Snd 1utrients

Systematic Review

Variability in Sleep Timing and Dietary Intake: A Scoping
Review of the Literature

Adriana Rusu 12

, Dana Mihaela Ciobanu

L2, Georgeta Inceu 1209, Anca-Elena Craciun 1'?, Adriana Fodor 12,

Gabriela Roman 12(® and Cornelia Gabriela Bala 12

check for
updates

Citation: Rusu, A.; Ciobanu, D.M.;
Inceu, G.; Craciun, A.-E.; Fodor, A.;
Roman, G.; Bala, C.G. Variability in
Sleep Timing and Dietary Intake: A
Scoping Review of the Literature.
Nutrients 2022, 14, 5248. https://
doi.org/10.3390/nu14245248

Academic Editor: Georgia Trakada

Received: 14 November 2022
Accepted: 7 December 2022
Published: 9 December 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Department of Diabetes and Nutrition Diseases, Iuliu Hatieganu University of Medicine and Pharmacy,
400006 Cluj-Napoca, Romania

Diabetes Center, Emergency Clinical County Hospital Cluj, 400006 Cluj-Napoca, Romania

*  Correspondence: dana.ciobanu@umfcluj.ro

Abstract: The objective of this scoping review was to summarize previous studies which examined the
effect of day-to-day variability in sleep timing and social jetlag (SJL) on dietary intake. A systematic
literature search was conducted in PubMed, Embase, and Clarivate Analytics Web of Science and
we identified 22 records. No difference in caloric and macronutrient intake between SJL groups was
observed in studies that enrolled healthy young adults. However, studies that enrolled participants
with obesity and obesity-related chronic conditions reported a higher caloric intake and a higher
intake of carbohydrates, total fat, saturated fats, and cholesterol in participants with SJL than in
those without. Most studies reported a lower quality of diet, a delayed mealtime, and eating jetlag
in participants with SJL vs. those without SJL. No correlation of day-to-day variability in sleep
timing with average caloric intake was observed, but bed-time variability was negatively associated
with diet quality. Methodological issues have been identified in sources assessed including study
design, power calculation, population enrolled, and tools/metrics used for sleep timing variability
assessment. Future well powered longitudinal studies, with clear protocols, standardized metrics,
including all age groups from general population are needed to clarify the dietary intake consequences
of variability in sleep timing.

Keywords: sleep variability; social jetlag; dietary intake

1. Introduction

Sleep health is an essential element of cardiovascular (CV) and general health. The
construct of Life’s Simple 7, which included seven health behaviors and health factors—diet,
physical activity, nicotine exposure, body mass index, blood lipids, blood glucose, and
blood pressure—associated with CV disease (CVD)-free survival, total longevity and
quality of life, was recently updated by the American Heart Association to Life’s Essential
8, including sleep as the new health behavior in the construct [1]. Sleep is one of the
foundational elements in human biology and affects numerous physiological functions.
Sleep health is defined by several characteristics including sleep duration, timing, regularity,
efficiency, satisfaction, and impact on daytime alertness [2].

Much of the existing research is focused on the relationship between sleep duration
and CVD risk and all-cause and CV mortality [3], as well as the impact of sleep duration
on various health risk factors including obesity [4]. Variability in sleep timing has been
recently emphasized as a link between sleep health indicators and risk of illnesses. Social
jetlag (SJL), defined as variation of wake up and sleep onset time between weekdays and
weekends [5], is a frequent form of circadian rhythm disruption with 70% of students
and workers experiencing >1 h of SJL and almost half of them experiencing >2 h [6].
SJL has been associated with several related risks for human health such as impaired
sleep and cognitive performance, obesity, diabetes, negative CV outcomes, and psychiatric

Nutrients 2022, 14, 5248. https:/ /doi.org/10.3390/nu14245248

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu14245248
https://doi.org/10.3390/nu14245248
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-0977-8874
https://orcid.org/0000-0003-3351-6110
https://orcid.org/0000-0002-1624-6916
https://orcid.org/0000-0002-5981-5672
https://orcid.org/0000-0001-6216-9088
https://doi.org/10.3390/nu14245248
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14245248?type=check_update&version=1

Nutrients 2022, 14, 5248

2 of 25

disorders [7]. Even more, the day-to-day sleep variability may also play a role in health
and disease [8] which is less studied than the role of SJL [9].

The relationship between variability in sleep timing and negative health outcomes
could be explained through several mechanisms such as alterations in the hypothalamic-
pituitary—adrenal axis and autonomic nervous system functioning, alterations in circadian
processes leading to subclinical inflammation, dysregulated patterns of cortisol release,
insulin resistance, and suppression of nocturnal melatonin secretion, which in turn will
decrease its antioxidant, anti-inflammatory effects, and its inhibitory effect on leukocytes’
adherence to endothelial cells [9]. Other mechanisms could be involved, as behavioral
processes are also altered (e.g., taking naps, drinking caffeine or alcohol, using sleeping
medications, and having a poorer diet). Dietary changes are of particular interest in
explaining higher risk for metabolic adverse outcomes including weight gain and available
conflicting research reports regarding overall caloric intake, dietary quality, or pattern of
meal timing.

No systematic approach is currently available for measuring sleep timing variabil-
ity /sleep timing regularity and several metrics have been proposed. Traditional metrics
that include intra-individual standard deviation (StDev), interdaily stability (IS), and SJL
compare daily sleep—wake patterns to an individual’s average pattern [10]. SJL is consid-
ered a measure of weekly sleep variability [5], while StDev and IS measure sleep variability
across multiple days [10]. More recently, two metrics that assess variability in sleep-wake
patterns between consecutive days have been proposed—composite phase deviation (CPD)
and sleep regularity index (SRI) [10]. Other metrics used include the coefficient of variation,
intradaily variability or statistical modeling [10]. Several variables have been shown to
influence the performance of these metrics and the results of studies reporting sleep-timing
variability, including naps, sleep fragmentation, length of data collection, and sample
size [10]. Thus, these aspects must be accounted for when deciding what type of metric is
used to assess sleep variability in research studies.

No scoping or systematic review is currently available on the effect of sleep pattern
variability on dietary intake. There are reviews focusing on the relationship between sleep
duration, quality, and diet or between SJL and health outcomes [11-13].

Therefore, the objective of this scoping review was to systematically evaluate results
from previous research which examined the effect of SJL and day-to-day variability in
sleep timing on dietary intake, assessed as caloric intake, food preferences, dietary patterns,
or mealtimes, to critically discuss the methodology used and its potential impact on the
results, as well as to identify existing gaps in the knowledge.

2. Materials and Methods

A scoping review protocol compliant with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) extension for Scoping Reviews [14] and Joanna
Brigg’s Institute Reviewer’s Manual for Scoping Reviews [15] was developed.

2.1. Eligibility Criteria

We included cross-sectional studies, prospective/retrospective observational studies,
and interventional trials performed in adults (>18 years of age), which reported variability
in sleep timing (day-to-day sleep variability or weekday to weekend variability in sleep
timing, also known as SJL) and dietary intake and were published either as full-length
articles or conference abstracts. To be included in this scoping review, the variability in
sleep timing had to be assessed by questionnaires, sleep diaries or actigraphy, and dietary
intake by direct observation, food frequency questionnaires or food diaries, visual analog
scales (VAS) for food preferences and other dietary intake-specific questionnaires.

We excluded publications in other languages than English, case reports, commentaries,
personal opinions, review articles, meta-analyses and book chapters, studies that enrolled
children or adolescents, persons working on night shifts, and studies performed in other
species than humans.
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2.2. Information Sources and Literature Search

To identify studies of interest, the literature search was conducted in 3 databases
(PubMed, Embase, and Clarivate Analytics Web of Science) for articles published from the
inception dates until the 31st of December 2021.

The search queries used are provided in Appendix A. Abstracts and proceedings,
considered as gray literature, were identified during Embase search. References of re-
views [11-13] were screened for relevant studies not identified during database searches.

