamada, Kozue
Yanase, Yuka Inaba, Satoko Maruyama and Yuko Kobayashi (Saitama); Hitomi
Okahashi, Yoshiko Katayama, Yurina Arai, Shinobu Matsui, Shoko Kakimura,
Yoko Kouno and Yoshiko Kowa (Tokyo); Suzuyo Takeda, Kumiko Ono, Yayoi
Hayashi, Shinobu Katayama, Megumi Koike, Keiko Yamada, Yuko Okamoto,
Kaori Otomo, Etsuko Abe, lkuko Endo, Kazumi Takagi, Yuko Rokuda, Hisae
Takahashi, Tomomi Masuda, Masami Iwata and Mayuko Kimura (Kanagawa);
Masako Koike, Reiko Kunimatsu, Yurika Seida, Eriko Kiryu, Keiko Hirayama, Miki
Hayashi, Youko Hasegawa, Ryoko Ito, Tomoko Funayama and Yu Kawakami
(Niigata); Yasuko Ishii, Megumi Ariizumi, Kotomi Kishikawa, Aoi Mochizuki,
Yukie Shiogami, Kaori Sudo, Naoko Naito, Naoya Mochizuki and Sakiko Wata-
nabe (Yamanashi); Noriko Sumi, Keiko Wakayama, Eri Suzuki, Noriko Takahashi,
Michiyo Ishihara, Yurimi Kitamura, Manami Tauchi, Kei Hayashi, Kouichi Asai,
Tomomi Fujita, Akiko Kawasaki and Kazuyo Sumi (Gifu); Masako Tanaka, Yumi
Nishi, Hideko Uchibayashi, Miyuki Otono, Emi Kajiura, Ryoko Mizuno, Yuri Torii,
Rie Tsutaki, Haruna Kitajima, Runa Tsutsumi, Hideshi Taniguchi and Ayako Saeki
(Aichi); Mariko Teraya, Mayumi Kanai, Miyo Yasuda, Sawa Mizukawa, Tomohiro
Higuchi, Eriko Taniguchi, Noriyoshi Kuwada, Yuri Mitsushima, Megumi Ito,
Kazuko Ogawa, Shizuka Kurokawa, Yukina Kawahara and Junko Mitani (Kyoto);
Yumiko Noutomi, Mayumi Fujiwara, Hitomi Yamamoto, Hiromi Tashiro, Shin-
obu Fujiwara, Tami Irei, Keiko Takata, Itsuki Shirobayashi, Junko Ikukawa, Eriko
Nakatani, Yasuka Tabuchi, Tomoko Takegawa and Atsuko Toyokawa (Osaka);
Yoko Hokotachi, Yuriko Takeura, Yukie Wada, Atsuko Konishi and Saki Sakurai
(Hyogo); Yurika Adachi, Keiko Uzuki, Atsuko Umeda, Hisako Watanabe, Yuko
Oka, Kyoko Yamada and Rumiko Nishitani (Tottori); Sachiko Terao, Takahiro
Takidani, Rieko Manabe, Mai Yashiro, Noriyuki Kubota, Tomoko Miyake, Mari
Matsuda, Mieko Imanaka, Chiyo Takatsuka and Manaka Uemura (Okayama);
Yoko Fujii, Yukari Mizokami, Izumi Hase, Itsuko Yamashita, Chika Yoneda, Aki
Funada, Yukako Ito and Yoshimi Watanabe (Hiroshima); Miyuki Fujii, Sayoko
Naya, Masae Sugiyama, Yuki Nishioka, Tomoko Ishida, Nobuko Morishita and
Hitomi Nakata (Yamaguchi); Eri Ikeuchi, Toyoko Kitadai, Natsuko Shimotani,
Sakiko Nobuta, Kayo Hashimoto, Tomomi Fujita, Tasuku Maeda and Yuriko
Doihara (Tokushima), Reiko Motoie, Machiko Ueda, Nobumi Muguruma, Yoko
Moriki and Mai Nagasawa (Ehime); Akiko Fujimoto, Miki Hamachi, Kiyoko
Katayama, Tomoyo Oshikawa and Mayu Fujimoto (Fukuoka); Naomi Nagafuchi,
Kyoko Murata, Narumi Takubo, Miki Yanai, Chigusa Kamachi, Makoto Hirotaki,
Hiromi Satake, Chiemi Shida and Mayumi Sakata (Saga); Junko Kiyota, Tomomi
Nagamori, Takako Fukushima, Hiromi Ide, Satsuki Miyama, Akiko Taira, Yumi
Kokata, Kimiko Suminaga and Megumi Ooga (Kumamoto); Yuko Soga, Kayoko
Iwamoto, Mika Moribe, Miki Hamada, Toshiko Eto, Kanae Toda, Saori Furukawa,
Taeko Nagami and Mutsuko Shutou (Oita); and Kaori Kaimoto, Saki Oga,

