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ABSTRACT

Later chronotypes may be associated with lower diet quality and later timing of energy intake in
paediatric age. Period of data collection of these variables may affect these parameters and inter-
relationship. We aimed to assess the cross-sectional association of chronotype with a diet quality score
(HEI) and caloric midpoint (time of achieving 50% of total daily energy intake), considering summer
holidays, using data from the National Food, Nutrition and Physical Activity Survey 2015-2016 for 578
participants (6-14 years of age). Chronotype was estimated by the midpoint of sleep and categorized as
Early, Intermediate and Late, using physical activity diaries, while outcomes using two food
diaries/24 h recalls. Associations of chronotype with outcomes were assessed by linear
regressions adjusted for sex, age, parental education (model 1), BMI, sports practice
(model 2), and summer holidays (no/yes) (model 3). In model 2, a Late vs. Early chronotype was
negatively associated with HEI (8 = —0.74; 95% Cl: —1.47, —0.07) and positively with caloric midpoint
(B=0.35;95% Cl: 0.02, 0.69). However, associations lost significance in model 3. The association between
chronotype and dietary habits may be benefit from being studied considering school terms and
summer holidays. Future larger prospective studies are needed to clarify the role of summer holidays
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on this inter-relationship.

Introduction

Humans are adapted to the 24-h day through an internal
circadian clock system, composed by a central clock, the
suprachiasmatic nucleus, and peripheral clocks in var-
ious tissues (Cagampang and Bruce 2012). The endo-
genous clocks govern cyclic processes including
metabolism and sleep-wake and fasting-feeding cycles,
being also synchronized by the light-dark cycle and
energy intake (Cagampang and Bruce 2012).

Chronotype reflects the individual differences in the
entrainment of the circadian clock, being influenced by
environmental, biological, and social factors such as
work or school schedules (Roenneberg et al. 2019).
The Munich ChronoType Questionnaire (MCTQ)
(Roenneberg et al. 2003) assesses sleep onset and sleep
end timings and estimates chronotype by the clock time
of the midpoint of sleep on free days (MSF).

Chrononutrition focuses on the study of the fasting-
feeding cycle, encompassing the timing, frequency,
and regularity of food intake which are also influ-
enced by sleep and social schedules (Almoosawi
et al. 2019).

A later/evening chronotype, compared to an earlier/
morning type, has been positively associated with
a poorer diet quality (Rodriguez-Cortés et al. 2022) and a
later timing of food intake in adults (Phoi et al. 2022) and
children (Roflbach et al. 2018). In turn, these may be
positively associated with overweight in children (Eng
et al. 2009; Vilela et al. 2019), and in adults, when timing
is measured by the caloric midpoint, which is the time at
which 50% of total daily energy intake is achieved. (Teixeira
et al. 2019).

School-aged youth is particular susceptible to exhibit
a mismatch between the dark-light cycle, sleep and eat-
ing cycles, since their chronotype becomes later with
age, and they experience different constraints during
summer holidays, compared to school terms, which
may promote later sleep times, poorer and later eating
habits (Brazendale et al. 2017; Moreno et al. 2019).
Evidence is still scarce and heterogenous on the rela-
tionship between chronotype and eating habits in pae-
diatric age, especially during school terms/holidays
(Almoosawi et al. 2019). Hence, this study aims to assess
the association of chronotype, as the MSF, with diet
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quality and timing of energy intake, considering the
period of data collection in summer holidays and school
terms, in Portuguese children and adolescents (6-14

years (y)).

Materials and methods
IAN-AF 2015-2016 survey

This study used data from the National Food, Nutrition
and Physical Activity Survey of the Portuguese popula-
tion, 2015-2016 (IAN-AF 2015-2016) (Lopes et al. 2017,
2018). In brief, a representative sample of the general
Portuguese population (3 months-84y) was selected,
using the National Health Registry as the sampling
frame and a multi-stage random sampling approach. In
the firs sampling stage, within each of the seven geogra-
phical regions of the Nomenclature of Territorial Units
for Statistics (NUTS II), Health Units were randomly
selected, weighed by the number of registered health
users. In the second, within each Unit, individuals were
randomly selected, by sex and age groups. From
October 2015 to September 2016, comprising both school
terms and holidays, two personal computer-assisted
interviews (8-15d apart) were conducted by trained
staff, using the “You eAT&Move” software developed
for the survey (Goios et al. 2020).

Study location and time zones

Portugal is constituted by Portugal mainland and the
Archipelagos of Madeira and Azores. Winter’l5
occurred from December 22" to March 20" and
Summer’l6 from June 20" to September 22"
Daylight Saving Time (DST) is adopted between the
end of March and end of October. Standard time of
Portugal mainland and Madeira is UTC + 0 and UTC + 1
during DST, whilst Azores standard time is UTC-1 and
UTC + 0 during DST. Hereatfter, clock times are presented
in local time 24-h format (h:min) and were converted to
decimal hours for statistical analysis.

