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Aim: To study the sleep development and sleep characteristics in children at different obesity risks, based on parental weight, and also to
explore their weekday—weekend sleep variations and associated family factors.

Methods: A total of 145 children participating in a longitudinal obesity prevention project were included, of which 37 had normal-weight par-
ents (low obesity risk), and 108 had overweight/obese parents (high obesity risk). Sleep diaries at ages 1 and 2 years were used to study sleep
development in children at different obesity risks. Objectively assessed sleep using an accelerometer at 2 years of age was used to analyse
weekday—-weekend sleep variations.

Results: There was no difference in sleep development from age 1 to age 2 among children at different obesity risks, but more children in the
high-risk group had prolonged sleep onset latency and low sleep efficiency. At 2 years of age, children in the high-risk group had more weekday—
weekend variation in sleep offset (mean difference 18 min, 95% confidence interval (Cl) 4-33 min), midpoint of sleep (mean difference 14 min,
95% Cl 3-25 min) and nap onset (mean difference 42 min, 95% Cl 10~74 min) than children in the low-risk group, after adjusting for other family
factors. However, no difference could be detected between groups in weekday—weekend variation in sleep duration.

Conclusions: Unfavourable sleep characteristics, as well as more variation in sleep schedules, have been observed in children at high obesity
risk. While the differences were relatively small, they may reflect the unfavourable sleep hygiene in families at high obesity risk.
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What this paper adds
1 A longitudinal obesity prevention project in Stockholm provides
an opportunity to explore the development of sleep patterns, as

What is already known on this topic

1 Obesity in parents has been identified as a major risk factor for
child obesity; the transfer of adiposity through generations is
probably not only related to genetic factors but also to shared well as sleep characteristics, in children at different obesity risks,
family environment and behaviours. determined based on parental weight status.

2 Poor sleep has consistently been associated with child obesity 2 Although the development of sleep patterns was similar in chil-
and has been suggested as an obesity-related behaviour. dren at different obesity risks, unfavourable sleep characteristics,

regarding prolonged sleep onset latency, low sleep efficiency
and pronounced weekday-weekend variation in sleep schedule,
were more common in children at high obesity risk than in chil-
dren at low obesity risk.

Obesity in parents has been identified as a major risk factor for
child obesity. The risk of obesity is considered 4-10 times higher
in children with parents suffering from obesity than in children

Correspondence: Ms Lijuan Xiu, Division of Pediatrics, Department of
Clinical Science, Intervention and Technology, Karolinska Institutet, Novum
Blickagangen 6A, S-141 86, Stockholm, Sweden. Fax: +46 8585 873 77;
email: julia.xiu@ki.se

tThese authors contributed equally to this study.
Conflict of interest: None declared.

Accepted for publication 9 October 2018.

Journal of Paediatrics and Child Health 55 (2019) 809-818

with parents of normal weight.' The transfer of adiposity through
generations is not yet fully explained, although it is probably not
related solely to genetic factors but also to shared family environ-
ment and behaviours.>

Increasing evidence has linked insufficient sleep to obesity in
both children® and adults.* Delayed and irregular sleep schedules
and poor sleep quality have also been related to unhealthy
weight, independent of sleep duration, in school-aged children
and adolescents.” Some behaviours have been proposed to con-
tribute to the associations between these unfavourable sleep
characteristics and obesity in school-aged children, such as
increased energy intake, emotional eating and more screen
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time.®® Considered together, these findings suggest poor sleep as
an obesity-related behaviour. The role of parental obesity in sev-
eral obesity-related behaviours in children has been studied pre-
viously. Although results were mixed, higher dietary fat intake
and greater preference for fatty foods and sedentary activities
have been observed in children with parents with obesity com-
pared with children with parents of normal weight.”'° This indi-
cates that children with parents suffering from obesity are
probably more exposed to an obesogenic family environment, as
well as having a genetic predisposition for obesity. However,
whether parental obesity is also related to child sleep is less
understood. Studies on this are essential for a better understand-
ing of whether sleep patterns are involved in familial vulnerabil-
ity for obesity development, as well as to provide evidence for or
against including sleep in obesity prevention interventions.