2.3. Selection of Sources of Evidence

Investigators working in pairs screened the identified records. The search results were
exported from databases, duplicate reports were removed, and the titles and abstracts of
the remaining reports were screened to exclude studies that did not meet the eligibility
criteria. Copies of all remaining studies were retrieved and reviewed in full to identify
studies assessing dietary intake according to sleep variability and fulfilling the inclusion
and exclusion criteria presented below. During the study selection step, any disagreement
between the investigators was resolved by discussions and consulting a review author not
actively involved in the study selection.

2.4. Data Charting Process, and Data Items

After an agreement was reached on all articles, data were extracted using an Excel-
based data extraction form. The following information was extracted whenever available:
author, year of publication, study design, type of variability in sleep timing reported (day-
to-day, SJL), method of assessment of sleep variability, sample size, age, gender, weight
status, other metabolic diseases, caloric intake, intake of macronutrients (carbohydrates,
proteins, lipids, cholesterol, saturated fats), intake of food groups or dietary patterns, food
preferences/appetite for certain foods, and meal timing.

2.5. Critical Appraisal of Individual Sources of Evidence

All studies included in this review were observational ones. Thus, their quality was
assessed with the National Heart, Lung, and Blood Institute’s Quality Assessment Tool [16].
Due to the limited number of available sources and the lack of a previous systematic or
scoping review on this subject we chose to also explore their quality.

2.6. Synthesis of the Results

A narrative synthesis of the results was performed. Characteristics of studies included
were categorized and summarized according to the type of variability in sleep timing
(day-to-day or SJL), including populations, study designs, measures used for assessing
sleep patterns variability and dietary intake and the main findings of interest.

3. Results
3.1. Selection of Sources of Evidence

Our search strategy identified 3100 database records. After removing 1178 duplicates,
the titles and abstracts of 1922 records were screened for eligibility criteria and outcomes of
interest. Of these, 1844 were removed due to the lack of assessment of any circadian rhythm
or sleep parameters, lack of assessment of any dietary intake or mealtimes, the inclusion
of children or adolescents, shift workers, animal studies, records in other languages than
English, or record type review, case presentation, comment, or book chapter. The full text
of 78 records was retrieved for further assessment. Of these, 1 could not be retrieved, 1
presented results of the same population as an article already included, and 53 did not fulfill
eligibility criteria (the majority did not assess any circadian rhythm or sleep parameters, or
any dietary intake or mealtimes). Thus, 22 records (20 full-text articles and 2 conference
abstracts) were included in the review (Figure 1).
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Figure 1. Records selection process.

3.2. Study Characteristics

All studies included were observational, 21 with a cross-sectional design [17-37] and
1 with a longitudinal design [38]. Seventeen studies had listed, among the objectives,
the assessment of the influence of sleep-wake rhythm (SJL or day-to-day sleep timing
variability) on dietary intake, appetite, preference, or meal timing (our outcomes) [18-20,23—
25,27-32,34-38]. One study assessed the association of SJL with consumption of stimulants,
including sugar-sweetened beverages, without assessing other components of the diet [22].
Four studies reported the association of SJL with dietary intake or SJL with meal timing as
incidental findings [17,21,26,33].

Sample sizes varied from small (<100 participants in seven studies) [23-25,28,31,34]
to large samples of thousands of participants [19,21,30,33,35,36]. Sample size or power
calculation was not performed in 72.7% of the included studies [18-25,27-30,32-34,37]. In
four additional studies, sample size was assessed but not for the association of SJL with
dietary intake [17,26,35,36].
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All studies included adults, and 11 of them included only young adults (eight included
only highly educated young adults) [17,18,20,22,24,28,29,31-34]. A general population
sample or healthy adults were included in 16 studies [17-20,22-24,28-36], while 5 studies
included adults with obesity and obesity-related chronic diseases (including prediabetes
and type 2 diabetes) [21,25-27,38].

3.3. Assessment of Sleep Timing Variability and Dietary Intake

In most of the studies, the variability of sleep timing was assessed by question-
naires. Seven day sleep logs were used in one study [25] and wrist actigraphy in four
studies (one assessing SJL [31] and three assessing day-to-day variability of sleep tim-
ing [18,34,37]). As metrics, weekly sleep pattern variability was assessed using SJL in 17
studies [17,20-33,35,38]. In two studies SJL was calculated using time in bed [30,32] and in
one study using sleep duration [35], for two studies the methodology for calculation was
not disclosed [23,25] and for twelve studies the mid-sleep time was used [17,20-22,24,26—
29,31,33,38].

Daily sleep timing variability was assessed using StDev in two studies [18,37], with
he weighted average of weekly bedtimes variability dichotomized between lower and
higher variability according to scores obtained with the Sleep Timing Questionnaire in one
study [19] and with a self-assessment of sleep onset/offset variability in one study [36]. In
one study the metrics used and the methods for sleep onset/offset calculations were not
disclosed [34].

Dietary intake was assessed by 24 h food recall in seven studies [20,21,23,26-28,38],
by FFQ in five studies [17,29-31,36], by food diary in one study [35], and by an ad libitum
test meal in one study [24]. Additionally, diet quality assessment tools were used in two
studies [19,32], time-stamped photographic food records for 3 days in one study [25], and
7 day food diaries in two studies [18,34]. Appetite was assessed using VAS [24,28] while
the timing of meal intake was assessed by 24 h food recall, meal timing journals and
questionnaires on eating time [33,37].

3.4. SJL and Dietary Intake

Fifteen studies examined the association between SJL and dietary intake. Caloric
and/or macronutrient intake was reported in 9 studies [20,24-28,30,31,38], diet quality
and food items in 11 studies [17,20,22,23,25,27,29-32,35] and prospective appetite in 2
studies [24,28] (Table 1).

3.5. SJL and Meal Timing

No difference in caloric and macronutrient intake between groups with or without
SJL was observed in cross-sectional studies that enrolled a general population sample,
healthy young adults, or patients with type 2 diabetes and in which the estimation of
caloric intake was performed using only one 24 h food recall [24,25,28]. However, studies
that enrolled participants with obesity and obesity-related chronic conditions reported
a higher caloric intake and a higher intake of carbohydrates and total fat, mono- and
polyunsaturated fats, saturated fats, and cholesterol in participants with SJL as compared to
those without [25,27,38]. One study examined changes in caloric intake between workdays
and free days and reported a significantly higher caloric intake and a higher intake of total
fat, saturated fat, and MUFA as well as a lower fiber intake during free days than during
workdays in participants with SJL but not in those without SJL [20].
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Table 1. Studies reporting the association of social jetlag with dietary intake.
. Population SJL Dietary Intake .
At;{tel:;rs, Country Ss;:g_l ngg‘l;}?n G];);ﬁieér Age, Years Cal c?lllle;ti on A;s/leestshrgcelnt Asl\s/le;silrggnt l\gé?efttit‘lgy Main Findings Limitations
Participants with SJL reported during free days
vs. workdays:
higher energy intake (1531.4 &+ 491.3 kcal/day vs.
1443.5 4= 470.6 kcal /day, p < 0.001)
higher amount of total fat (69.22 & 27.43 g/day
vs. 62.5 &+ 26.1 g/day, p < 0.001), . .
Energy, higher amount of saturated fat Dalgstzgelcrlltfil;e
macrontri- (276 +128g/ da}; ‘65002;1) 0+115g/day, the 24 h before
e;lrt\énctl?;e lower intake of fiber (13.7 £ 6.6 g/day vs. thsiss?tl;ly
Bodur Cross- General Qe qualities in higher MUFA it i/c(lif FaRTY l)/ d sleep
etal, 2021  Turkey _ .r, 710 population,  19.0-24.0 MSF-MSW previous 24 hfood recall ~ persons with ghe ake (2. -> §/day vs. mid-point
[20] M/F . and without 21.9 £9.8 g/day, p < 0.001) assessed only
night SJL during no change in diet quality (HEI 2015 total score for the night
working vs. 53.06 4 12.6 vs. 52.6 £ 10.88, p = 0.548) before
non-working Participants without SJL reported during free interview.
days. days vs. workdays no significant change in No power
energy and macronutrients intake (p > 0.05) and calculation.
an increase in diet quality (53.15 & 10.03 vs.
59.30 + 10.78, p < 0.001)
Participants without SJL had significantly higher
diet quality (p < 0.001) and higher consumption
of fruit (p = 0.010), whole fruit (p = 0.005), whole
grain (p = 0.008), and milk (p = 0.043).
Dietary intake
assessed only
for the
No difference was observed between participants previous 24 h.
with/without SJL for No power
Effect of SJL caloric intake (1732.3 & 642.1 kcal/day vs. calculation.
Healthy on perceived 1867.1 + 752.8 kcal /day) Small sample.
normal Questionnaire h appetlte,d calories from, carbohydrates 51.3 (41.9; 57.7)% vs. ) Sta’gistical
Rusu et al.  Cross- weight for the 24 h food recall unger, an . 50.7 (42.0; 55.5)% significance of
2021 [28] " Romania o001 80 young par- 3L7+67 MSE-MSW previous VAS for food ghrelin in of calories from proteins 15.2 (12.1; 18.7)% vs. differences
ticipants, month preferences healthy - 17.0(13.0;19.9)% between
M/F subjects in calories from fats 37.2 (30.0; 43.6)% vs. groups not
free-living 38.3 (31.6; 41.0)% tested.
conditions. Participants with SJL reported a higher perceived ~ Young, healthy,
appetite for vegetables, pork, poultry, fish, eggs, highly
milk, and dairy products than those without SJL.  educated and
normal-
weight

participants.
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Table 1. Cont.

