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Study Objectives: Social jetlag (SJL) measures the discrepancy between circadian and social clocks. Using accelerometry-derived data, our objective was to
assess the prevalence of SJL in young healthy children and determine the association of SJL and sleep with temperament.
Methods: Of 117 children participating in TARGet Kids!, a Canadian cohort of healthy preschool-aged children, 78 children (39 girls; 50%; mean age [SD]: 35.1
[20.5] months) were included. Sleep was measured objectively using accelerometry. Temperament dimensions (surgency, negative affectivity, and effortful
control) were assessed with the very short forms of Rothbart’s child and infant behavior questionnaires. We examined associations of SJL and sleep with
temperament using multivariable linear regression models adjusted for sex, age, ethnicity, and preschool/daycare attendance.
Results: 20 out of 78 (25.6%) experienced SJL of greater than 30 minutes. SJL was greater in children who attended preschool/daycare compared with children
who did not (26.3[18.8] minutes vs 17.6 [14.8] minutes; P < .05). There was no evidence of an association between SJL and any temperament dimension. We
found evidence of an association between increased sleep duration and increased negative affectivity scores (longer 24-hour sleep; b: 0.347; 95% confidence
interval: 0.182, 0.512; P < .0001; and longer nighttime sleep duration: b: 0.413; 95% confidence interval: 0.163, 0.663; P = .002).
Conclusions: In our cohort, 1 in 4 preschool-aged children experienced SJL. Increased sleep duration was associated with increased negative affect, which
could have implications for children developing internalizing behavior such as depression or low self-esteem. We found that sleep duration, but not SJL, was
associated with temperament and may impact daytime behavior of young children.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Social jetlag (SJL) measures the discrepancy between circadian and social clocks. Sleep affects many aspects of
a child’s life and may have an impact on temperament. Few studies have evaluated the effects of SJL and sleep on temperament in early life and no
studies have examined SJL using objective accelerometer data in preschool children.
Study Impact: SJL is prevalent in 1 in 4 preschool-aged children and sleep duration, but not SJL, is associated with child temperament, highlighting sleep
characteristics associated with daytime behavior. Our findings provide evidence of an association between sleep duration and behavioral problems in
infants and preschool-aged children.

INTRODUCTION

Sleep is an important constituent of health in children and is
associated with a child’s physical, mental, and neurobehavioral
development.1–3 During the first year of life, sleep-wake regu-
lation and sleep states evolve rapidly and continue to adapt with
maturation throughout childhood.4,5 Sleep patterns in children
are affected by the interplay between genetics, environmental,
and social factors, such as parenting practices, expectations,
family routines, and daycare and school schedules.4 Social

jetlag (SJL) is defined as the absolute difference between sleep
midpoints on school days and free days (often weekend
days).6–8 It is rooted from conflicting biologically driven pref-
erences and social obligations that result in circadian misalign-
ment.7 For preschool children under 6 years old, free days
would be days when their sleep-wake patterns are free from any
influence of individual or family activities. Already at pre-
school age, delayed weekend sleep pattern, later sleep midpoint
on free days, and SJL have been demonstrated using parent-
reported sleep measures (eg, validated questionnaires).9–14
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Therefore, the displacement of sleep-wake times for later hours
on free days starts at an early age,9 suggesting that parental
influence exists and has an impact on infant and child sleep-
wake pattern (eg, delayed bedtime on weekends).13,15

The importance of SJL has been demonstrated in other popu-
lations. In school-aged children and adolescents, SJL is associ-
ated with sleep disorders and higher adiposity.16–18 In adults,
SJL is associated with metabolic disorders and obesity.19,20 The
relationship between SJL and emotional and behavioral prob-
lems is also well documented in children and adolescents.21,22

Moreover, preschool children of evening chronotype are vul-
nerable to higher SJL and more behavioral problems, including
hyperactivity/inattention, conduct problems, peer problems,
and sleep problems.10,23 Studies assessing SJL in young adoles-
cents or adults used objective actigraphy monitoring for 5–7
days17,24–26 or validated questionnaires.19,27 In preschool chil-
dren, studies assessing SJL relied exclusively on the parent’s
report.9–12,14 To our knowledge, no studies assessed SJL using
objective sleep measures (eg, actigraphy) in preschool-aged
children.