The Early Stockholm Obesity Prevention Project (Early STOPP)
is a randomised controlled obesity prevention targeting pre-
schoolers with parents with overweight or obesity (at high obe-
sity risk)."" Children with parents of normal weight are also
included as a low obesity risk group. The aims of Early STOPP are
primarily to study whether a family-based intervention targeting
life-style behaviours (diet, physical activity and sleep pattern) can
prevent the development of obesity among children at high obe-
sity risk and, secondarily, to explore the development of these
behaviours in children at different obesity risks, as well as the
intervention effects on these behaviours.'' In the present sub-
study, we aimed to study sleep in children at different obesity
risks. We first studied sleep development and sleep characteristics
from 1 to 2 years of age in children at different obesity risks. Fur-
thermore, we explored the weekday-weekend sleep variations in
children at different obesity risks at 2 years of age, as well as the
family factors in relation to the variations.

Methods
Study design

Early STOPP is a longitudinal, randomised controlled obesity pre-
vention project. A total of 236 children and families in the Stock-
holm area were recruited to the project between 2010 and 2013.
The study design and recruitment have been previously described
in detail.!' Briefly, families were recruited randomly when par-
ents visited a local child health-care centre (CHC) for their child’s
8-month check-up. The CHCs, financed by the counties, offer
routine health check-ups to children aged 0-6 years free of
charge and cover almost all children (99%) in Sweden.'? Families
with at least one parent with obesity (body mass index (BMI) of
at least 30 kg/m?), or two parents with overweight (BMI of
25-29.9 kg/m?), were recruited to the high obesity risk group
(high-risk) (# = 181). Families with two normal-weight parents
(BMI of 18-24.9 kg/m?) were recruited to the low obesity risk
group (low-risk) (n = 57). Families in the high-risk group were
allocated to either the intervention (n = 66) or the control group
(n = 115) through cluster randomisation of CHCs. No family with
underweight parents was recruited in the study. The inclusion
criteria were having a child younger 1 year of age, that parents
could communicate in Swedish and that the child was without
chronic health problems likely to influence growth and develop-
ment. Annual data collection was performed with children from
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aged 1 (baseline) to 6 years. The present sub-study reported on
sleep patterns using data from children aged 1-2 years.

Ethical approval was given by the Stockholm Regional Ethical
Review Board (2009/217-31), and written informed consent was
obtained from all the families. This study is registered at
clinicaltrials.gov (NCT01198847).

Intervention

Full details of the intervention programme have been described
in the study protocol.'' Briefly, the multifaceted intervention,
consisting of education and individual target coaching, was aimed
at increasing parents’ knowledge and skills to promote parenting
behaviour regarding child diet, sleep and physical activity. Fami-
lies in the intervention group received coaching sessions, deliv-
ered by a coach trained in motivational interviewing, four times
during the first study year (at child age 12, 15, 18 and
21 months) and two times a year during the rest of the study
period. The educational material about sleep was adapted for the
child’s age, based on evidence and best practices, to include infor-
mation on normal sleep development during the first years of
life, ideal environments for promoting self-regulated sleep habits,
practices on keeping consistent sleep schedules, setting bedtime
routines and handling night-time awakenings. The coaching ses-
sions were conducted as an academic detailing process that iden-
tified the parents’” knowledge deficits about the child sleep and
their concerns and worries as a basis for choosing information,
which was then tailored to meet the parents’ needs.'*> The fami-
lies in the control and low-risk groups received only routine
health-care services from CHCs.

Participants

Of the enrolled 236 children in Early STOPP, 193 and 169 had com-
pleted sleep diaries at the 1-year and 2-year follow-up points, respec-
tively. For the present study, 145 children with completed sleep
diaries at both time points were included in the analyses to study
sleep development and sleep characteristics. Furthermore, among
them, 142 with objective sleep data at the 2-year follow-up were
included in the analysis of the weekday-weekend sleep variations
and associated family factors. A flowchart of family recruitment and
the participants included in the present sub-study is presented in
Figure 1. Moreover, as no intervention effect was detected on any of
the sleep or growth measures at 2 years of age (Table S1, Supporting
Information), the analyses in the present study were based on two
groups, families with normal-weight parents (low obesity risk group,
n = 37) and families with overweight/obese parents (high obesity
risk group, 7 = 108), to achieve the study aims.