Participant selection

A total of 5811 individuals completed the dietary assess-
ments, including 1327 children under 10y and 632 ado-
lescents aged 10-17y, in the JAN-AF 2015-2016 (Lopes
et al. 2017, 2018). Physical activity was assessed by phy-
sical activity (PA) diaries only for participants aged 6 to
14y, which allowed chronotype estimation, and by the
International Physical Activity Questionnaire for those
above 14y. For the present study, inclusion criteria were
school-aged children and adolescents (5-14y) with two

valid 24-h recalls or food diaries (n =716) and three or
more PA diaries (212 h of reported activities), including
one weekday and at least one weekend night (Friday to
Saturday or Saturday to Sunday) (n=593). Exclusion
criteria were having reported health conditions that
could affect either circadian rhythms [autism spectrum
disorders (n =2), attention deficit and/or hyperactivity
disorder (n = 4), epilepsy (n = 2) and cancer of the central
nervous system (n = 1)] or diet quality due to restriction
of certain food groups [diabetes (n = 1), food allergies (n
=2) and intolerances (n = 3)]. The final sample (n = 578)
was composed of 237 children (6-9y) and 341 adoles-
cents (10-14y).

Data collection

Dietary intake

Dietary intake was assessed following the European Food
Safety Authority (EFSA) guidelines (European Food
Safety Authority 2014) by two non-consecutive 24-h
recalls responded by adolescents plus their main care-
giver; or by two non-consecutive food diaries filled by
parents of children under 10y of age. The timing, loca-
tion, types and quantities of consumed food and bev-
erages were collected per eating occasion with the
validated “eAT” platform (Goios et al. 2020), using the
FoodEX2 classification system (European Food Safety
Authority 2011), food pictures (Torres et al. 2017), and
an extended version of the Portuguese Food Composition
Table for energy and nutrient intake estimation (Instituto
Nacional de Satde Ricardo Jorge 2006).

Diet quality

Diet quality was assessed by a healthy eating index
(HEI) previously developed and validated for
Portuguese children (Pinto da Costa et al. 2019)
and adapted to adolescents (Vilela et al. 2020).
Briefly, this index included four food groups consid-
ered healthier (Fruit and vegetables; Cereals and
potatoes; Dairy; White meat, fish and eggs) and
five considered less healthy (Red meat and processed
meat; Salty snacks; Sugar-sweetened beverages; Sugar
and honey; Sweets), based on the paediatric dietary
recommendations of the World Health Organization
(WHO) (World Health Organization 2006). From
the average daily consumption of the 2 d (g/d),
quartiles were calculated for each food group, sepa-
rately for children (3-9y) and adolescents (10-14y).
From the lowest to the highest quartile, a score
between 1 and 4 points was assigned, in ascending
order for healthier food groups, and in descending
order for less healthy ones. Since Salty snacks and
Sugar and honey had a higher prevalence of non-



consumers, consumption of each of these food
groups were re-categorised as no (0g/d)) or as yes (>0
g/d), which were assigned 2 and 1 points, respectively.

The sum of the scores of the nine food groups
resulted in the final HEI score which could range from
9 points to 32 points. The higher the score, the greater
adherence to a healthier eating pattern and therefore, a
higher diet quality.

For the present sample, separately for children and
adolescents, the mean daily consumption of HEIs
food groups (g/d) by each quartile and the propor-
tions of consumption of Salty snacks and Sugar and
honey (no/yes) are in Table S1 in supplementary
materials.

Timing of energy intake

Timing of energy intake was assessed as the distribution
of proportion of total daily energy intake (TEI) through-
out the 24-h day. Using two food diaries or 24-h recalls,
TEI (kcal) and respective quartiles were calculated for
each weekday and weekend day. Then, it was deter-
mined the clock times (h:min) at which the following
parameters occurred: energy intake onset (defined by
the first eating occasion reported) 25%, 50% and 75% of
TEI and energy intake offset, given by the last eating
occasion reported. The average times of the 2 d were
then obtained. The caloric midpoint was defined as the
clock time at which 50% of daily TEI was achieved
(McHill et al. 2017). It was selected as the summary
measure of temporal distribution of energy intake.
Since individuals can exhibit variations of the timing
of food intake on free days and on school/workdays the
caloric midpoint lag was calculated for individuals who
had dietary reports on both types of days (n=150) as
the difference between the mean caloric midpoint on
weekends and on weekdays.