Kana Sakaida, Daisuke lwamoto, Chiharu Nakanoue, Kae Hamada and Kenta
Nagamoto (Kagoshima). The authors also thank the research team staff at the
survey center (Department of Social and Preventive Epidemiology, School of
Public Health, University of Tokyo): Riho Adachi, Yuko Ishii, Fumi Oono, Hiroko
Onodera, Maya Kamei, Nana Kimoto, Akiko Saito, Yukiko Saito, Fusako Taka-
hashi, Mamiko Takahashi, Tomoko Doi, Akiko Hara, Keika Mine and Sachie Mori.

Authors’ contributions

KM contributed to the concept and design of the survey and data collection
and management, formulated the research, analyzed and interpreted the data,
prepared the first draft of the manuscript, and had primary responsibility for
the final content; NS contributed to the concept and design of the survey and
data collection and management, interpreted the data, and provided critical
input into the final draft of the manuscript; TAM and MBEL provided critical
input into the final draft of the manuscript; and SM and SS contributed to the
design of the survey and managed the study-field establishment, recruitment,
and fieldwork. All authors read and approved the final manuscript.

Page 150f 17

Funding

This work was supported by the Japan Society for the Promotion of Science
(grant number: 23 K01960). The funder had no role in the design, analysis, or
writing of this article.

Data availability

The datasets generated and analyzed during the current study are not
publicly available but may be made available by the corresponding author
on reasonable request and upon approval by the Ethics Committee of the
University of Tokyo Faculty of Medicine.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the guidelines of the Declara-
tion of Helsinki, and all procedures were approved by the Ethics Committee of
the University of Tokyo Faculty of Medicine (protocol code: 2022235 NI; date
of approval: 24 November 2022). Written informed consent was obtained from
all participants.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to declare.

Author details

'Department of Social and Preventive Epidemiology, School of Public Health,
University of Tokyo, Tokyo 113 -0033, Japan. 2Department of Nutrition, Dietet-
ics and Food, Monash University, Clayton, Melbourne, Australia. >Nutrition
Innovation Centre for Food and Health (NICHE), School of Biomedical Sciences,
Ulster University, Coleraine, UK. *Ikurien-Naka, Ibaraki, Japan.

Received: 3 September 2024 Accepted: 27 March 2025
Published online: 25 April 2025

References

1. Roenneberg T, Merrow M. The circadian clock and human health. Curr
Biol. 2016;26(10):R432-43.

2. Almoosawi S, Vingeliene S, Gachon F,Voortman T, Palla L, Johnston JD,
et al. Chronotype: implications for epidemiologic studies on chrono-
nutrition and cardiometabolic health. Adv Nutr. 2019;10(1):30-42.

3. Henry CJ, Kaur B, Quek RYC. Chrononutrition in the management of
diabetes. Nutr Diabetes. 2020;10(1):6.

4. Adan A, Archer SN, Hidalgo MP, Di Milia L, Natale V, Randler C. Circadian
typology: a comprehensive review. Chronobiol Int. 2012,29(9):1153-75.

5. Fabbian F, Zucchi B, De Giorgi A, Tiseo R, Boari B, Salmi R, et al. Chrono-
type, gender and general health. Chronobiol Int. 2016,33(7):863-82.

6. Dashti HS, Scheer FAJL, Saxena R, Garaulet M. Timing of food intake: iden-
tifying contributing factors to design effective interventions. Adv Nutr.
2019;10(4):606-20.

7. Lotti S, Pagliai G, Colombini B, Sofi F, Dinu M. Chronotype differences in
energy Intake, cardiometabolic risk parameters, cancer, and depression: a
systematic review with meta-analysis of observational studies. Adv Nutr.
2022;13(1):269-81.

8. Flanagan A, Bechtold DA, Pot GK, Johnston JD. Chrono-nutrition: From
molecular and neuronal mechanisms to human epidemiology and timed
feeding patterns. J Neurochem. 2021;157(1):53-72.

9. Almoosawi S, Vingeliene S, Karagounis LG, Pot GK. Chrono-nutrition: a
review of current evidence from observational studies on global trends
in time-of-day of energy intake and its association with obesity. Proc Nutr
Soc. 2016;75(4):487-500.

10. 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):e96-121.