Measures

Sleep diary

Child sleep at 1 and 2 years of age was followed for 1 week using
a parental recorded sleep diary, which is commonly used in child
sleep assessment.'* The seasons were consistent between assess-
ment points for each individual, which reduced the potential
effect on individual sleep schedules of the Scandinavian seasons.
The sleep diaries included the following sleep variables: bedtime,
sleep onset latency, wake-up time, nocturnal sleep duration,
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Families assessed for eligibility (n = 837)

Child sleep and parental obesity

Excluded (n = 572)
Not meeting BMI criteria (n = 168)
Declined to participate (n = 312)

| Enrolment (n = 265)

Contact failed (n = 32)

Language barrier (n = 6)

Child older than 1 year old (n = 4)
Participating in similar study (n = 4)
Chronic health problems (n = 1)
Other reasons (n = 45)

v

‘ Enrolment high-risk group (n = 208) |

Allocate
v

Randomly allocated to intervention group (n = 79)

* Received allocated intervention (n = 65)

« Did not receive allocated intervention (n = 14, with
12 declined to participate and 2 not biological

parents)

Randomly allocated to control group (n = 129)
* Received allocation (n = 114)
« Did not receive allocation (n = 15, with 14 declined

v

Enrolment low-risk group (n = 57)

to participate and 1 not biological parents)

A4

Family visit age 1 (baseline) (n = 114)

}

A,

Family visit age 1 (baseline) (n = 57)
* Sleep diary data (n = 48)

)

* Sleep accelerometer data (n = 66)

Family visit age 2 (n = 52)
« Sleep diary data (n = 46)
* Sleep accelerometer data (n = 40)

Lost to follow-up (n = 5)

A4

* Subjects with sleep diary data at both age 1 and 2
(n =59), and among them with sleep accelerometer]

Analysed

* Subjects with sleep diary data at both age 1 and 2
(n = 37), and among them with sleep accelerometer
data (n = 36)

Excluded from analysis (n = 20)

SR
Family visit age 1 (baseline) (n = 65)
« Sleep diary data (n = 57) * Sleep diary data (n = 88)
: I
3
S
g Family visit age 2 (n = 59) Family visit age 2 (n = 90)
LE « Sleep diary data (n = 54) * Sleep diary data (n = 69)
* Sleep accelerometer data (n = 50)
Lost to follow-up (n = 6) Lost to follow-up (n = 24)
—
v
K] Analysed Analysed
g * Subjects with sleep diary data at both age 1 and 2
= (n = 49), and among them with sleep
< accelerometer data (n = 49) data (n = 57)
< Excluded from analysis (n = 16) Excluded from analysis (n = 55)

Fig. 1 A flowchart of family recruitment in Early Stockholm Obesity Prevention Project and the participants included in the present study.

sleep efficiency, nap time, nap duration and 24-h total sleep
duration. The definitions of the sleep variables are presented in
Table 1. The averages of these sleep variables were calculated
across the whole week.

The upper or lower quartiles of sleep variables generated based
on both measuring points were used to classify unfavourable
sleep characteristics in terms of bedtime, sleep onset latency, noc-
turnal sleep duration and sleep efficiency. Children with a bed-
time in the upper quartile (later than 20:30) were defined as
having ‘late sleep’, and those with sleep onset latency in the
upper quartile (longer than 30 min) were defined as having ‘pro-
longed sleep onset latency’. A nocturnal sleep duration in the
lower quartile (shorter than 10 h) was defined as ‘short nocturnal
sleep’, and sleep efficiency in the lower quartile (lower than
90%) was defined as ‘low sleep efficiency’. Based on dichoto-
mised unfavourable sleep characteristics across the two measur-
ing points, three trajectories in terms of different sleep variables
were defined: (1) ‘mever’ (no unfavourable sleep characteristics
at any age), (2) ‘transient’ (unfavourable sleep characteristics at
either age 1 or age 2 years) and (3) ‘persistent’ (unfavourable
sleep characteristics at both age 1 and age 2 years).