Physical activity diaries

Adolescents and children’s parents completed PA dia-
ries adapted from Bouchard’s 3-d-activity record
(Bouchard et al. 1983), on two consecutive weekdays
and two weekend days. Individuals were given a grid, in
paper, for each day to report their primary activity every
15-min interval over 24 h, from 00:00 h to 24:00 h
(Lopes et al. 2018). In the computerized PA diaries,
only two activities were related to sleep-wake behaviour:
“sleeping” and “getting ready to sleep.”

Chronotype

In this study, chronotype estimation was performed by
adapting Roenneberg’s work and parts of the MCTQ
(Roenneberg et al. 2019). The MCTQ for children and
adolescents includes questions regarding sleep onset
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and end times on school days and school-free days,
and alarm clock use (Roennenberg et al. 2015). Using
that information, the MSF and the midpoint of sleep on
workdays (MSW) are determined as the halfway point
between sleep onset and sleep end times. If sleep dura-
tion is longer on free days and no alarm is used, MSF is
corrected for sleep debt accumulated during the work-
week (MSFsc) (Roenneberg et al. 2019). The proposed
formulas were adapted in the present study, as done by
other authors who used specific questions about sleep
times (Phoi et al. 2022). All formulas can be consulted as
supplementary material in Table S2. Here, weeknights
were considered as workdays, and weekend nights as
free days, with no alarm or imposed wake up time. The
activity described as “sleeping” was screened, and naps
during the day were excluded as preconized by MCTQ
(Roennenberg et al. 2015). For each weekend night and
weeknight, the reported first and last clock times of “sleep-
ing” on PA diaries were, respectively, used as proxies of
sleep onset and sleep end, to calculate MSF, MSW and
respective averages. The same process was performed for
sleep duration. If sleep duration on weekend nights was
longer than on weeknights, the average MSF was adjusted
for the calculated sleep debt during the school week,
generating a sleep debt adjusted MSF (MSFsa) (h:min).
Chronotype was then categorised according to MSFsa
tertiles as Early, Intermediate and Late.

Missing data handling

For this study, there were around 40% missing first clock
times of “sleeping” which were necessary to compute
MSW and 34% to compute MSF. In this sub-heading,
the process of missing definition and handling will be
explained. For simplification, the first clock times of
“sleeping” will be described as “bedtimes.”

Each day of the PA diaries started at 00:00 h and
ended at 24:00 h. On a given day, when a participant
went to bed after 00:00 h, the activity “sleeping” would
be first mentioned at the applicable time of the
same day. When a participant went to bed at exactly
00:00 h or earlier, the diary would start at 00:00 h with
“sleeping,” and the last activity of the previous day had
to be checked to ascertain the bedtime. If the participant
had not filled a diary in the previous day, this bedtime
was unknown and considered to be missing. In this
sample, of the total bedtimes on weekdays (n=1212)
and on weekends (n =1169), there were 474 and 402
missing bedtimes on a previous day, respectively

Missing bedtimes were due to a lack of consecutive-
ness of days of the PA diaries, either because it was not
required between a weekday and weekend day or
Saturday and Sunday, or the instruction of consecutive-
ness between two weekdays was not followed. To the
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best of our knowledge, the cause for missingness was
not related with our exposure nor outcomes. Thus, we
assumed that missing bedtimes on weekdays and week-
ends were missing at random (Little and Rubin 2014).
A two-step single imputation approach was applied for
free days and weekdays separately. For each day of each
participant, we performed a mean imputation with the
reported first clock time of “sleeping” on other free days
(n=352) and weekdays (n = 471). If the participant did
not have other free days (n=50) or weekdays (n=3),
missing bedtimes were imputed using a linear regression
model with significant covariates (participant’s sex,
age, and last clock time of “sleeping” on the
respective day).

Summer school holidays

In the 2015/16 schoolyear, summer holidays began on
June 9, for grades 1-8 (6-14 y of age), and on June 3,
for grade 9 (14y). The end of summer holidays was
given by the start of the 2016/17 schoolyear, which
occurred between 9" to 15™ of September. Thus, the
period of summer holidays was considered to be from
June 9 to September 15, 2016. Summer holidays was
categorized as no, if no free days of the PA diaries
occurred during summer holidays, and as yes, if the
free days of PA diaries did occur within this period.