Murakami et al. Int J Behav Nutr Phys Act

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2025) 22:46

. PhoiYY, Rogers M, Bonham MP, Dorrian J, Coates AM. A scoping review

of chronotype and temporal patterns of eating of adults: tools used, find-
ings, and future directions. Nutr Res Rev. 2022;35(1):112-35.

van der Merwe C, Munch M, Kruger R. Chronotype differences in body
composition, dietary intake and eating behavior outcomes: a scoping
systematic review. Adv Nutr. 2022;13(6):2357-405.

Farsijani S, Mao Z, Cauley JA, Newman AB. Comprehensive assess-

ment of chrononutrition behaviors among nationally representative
adults: Insights from National Health and Nutrition Examination Survey
(NHANES) data. Clin Nutr. 2023;42(10):1910-21.

Fiore G, Scapaticci S, Neri CR, Azaryah H, Escudero-Marin M, Pascuzzi MC,
et al. Chrononutrition and metabolic health in children and adolescents:
a systematic review and meta-analysis. Nutr Rev. 2024;82(10):1309-54.
Palomar-Cros A, Andreeva VA, Fezeu LK, Julia C, Bellicha A, Kesse-Guyot

E, et al. Dietary circadian rhythms and cardiovascular disease risk in the
prospective NutriNet-Sante cohort. Nat Commun. 2023;14(1):7899.
Mekary RA, Giovannucci E, Willett WC, van Dam RM, Hu FB. Eating
patterns and type 2 diabetes risk in men: breakfast omission, eating
frequency, and snacking. Am J Clin Nutr. 2012;95(5):1182-9.

Guinter MA, Park YM, Steck SE, Sandler DP. Day-to-day regularity in
breakfast consumption is associated with weight status in a prospective
cohort of women. Int J Obes (Lond). 2020;44(1):186-94.

Elortegui Pascual P, Rolands MR, Eldridge AL, Kassis A, Mainardi F, et al. A
meta-analysis comparing the effectiveness of alternate day fasting, the
5:2 diet, and time-restricted eating for weight loss. Obesity (Silver Spring).
2023;31(Suppl 1):9-21.

Liu L, Chen W, Wu D, Hu F. Metabolic efficacy of time-restricted eating in
adults: a systematic review and meta-analysis of randomized controlled
trials. J Clin Endocrinol Metab. 2022;107(12):3428-41.

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):1267.

Zeron-Rugerio MF, Hernaez A, Porras-Loaiza AP, Cambras T, Izquierdo-
Pulido M. Eating jet lag: a marker of the variability in meal timing and its
association with body mass index. Nutrients. 2019;11(12):2980.
Huseinovic E, Winkvist A, Slimani N, Park MK, Freisling H, Boeing H, et al.
Meal patterns across ten European countries - results from the European
Prospective Investigation into Cancer and Nutrition (EPIC) calibration
study. Public Health Nutr. 2016;19(15):2769-80.

Murakami K, Livingstone MBE, Masayasu S, Sasaki S. Eating patterns in a
nationwide sample of Japanese aged 1-79 years from MINNADE study:
eating frequency, clock time for eating, time spent on eating and vari-
ability of eating patterns. Public Health Nutr. 2022;25(6):1515-27.
Peterson L, Lee H, Huybrechts |, Biessy C, Neuhouser ML, Haaland B, et al.
Reliability estimates for assessing meal timing derived from longitudinal
repeated 24-hour dietary recalls. Am J Clin Nutr. 2023;117(5):.964-75.
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.

van der Heijden AA, Hu FB, Rimm EB, van Dam RM. A prospective study of
breakfast consumption and weight gain among U.S. men. Obesity (Silver
Spring). 2007;15(10):2463-9.

Mekary RA, Giovannucci E, Cahill L, Willett WC, van Dam RM, Hu FB. Eating
patterns and type 2 diabetes risk in older women: breakfast consumption
and eating frequency. Am J Clin Nutr. 2013;98(2):436-43.

Jigeer G, Huang Z, Wang P, Chen S, Sun L, LiY, et al. Longitudinal associa-
tions of skipping breakfast and night eating with 4-year changes in
weight and waist circumference among Chinese adults. Am J Clin Nutr.
2024;120(2):442-8.

Phoi YY, Bonham MP, Rogers M, Dorrian J, Coates AM. Construct validity
and test-retest reliability of a chrononutrition questionnaire for shift work
and non-shift work populations. Chronobiol Int. 2024;41(5):669-83.

Cade J, Thompson R, Burley V, Warm D. Development, validation and
utilisation of food-frequency questionnaires - a review. Public Health Nutr.
2002;5(4):567-87.