Accelerometer
At child age 2 years, during the same period as when the sleep
diary was recorded, an objective assessment of child sleep was
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also conducted for seven consecutive days using a wrist-worn
accelerometer, ActiGraph GT3X+ (ActiGraph LLC, Pensacola, FL,
USA). The ActiGraph GT3X+ is a tri-axial accelerometer with a
sensitivity of 0.05 g and a sampling rate from 30 to 100 Hz. The
activity counts were collected at a 30-Hz sampling rate and aver-
aged over 1-s epochs. Using the manufacturer’s software ActLife
version 6.11.9, the activity data for each minute were scored as
either ‘awake’ or ‘asleep’ based on Sadeh’s sleep algorithm,
which has been validated in children using polysomnography.'®
Due to the overestimation of night-time awakenings when using
an accelerometer in pre-school-aged children,'® a secondary algo-
rithm, which has been validated in children aged 2—6 years using
both videosomnography and polysomnography,'®!” was applied
to smooth the data. More specifically, when two or more consec-
utive minutes with activity counts above 100 were immediately
preceded by any activity count above 0, that epoch was scored as
the start of an awakening. An awakening was scored as ending at
the first of three consecutive minutes with 0 activity counts.
Smoothing was automated using an Excel formula (Microsoft,
Redmond, WA, USA). Children with at least 4 nights’ data were
included. A total of 951 nights’ data were included in the study,
with 716 in the high-risk group and 229 in the low-risk group.
All actigraphy data were visually reviewed, with references made
to sleep diaries and accelerometer logs to identify sleep periods
and remove artefacts. The definitions of objectively measured
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Table 1
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Definitions of sleep variables measured using sleep diary and accelerometer

Sleep diary data

Accelerometer data

Variables Definition

Variables Definition

Parents recorded the clock time when their
child was put to bed at night

Bedtime, h:min

Sleep onset latency, min Parents recorded how long it took for the

child to fall asleep

Parents recorded the clock time when their
child woke up in the morning

Nocturnal sleep duration, h  Number of minutes between the wake-up
time and bedtime minus the recorded sleep
onset latency and wake during sleep
period/60

(Nocturnal sleep duration)/(wake-up time —
bedtime)x100

Parents recorded the clock time when their
child had a nap during the daytime
(08:00-19:00)

Parents recorded how many hours the child
slept during the daytime (08:00-19:00)

24-h total sleep duration, h  The total sleep hours during the entire day,

including nocturnal sleep duration and

daytime naps

Wake-up time, h:min

Sleep efficiency, %

Nap time, h:min

Nap duration, h

Sleep onset, h:min

Sleep offset, h:min

Midpoint of sleep, h:min

Sleep efficiency, %

Onset of nap, h:min

Nap duration, h

The clock time for the first of 5 consecutive
minutes scored as asleep between 19:00
and 24:00

The clock time for the first of 10 consecutive
minutes scored as awake between 04:00
and 10:00

Mean clock time between sleep onset and
sleep offset

Nocturnal sleep duration, h  Number of minutes scored as sleep between

nocturnal sleep onset and sleep offset/60

(Nocturnal sleep duration)/(sleep offset —
sleep onset)x100

The clock time for the first of 5 consecutive
minutes scored as asleep during daytime
(08:00-19:00)

Number of minutes scored as asleep during
daytime/60

24-h total sleep duration, h  The total sleep hours during the entire day,

including nocturnal sleep duration and
daytime naps

sleep variables are presented in Table 1. Averages of sleep vari-
ables across the whole week, weekdays (Sunday to Thursday)
and weekends (Friday to Saturday) were calculated. Weekday—
weekend sleep variation in different sleep variables were calcu-
lated as weekend values minus weekday values.

Anthropometry

Trained staff measured the weight and height of both children and
parents at child age 1 and 2 years following a standard protocol."!
Mean values from three measurements were used in the analyses.
BMI was calculated based on weight and height. Based on World
Health Organization (WHO) cut-off points for BMI, parents were
categorised as normal weight (18-24.9 kg/m?), overweight
(25-29.9 kg/m?) or obese (= 30 kg/m?). In children, classification
of weight status was based on WHO child growth standards for
children aged younger 5 years: normal weight (weight-for-height
between —2 z-score to 2 z-score), overweight (weight-for-height
above 2 z-score) or obesity (weight-for-height above 3 z-score).'®
There was no child with weight-for-height below —2 z-score.

Demographics

Information on child date of birth, gender, living conditions (apart-
ment/terraced house or detached house), if a child attended a day
care centre, full-time (spending 230 h/week in day care centres) or
part-time/at home (spending <30 h/week in day care centres), and
whether he/she had siblings (yes/no) was collected at baseline
using questionnaires. Parental date of birth, education level and
ethnic origin (Nordic or not) was also collected. Parents reported
their educational levels as compulsory school (9 years), high school
(12 years) or college/university. Family education level was
defined as low if both parents had attended school for 12 years or
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less and as high if at least one parent had secondary education, that
is, college/university. At the 2-year follow-up, information on
child living conditions, attending day care centres and having sib-
lings or not was updated. The date when sleep was assessed using
an accelerometer was recorded and categorised as summer (from
April to September) or winter (from October to March).