Other covariates

Participants’ sex and age at first interview (y) were self-
reported. Sports practice (no/yes) was self-reported by
the question: “Do you practice extra-curricular regular
and programmed sports physical activity?.”
Participants’ height (to the nearest 0.1 cm) and weight
(nearest 0.1 Kg) were objectively measured according
to procedure standards (Stewart and Marfell-Jones
2001). Body mass index (BMI) (Kg/mz) was calculated,
and four categories were defined using the WHO’s sex-
specific BMI-for-age z-scores cut-offs (de Onis et al.
2006). In this sample, proportions of underweight (<
-2 standard deviations (SD)), normal weight (-2 < SD
< +1), pre-obesity (+1 < SD < +2), and obesity (=+2
SD) were 1.2%, 62.8%, 23.4% and 12.6%, respectively.
Since underweight had a low prevalence in this sample
and most literature does not analyse pre-obesity and
obesity separately (Chaput et al. 2015; Eng et al. 2009),
BMI category was re-categorised as underweight or nor-
mal weight, it BMI-for-age z-score <+1 SD, and as pre-
obesity or obesity, if it was >+1 SD.

Parental education level was defined according to the
parent that reported the highest level of education com-
pleted. The education levels ranged from none, 1** cycle
of primary school (4™ grade), 2" cycle of primary
school (6™ grade), 3™ cycle of primary school (9™

grade), secondary school (12" grade), post-secondary
level (professional courses excluding higher education
degrees), and tertiary level (higher education degrees,
such as bachelor, master, and doctorate). Lastly, paren-
tal education level was re-categorised as post-secondary
or lower level and tertiary level.

For each participant, the local clock times of sunrise
and sunset in the first free day of the PA diaries were
obtained using the function sunriseset of the R package
maptools (Bivand and Lewin-Koh 2017) and the central
coordinates of their NUTS II region. Daylight duration
(h) was also calculated as the time interval between
sunset and sunrise clock times.

Ethics approval and consent to participate

The IAN-AF 2015-2016 survey was conducted accord-
ing to the guidelines of the Declaration of Helsinki and
was approved by Ethical Committee of the Institute of
Public Health, University of Porto, the Ethical
Commissions of the Regional Administrations of
Health involved and the National Commission for
Data Protection.

All participants were asked to provide their written
informed consent according to the Ethical Principles for
Medical Research involving human subjects expressed
in the Declaration of Helsinki and the national legisla-
tion. For children and adolescents (<18y), the consent
form was provided by the parents/legal representatives,
which was also signed by adolescents (10-17Yy).
Documents with identification data were treated sepa-
rately and stored in a different dataset.

Statistical analysis

Chronotype was categorised according to MSFsa ter-
tiles (h:min) as Early (<3:10 h), Intermediate (>3:10 h
and < 3:56 h) and Late (23:56 h). Sample’s characteris-
tics were analysed by chronotype. Continuous vari-
ables were considered to have a normal distribution
by visual inspection of histograms and Q-Q plots.
Frequency and proportion [n (%)] of categorical vari-
ables, or mean and SD of continuous variables, were
compared between chronotype categories, using
Pearson’s chi-squared test and one-way analysis of var-
iance (ANOVA), respectively. Post-hoc tests were per-
formed, namely Bonferroni adjusted Z-test for column
proportions, and Tukey’s multiple comparisons test with
Bonferroni correction for column means (or Games-
Howell, if homogeneity of variances was not assumed).
Two separate linear regression analyses were per-
formed between the categories of chronotype and
each outcome: the HEI score (points) and the caloric



midpoint (h). Summer holidays and daylight dura-
tion were tested as potential confounders in preli-
minary analyses, by assessing the association of each
of them with chronotype categories (ordinal logistic
regressions) and with the HEI score and caloric mid-
point (linear regressions). When both were included
in the models, only summer holidays remained sig-
nificantly associated and thus, daylight duration was
excluded.

In the ordinal logistic regression model, chronotype
was considered a categorical variable with an associated
order, since the three categories of chronotype are based
on the MSFsa tertiles of the sample. An ascending order
of chronotype categories was selected from Early,
Intermediate and, lastly, Late category. For the indepen-
dent variable summer holidays (no/yes), the reference
category was 1o.

The presented models were adjusted for the follow-
ing potential confounders: participants’ sex, age, par-
ental education (model 1), model 1 plus BMI category,
sports practice (model 2) and, model 2 plus summer
holidays (model 3). Interaction terms between chron-
otype and BMI, age, sex and summer holidays were
tested  but lacked  statistical  significance.
Multicollinearity was assessed by calculating the
Variance Inflation Factor (VIF) values.

As a sensitivity analysis, the sample was stratified into
the two strata of summer holidays (n0/yes).

Since chronotype was based on tertiles of MSFsa of the
sample, new tertiles for each stratum of summer holidays,
were calculated and the respective chronotype categories
were defined. For the stratum no (n=412), Chronotype
during school terms was defined as Early (<3:04h),
Intermediate (>3:04h and < 3:47h) and Late (>3:47 h).
For the stratum yes (n = 166), Chronotype during summer
holidays was defined as Early (<3:34h), Intermediate
(>3:34 h and <4:33 h) and Late (>4:33 h). For the stratum
no, models 1 and 2 were performed, whereas for the
stratum yes, only model 1 was conducted due to the
smaller sample size.