Maugeri A, Barchitta M. A systematic review of ecological momentary
assessment of diet: implications and perspectives for nutritional epidemi-
ology. Nutrients. 2019;11(11):2696.

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment.
Annu Rev Clin Psychol. 2008;4:1-32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 16 of 17

Veronda AC, Allison KC, Crosby RD, Irish LA. Development, validation and
reliability of the Chrononutrition Profile - Questionnaire. Chronobiol Int.
2020;37(3):375-94.

Veronda AC, Irish LA. Evaluation of the Chrononutrition Profile -
Questionnaire in an online community sample of adults. Eat Behav.
2022;45:101633.

Chakradeo P, Rasmussen HE, Swanson GR, Swanson B, Fogg LF, Bishehsari
F, et al. Psychometric Testing of a Food Timing Questionnaire and Food
Timing Screener. Curr Dev Nutr. 2021;6(2):nzab148.

Gioia SC, Guirette M, Chen A, Tucker C, Gray BE, Vetter C, et al. How
accurately can we recall the timing of food intake? A comparison of food
times from recall-based survey questions and daily food records. Curr
Dev Nutr. 2022;6(2):nzac002.

Hartman TJ, Masters M, Flanders WD, Wang Y, Li M, Mitchell DC, et al.
Self-reported eating occasion frequency and timing is reproducible and
relatively valid in the American Cancer Society Cancer Prevention Study-3
Diet Assessment Substudy. J Nutr. 2022;152(12):2827-36.

Murakami K, Shinozaki N, McCaffrey TA, Livingstone MBE, Sasaki S. Data-
driven development of the Meal-based Diet History Questionnaire for
Japanese adults. Br J Nutr. 2021;126(7):1056-64.

Murakami K, Shinozaki N, Kimoto N, Masayasu S, Sasaki S. Relative validity
of food intake in each meal type and overall food intake derived using
the Meal-based Diet History Questionnaire against the 4-day weighed
dietary record in Japanese adults. Nutrients. 2022;14(15):3193.

Murakami K, Shinozaki N, Kimoto N, Masayasu S, Sasaki S. Relative validity
of the Meal-based Diet History Questionnaire for estimating nutrient
intake among Japanese women and men aged 30-76 years. Nutrients.
2022;14(20):4270.

Murakami K, Shinozaki N, Livingstone MBE, Kimoto N, Masayasu S, Sasaki
S. Relative validity of the online Meal-based Diet History Questionnaire
for evaluating the overall diet quality and quality of each meal type in
Japanese adults. Br J Nutr. 2023;130(4):679-93.

Ghotbi N, Pilz LK, Winnebeck EC, Vetter C, Zerbini G, Lenssen D, et al. The
UMCTQ: an ultra-short version of the Munich ChronoType Questionnaire.
J Biol Rhythms. 2020;35(1):98-110.

Kitamura S, Hida A, Aritake S, Higuchi S, Enomoto M, Kato M, et al. Valid-
ity of the Japanese version of the Munich ChronoType Questionnaire.
Chronobiol Int. 2014;31(7):845-50.

Zeron-Rugerio MF, Diez-Noguera A, Izquierdo-Pulido M, Cambras

T. Higher eating frequency is associated with lower adiposity and

robust circadian rhythms: a cross-sectional study. Am J Clin Nutr.
2021;113(1):17-27.

Xiao Q, Garaulet M, Scheer FAJL. Meal timing and obesity: interac-

tions with macronutrient intake and chronotype. Int J Obes (Lond).
2019;43(9):1701-11.

Murakami K, Livingstone MB. Eating frequency is positively asso-

ciated with overweight and central obesity in US adults. J Nutr.
2015;145(12):2715-24.

Roenneberg T, Allebrandt KV, Merrow M, Vetter C. Social jetlag and obe-
sity. Curr Biol. 2012;22(10):939-43.

World Health Organization. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. Geneva. World Health Organ
Tech Rep Ser. 2000;894:1-253.

Lombard MJ, Steyn NP, Charlton KE, Senekal M. Application and inter-
pretation of multiple statistical tests to evaluate validity of dietary intake
assessment methods. Nutr J. 2015;14:40.

Bland JM, Altman DG. Measuring agreement in method comparison
studies. Stat Methods Med Res. 1999;8(2):135-60.

Montenij LJ, Buhre WF, Jansen JR, Kruitwagen CL, de Waal EE. Methodol-
ogy of method comparison studies evaluating the validity of cardiac
output monitors: a stepwise approach and checklist. Br J Anaesth.
2016;116(6):750-8.