Child temperament is defined as constitutionally based indi-
vidual differences in self-regulation and reactivity that are
apparent from infancy. Rothbart and colleagues28,29 define tem-
perament using 3 dimensions: surgency, negative affectivity,
and effortful control/orienting capacity to describe tempera-
ment in children. Surgency reflects motor and vocal activity,
positive emotional reactions to high-intensity stimuli, and seek-
ing closeness with others, and is associated with the develop-
ment of externalizing problems.29 Negative affectivity reflects
the tendency to experience negative emotions and distress; high
negative affectivity is associated with developing internalizing
problems. Effortful control, referred to as orienting capacity in
infants, reflects self-control of behavior and positive reaction to
low-intensity stimuli; high effortful control is associated with a
positive development and lower behavioral problems.29–32 Few
studies have evaluated the effects of SJL and sleep on tempera-
ment in early life and no studies have examined SJL with tem-
perament in preschool children using objective accelerometer
data.4,22,33

Vriend et al34 studied the impact of an imposed sleep schedule
in a randomized trial where school-aged children slept for either
1 extra hour (long-sleep schedule) or with a 1-hour deficit (short-
sleep schedule) and showed that participants demonstrated less
positive affective response and poorer parent-reported emotion
regulation directly after the short-sleep schedule compared with
the long-sleep condition.

For the current study, we examined the relationship between
accelerometry-derived sleep measures and temperament in
infants and preschool-aged children. Our primary objective was
to describe SJL in a cohort of healthy infants and young children
under 6 years old and to determine the association between SJL
and child temperament. Our primary hypothesis was that SJL is
associated with temperament (ie, low surgency, high nega-
tive affectivity, and low effortful control). Our secondary
objective was to examine the association between sleep dura-
tion (total 24-hour sleep duration, nighttime sleep duration)
and temperament.

METHODS

Study design
This was a cross-sectional study with The Applied Research
Group for Kids (TARGet Kids!), which is an ongoing, open,
longitudinal cohort and is the largest cohort of children under 6
years of age in Canada recruited from primary health care set-
tings.35 Healthy children under 6 years of age who attended
well-child visits with a primary care physician in Toronto (a
large urban city in Canada) between January 2013 and April
2014 and had ≥ 1 weekday and ≥ 1 weekend day of accelerom-
etry were included in this study. The TARGet Kids! cohort
excluded children with conditions affecting growth, severe
developmental delay, chronic conditions (except for asthma),
and children whose families were not able to complete ques-
tionnaires in English. For the present study, we also excluded
children who had accelerometry data collected on days with
time change affected by daylight savings (day of, or the days of
the week that followed, since sleep timing may be affected by
the time change). Children whose parents did not complete
Rothbart’s child or infant behavior questionnaires30–32 were
also excluded. This study was approved by the Research Ethics
Board of the McGill University Health Centre, as well as the
Research Ethics Board of the Hospital for Sick Children and St.
Michael’s Hospital.

Baseline demographics
Parents completed standardized questionnaires on baseline
characteristics and lifestyle (sex, age, ethnicity, daycare atten-
dance, breastfeeding) sociodemographic information (maternal
education, self-reported family income), health, and health-
related behaviors. Child ethnicity was a composite variable
derived from maternal and paternal self-reported ethnicity. The
questionnaire completed by the parents had 2 separate questions
to identify the ethnicity of each parent. Maternal and paternal
ethnicity were classified into 1 of the following 9 categories:
(1) “European,” (2) “East Asian,” (3) “South Asian,” (4)
“Southeast Asian,” (5) “Arab,” (6) “African,” (7) “Latin Ameri-
can,” (8) “mixed ethnicity,” or (9) “other.” For the current
study, child ethnicity was classified as European if both parents
identified as European (category 1), or non-European if 1 or
both parents identified as non-European ethnicity (categories 2
through 9, collapsed). Age groups were adapted from age group
recommendations for sleep from the American Academy of
Sleep Medicine (under 12 months of age, 12 months to under
36 months of age, 36 months to under 72 months of age).36