For the linear regression models, the estimated unstan-
dardized coefficients (B) and respective 95% confidence
intervals (CI) are presented. For the ordinal logistic mod-
els, odds-ratio (OR) and 95% CI are presented.

A significance level of 0.05 was assumed for all
analyses. R statistical computing program, version
3.4.1 (R Foundation for Statistic Computing, Austria,
2010) was used to calculate time parameters of sleep
and energy intake. Statistical Package for the Social
Sciences, version 27.0 (IBM SPSS Statistics for
Windows, IBM Corp., Armonk, NY) was used for
descriptive statistics and regression models, using
Generalized Linear Models.
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Results

Of the 578 included participants whose mean age was
10y, most were girls (52%), had parents with tertiary
education level (63%) and were underweight or had
normal weight (64%). Participants with a Late chron-
otype were older, had a higher HEI score although
differences were marginally significant
(p <0.068), and had a later daily energy intake onset,
offset, 25% and 75% of TEI, than those with Early
chronotypes (all p<0.001). The same group had
a later caloric midpoint (15:00 h + 1:43 h) compared
to those with Early (14:30 h + 1:33 h) and Intermediate
chronotypes (14:42h + 1:41h) (p=0.048). For parti-
cipants with dietary assessments both on weekends
and weekdays, there were no statistically significant
differences of the mean caloric midpoint lag between
chronotype categories (p =0.450) (Table 1).

After adjustment for sociodemographic variables,
BMI, and sports practice, a Late chronotzpe was nega-
tively associated with the HEI (model 2: f=-0.74; 95%
CL: -1.44, -0.33) compared to an Early chronotype.
However, after further adjusting for summer holidays,
the association was no longer statistically significant

(model 3: ﬁ=—0.47; 95% CI: -1.19, 0.25). Similarly,
a Late chronotype vs. Early was positively associated

with the caloric midpoint (model 2: E: 0.35; 95% CI:
0.02, 0.69). Nevertheless, after further adjusting for sum-
mer holidays, the direction of association was maintained
but this association was no longer statistically significant

(model 3: B =0.25; 95% CI: —0.09, 0.60) (Table 2).

For the association between summer holidays (no/
yes) and chronotype, the ordinal logistic equation
model, adjusted for sociodemographic variables,
revealed that participants in the group of summer holi-
days = yes had a higher odds ratio of being in a later
chronotype category, compared to participants who
were in the group of summer holidays = no (model 1:
OR = 2.70; 95% CI: 1.90, 3.83) (Table S3).

The group summer holidays=yes was also nega-
tively associated with the HEI (model 1: ﬁ=—1.09;
95% CI: —1.70, —0.49) and positively associated with

the caloric midpoint (model 1: 73\: 0.44; 95% CI: 0.15,
0.74) after adjusting for sociodemographic variables
(Table S4).

The sensitivity analysis showed that within both stra-
tum of summer holidays, the associations of chronotype
during school terms and chronotype during summer
holidays (for stratum no and for stratum yes, respec-
tively) with both outcomes maintained the directions
seen in the models before stratification but were not
statistically significant (Table S5).
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Table 1. Characteristics of participants, by categories of chronotype.

Total Early Intermediate Late
(n=578) (n=192) (n=189) (n=197)
N (%) N (%) N (%) N (%)
Characteristics mean (SD) mean (SD) mean (SD) mean (SD) p-value
Sex

Female 303 (52.4) 96 (50.0) 93 (49.2) 114 (57.9)

Male 275 (47.6) 96 (50.0) 96 (50.8) 83 (42.1) 0.167
Age, years 10.0 (2.70) 9.5 (2.56)° 9.7 (2.67)° 10.9 (2.61)b <0.001
Parental education level

Post-secondary or lower 360 (62.9) 128 (67.4) 118 (63.1) 114 (58.5)

Tertiary 212 (37.1) 62 (32.6) 69 (36.9) 81 (41.5) 0.194
BMI category

Underweight or normal weight 368 (63.9) 121 (63.0) 119 (63.6) 128 (65.0)

Pre-obesity or obesity 208 (36.1) 71 (37.0) 68 (36.4) 69 (35.0) 0.919
Sports practice

No 219 (38.6) 68 (35.8) 69 (37.7) 82 (42.1)

Yes 349 (61.4) 122 (64.2) 114 (62.3) 113 (57.9) 0.433
Daylight duration, h 12.5 (1.86) 12.2 (1.89)° 12.5 (1.88)3'b 12.9 (1.75)b <0.001
Summer holidays