Subar AF, Thompson FE, Kipnis V, Midthune D, Hurwitz P, McNutt S, et al.
Comparative validation of the Block, Willett, and National Cancer Institute
food frequency questionnaires. The Eating at America’s Table Study. Am J
Epidemiol. 2001;154(12):1089-99.

Byers T. Food frequency dietary assessment: how bad is good enough?
Am J Epidemiol. 2001;154(12):1087-8.

Freedman LS, Commins JM, Moler JE, Arab L, Baer DJ, Kipnis V, et al.
Pooled results from 5 validation studies of dietary self-report instruments



Murakami et al. Int J Behav Nutr Phys Act (2025) 22:46

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

using recovery biomarkers for energy and protein intake. Am J Epidemiol.
2014;180(2):172-88.

Freedman LS, Commins JM, Moler JE, Willett W, Tinker LF, Subar AF, et al.
Pooled results from 5 validation studies of dietary self-report instruments
using recovery biomarkers for potassium and sodium intake. Am J Epide-
miol. 2015;181(7):473-87.

Livingstone MB, Black AE. Markers of the validity of reported energy
intake. J Nutr. 2003;133(Suppl 3):8955-920S.

Black AE. The sensitivity and specificity of the Goldberg cut-off for

El:BMR for identifying diet reports of poor validity. Eur J Clin Nutr.
2000;54(5):395-404.

Murakami K, Livingstone MB. Prevalence and characteristics of misre-
porting of energy intake in US adults: NHANES 2003-2012. Br J Nutr.
2015;114(8):1294-303.

Murakami K, Livingstone MB. Eating frequency in relation to body

mass index and waist circumference in British adults. Int J Obes (Lond).
2014;38(9):1200-6.

Chau CA, Pan WH, Chen HJ. Employment status and temporal patterns of
energy intake: Nutrition and Health Survey in Taiwan, 2005-2008. Public
Health Nutr. 2017;20(18):3295-303.

Statistics Bureau, Ministry of Internal Affairs and Communications, Japan
(2018) Employment Status Survey, 2017. https://www.stat.go,jp/data/
shugyou/2017/index2.html. Accessed 27 June 2024. (in Japanese).
Ministry of Health, Labour and Welfare, Japan (2017) Comprehensive
Survey of Living Conditions 2017. https://www.mhlw.go.jp/toukei/saikin/
hw/k-tyosa/k-tyosa17/d1/10.pdfAccessed 27 June 2024. (in Japanese).
Ministry of Health, Labour and Welfare, Japan. The National Health and
Nutrition Survey in Japan, 2019. https.//www.mhlw.go.jp/content/00106
6903.pdf. Accessed 27 June 2024. (in Japanese).

Ziesemer K, Konig LM, Boushey CJ, Villinger K, Wahl DR, Butscher S, et al.
Occurrence of and reasons for “missing events”in mobile dietary assess-
ments: results from three event-based ecological momentary assessment
studies. JMIR Mhealth Uhealth. 2020;8(10): e15430.

O'Connor SG, O'Connor LE, Higgins KA, Bell BM, Krueger ES, Rawal R, et al.
Conceptualization and assessment of 24-h timing of eating and energy
intake: a methodological systematic review of the chronic disease litera-
ture. Adv Nutr. 2024;15(3): 100178.

Bell BM, Alam R, Alshurafa N, Thomaz E, Mondol AS, de la Haye K, et al.
Automatic, wearable-based, in-field eating detection approaches for
public health research: a scoping review. NPJ Digit Med. 2020;3:38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17


https://www.stat.go.jp/data/shugyou/2017/index2.html
https://www.stat.go.jp/data/shugyou/2017/index2.html
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa17/dl/10.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa17/dl/10.pdf
https://www.mhlw.go.jp/content/001066903.pdf
https://www.mhlw.go.jp/content/001066903.pdf

	Relative validity of the Chrono-Nutrition Behavior Questionnaire (CNBQ) against 11-day event-based ecological momentary assessment diaries of eating
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Overview of the study procedure
	Study participants
	Chrono-Nutrition Behavior Questionnaire
	Eleven-day event-based ecological momentary assessment diaries of eating
	Creation of chrononutrition-related parameters
	Assessment of other variables
	Analytic sample
	Statistical analysis

	Results
	Sleep and temporal patterns of eating variables on workdays
	Sleep and temporal patterns of eating variables on non-workdays
	Workday and non-workday differences variables
	Bland–Altman plots

	Discussion
	Conclusions
	Acknowledgements
	References