Exposure variables
The Actical accelerometer (Philips–Respironics, Oregon, USA),
an omnidirectional accelerometer, was used to collect accelerom-
etry data. The Actical senses high-energy and sedentary move-
ments in 2-second epochs, which were combined into count
values per minute. Parents were instructed to attach the Actical
over their child’s right hip during 24 hours for 7 consecutive
days. Actigraphy for 7 days has been shown to provide reliable
measures of sleep in children.37,38 Parents kept a 7-day sleep log,
recording sleep, wake, and nap times as well as any periods of
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time when the accelerometer was removed.We calculated SJL as
a continuous variable (minutes) as the absolute difference
between sleep midpoint on weekend days (or free days) and
weekdays based on accelerometry data.6 Sleep midpoint was
determined as the midpoint between sleep onset (sleep time) and
sleep offset (wake time). Actigraphy data were corroborated with
sleep diaries.39 We also defined SJL as a binary variable (≥ 30
minutes difference between weekend and weekday sleep mid-
point) to assess the prevalence of SJL in children less than 6 years
old. The choice of cutoff (SJL ≥30 minutes) was based on
parent-reported SJL of 35 minutes for preschool children of eve-
ning chronotype and a weekday-to-weekend difference in sleep
period of 30 minutes for evening chronotypes.10 In addition to
higher SJL, evening chronotypes exhibit more sleep problems
and behavioral problems relative to preschool children who are
morning or intermediate chronotypes.10,23 We also derived sleep
duration from accelerometry data, including nighttime sleep
duration and total 24-hour sleep duration.

Outcome variables
We defined temperament dimensions using the very short forms
of Rothbart’s child and infant behavior questionnaires. Parents
completed the following questionnaires: for infants 3–12 months,
the Infant Behavior Questionnaire (IBQ)31; for children 1–3 years
old, the Early Childhood Behavior Questionnaire (ECBQ)32; and
for children > 3 years old, the Children’s Behavior Questionnaire
(CBQ).30 Parents reported how often their child performed a cer-
tain behavior “in the last 2 weeks” using a Likert scale ranging
from 1 (never) to 7 (always). Rothbart scores for each dimension
were calculated by the following method: (1) select items indi-
cated on the items-by-dimension list were first reverse-scored, by
subtracting the numerical response given by the caregiver from
8 (eg, a caregiver response of 7 becomes 1); (2) scores for the 3
dimensions were then computed by dividing the sum of the scores
for items receiving a numerical response by the number of items
answered to yield a mean score for each dimension.30–32

Data analysis
We described categorical variables as frequencies (percentages)
and continuous variables as means (standard deviations [SDs]).
We used t test and analysis of variance or nonparametric equiv-
alent (Mann-Whitney U test or Kruskal-Wallis test), as appro-
priate, to assess the association between SJL and baseline
characteristics. For the primary analysis to test the associations
of SJL and temperament, we used multivariable linear regres-
sion models adjusting for age, sex, ethnicity, and daycare/
school attendance. For the secondary analysis, we developed a
similar model to examine the association between sleep dura-
tion (24-hour sleep and nighttime sleep) and temperament. Sta-
tistical significance level was set at P < .05.

RESULTS

Demographics
Among the 117 children younger than 6 years of age who had
accelerometry performed, 34 were excluded due to incomplete

accelerometry data (< 1 weekend and weekday), 2 children were
excluded for incomplete accelerometry data with daylight savings
time criteria applied, and 3 children were excluded due to tempera-
ment questionnaire completed not consistent with child’s age group
at the time of accelerometry data collection (Figure 1). The demo-
graphic characteristics of the 78 children included in our study are
presented in Table 1. Twenty (25.6%) children demonstrated ≥ 30
minutes of SJL. The mean SJL was 20 minutes (SD: 15.7 minutes)
among children under 12 months of age, 19.9 minutes (SD: 19.8
minutes) for children aged 12 months to under 36 months, and 23
minutes for children 36 months to under 72 months of age (SD:
17.8 minutes).