Statistical analysis

Data were presented as means and standard deviations (SD),
medians and interquartile ranges or counts (#) and percentages
(%), depending on their nature. Independent t-tests and y? tests
were used to test the differences in sample characteristics
between groups. To compare sleep development from age 1 to
2 years between groups, analysis of variance (ANOVA) for
repeated measures was adopted, with age as the within-subject
effect and obesity risk group as the between-subject effect. The
interaction effect between age and group was also tested. Log-10
transformation was conducted on the variables of sleep onset
latency and sleep efficiency to normalise the distributions and
fulfil the assumptions for using repeated ANOVA. y? tests were
performed to compare the proportions of the three trajectories of
unfavourable sleep characteristics between groups. Then, given
the trajectories of unfavourable sleep characteristics, with three
categories, multiple logistic regression was performed to confirm
the relationships between these characteristics and obesity risk, as
well as other family-related factors, with unfavourable sleep
characteristics as dependent variables and obesity risk and other
family-related factors as independent variables.
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For the aim of exploring the weekday-weekend sleep variations
in children at different obesity risks, independent #-tests were first
conducted to compare sleep variations between groups. Further-
more, a multi-factor ANOVA was performed to identity family fac-
tors related to the variations in sleep schedules and sleep duration,
with the variations as continual variables and family-related factors
as categorical variables. The weekday-weekend variations in sleep
schedules, including sleep onset, sleep offset, midpoint of sleep and
nap onset and variations in nocturnal sleep duration, were used as
dependent variables. The family obesity risks and other family-
related factors were used as independent variables and included in
models simultaneously. Data were analysed using SPSS Statistics,
version 21 (IBM, Armonk, NY, USA). All tests were two-sided, and
P values of <0.05 were regarded as statistically significant.

Results

Participants’ characteristics

Among the 236 children in Early STOPP, 145 were included in the
present analysis. There was no difference in baseline characteristics
between children included and not included (7 = 91) in the study.
However, fathers of not-included children had a higher BMI than

Child sleep and parental obesity

fathers of those included. Moreover, not-included children had
slightly higher weight and BMI than children included at both age
1 and age 2 (Table S2, Supporting Information). Among included
children, 37 were in the low-risk group, and 108 were in the high-
risk group. The two groups of children showed comparable demo-
graphic characteristics and growth measurements at both ages. The
prevalence of overweight in children increased from age 1 to
2 years in both groups. However, no child with obesity was identi-
fied. The only significant difference between groups, apart from
parental BMI, was in education, with more parents with a low
education level in the high-risk group (Table 2).

Sleep development and characteristics from age
1 to age 2

Sleep development

Of the parental reported sleep, at age 1, only six (4%) children’s
sleep duration did not reach the amount suggested in the sleep
recommendation,'? with sleep shorter than 11 h per day; one of
them was in the low-risk group and the rest in the high-risk group.
The number of children who did not reach the recommended level
had increased to 28 (19%) at age 2, with 10 in the low-risk group

Table 2 Characteristics of the study population at age 1 and 2 years in high and low obesity risk groups

Family obesity risk groups

Low risk (n = 37)

High risk (n = 108)