No 412 (71.3) (160 (83.3)° 139 (73.5)b 113 (57.4)°

Yes 166 (28.7) 32 (16.7)% 50 (26.5)b 84 (42.6)° <0.001
Healthy Eating Index score, points 20.2 (3.42) 20.8 (3.34) 20.4 (3.35) 20.0 (3.39) 0.068
Energy intake onset, h:min 8:38 (1:27) 8:18 (1:06)° 8:36 (1:03)° 9:00 (1:55)° <0.001
25% of TEI, h:min 11:50 (1:23) 11:30 (1:19) 11:42 (1:19)b 12:18 (1:24)° <0.001
Caloric midpoint, h:min 14:44 (1:39) 14:30 (1:33)° 14:42 (1:41)° 15:00 (1:43)b 0.048
75% of TEI, h:min 18:53 (1:29) 18:36 (1:33)° 18:54 (1:22)% 19:06 (1:29)b 0.001
Energy intake offset, h:min 21:00 (0:55) 20:48 (0:55)° 21:00 (0:48)° 21:12 (0:57)° <0.001
Caloric midpoint lag, h* —-0.09 (2.96) —0.35 (3.05) 0.38 (2.84) —-0.19 (2.97) 0.450
First clock time of “sleeping” weekdays, h:min 22:17 (1:20) 21:46 (0:43)* 22:11 (0: 43)b 22:53 (1:13)¢ <0.001
First clock time of “sleeping” free days, h:min 22:39 (1:10) 21:40 (0:37)* 22:35 (0: 3»5)b 23:50 (0:59)¢ <0.001
Last clock time of “sleeping” weekdays, h:min 8:07 (1:15) 7:30 (0:44)° 7:59 (0: 57) 8:49 (1:32)° <0.001
Last clock time of “sleeping” free days, h:min 9:26 (1:12) 8:40 (0:59)° 9:13 (0: 52) 10:22 (1:03)¢ <0.001
MSFsa, h:min 3:41 (1:00) 242 (0:24)° 3: 30 (0: 13) 4:48 (0:46)° <0.001
Sleep duration weekdays, h 9.8 (1.14) 7 (0.88) 8 (1. 11) 9.9 (1.37) 0.195
Sleep duration free days, h 10.7 (1.29) 11 0 (1.24) 10 6 (1.26)° 105 (1.31)° <0.001

Abbreviations: %, percentage; BMI, Body mass index; h, hours; h:min, clock time in hours and minutes; MSFsa, midpoint of sleep on free days adjusted for sleep

debt; n, count; SD, standard deviation; TEl, total energy intake.

*Caloric midpoint lag was calculated for n = 150. For each variable, the total may not add to 578 due to missing data.

Data are presented as mean and standard deviation for continuous variables and counts and proportions for categorical variables by columns.

P-value for statistical test one-way ANOVA for continuous variables, and Pearsons’ Chi-square for categorical variables. Significant p-values <0.05 are shown in
bold.

Values with the different superscript in the same row are statistically significantly different, according to post-hoc tests: Bonferroni-adjusted Tukey’s multiple
comparisons test or Games-Howell for column means, and Bonferroni-adjusted Z-test for column proportions.

Table 2. Associations of chronotype with the healthy eating index score (points) and the caloric midpoint (h).

Healthy Eating Index score (points)

Caloric midpoint (h)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
B (95% Cl) B (95% Cl) B (95% CI) B (95% Cl) B (95% Cl) B (95% Cl)
Chronotype n=572 n =560 n =560 n=572 n =560 n =560
Early Ref Ref Ref Ref Ref Ref
Intermediate  —0.36 (—1.04, 0.33) —0.38 (—0.11, 0.31) —0.27 (—0.96, 0.42)  0.18 (—0.15,0.51)  0.20 (—0.13,0.53)  0.16 (—0.17, 0.49)
Late —0.78 (—1.48, —0.09) —0.74 (—1.44, —0.33) —0.47(—1.19,0.25) 0.41 (0.07, 0.75)  0.35 (0.02, 0.69)  0.25 (—0.09, 0.60)

Abbreviations: E, estimated unstandardized coefficient; Cl, Confidence Interval; h, hours; n, count; Ref, reference category.

Significant categories are in bold.
The sample size does not add to 578 due to missing data.

Model 1: Adjusted for participants’ sex and age (years) and parental education level (Post-secondary or lower/Tertiary).
Model 2: M1 plus BMI category (Underweight or normal weight/Pre-obesity or obesity) and Sports practice (no/yes).

Model 3: M2 plus Summer holidays (no/yes).

Discussion
Chronotype and diet quality

In the present study, a Late chronotype, compared to
Early, was negatively associated with diet quality mea-
sured by the HEI score, after adjusting for sociodemo-
graphic, anthropometric and sport covariates.