Sleep characteristics and SJL
The mean duration of actigraphy data collection (number of valid
days of actigraphy) was 5.7 days (SD: 0.9 days). Table 2 shows
SJL stratified by baseline characteristics. Mean SJL was higher
among families who reported their ancestry to be non-European
(33.0 minutes; SD: 20.1 minutes; n = 20) compared with families
who reported their ancestry to be European (17.7 minutes; SD: 15.6
minutes; n = 46). Mean SJL was higher in children who attended
school or daycare (26.3 minutes; SD: 18.8 minutes; n = 37) vs chil-
dren who did not attend school/daycare (17.6 minutes; SD: 14.5
minutes; n = 35; P < .05). The sleep features from the actigraphy
data on weekdays and weekend days are presented inTable 3.

Associations of SJL and sleep with temperament
In the primary analysis using multivariable linear regression,
there was no evidence of an association between SJL and tem-
perament dimensions (Table 4). For the secondary analyses, we
found evidence of an association between increased sleep dura-
tion (24-hour sleep and nighttime sleep) and increased negative
affectivity scores (adjusted b coefficient [95% confidence inter-
val]: 0.35 [0.18, 0.51] and 0.41 [0.16, 0.66], respectively).

DISCUSSION

We found that increased sleep duration (24-hour and nighttime
sleep duration), but not SJL, was associated with increased negative

Figure 1—Flowchart of children included in the study.
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affectivity in preschool-aged children. Our study is the first study to
examine the relationship between accelerometry-derived sleep
measures and temperament in children less than 6 years old. Our
findings suggest that SJL is prevalent in 1 in 4 children under 6
years old, with 25.6% of our cohort demonstrating ≥ 30 minutes of
SJL, and even higher SJL among children attending daycare or pre-
school and in those of non-European ethnicity.

Doi et al10 conducted sleep surveys (self-reported measure of
sleep) and similarly found that children aged 4–6 years old

experience SJL at an average of 35 minutes in those with evening
chronotypes (ie, a preference for later sleep and wake time). Our
study further suggests that SJL may manifest in children younger
than 4 years old (and as young as 6 months old) by demonstrating
the prevalence of SJL with objective sleep measures.

Previous studies have evaluated sleep disparities among chil-
dren of different ethnicities40,41; however, to our knowledge, no

Table 1—Baseline characteristics.

Values

Social jetlag in minutes, mean (SD) 21.6 (17.8)

Sex, n (%)

Female 39 (50.0%)

Male 39 (50.0%)

Age, n (%)

< 12 months 16 (20.5%)

12–35.9 months 21 (26.9%)

36–72 months 41 (52.6%)

Age in months, mean (SD) 35.1 (20.5)

Family income (CAN$), n (%)

< 60,000 4 (5.1%)

60,000–99,999 12 (15.4%)

100,000–149,999 24 (30.8%)

≥ 150,000 38 (48.7%)

Siblings, n (%)

No 30 (38.5%)

Yes 46 (59.0%)

Missing 2 (2.5%)

School status, n (%)

No school 35 (44.9%)

Daycare/preschool 37 (47.4%)

Missing 6 (7.7%)

Child ethnicity, n (%)

European 46 (59.0%)

Non-European 20 (25.6%)

Missing 12 (15.4%)

Maternal ethnicity, n (%)

European 49 (59.3%)

Non-European 20 (25.6%)

Missing 9 (11.5%)

Maternal educational level, n (%)

High school/apprenticeship/trade 2 (2.6%)

College or university 76 (97.4%)

Currently breastfeeding, n (%)

No 47 (60.3%)

Yes 13 (16.7%)

Missing 18 (23.0%)

n = 78. CAN$ = Canadian dollars, SD = standard deviation.

Table 2—Social jetlag and baseline characteristics.

n
Mean Social Jetlag

(SD), min

Age

< 12 months 16 20.0 (15.7)

12–35.9 months 21 19.9 (19.8)

36–72 months 41 23.0 (17.8)

Sex

Female 39 22.0 (20.3)

Male 39 21.0 (15.3)

Family income (CAN$)

< 60,000 4 16.8 (10.6)

60,000–99,999 12 21.6 (14.7)

100,000–149,999 24 24.7 (23.4)

≥ 150,000 38 20.1 (15.4)

Siblings

No 30 21.6 (18.2)

Yes 46 20.6 (17.6)

School status*

No school 35 17.6 (14.5)

Daycare/preschool 37 26.3 (18.8)

Child ethnicity*

European 46 17.7 (15.6)

Non-European 20 33.0 (20.1)

Maternal ethnicity*

European 49 18.2 (2.1)

Non-European 20 30.8 (5.02)

Currently breastfeeding

No 47 20.6 (2.6)

Yes 13 26.1 (5.5)

n = 78. *P < .05, t test. CAN$ = Canadian dollars, SD = standard deviation.