Age 1 Age 2 Age 1 Age 2
Characteristics
Child, n (%)
Gender Boy 15 (41.0) 56 (51.8) —
Having siblings Yes 19 (51.4) 23 (62.2) 50 (46.3) 62 (59.0)
Attending day care Yes, full time 1(2.7) 31 (83.8) 2(1.9) 91 (84.2)
Mother
Age, years, mean (SD) 333 (4.2) 34.3 (4.2) 33.4 (4.5) 34.4 (4.5)
BMI, kg/mz, mean (SD) 22.5(2.1) 23.0 (2.2) 32.2 (6.4)** 31.9 (6.5)**
Education, n (%) <12 years of school 8 (21.6) 44 (41.1)*
Ethnicity, n (%) Other than Nordic 5(13.5) — 7 (6.5) —
Father
Age, years, mean (SD) 35.7 (4.9) 36.7 (4.9) 35.3 (5.0) 36.3 (5.0)
BMI, kg/m?, mean (SD) 23.0 (1.6) 23.3 (1.6) 29.3 (4.2)%* 28.9 (6.7)%*
Education, n (%) <12 years of school 9 (25.0) — 50 (50.5)*
Ethnicity, n (%) Other than Nordic 2 (5.4) — 12 (11.9) —
Family, n (%)
Education levelf Low 4(10.8) — 30 (28.8)* —
Living conditions Apartment 20 (54.1) 16 (43.2) 52 (48.1) 48 (44.4)
Child measurements
Weight, kg, mean (SD) 9.9 (1.0) 12.7 (1.2) 10.1 (1.0) 13.2 (1.4)
Height, cm, mean (SD) 75.8 (2.7) 87.2 (3.0) 76.2 (2.5) 88.0 (2.9)
BMI, kg/m?, mean (SD) 17.4 (1.3) 16.7 (1.4) 173 (1.4) 17.0 (1.3)
Overweight, n (%) Yes 2 (5.4) 4(10.8) 5 (4.6) 13 (12.5)

*P < 0.05. **P < 0.01. fFamily education level: Low level = neither parent’s education >12 years, high level = at least one parent’s education
>12 years. Missing data: Child having siblings at age 2 (n = 3), child growth measurements at age 2 (n = 4), maternal education level (n = 1), maternal
ethnicity (n = 1), paternal education level (n = 10), paternal ethnicity (n = 7), family education level (n = 4). Difference in variable between low- and
high-risk groups was detected at the child’s same age level. —, The information was only collected at the age 1 (baseline). BMI, body mass index; SD,

standard deviation.
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Table 3 Average sleep patterns across ages among children in different obesity risk groups, based on sleep diary data
Low-risk group High-risk group Age Group Age X group
effect, effect, effect,
Age 1 Age 2 Age 1 Age 2 Pvalue P value P value
Bedtime, h:min, mean (SD) 20:00 (46) 20:17 (30) 20:11 (52) 20:16 (42) 0.008 0.51 0.14
Sleep onset latency, min, median (g1, g3) 13 (6, 22) 22 (15, 28) 21 (14, 28) 23 (15, 35) 0.003 0.01 0.08
Wake-up time, h:min, mean (SD) 06:49 (41) 06:36 (30) 06:59 (42) 06:46 (41) 0.001 0.16 0.93
Nocturnal sleep duration, h, mean (SD) 10.6 (0.7) 10.2 (0.7) 10.5 (0.8) 10.3 (0.7) <0.001 0.87 0.09
Sleep efficiency, %, median (g1, g3) 94 (92, 96) 93 (92, 95) 92 (89, 94) 93 (91, 95) 0.12 0.06 0.10
Nap duration, h, mean (SD) 2.0 (0.6) 1.3(0.5) 2.0 (0.5) 1.2 (0.5) <0.001 0.83 0.75
24-h total sleep duration, h, mean (SD) 12.6 (0.7) 11.4(0.7) 12.4(0.7) 11.6 (0.7) <0.001 0.83 0.05

Analysis of variance (ANOVA) for repeated measures was conducted. Log-10 transformation was conducted on non-normally distributed data to normal-
ise the data distributions and fulfil the assumptions for using ANOVA for repeated measures. SD, standard deviation.

and 18 in the high-risk group. As can be seen in Table 3, age differ-
ences of child sleep patterns were detected in all sleep variables,
except sleep efficiency. Compared with children at age 1, children
at age 2 had a later bedtime and earlier wake-up time, and it took
a slightly longer time for them to fall asleep. Sleep duration
decreased from age 1 to age 2, with a large reduction in nap dura-
tion. Group differences could only be detected in sleep onset
latency, showing that children in the high-risk group had longer
sleep onset latency than children in the low-risk group at both
ages. However, the medians of sleep latency for the two groups at
age 2 differed by only 1 min, and the effect size of the difference
was relatively small (Cohen’s effect size 0.12). Moreover, there
was no group difference in other sleep variables. Furthermore, no
statistically significant interaction effect between age and group
could be detected, indicating that there was no difference in the
sleep development between children from different groups.