Sample size

calculation
was
performed, but
assoc?;?on of AHOt f.OI;.SJL' ¢
Kawasaki General chronotype No association of SJL with healthful plant-based sg;scflil?/vli?}r: o
Cross- - 199+1.6 - - with healthful diet quality ( = 0.024, p = 0.509) nor with dietary intak
et a[li,72]021 Japan sectional 218 popullatlon, 202119 MSF-MSW MCTQ 54 items FFQ and unhealthy plant-based diet quality (B = 0.100, 1erz1 2?1,1 ;\e 3 e
unhealthful p=0.141). mons th
plant-based a (t) ?1 €
diet quality study
objectives.
Only young
women
enrolled.
The Participants with a morning chronotype and a
association of S]Lsc. > 2 h had lower ac}herence to a healthy
SJL with Nordic diet than those with a SJLsc < 1 h (BSD
diurnal scale for adherence 10.5 points vs. 11.8 points,
General .. preference, p = 0.006), independent of age, sex, educational
population Tlmeiﬁl bed and whether years, smoking, leisure-time physical activity,
Suikki : (FINRISK . the and energy intake.
etal,2021 Finland secclt‘ioosr? al 6779 2012 and 25-74 ‘gre:é( i?%: d Questionnaire 131-item FFQ association of Participants with a morning chronotype and a czllgtﬁgrivoe;
[30] DILGOM during SIL with the SJLsc > 2 h consumed less fruits, berries, and ’
2014), weekdays qual.lty of the cereals, but more alcohol, than those with a
M/F diet and SJLsc <1 h (p < 0.05) independent of age, sex,
.obe51ty was educational years, smoking, leisure-time physical
influenced by activity, and energy intake.
chfurnal Total energy intake did not differ between SJLsc
preterence. groups according to diurnal preference (p = 1.00).
The
associations A larger SJL was associated with lower total
of chronotype energy intake ( = —0.094, p = 0.013), lower
Yoshizaki . and SJL with grains consumption (3 = —0.143, p < 0.001) and Young, healthy
Cross- Young 7-day wrist . ; . - . and highly
etal., 2021 Japan sectional 82 adults 19-29 MSF-MSW actieraph. 135-item FFQ the quantity greater consumption of sugar and confectioneries educated
[31] graphy and over- all (B =0.231, p = 0.010) independent of age, sex, b
lity of . . participants.
quality BMI, residential status, and WD and WE total
habitual food

consumption

sleep duration.
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. Population SJL Dietary Intake .
Authors, Stud Population SJL Main Stud o pe qs e e e
Year Country Desig}llx ngple G];);Eieér Age, Years CalquIation A;s/[eestshn;(elnt Asl\slleestirggnt Objectivey Main Findings Limitations
Participants with larger SJL exposure vs. small
SJL exposure had higher intakes of
calories (baseline 2565.6 &+ 130.0 kcal/day,
3 months 889.7 4 34.2 kcal/day, 6 months
1091.9 % 39.0 kcal/day vs. baseline
2185.0 £ 95.5 kcal/day, 3 months
823.8 & 32.0 kcal/day, 6 months
937.7 + 30.6 kcal/day; p = 0.001) ) .
carbohydrate (baseline 261.4 & 13.7 g/day, Dletaryéntafe
: 3 months 70.7 £ 3.7 g/day, 6 months assessed only
. Questionnaire T;;‘g}fﬁfg;eg;e 77.7 + 3.8 g/day vs. baseline 229.0 + 9.4 g/day, for the
Pi\?ﬁﬁts 15 I’; dat thropometric, 3 months 61.0 & 3.1 g/day, 6 months pre§10u5124 h.
Carvalho Prospective obesity EV% l;?siets ! 24h fOOd. ;ecall metabolic 68.8 + 3.5 g/day, p = 0.005) and selec’?erglgrce)m a
etal, 2020  Brazil observa- 122 after 33.0 MSFE-MSW (3 months at each visit for and food total fat (baseline 116.5 & 7.4 g/day, 3 months rivate clinic
[;5’8] tional bariatric (28.0-41.7) interval) and workdays and intake 33.2 4+ 1.9 g/day, 6 months 49.5 & 2.4 g/day vs. End included
surcer a median free days 6 months baseline 97.3 + 5.6 g/day, 3 months Iv th
¥ after the 322+17g/d hs 402 + 1.7 g/d ony those
7F exposure to ical - 7 g/day, 6 months 40. 7 g/day, with gastric
SJL calculated _surgica p = 0.007) sleeve or
intervention polyunsaturated fat (baseline 15.9 + 1.2 g/day, Roux-en-Y
3 months 5.0 + 0.3 g/day, 6 months gastric bypass.
7.8 + 0.5 g/day vs. baseline 12.9 4 0.9 g/day,
3 months 4.5 + 0.2 g/day, 6 months
5.9 + 0.3 g/day, p < 0.001) and
monounsaturated fat (baseline 34.5 £+ 1.9 g/day,
3 months 10.2 + 0.6 g/day, 6 months
15.6 £ 0.9 g/day vs. baseline 30.1 + 1.9 g/day,
3 months 10.0 £ 0.6 g/day, 6 months
12.8 £ 0.5 g/day, p = 0.035)
No difference was observed between .
SJL groups in: Sample size
daily caloric intake (SJL < 30 min: calculation
1360.19 + 284.55 kcal, SJL. 30-90 min: ‘ was b
1410.52 + 470.32 keal, SJL 90 min: performed, but
The 1273.89 + 395.82 keal, p = 0.516), not for SJL.
association of breakfast calories (SJL 30 min: Association of
Kelly et al., Cross- Type 2 chronotype 355.52 + 123.63 keal, SJL 30-90 min: di Stl L Wlfth y
2020 [26] Ireland sectional 252 diabetes, 61.9 £10.5 MSF-MSW MCTQ 24h food recall and/or SJL 322.87 + 155.14 kcal, SJL > 90 min: letary mntake
M/F with glycemic 326.06 & 186.27 keal, p = 0.848) not listed as
frol lunch calories (SJL < 30 min: 321.00 £ 178.13 kcal, S.tUd'Y
CONLrok SJL 30-90 min: 397.39 = 243.41 keal, SJL > 90 min: objective.
270.44 £ 150.22, p = 0.140) Dietary intake
dinner calories (SJL < 30 min: assessed only
455.33 £ 191.91 kcal, SJL 30-90 min: for the

493.83 + 224.96 kcal, SJL > 90 min:
476.94 £ 234.08, p = 0.913)

previous 24 h.
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Table 1. Cont.