Table 3—Sleep features from actigraphy.

Weekday Weekend

Wake time (hh:mm) 07:32 (0:55) 07:48 (1:04)

Sleep time (hh:mm) 20:18 (0:50) 20:25 (1:00)

Sleep midpoint (hh:mm) 01:55 (0:45) 02:07 (0:52)

Night sleep duration (h) 11.2 (0.9) 11.4 (1.1)

Data are presented as mean (SD). n = 78. hh:mm = clock hour:minute,
SD = standard deviation.
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study has evaluated SJL directly among children of different
ethnicities. Sleep habits and sleep quality vary among ethnici-
ties; a review in the United States found that White children
demonstrated more sufficient sleep, increased sleep duration,
and fewer sleep/wake problems than Hispanic and Black
youth.40 We observed a discrepancy in SJL between ethnicities,
with more SJL observed in non-European compared with Euro-
pean children. We hypothesize that there may be a component
of family routine, parenting practices, and environment that dif-
fers between ethnicities, which requires further investigation.
Furthermore, we found that children attending daycare or
school demonstrated greater mean SJL than children not attend-
ing either. This relationship suggests that SJL may be related to
early start times in school or daycare resulting in circadian
misalignment.

Doi et al10 studied the relationship between chronotype (indi-
vidual’s preference in circadian rhythm) and behavior in Japa-
nese children aged 4 to 6 years old and found that children with
evening chronotypes were vulnerable to higher SJL and experi-
enced greater behavioral problems such as hyperactivity and
inattention. In contrast, we did not find that SJL was associated
with temperament. This finding may be attributed to the differ-
ences in exposures since the study by Doi et al evaluated chro-
notype and not SJL directly using actigraphy. Moreover, our
study included children aged 0 to just under 6 years old.

We found that increased sleep duration (24-hour and nighttime
sleep) was associated with negative affectivity when adjusting for
age, sex, ethnicity, and school status. A questionnaire-based study
evaluating sleep duration and temperament among preterm infants
at 2 years of age found that shorter nighttime sleep duration was
associated with increased motor activity (surgency) and lower
inhibition (effortful control).42 In contrast, we found that increased
sleep duration was associated with increased negative affectivity,
the latter of which can predispose children to developing internal-
izing behavior such as depression and low self-esteem. In adults,
both short and long sleep duration is associated with increased risk
of depression.43 Our findings may be an early manifestation of the
relationship between sleep duration and depression risk in adults
and adolescent populations.

Limitations of the current study include the cross-sectional
design, which cannot provide strong evidence of a causal rela-
tionship between sleep and temperament (eg, directionality).

Although temperament may affect sleep (eg, internalizing symp-
toms may lead to sleep problems), evidence from a randomized
trial in school-aged children suggests that manipulating sleep
duration alters temperament.16 We obtained participants from
the TARGet Kids! cohort located in a large urban Canadian city
(Toronto), which may not be representative of all preschool chil-
dren. Moreover, many children were born to mothers of higher
education, although higher education is frequent among women
of childbearing age in Toronto. Although 7-day actigraphy pro-
vided only 1 weekend to assess SJL, actigraphy for 7 days has
been shown to provide reliable measures of sleep in adolescents
and school-aged and preschool children.37,38 Moreover, actigra-
phy permits noninvasive objective measurement of sleep and has
been validated for use in preschool children.44 Further, we used
established questionnaires to assess temperament. Questionnaire
validity and reliability have been tested in this age group.30–32