Outcome measures related to diet quality vary from
study to study, with some analysing food groups, and
others using different dietary indexes, which hinders com-
parison of results. Also, studies did not account for summer
holidays, and thus, models 1 and 2 will also be discussed.

Present findings agree with previous studies focused
on the effect of bedtimes and rise times on healthy



dietary indexes with food groups similar to those con-
tained in the HEI A study among Australian youngsters
with mean age of 12y, described that, compared to
being “early-to-bed and early-to-rise,” being “late-to-
bed and late-to-rise” was negatively associated with the
score of the Dietary Guideline Index for Children and
Adolescents  (Golley et al. 2013). Likewise,
a multinational study, comprising individuals aged 9
to 11y, found that bedtime was inversely associated
with a healthy dietary pattern (Chaput et al. 2015).
Nonetheless, Fleig and Randler (2009) were not able to
find an association between chronotype and consump-
tion of sweets or vegetables, in adolescents (Fleig and
Randler 2009).

When further adjustment for summer holidays was
added, the associations between late chronotype and
HEI were no longer significant, thus suggesting summer
holidays was a confounder.

Concerning the sensitivity analysis, in both strata of
summer holidays (yes and 7o), the respective chrono-
type categories were not significantly associated with the
HEI score. Nevertheless, it is possible that the smaller
sample size obtained after stratification contributed to
the lack of statistical significance. Amongst young popu-
lations, a prior study with a collection period only on
summer holidays, found associations between a later
midpoint of sleep and some food groups but not all,
namely with a higher consumption of high-energy-
dense and nutrient-poor foods (Thellman et al. 2017).
Another work, during school terms, found an associa-
tion between evening types and a lower intake of vege-
tables and fruits (Yu et al. 2020).

Chronotype and timing of energy intake

A recent scoping review in adults concluded that late/
evening chronotypes were linked to consuming
a greater proportion of daily TEI towards “later” in
the day, frequently defined as after 20:00 (Phoi et al.
2022). In this sample, in comparison to Early chrono-
types, Late chronotypes were associated with a later
caloric midpoint, after adjusting for sociodemographic
parameters, sports practice, and BMI. To the best of our
knowledge, no study has yet performed such analysis in
children and adolescents. Comparison with existing
evidence is hindered by heterogeneity in the outcome
definition and data collection period. Nonetheless,
a later chronotype, defined by the highest MSFsc tertile,
was associated with having a higher proportion of TEI
after 18:00, in adolescents (10-18y) (Rof3bach et al.
2018).

Similar to what was observed for the HEI score,
analyses suggest that summer holidays might also be
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confounding the association between chronotype and
caloric midpoint.

Divergent results discussed in the literature regarding
the association of chronotype with both outcomes might
also be partially explained by heterogeneity in metho-
dology and study’s population, as age and cultural fac-
tors can affect sleep and dietary habits.

The potential role of summer holidays

In the present study, being on summer holidays was
positively associated with having a Late chronotype
and a later caloric midpoint, whereas it was negatively
associated with diet quality. When the main regression
analyses where further adjusted for summer holidays,
the previous associations of chronotype with diet quality
and timing of energy intake lost statistical significance,
albeit the direction of associations was maintained.
Although this suggests that summer holidays had
a confounding role, the limited sample size of partici-
pants in summer holidays and in school terms could
have contributed for such results.

In this sample, summer holidays could have acted as
a proxy of a variety of environmental and social factors
that are associated with chronotype, diet quality and
timing of energy intake (Zerbini et al. 2022). While the
exact factors related to summer holidays cannot be dis-
entangled in this study, possible factors explaining the
described associations are explored.

Our findings are in line with the “Structured Days
Hypothesis.” This hypothesis has been supported by
subsequent studies (Weaver et al. 2020; Zosel et al.
2022) and advocates that, compared to school terms,
summer holidays are a less formal setting that promotes
obesogenic behaviours, such as later and irregular sleep
and eating habits, increased screen times and greater
food availability, including of caloric-rich foods, leading
to an excessive weight gain (Brazendale et al. 2017).
High caloric foods and poor-nutrient foods may be
included in the Sweets, Salty snacks, and Sugar-
sweetened beverages groups of the HEI used in our
study. An increase in their consumption during summer
holidays, would lead to a lower quality score during this
period, contributing to the negative association between
summer holidays and HEI score.