. Population SJL Dietary Intake .
Authors, Study Population SJL Main Study s p. . s
Year Country Design Sample G];);Eieér Age, Years - o vion A;s/[eestshn;(elnt Asl\slleestirggnt Objective Main Findings Limitations
h Very small
The sample in the
Patients relationships anal:iysis on
Lanes 79 (23 for with Time-stamped among SJL was associated with a higher percentage of energy intake.
etal, 2020 Us Ci‘.oss-1 energy overwglght 39+ 8 Undisclosed 7 day sleep photographic dletﬁr}’ Nosi f?t in the diet (r=0.55, p ? 0.0%7%). No power
[25] sectiona intake) and log food records for quality, o significant associations were found between calculation.
obesity, 3 days timing of the diet quality and timing variables. Inclusion/
M/F energy intake, exclusion
and sleep. criteria were
not available
After adjustments for, patients with SJL vs.
without SJL consumed more:
total calories (1621.6 4 38.1 vs. 1508.3 4 20.2,
p < 0.001)
protein (85.1 £2.7 g vs. 76.5 = 1.4 g, p < 0.001)
total fat (59.9 & 2.1 g vs. 52.6 = 1.0 g, p = 0.002)
saturated fat (19.4 £ 0.8 gvs. 173 £ 04 g,
p=0.01)
cholesterol (3159 £ 14.1 g vs. 2462+ 6.3 g, No power
Oblest‘,it(}{— The . d fP < 0,['00121 2.5+ 0.10 calculation.
Mota et al., . Cross- rerate . . association of ~ °¢TVINES PEr day ol meat anc: eges (= U VS Dietary intake
2019 [27] Brazil oo 792 chronic 559 +124  MSF-MSW  Questionnaire 24 h food recall SJL. with food ) 2.2 +0.05, p = 0.002) assessed only
diseases, consumption servings per day of sweets (1.7 £ 0.12 vs. for the
M/F ' 1.4+ 0.06, p = 0.04) :
In the logistic regression SJL was associated with previous 24 h.
a higher risk of consumption above
recommendations for total fat (OR = 1.3, 95% CI:
1.1-1.9; p = 0.03), saturated fat (OR = 1.2, 95% CI:
1.1-2.0; p = 0.01) and cholesterol (OR = 1.8, 95%
CI: 1.3-2.6; p < 0.001), independent of age, sex,
BMI, minutes of physical activity per week, mean
sleeping duration and time since diagnosis of
2
L Subjects with higher SJL had a lower adherence
Time in bed Mediterranean Afssso](ilatl'(t)}r: to Mediterranean diet (3 = —0.305, 95% CL: Young, healthy,
Zeron- Healthy in Diet Quality the o cllhgrénce —0.503--0.107, p = 0.003) independent of age, and highly
Rugerio Spain Crpss— 534 young 18-25 Week_ends— Questionnaire I}ndex for to the gender, ph}{smal ac.t1V1ty, and §leep duration. edggated
etal.,, 2019 sectional adults, time in bed children and Mediter- SJL was associated with a lower intake of fresh or participants.
[32] M/F during adolescents ranean cooked vegetables (less than once a day, p < 0.05) No power
weekdays (KIDMED) diet. and skipping breakfast (p < 0.05) independent of calculation.

age, gender, and physical activity.
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Table 1. Cont.

. Population SJL Dietary Intake .
Authors, Study Population SJL Main Study s p. . s
Year Country Design Sample G];);Eieér Age, Years - o vion A;s/[eestshn;(elnt Asl\slleestirggnt Objective Main Findings Limitations
An inversed u-shaped nonlinear association
. . between SJL and the healthy dietary pattern was
lefelrence m Association observed. Scores for healthy dietary pattern
Almoosawi General d j ri\iﬁ) " Questionnaire of sleep increased up to a SJL duration of 1 h 45 min. No power
Cross- popula- . for th t7 : duration and Beyond this point the scores declined, showing  calculation for
“ 3[1%,52]018 UK sectional 2433 tion, 19-64 vlv)géiveser?crils or di psas Food diary SJL with an inverse association of SJL. duration with the objective of
o M/F and Yy dietary healthy dietary pattern. This association was the analysis.
weekdays patterns. independent of potential covariates, including
BMI (B for quadratic term = —0.03, 95% CI:
—0.04, —0.01, p = 0.006).
The No association of SJL with a higher likelihood of Young, and
Questionnaire association sugar-sweetened beverage consumption was highly
7h between SJL, . .
ang ) Cross- Young on the frequency sleep observed in the model adjusted for age, sex, race, edl_lc_ated
etal., 2018 China sectional 977 adults, <19 to >21 MSF-MSW MCTQ of stimulant duration grade, the type of university, mother’s education, participants.
[22] M/F drink chronotyp’e father’s education, outdoor activities on No sample
consumption and stimulant workdays or free days and average sleep size/power
consumption. duration (OR = 0.93, 95% CI: 0.72-1.20). calculation.
Similar caloric intake at test meal in SJL groups
(SJL <1 h: 923.1 £ 77.3 kcal; SJL 1-2 h:
1144.6 £ 79.3 kcal; SJL > 2 h: 1122.1 + 82.7 kcal).
Despite similar caloric intake participants with
SJL had higher ratings of hunger and prospective No power
Healthy The i ¢ food intake after meal than in calculation.
Polugrudov Cross- normal eSIJIEIZ);Ct o 1 theSS]L(S 1h gr(l)up. fthe SQs | Small sample.
. sectional, weight . o Post meal mean SQ (mean value of the SQs for Young, healthy,
etal, 2017 Russia “ciperi. 66 youngpar_ 232434  MSE-MSW MCTQ VAS for appetite  appetite in hunger, prospective food intake, satiety, and hgi e Y
[24] 2 response to a SO 5 7, ghly
mental ticipants, meal fullness) was significantly lower in participants educated, and
M/F ’ inthe1<SJL<2hand SJL >2h groups (1.3and  normal weight

1.7 times, respectively) compared to those in the
SJL < 1 h group (p < 0.010).
No association of SJL. with the desire to eat
sweets, salty, fatty, or savoury foods
was observed.

participants.
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Table 1. Cont.
. Population SJL Dietary Intake .
Authors, Study Population P SJL Main Study s p. . s
Year Country Design Sample G];);Eieér Age, Years - o vion A;s/[eestshn;(elnt Asl\s/leestirggnt Objective Main Findings Limitations
Association
of chronotype No power
Potter General and El]i]gtwnh 1 h increase in SJL was associated with 20 g lower sﬁﬂ‘ﬁiﬁ?ﬁé
etal., 2017 UK Cross- 72 population, 435+ 16.6  Undisclosed MCTQ 24 h food recall composition, Sonsumptlon of sugar (95% CI =33 t0 —6 g, Inclusion/ .
53 sectional X p = 0.004) after adjustment for age, chronotype, ¢
[23] M/F metabolic thnicit d exclusion
outcomes, ethnicity, and sex. criteria were
and physical not available.
activity.
The
relationship No power
Health between . . . - calculation
Silva et al Cross- youngy chronotype, SJL was negatively associated with servings per Young healtfly
2016 [29]" Brazil sectional 204 participants, 18-39 MSE-MSW Questionnaire 70-item FFQ SIL, " day of beans (f = —0.16; p = 0.02), independent and ’highly !
M/F perceive of age, BMI, and sex.
sleep debt educated
and dietary participants.
intake.

SJL = social jetlag; SJLsc = social jetlag sleep corrected; MCTQ = Munich Chronotype Questionnaire; FFQ = food frequency questionnaire; BMI = body mass index; MSF = mid sleep time
during free days; MSW = mid sleep time during week days; CI = confidence interval; OR = odds ratio.
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Most studies reported a lower quality of diet in participants with SJL vs. those
without SJL [20,35] and lower adherence to the Mediterranean diet [32] or a healthy Nordic
diet [30]. In the study of Almoosawi et al. [35] an inverse u-shaped association of SJL
with diet quality was observed with the inflexion point at 1 h and 45 min; below this
point the diet quality increased in parallel with SJL duration, while above this point the
diet quality decreased. SJL was also associated with a lower consumption of total fruits,
berries, vegetables, whole grains, beans, and milk [29-32] but more alcohol, sugar, or
sugar-sweetened beverages, meat, and eggs [20,27,30,31]. Of note, two studies reported no
difference in diet quality between SJL and no SJL [17]; the largest one enrolled only young,
highly educated women [17], and the other study enrolled a very small sample and the full
list of inclusion/exclusion criteria could not be assessed [25].