Unfavourable sleep characteristics

Based on sleep diary data, most of the children did not show
unfavourable sleep characteristics or only had transient unfa-
vourable sleep characteristics. About 10% of children had persis-
tent unfavourable sleep characteristics for certain sleep variables
(Fig. 2). Children in the high-risk group showed unfavourable
sleep characteristics regarding prolonged sleep onset latency and

Late sleep Prolonged sleep
onset latency
P=0.61 P =003
100% F.
80% 19 16
21 37
60%
40% 7 2
62 ©
20%
0%
Low risk  High risk Low risk High risk

lower sleep efficiency to a greater extent than children in the
low-risk group. After adjusting for family confounders, the differ-
ences were confirmed. Compared with children in the low-risk
group, the children in the high-risk group were more likely to
experience transient prolonged sleep onset latency (odds ratio
(OR) = 3.8, 95% confidence interval (CI) 1.4-11.1, P = 0.008), as
well as transient lower sleep efficiency (OR =4.0, 95% CL
1.3-12.5, P =0.01). Moreover, we found that, compared with
girls, boys were more likely to experience persistent short sleep
duration (OR = 10.6, 95% CI: 2.0-55.9, P = 0.005), as well as
transient lower sleep efficiency (OR=2.6, 95% CI
1.1-6.3, P = 0.02).

We also explored if children with transient or persistent unfa-
vourable sleep characteristics gained more weight from age 1 to
age 2. After adjusting for obesity risk, child gender and BMI at
age 1, there was no significant difference in BMI at age 2 among
children with different sleep trajectories (data not shown).

Weekday-weekend sleep at age 2

Weekday-weekend sleep variations
The objectively measured weekday-weekend sleep patterns
and variations in children from different groups are

Short nocturnal Low sleep efficiency

sleep
P=0.92 P=0.04
[ .
11 '8 '8 [12]
14
30 32 32
78
59 60 356
Low risk High risk Low risk High risk

Fig. 2 Proportions of unfavourable sleep characteristics trajectories (never, transient and persistent) in children from different obesity risk groups, in
terms of late sleep, prolonged sleep onset latency, short nocturnal sleep and low sleep efficiency (%), based on sleep diary data. (=), Never
(no unfavourable sleep characteristics at any age); (m), transient (unfavourable sleep characteristics at either age 1 or age 2); (m), persistent (unfavourable
sleep characteristics at both age 1 and age 2); sleep variables are based on sleep diary data.
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Table 4 Weekday-weekend (WD-WE) sleep patterns and variations in children at age 2 in different obesity risk groups based on accelerometer data

Family obesity risk P values§
Low-risk group High-risk group
Weekday Weekend WD-WE (min)f Weekday Weekend WD-WE (min)f
Sleep onset, h:min, mean (SD) 20:32 (61) 20:39 (58) 6 (15) 20:25 (56) 20:41 (66) 18 (36) 0.21
Sleep offset, h:min, mean (SD) 06:34 (53) 06:40 (56) 6 (36) 06:32 (49) 06:58 (60) 24 (36) 0.003
Midpoint of sleep, h:min, mean (SD) 01:33 (54) 01:39 (52) 6 (24) 01:28 (48) 01:50 (57) 20 (24) 0.007
Nocturnal sleep duration, h, mean (SD) 9.1 (0.7) 9.2 (0.7) 7 (37) 9.2 (0.7) 9.4 (0.8) 11 (42) 0.63
Sleep efficiency, %, mean (SD) 88.2 (4.2) 89.8 (4.6) 1.6 (4.4) 87.9 (4.8) 88.6 (4.7) 0.6 (5.0) 0.27
Onset of nap, h:min, mean (SD) 12:12 (55) 12:17 (72) 7 (84) 12:13 (43) 13:00 (73) 48 (72) 0.006
Nap duration, h, mean (SD) 13(0.3) 1.5 (0.7) 11 (36) 1.3 (0.4) 1.4(0.5) 5 (29) 0.34
24-h total sleep duration, h, mean (SD) 10.4 (0.6) 10.7 (0.9) 12 (48) 10.5 (0.7) 10.7 (0.8) 12 (49) 0.97

tWeekday-weekend, weekday and weekend sleep variations were calculated using: Sleep variables (weekend) minus sleep variables (weekday). §P
values for the comparisons of weekday—weekend sleep variations between children in the high- and low-risk groups, based on independent t-tests. SD,

standard deviation.