Although mechanisms are still unclear, another
potential contributing factor for the association of
summer holidays with a lower diet quality and a later
timing of energy intake, is the circadian misalignment
that could occur during this period (Moreno et al.
2019). Due to fewer social demands and an increased
artificial light exposure later in the day, the sleep-wake
cycle can become desynchronized with the light-dark
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cycle, which in turn can promote later eating habits
(Moreno et al. 2019). Biologically, central and periph-
eral biological clocks may favour an earlier temporal
energy distribution pattern (Flanagan et al. 2021).
Chronodisruption of this pattern may lead to altered
hormones levels and changes in the reward-
motivational response, thus affecting food choice by
favouring high palatable foods (Flanagan et al. 2021).
Moreover, the DST and a longer photoperiod present
during summer may also play a role in the delay of the
sleep-wake cycle and a circadian misalignment, in
ways that are still unclear, especially in children and
adolescents (Zerbini et al. 2022). Additionally, as
observed in this sample, Late chronotype-individuals
compared to Early types, may have a later energy
intake offset and a shorter sleep duration. This could
contribute to having less appetite when waking up,
postponement of meals, and therefore, a later caloric
midpoint. Despite of this, the average sleep duration
on weekends was not included as a covariate in the
regression models since it was within the advocated
sleep needs (Paruthi et al. 2016).

The interplay of chronotype, eating habits, social
schedules and environmental factors during different
periods of data collection, should be further investigated
in large-scale studies in pediatric age, due to specifities
in their circadian system (Zerbini et al. 2022).

Strengths and limitations

Strengths of this work include data from a harmonized
dietary intake assessment method that captured seaso-
nal variability (Hu 2002), and a healthy eating index
adapted and validated for Portuguese children and ado-
lescents. Additionally, the caloric midpoint might be
a more comprehensive measure of the overall timing
of energy intake, compared to meal timings or absolute
energy intake after arbitrary time cut-offs. As limita-
tions, the caloric midpoint might have not been repre-
sentative of habitual behaviour, due to day-to-day
instability. Despite this, there were no differences of
the caloric midpoint lag between chronotype categories.
Although the dietary intake assessment might have not
occurred on the same days as the PA diaries, their time-
gap is of 15 days or less.

In TAN-AF no validated instruments to estimate
chronotype were applied, as it was beyond its scope.
Here, chronotype was estimated by the MSFsa, which
was calculated with the self-reported clock times of
“sleeping,” on at least one weeknight plus one or two
weekend nights of the PA diaries, which was the only
type of available data. This is a subjective method which
has yet to be used to estimate chronotype, similar to

studies that have used isolated questions or sleep diaries
(Fleig and Randler 2009; Silva et al. 2016), and thus, the
validity cannot be assured (Phoi et al. 2022). As per-
formed by other authors (Fleig and Randler 2009; Silva
et al. 2016), the MSFsa was calculated assuming that, on
weekend nights, sleep was not interfered by alarm
clocks, parents or schedules, which might have not
been true for all participants. While the cut-offs for
MSFsa tertiles might have been underestimated, it is
not expected this could have affected the results. The
first and last “sleeping” times might have been better
proxies of sleep onset and sleep end times, compared
to bedtime and getting up time used in other works
(Fleig and Randler 2009).

We performed data imputation methods to deal with
missing first clock times of “sleeping”. Although this may
have decreased data variability, we made efforts to mini-
mize this effect, and we do not expect it has biased our
results for the following reasons: (1) the cause of missing-
ness was lack of consecutiveness between PA diaries,
which was not related with chronotype nor dietary intake
(missing at random); (2) frequency was similar on week-
days and weekends; (3) for each participant, we performed
imputation separately for weekdays and weekends, ensur-
ing that imputed values were based on the same type of
weekday; (4) for each type of weekday, we do not expect
a high intra-individual variability in bedtimes amongst 6-
14-y-olds; (5) values imputed by mean prediction were all
unique, ensuring variability of values.

Moreover, it cannot be excluded the possible effect of
confounding variables not assessed in this study, includ-
ing light exposure, consumption of stimulants and
undiagnosed disorders. Lastly, although theoretical path-
ways linking summer holidays to chronotype and eating
habits were discussed, the cross-sectional study design
does not allow to establish causality between these vari-
ables. Generalization of results should consider afore-
mentioned limitations and participants characteristics.

In conclusion, the present study showed that in
Portuguese children and adolescents aged between 6
and 14y, a later chronotype was negatively associated
with diet quality and positively associated with caloric
midpoint, although associations lost statistical signifi-
cance after considering summer holidays. Albeit this
may suggest that summer holidays might have con-
founded these associations, the sample size could have
affected the results, which should be interpreted with
caution. Therefore, to clarify the role of summer holi-
days on the association between chronotype and over-
weighted-related behaviours such as diet quality and
timing of enery intake, further prospective and larger
sample-sized studies are needed, that consider period of
data collection. Moreover, summer holidays may



represent a proxy for a combination of environmental
and social factors, that can negatively influence eating
habits and chronotype, higlighting the relevance to elu-
cidate the underlying factors and mechanisms, specifi-
cally in peadiatric age.
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