Prospective appetite was assessed using VAS in two small sample-size studies [24,28].
A higher perceived appetite was reported in fasting conditions for vegetables, pork, poultry,
fish, eggs, milk, and dairy products in participants with SJL as compared to those without
SJL [28]. Furthermore, higher ratings of hunger and prospective food intake after the meal
was reported in participants with SJL > 1 h than in the SJL. < 1 h group despite similar caloric
intake [24]. Post-meal satiety quotient (mean value of the satiety quotients for hunger,
prospective food intake, satiety, and fullness) was significantly lower in participants in the
1 <SJL <2hand SJL > 2 h groups (1.3 and 1.7 times, respectively) compared to those in
the SJL <1 h group (p < 0.010) [24].

The relationship between SJL and meal timing was reported in six cross-sectional
studies [20,21,27-29,33] (Table 2). A delayed mealtime (breakfast, lunch and/or din-
ner) and eating jetlag was reported in those with SJL, in all studies that assessed these
parameters [21,27-29,33]. Also, a higher frequency of snacking after dinner and a later time
of this snack as well as a higher caloric intake after 9 p.m. and a higher proportion of calories
consumed after 9 p.m. were observed in persons with SJL than in those without [27,28].

In a study that assessed the change in meal timing in free days compared to workdays,
Bodur et al. [20] reported the delayed timing of all meals irrespective of SJL presence with
a significantly longer delay in breakfast timing in those with SJL than in those without.

With regards to eating window, it was assessed in two studies. In the first one, Mota
et al. [27] reported overall a longer eating window in patients with obesity-related chronic
diseases and SJL. In the second study, Bodur et al. [20] found a shorter eating window
during free days in those with SJL as compared to those without SJL (8:42 vs. 9:00).

3.6. Day-to-Day Variability in Sleep Timing, Dietary Intake, and Meal Timing

Four cross-sectional studies assessed the day-to-day variability in sleep timing and
dietary intake [18,19,34,36] (Table 3). In a study performed in young and middle-aged
adults from US general population, Hooker et al. [18] found no significant correlation
between the variability in sleep timing, as assessed by StDev, with average caloric intake
or with variability in caloric intake. In another study using 7 days of wrist actigraphy
for the assessment of the variability in sleep timing and food diaries for 7 days, Chan
et al. [34] reported that young adults with bedtime variability over 90 min consumed high
palatability foods at breakfast less frequently than those with bedtime variability < 90 min;
no difference was observed for lunch and dinner. However, in this later study the metric
used for sleep time variability was not disclosed.
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Table 2. Studies reporting the association of social jetlag with meal timing.

Population

SJL Meal Timing

Authors, Stud Population SJL Main Stud e re qe e e,
Year Country Desig); ngple G"l;);}:ieér Age, Years Calqulation A;s/leestshrgcelnt Asl\s/le;silrggnt Objectivey Main Findings Limitations
Delayed meal timing in free days compared to Dietary intake
Energy, workdays irrespective of SJL presence. assessed for
macronutri- Significant difference in the change of breakfast the 24 h prior
ent intake time in those with SJL compared to those without to the study
. ) and diet SJL (02:19 vs. 01:29, p < 0.001). visits.
Bodur General Qu;zstlo}rlmalre qualities in A similar eating window was observed in both Sleep
etal, Turkey Cf.oss-l 710 pcty_pula— 19.0-24.0 MSE-MSW r(:;;OLelS 24 h food recall persons with groups during free and workdays. It decreased mid-point
2021 [19] sectiona ton, pre and without  significantly during free days in participants with ~ assessed onl
M/F night ; & v & ysinp pants ony
SJL during SJL (—01:47 vs. —01:45, p < 0.001) resulting in a for the night
working vs. shorter eating window in free days in those with before
non-working SJL as compared to those without SJL Shorter interview.
days. eating window in free days in those with SJL as No power
compared to those without SJL (8:42 vs. 9:07). calculation.
Dietary intake
assessed only
for the
previous 24 h.
Effect of SJL No power
on perceived A later lunch and dinner time in group with SJL calculation.
Healthy . . appetite, as compared to group without SJL (14:03 h vs. Small .sa@ple.
Rusu et al Cross. normal Questionnaire 4 h food recall ~ hunger, and 13:46 h and 20:00 h vs. 19:38 h, respectively). Statistical
20521 ?28]./ Romania _ "0 80 €lg 31.7+6.7 MSE-MSW . VAS for food ghrelin in A higher frequency of snacking after dinner signiticance o
young par- previous references health D 9 1 i f thi k differences
ticipants, month P althy (35.0% vs. 30.0%) and a later time of this snac between
M/F subjects in was observed in participants with SJL than in groups not
free-living those without SJL. tested.
conditions. Young, healthy,
highly
educated, and
normal weight
participants.
Patients with SJL had breakfast (7:44 + 0:04 vs.
7:20 £ 0:02, p = 0.02), early afternoon snack (15:54
+ 0:05 vs. 15:36 4+ 0:02, p < 0.001) and dinner
Obesity- ™ time (20:12 = 0:11 vs. 19;4% + 0:06,)p =0.01) later Nl" Pl°‘é‘.’er
| Crose. related ! t? ¢ ) than those without SJL. ) D‘i:gtgil airi(t);lée
1\/2[8% TE?]" Brazil {pss 1 792 chronic 55.9 +12.4 MSF-MSW Questionnaire 24 h food recall gSEOCI.iﬁOfn Od ] Patients with SJL reported a longer eating y d onl
sectiona diseases, JL with food i 40w (13:00 + 0:10 vs. 12:45 + 0:06, p = 0.03), ~ assessed only
M/F consumption.  pigher calorie intake after 9 p.m. (188.4 = 26.9 vs. for the

105.1 +10.2, p < 0.001), and a higher proportion

of calories consumed after 9 p.m. (10.5 £ 0.9% vs.

6.2 + 0.5%, p < 0.001) than those without SJL.

previous 24 h.
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Table 2. Cont.

. Population SJL Meal Timing .
Authors, Study Population SJL Main Study P IR
Year Country Design Sample G];);Eieér Age, Years - o vion A;s/[eestshn;(elnt Asl\s/leestirggnt Objective Main Findings Limitations
SJL was associated with variability in meal
timing (breakfast jetlag 3 = 0.720, 95% CI: No power
Zeron Healthy The 0.640-0.800, p < 0.00001; lunch jetlag B = 0.049, calculation.
Rugerio Spain Cross- young par- - 2 . . association of ~ 95% CI: 0.002-0.096, p = 0.042; dinner jetlag f =  Young healthy
etal, 2019 Mexico sectional 1106 ticipants, 18-25 MSE-MSW MCTQ Questionnaire eating jetlag  0.072, 95% CI: 0.038-0.110, p < 0.001), and eating  and highly
[33] M/F with BML jetlag (B = 0.270, 95% CI: 0.210-0.330, p < 0.001) educated
independent of age, gender, nationality, diet participants.
quality, sleep duration, and physical activity.
Association of
Anothaisintawee C I.)ta}l:ient(si. COI’ItE}gitiOI’I higher S iated with 1 di g{}l‘lyét\k;gsle;ﬁ
etal, 2018 Thailand i 2133 WHIPTE 3399 MSF-MSW  Questionnaire 24hfood recall  of chronotype A higherSJLwas associated with later dinner incidental
[21] aMe /%S’ to body mass mme. finding.
index No power
calculation.
The
relationship
Healthy c}g%tr‘:\g?c;;e A weak negative correlation between SJL and gﬁ&i‘ggg
Sz%vlaée[tzgi 7 Brazil seccfiochZI 204 yg;ngrﬁzr_ 18-39 MSE-MSW Questionnaire 70-item FFQ SIL, breakfast time (r = —0.23, p < 0.01) was observed, Your?dg ,}Seﬁithy,
I\E /F ’ perceived and this correlation was independent of age. a sy
sleep debt educated
and dietary participants.
intake.