Another limitation of the current study is that 30% of children
had incomplete actigraphy data, which were unacceptable for
analysis, because of illness, technical problems, and participant
noncompliance.37 The children in our study were all under 6
years of age; as a result, compliance in wearing the accelerometer
continuously over 1 week was difficult to obtain. Despite these
challenges in young children, we managed to obtain complete
objective and self- or parent’s reported data for 78 children
(actigraphy and questionnaire data). Studies to date assessing
SJL in preschool children (0–5 years of age) have only used self-
reported sleep measures,9–12,14 despite discrepancies observed
between parent reports and objective sleep measures,45,46 empha-
sizing the need for the use of complementary sleep assessment
tools.39,47 No study has estimated SJL in this age group using
objective sleep measures (actigraphy). The current study used
both objective actigraphy data corroborated by sleep diaries to
estimate sleep onset and sleep offset, capturing the different
dimensions of sleep. Furthermore, 2 reviewers assessed actigraphy
data with sleep diaries and consulted a third reviewer to resolve
discrepancies. Finally, unmeasured confounding factors could
have affected the results. Parenting/caregiving variables (eg, paren-
tal sleep patterns), family issues, or unforeseen circumstances
might alter child sleep patterns, which also may affect behavior or
child temperament. The measured variables and our sample size
of 78 children allowed us to adjust for 4 important confounders
(sex, age, child ethnicity, school/daycare attendance).12,41 Child

Table 4—Unadjusted and adjusted linear regression analysis.

Surgency Negative Affect Effortful Control

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Social jetlag (min) –0.02 (–0.01, 0.01) 0.00 (–0.01, 0.02) 0.10 (–0.01, 0.13) –0.01 (–0.02, 0.01) –0.13 (–0.02, 0.00) –0.01 (–0.02, 0.01)

Total sleep in 24
hours (h)

0.24 (0.01, 0.23) –0.09 (–0.23, 0.05) 0.13 (–0.05, 0.19) 0.35** (0.18, 0.51) –0.01 (–0.10, 0.09) –0.14 (–0.28, 0.01)

Night sleep
duration (h)

–0.09 (–0.34, 0.14) –0.16 (–0.36, 0.04) 0.28 (0.07, 0.56) 0.41** (0.16, 0.66) –0.08 (–0.26, 0.13) –0.12 (–0.32, 0.10)

Data are presented as b coefficients (95% confidence interval). n = 78. Adjusted and unadjusted linear regression analysis models for social jetlag, night sleep
duration, total 24-hour sleep and temperament dimensions: surgency, negative affect, and effortful adjusted for sex, age, daycare/school attendance, and child
ethnicity. **P < .005.
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ethnicity (European vs non-European) was a composite variable
derived from maternal and paternal ethnicity, since the majority of
parents identified as European. Furthermore, child school/daycare
attendance also reflects parenting/caregiving characteristics. Future
large longitudinal studies using objective sleep measures, such as
> 7-day actigraphy data collection, are needed to confirm the cur-
rent results. Further studies are also required to explore the effect
of SJL with various outcomes as well as the underlying cause of
the discrepancies in subpopulations to examine how sleep behav-
iors are patterned by ethnicity.

CONCLUSIONS

To our knowledge, this is the first study to investigate the asso-
ciations between accelerometry-derived SJL and sleep duration
with temperament in children less than 6 years old. Our study
demonstrates that SJL varies in preschool-aged children by eth-
nicity and by daycare/preschool attendance. We did not find
an association between SJL and temperament. Sleep duration
was associated with negative affectivity, which could have
implications for children developing behavioral problems
such as depression or low self-esteem and can exacerbate pre-
existing emotional and behavioral problems. Sleep duration
and behavioral problems are related. Our findings highlight
that this relationship may also be present in infants and
preschool-aged children

SJL was present in young children less than 6 years of age.
Understanding the impact of SJL on health and behavior is
needed. Our study provides evidence that increased sleep dura-
tion was associated with negative affectivity. Large prospective
longitudinal studies are required to confirm the observed asso-
ciation and to delineate the relationship of SJL and other sleep
parameters with mental health to ensure optimal sleep habits
and promote positive development and health.

ABBREVIATIONS

SD, standard deviation
SJL, social jetlag
TARGet Kids!, The Applied Research Group for Kids!
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