SJL = social jetlag; MCTQ = Munich Chronotype Questionnaire; MSF = mid sleep time during free days; MSW = mid sleep time during week days; FFQ = food frequency questionnaire;
VAS = visual analogue scale; BMI =body mass index; CI = confidence interval.
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Table 3. Studies reporting the association of day-to-day variability in sleep timing with dietary intake and meal timing.
. Day-to-Day .
: Metric Used . Dietary
. Population Sleep Timing .
Authors, Country Study  Population Type, Age, for Sleep Variability Intake As- Main Study Main Findings Limitations
Year Design Sample Gender Years Timing Assessment sessment Objective
Variability Method Method
Association of Day-to-Day Variability in Sleep Timing with Dietary Intake
To evaluate the No significant correlation of
characteristics of variability in sleep timing No power
health behavior with average caloric intake calculation.
Hooker Cross- General 7daysof sleep  7daysof  variabilities for 3 key (Pearson correlation Young, healthy,
etal., Us sectional 103 population,  18-50 StDev actigraphy food health behaviours:  coefficient = —0.14, p > 0.05) highly
2020 [18] M/F Sleep diaries diaries th§lC_al activity, or variability in caloric educated, and
caloric intake, and intake (Pearson correlation ~ highly active
sleep (durationand  coefficient = —0.10, p > 0.05)  participants.
timing). was found.
Bed-time variability was
To examine the negatively associated with N
relationship of dietary quality (B = 0.96, 10 ploxt/\.rer
bedtime, rise-time,  95% CI: 0.93-0.99, p = 0.002), ffeiililai fne
Duncan General 13-item and variation in independent of waking was 57 a I?d
etal, Australia  Cross- 1317 population, 57 Weighted Sleep Timing Diet these with dietary time variability, usual thus
2016 [19] sectional M/F (46, 66) average Questionnaire Quality behaquurs, physical  pedtime and waking time, participants
Tool activity, alcohol age, gender, smoking status, v have a
consumption, and number of health rectilar slee
partial sleep conditions, work schedule, gpattem P
deprivation. BM]I, and days of ’
insufficient sleep.
To evaluate the Bedtime Var.iability.> 90 min
associations of was associated with less
Healthy 7 days of actigraphy-assessed frefqugntly high }z.alatat)le No power
Chan, Cross- young . 7 days of sleep sleep with high 0od consumption at calculation.
2018 [34] Us sectional 78 adults, 18-30 Not disclosed actigraphy dqud palatable food breakfast than in those with Young, healthy
M/E iaries consumption in bedtime variability < 90 min participants.
(OR 2.31 vs. 3.78,p = 0.004).

free-living
conditions.

There was no difference at
lunch and dinner.
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Table 3. Cont.
. Day-to-Day .
: Metric Used . Dietary
. Population Sleep Timing .
Authors, . ry Study  Population Type, Age, for Sleep Variability Intake As- Main Study Main Findings Limitations
Year Design Sample Gender Years Timing Assessment sessment Objective
Variability Method Method
Lowest quartile of protein
intake (<10.8% energy) was
associated with poor
sleep-wake regularity
(OR =2.1;95% CI: 1.3-3.3).
The highest quartile of
carbohydrate intake
) (>70.7% energy) was No power
Quesltlons on To eval.u?'te the associated with poor calcglation.
: General Good/poor S eep . assoclatons sleep-wake regularity Sleep-wake
Yamaguchi, Japan Crto_ 55 1 1368 population,  35-69 based on onselt/ _otffsfet 47F-i:t cm betfwien dle?ry (OR =2.1;95% CI: 1.3-3.5). regularity
2013 [36] sectiona M/F answers regularity for Q actors an The lowest intake of the self-reported
the previous sleep-wake staple foods at breakfast for the
year regularity. and the highest intake at past year.
lunch and dinner were
associated with poor
sleep-wake regularity
(OR =2.5,95% CI: 1.7-3.5
for breakfast, OR = 3.2, 95%
CI: 1.4-7.2 and 2.5, 95% CI:
1.3-4.9 for lunch and dinner,
respectively).
Association of day-to-day variability in sleep timing with meal timing
] I o No power
Patients Variability in sleep timing -
Linnaranta, ~ .~ Cross- 29 with eating 26 cer'lsttr]é)i‘f] g; ily 14 days of 14 ﬁ)aoyds of To correlate eating was associated with meal P%i%ceﬁ}casti\(f)ir’;h
2020 [37] sectional d1so;ders, (9.75) inactivity actigraphy diaries patterns with sleep. t1m11(1)g4x77ar1a_bélgilo()rho = eating
=4, p=0 : disorders.

BMI = body mass index; FFQ = food frequency questionnaire; CI = confidence interval; OR = odds ratio; StDev = standard deviation.
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The largest studies were performed in Australian and Japanese populations. In the
study performed in Australian middle-aged adults and elderly, Duncan et al. [19] reported
that bed-time variability was negatively associated with diet quality, independent of waking
time variability, usual bedtime and waking time, age, gender, smoking status, number of
health conditions, work schedule, body mass index (BMI) and days of insufficient sleep. In
this study the sleep variability was assessed using a weighted average of variability of sleep
timing (sleep timing questionnaire) [19]. In the other study performed in Japanese adults,
sleep pattern variability was self-declared for the previous year and Yamaguchi et al. [36]
showed that poor sleep regularity was associated with low protein intake, high carbo-
hydrate intake and a variability of staple foods consumption between breakfast, lunch,
and dinner.

The association of day-to-day variability in sleep timing with meal timing was assessed
and confirmed in only one study that enrolled patients with eating disorders and for which
sleep variability was measured as StDev of center of daily inactivity [37].

3.7. Critical Appraisal of the Individual Sources of Evidence

By the National Heart, Lung and Blood Institute’s Quality Assessment Tool, one
study was rated as good [38], three studies as poor [23,25,36] and eighteen as of fair
quality [17-22,24,26-35,37] (Figure 2).

Reference

National Heart, Lung, and Blood Institute’s Quality A t Tool O Quality rating

Yamaguchi et al, 2013

Silva et al, 2016

Duncan et al, 2016

Zhang et al, 2017

Potter et al, 2017

Polugrudov et al, 2017

Almoosawi et al, 2018

Anothaisintawee et al, 2018

Chan, 2018

Mota et al, 2019

Zeron-Fugerio et al, 2019

Zeron Rugerio et al, 2019

Carvalho et al, 2020

Kelly et al, 2020

Hooker et al, 2020

Lanes, 2020

Linnaranta et al, 2020

Bodur et al, 2021

Rusu et al, 2021

Kawasaki et al, 2021

Suikki et al, 2021

Yoshizaki et al, 2021

o1 Q2 Q3 Q4 Q5 Qb Q7 Qs Q9 | Q0 | ou | 012 | Q13 | Q4

Figure 2. Quality assessment [17-38].

4. Discussion
4.1. Main Findings Related to Research Question and Discussion of Specific Findings

This scoping review is the first one in the literature to comprehensively assess the
available evidence on the effect of weekly and day-to-day variability in sleep timing on
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dietary intake, appetite, and mealtimes. Limited evidence from the studies discussed in
this scoping review suggests that variability in sleep timing (both SJL and day-to-day
variability) are associated with a less healthy diet [19,20,30,32,35], characterized by a lower
consumption of fruits, vegetables, whole grains, beans, and milk [29-32] and a higher
intake of sugar, or sugar-sweetened beverages, and meat compared with persons without
SJL [19,27,30,31]. Also, very limited evidence available suggests that persons with SJL
have a higher perceived appetite for energy-dense foods, higher ratings of hunger, and
prospective food intake after the meal and lower post-meal satiety quotient [24,28].

These results are in line with previous exploratory studies that showed that acute
circadian dysregulation induced by alterations in the sleep—wake schedule is associated
with increased ratings of hunger, prospective food consumption, and a desire to eat savory
foods [39,40]. Interestingly, chronic circadian dysregulation in exploratory conditions
was associated with decreased energy expenditure and decreased hunger and appetite for
various foods [41]. The mechanism regulating unhealthy food preferences in SJL and day-to-
day variability in sleep timing is unknown. Preliminary observational data from functional
magnetic resonance scans suggest an increased activation of brain regions associated with
reward in persons with SJL independent of sleep duration [42]. Food intake is regulated
by (1) the homeostatic system, controlled by structures located in the hypothalamus and
the brainstem which regulates the need for food intake [43—45], and (2) the reward system,
consisting of structures from the mesolimbic pathway and having dopamine as the main
neurotransmitter [46,47], which regulates the hedonic aspects of feeding and the pleasure to
eat. In addition to the homeostatic and the hedonic control of eating, the circadian system
regulates the time of eating [48] and circadian dysregulation may result in changes of eating
behavior [49]. It has been shown that caloric intake and food preferences have circadian
rhythms [50-52] and are controlled by the circadian system through projections from
the suprachiasmatic nucleus master clock to hypothalamic nuclei regulating homeostatic
feeding behavior [53-55] and to the striatum regulating hedonic food intake [49]. Thus, the
circadian system plays a key role along with the homeostatic and the hedonic systems in
the regulation of food intake. Other mechanisms potentially associated with the unhealthy
food choices observed in those with SJL and day-to-day variability in sleep timing are
the use of certain foods, such as sugar-sweetened beverages or sugar-containing foods,
being stimulants allowing subjects prone to sleep loss to stay alert [22,56]. Additionally, the
preference for certain foods may be influenced by social factors and limited time available
for sourcing and eating certain foods due to work schedules and daily habits, as reported
by shift workers [56].

In addition to an unhealthy diet, studies that enrolled participants with obesity and
obesity-related chronic conditions included in this review reported a higher caloric in-
take and a higher intake of carbohydrates and total fat, mono- and polyunsaturated
fats, saturated fats, and cholesterol in participants with SJL as compared to those with-
out [25,27,38]. Despite the poorer quality of diet and an increased self-rated appetite for
unhealthy foods, no difference in caloric and macronutrient intake between groups with
or without SJL was observed in studies that enrolled the general population and healthy
young adults [24,26,28]. This could be explained by the use of 24 h dietary recall only for
the previous day which may not adequately reflect the usual caloric and macronutrient
intake. In addition, many studies that showed no difference in caloric intake included
participants with higher education and good health literacy on the link between diet and
health which might mitigate SJL-related food behavior. This latter hypothesis is supported
by our previous observation on higher cognitive restraint scores in highly educated subjects
with SJL. In these subjects, caloric or macronutrient intake was similar to those of subjects
without SJL despite an increased self-rated appetite for energy-dense foods [28]. Addi-
tionally, obesity is commonly associated with an increased caloric intake; thus, it remains
to be established whether the higher caloric intake in persons with obesity and SJL is a
consequence of SJL or just coexisting with SJL in the context of obesity.
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Other observations, although arising from limited evidence, point toward a delayed
mealtime and eating jetlag [20,21,27-29,33] as well as a higher frequency of snacking
after dinner [27,28], a higher caloric intake after 09:00 p.m. and a higher proportion of
calories consumed after 09:00 p.m. [27,28] in persons with SJL than in those without. Meal
timing variability was also reported in persons with day-to-day variability in sleep timing,
although the evidence was in only one study available in the literature, performed in
patients with eating disorders [37] and thus limiting the generalizability of the results.
Caloric intake during inappropriate circadian phases (e.g., during typical sleep time or
biological night) has been associated with metabolic changes thought to be responsible for
the deleterious effect on health in both animal models and humans—obesity, cardiovascular
diseases, and diabetes [7,57-59]. In animal models it has been shown that at the same caloric
intake and locomotor activity, the weight gain is higher if the food intake occurs during the
biological night as compared to the biological day [58,59]. Furthermore, feeding during
the biological night resulted in increased weight gain, while restriction of feeding to the
biological day prevented this effect [59]. In humans studied in exploratory conditions under
a circadian misalignment protocol mimicking the night shift, McHill et al. [57] showed
that the thermic effect of food (TEF) and carbohydrate and protein utilization decreased
in response to a late-night dinner. Similarly, TEF was significantly lower after a meal
consumed during the night (at 01:00 a.m.) as compared to meals consumed during the
morning (09:00 a.m.) and afternoon (05:00 p.m.) [60]. TEF accounts for up to 10% of daily
energy expenditure; thus, a reduced TFE may promote weight gain if the caloric intake
is maintained at the same level [57]. In real-life settings, Baron et al. [61] showed that
caloric intake after 08:00 p.m. predicted the BMI even after controlling for sleep timing and
duration. Confirming these findings, Gill et al. [62] showed that restricting the food intake
to daytime (06:00 a.m. to 06:00 p.m.) resulted in lower caloric intake and weight loss.

4.2. Gaps Identified in the Sources Included, Implications for Future Studies

Although data on SJL and its association with dietary intake are accumulating, evi-
dence on the day-to-day sleep timing variability and its relationship with dietary intake
is scarce. Only four studies are available on its association with diet quality, and caloric
and macronutrient intake [18,19,34,36], and only one study is available that evaluates its
correlation with mealtimes [37].

Furthermore, some methodological issues with existing studies must be noted. All
studies included [17-37] but one [38] were cross-sectional thus making difficult the inference
of a causal relationship between sleep timing variability and dietary intake and their effect
on health outcomes. For most of the studies assessed, a sample size calculation was not
performed [18-25,27-30,32-34,37] or did not assess sleep variability [17,26,35,36] and, thus
they may be underpowered to assess the outcomes. Furthermore, in several studies the
association of SJL with dietary intake or meal timing was an incidental finding and its was
not included among published study objectives [17,21,26,33].

If a consistency was observed in measuring SJL (Munich Chronotype Questionnaire
or several items from this questionnaire), for studies assessing the day-to-day variability
in sleep timing, no systematic approach has been used and the metrics varied from StDev
to self-declared variability and this may limit the accuracy of the results [18,19,34,36,37].
Although StDev is an accepted metric that estimates sleep variability across multiple
days it does not consider naps and fragmented sleep and tends to underestimate sleep
variability if calculations are based on data collected on <7 days [10]. In one of the two
studies that assessed sleep variability using StDev, data were collected for 7 days of sleep
actigraphy [18]. Thus, the lack of any correlation between sleep variability and caloric
intake in this study may be also due to the metric used.

Although SJL was relatively consistently assessed, calculations were performed using
time in bed instead of mid-sleep time in 2two studies [30,32], thus ignoring sleep latency.
Also, although in the original formula for SJL calculation developed by Wittmann et al. [5]
SJL is calculated as the absolute difference between the mid-point of sleep time on free
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days and workdays, more recently, Jankowski [63] proposed a formula corrected for sleep
debt. Debate exists regarding the use of these formulas and there is a need to clarify which
metric reflects better the circadian misalignment and is associated with adverse health
outcomes [64].

Chronotype influence on the relationship between sleep timing variability and dietary
intake was not considered in all but one study, which showed the dietary influence of SJL
only in participants with a morning chronotype [30]. SJL is more frequent and greater in
evening chronotype individuals who prefer a later bedtime and wake up time [64]. Previous
research showed changes in clock gene expression patterns in both evening chronotype
and SJL [65] and similar disease risk in humans [64]. Both are age-dependent and vary in
parallel—chronotype delays up to the end of adolescence and then advances with age, while
SJL is higher during adolescence and then decreases through adulthood until retirement [64].
From these observations arises the question on whether the evening chronotype can be
considered a form of SJL. And the answer is most probably ‘no” as although chronotype is
a state of phase of entrainment reflecting the continuous adaptations of circadian system
to zeitgeber changes [66,67], it also has a genetic basis [68]. SJL is a metric describing the
chronic misalignment between the circadian system and social schedules, results from sleep
timing variability between weekdays and weekends and includes a component of sleep
debt that may influence associated health risks [64]. Furthermore, SJL is not solely seen in
evening chronotypes; due to social pressure, it is observed in morning chronotypes [64].
Thus, studies should explore the chronotype-related differences in sleep and meal regularity.

Given the identified gaps detailed above, well-powered studies are needed to assess
whether sleep variability is associated with dietary intake. Even more so, longitudinal
studies may help clarify a potential causal relationship between sleep variability and dietary
intake and other health issues reported in the literature. Additionally, methodological
limitations arising due to the use of unvalidated metrics for the evaluation of day-to-day
sleep variability could be overcome by clear protocols, clear definitions of outcomes and
metrics used, and choosing validated metrics adapted for the sample size, study length,
and pertinent for research question. The inclusion of all age groups and general population,
irrespective of comorbidities, without limitation of participants to young, healthy, and
highly educated ones is also recommended to avoid negative results biased by health
literacy that may influence food choices and food intake. Future research should also clarify
whether nutritional changes associated with variability in sleep timing, are associated with
poor health outcomes.

4.3. Limitations of the Scoping Review

Although this is the first scoping review assessing the published literature on the
association between variability in sleep timing and dietary intake, this review has limita-
tions. The narrative synthesis did not allow the weighting of the studies analyzed. The
results may be biased by the methodological quality of the studies; most of the studies
were observational and the risk of publication bias is high. The results of this review may
also be biased by not including studies on this topic indexed in other databases or pub-
lished in languages other than English. The methodology used varied across the included
studies, in terms of design, data collection, or outcomes assessed, thus the development of
a meta-analysis was not possible, and a narrative review was carried out.

5. Conclusions

The variability in sleep timing, either as SJL or day-to-day variability, promotes an
unhealthy diet characterized by lower consumption of fruits, vegetables, whole grains,
beans, and a higher intake of sugar and meat. Although limited evidence exists, it seems
that persons with SJL may have a higher perceived appetite for energy-dense foods, delayed
mealtime, and eating jetlag. Whether these are associated with increased caloric intake, a
change in macronutrient intake, and long-term consequences on human health remains
unknown. In addition to the limited body of evidence currently available, conclusive
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statements on the findings of this review are also limited by the methodological variations
observed across studies. Future well powered longitudinal studies, with clear protocols,
standardized metrics, including all age groups from general population are needed to
clarify the dietary intake consequences of variability in sleep timing. Additionally, future
research should clarify whether these changes in dietary intake, if they are to be confirmed,
are associated with poor health outcomes and whether therapeutic nutritional interventions
in persons with circadian and sleep disruption could reverse some of their harmful effects.
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Appendix A

Search queries used.

Appendix A.1. PubMed

- (“eating”[MeSH Terms] OR “eating”[All Fields] OR (“food”[All Fields] AND “in-
take”[All Fields]) OR “food intake”[All Fields]) AND ((“social behavior”[MeSH Terms]
OR (“social”[All Fields] AND “behavior”[All Fields]) OR “social behavior”[All Fields]
OR “sociality”[All Fields] OR “social”[All Fields] OR “socialisation”[All Fields] OR
“socialization”[MeSH Terms] OR “socialization”[All Fields] OR “socialise”[All Fields]
OR “socialised”[All Fields] OR “socialising”[All Fields] OR “socialities”[All Fields]
OR “socializations”[All Fields] OR “socialize”[All Fields] OR “socialized”[All Fields]
OR “socializers”[All Fields] OR “socializes”[All Fields] OR “socializing”[All Fields]
OR “socially”[All Fields] OR “socials”[All Fields]) AND (“jet lag syndrome”[MeSH
Terms] OR (“jet”[All Fields] AND “lag”[All Fields] AND “syndrome”[All Fields]) OR
“jet lag syndrome”[All Fields] OR “jetlag”[All Fields]))

- (“eating”[MeSH Terms] OR “eating”[All Fields] OR (“dietary”[All Fields] AND “in-
take”[All Fields]) OR “dietary intake”[All Fields]) AND ((“social behavior”[MeSH Terms]
OR (“social”[All Fields] AND “behavior”[All Fields]) OR “social behavior”[All Fields]
OR “sociality”[All Fields] OR “social”[All Fields] OR “socialisation”[All Fields] OR
“socialization”[MeSH Terms] OR “socialization”[All Fields] OR “socialise”[All Fields]
OR “socialised”[All Fields] OR “socialising”[All Fields] OR “socialities”[All Fields] OR
“socializations”[All Fields] OR “socialize”[All Fields] OR “socialized”[All Fields] OR
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“socializers”[All Fields] OR “socializes”[All Fields] OR “socializing”[All Fields] OR “so-
cially”[All Fields] OR “socials”[All Fields]) AND (“jet lag syndrome”[MeSH Terms]
OR (“jet”[All Fields] AND “lag”[All Fields] AND “syndrome”[All Fields]) OR “jet lag
syndrome”[All Fields] OR “jetlag”[All Fields]))

(“sleep”[MeSH Terms] OR “sleep”[All Fields] OR “sleeping”[All Fields] OR “sleeps”[All
Fields] OR “sleep s”[All Fields]) AND (“variabilities”[All Fields] OR “variability”[All
Fields] OR “variable”[All Fields] OR “variable s”[All Fields] OR “variables”[ All Fields]
OR “variably”[All Fields]) AND (“eating”[MeSH Terms] OR “eating”[All Fields] OR
(“dietary”[All Fields] AND “intake”[All Fields]) OR “dietary intake”[All Fields])
(“sleep”[MeSH Terms] OR “sleep”[All Fields] OR “sleeping”[All Fields] OR “sleeps”[All
Fields] OR “sleep s”[All Fields]) AND (“variabilities”[All Fields] OR “variability”[All
Fields] OR “variable”[All Fields] OR “variable s”[All Fields] OR “variables”[ All Fields]
OR “variably”[All Fields]) AND (“eating”[MeSH Terms] OR “eating”[All Fields] OR
(“food”[All Fields] AND “intake”[All Fields]) OR “food intake”[All Fields])
(“eating”[MeSH Terms] OR “eating”[All Fields] OR (“dietary”[All Fields] AND “in-
take”[All Fields]) OR “dietary intake”[All Fields]) AND ((“regular”[All Fields] OR
“regularities”[All Fields] OR “regularity”[All Fields] OR “regularization”[All Fields] OR
“regularizations”[All Fields] OR “regularize”[All Fields] OR “regularized”[All Fields] OR
“regularizer”[All Fields] OR “regularizers”[All Fields] OR “regularizes”[All Fields] OR
“regularizing”[All Fields] OR “regulars”[All Fields]) AND (“sleep”[MeSH Terms] OR
“sleep”[All Fields] OR “sleeping”[All Fields] OR “sleeps”[All Fields] OR “sleep s”[All
Fields]))

((“eating”[MeSH Terms] OR “eating”[All Fields] OR (“food”[All Fields] AND “in-
take”[All Fields]) OR “food intake”[All Fields]) AND ((“regular”[All Fields] OR “reg-
ularities”[All Fields] OR “regularity”[All Fields] OR “regularization”[All Fields] OR
“regularizations”[All Fields] OR “regularize”[All Fields] OR “regularized”[All Fields]
OR “regularizer”[All Fields] OR “regularizers”[All Fields] OR “regularizes”[All Fields]
OR “regularizing”[All Fields] OR “regulars”[All Fields]) AND (“sleep”[MeSH Terms]
OR “sleep”[All Fields] OR “sleeping”[All Fields] OR “sleeps”[All Fields] OR “sleep
s”[All Fields))))

Appendix A.2. Embase

(“social jetlag’/exp OR ‘social jetlag’) AND (‘food intake’/exp OR ‘food intake”) AND
[<1966-2021]/py

(“social jetlag’/exp OR ‘social jetlag’) AND (‘dietary intake’/exp OR “dietary intake”)
AND [<1966-2021]/py

(“sleep’/exp OR sleep) AND (‘variability’/exp OR variability) AND (‘food intake’/exp
OR ‘food intake’) AND [<1966-2021]/py

(‘sleep’/exp OR sleep) AND (‘variability’/exp OR variability) AND (‘dietary in-
take’/exp OR ‘dietary intake”) AND [<1966-2021]/py

(“sleep’/exp OR ‘sleep”’) AND ‘regularity” AND (‘food intake’/exp OR ‘food intake’)
AND [<1966-2021]/py

(‘sleep’/exp OR ‘sleep’) AND ‘regularity’” AND (‘dietary intake’/exp OR ‘dietary
intake”) AND [<1966-2021]/py

Appendix A.3. Clarivate Analytics Web of Science

social jetlag (All Fields) AND food intake (All Fields)

social jetlag (All Fields) AND dietary intake (All Fields)

sleep (All Fields) AND variability (All Fields) AND food intake (All Fields)
sleep (All Fields) AND variability (All Fields) AND dietary intake (All Fields)
sleep (All Fields) and regularity (All Fields) and food intake (All Fields)

sleep (All Fields) and regularity (All Fields) and dietary intake (All Fields)
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