presented in Table 4. Children in both groups showed
delayed sleep schedules and slightly longer sleep duration on
weekends compared to weekdays. There was no difference
in weekday-weekend variation in sleep duration between
groups. However, compared with children in the low-risk

group, children in the high-risk group showed more delayed
sleep offset, midpoint of sleep and nap onset during week-
ends than weekdays, indicating that children from high-risk
families had more weekday-weekend variation in
schedules.

sleep

Table 5 Multivariate analysis of weekday—weekend (WD-WE) sleep variation and associated family factors based on accelerometer data

WD-WE, min, effect estimate (adjusted mean difference, 95% CI)t

Sleep onset Sleep offset Midpoint of sleep Nap onset Nocturnal sleep duration

Family obesity risk

High risk 10 (=5, 24) 18 (4-33)* 14 (3-25)* 42 (10-74)%** 4 (-13, 20)

Low risk 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Family education level

Low level 2 (-15,19) 11 (5-27)* 7 (6-20)* —32 (-67, 5) 9 (=10, 28)

High level 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Attending day care

Part time or at home —11 (=28, 7) -8 (=25, 8) -9 (=22, 4) —28 (—66, 10) 2 (18, 21)

Full time 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Having siblings

Yes 16 (2-30)* 5 (-8, 19) 11 (=1, 21) 19 (—11, 49) -3 (=19, 14)

No 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Living condition

Apartment -6 (=20, 8) 20 (-6, 32) 7 (—4,17) 22 (-7, 53) 9 (=7, 25)

Terraced or detached house 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Gender

Boy —15(—28, 2)* 5 (-8, 18) —5 (=15, 5) —12 (—42,17) 13 (-3, 28)

Girl 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Weight status

Overweight 18 (-7, 42) —15 (=39, 8) 2 (=17, 20) —5 (—64, 53) —19 (=47, 8)

Normal weight 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Season

Summer -4 (=17, 10) -7 (=19,7) 5 (=5, 15) —13 (=42, 15) 7 (-8, 22)

Winter 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)

*P < 0.05. **P < 0.01. TWeekday-weekend sleep variation was calculated using: Sleep variables (weekend)-sleep variables (weekday). Multivariate anal-
ysis of the family factors associated with weekday—weekend variation in sleep schedules, regarding sleep onset, sleep offset, midpoint of sleep, nap
onset and nocturnal sleep duration, were conducted using analysis of variance. Cl, confidence interval; ref, reference.
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Family factors associated with weekday-weekend

sleep variations

After adjustment for other family-related factors, the multivariate
analysis confirmed that children in the high-risk group had more
weekday-weekend variation regarding sleep offset, midpoint of
sleep and nap onset than children in the low-risk group
(Table 5). Family education level was also associated with
weekday-weekend sleep variations, with children from families
with low education having more delayed sleep offset and mid-
point of sleep on weekends compared with children from families
with high education. In addition, girls and children with siblings
showed more weekday-weekend variation in sleep onset than
their counterparts, respectively. However, no association between
variation in sleep duration and other family factors could be iden-
tified, nor could any associations between weekday-weekend
sleep variations and child weight status.

Discussion

We observed that unfavourable sleep characteristics regarding
prolonged sleep onset latency and low sleep efficiency were more
common in children at high obesity risk than in children at low
obesity risk. We also found that more weekday-weekend varia-
tion in sleep schedules of children was associated with high obe-
sity risk. Considered together, these results may reflect the
unfavourable sleep hygiene and inconsistent sleep routines in
families at high obesity risk.

The development of sleep patterns was similar in both groups.
Although the children at high obesity risk had slightly longer
sleep onset latency than children at low risk, the effect size of the
statistically significant difference was relatively small, indicating
that the clinical relevance of the prolonged sleep onset latency is
probably low. However, we still observed that children at high
obesity risk were more likely to suffer from unfavourable sleep
characteristics like difficulty falling asleep and disturbed nocturnal
sleep. The persistence of these unfavourable sleep characteristics
may reflect more sleep problems in children with obese parents.
It has been reported that approximately 25-50% of pre-schoolers
experience some type of sleep problem at some point during
childhood, mainly difficulties falling asleep and frequent noctur-
nal awakenings.?° Family is one of the essential contexts for child
sleep. Family and parental factors, such as low socio-economic
status, emotion disorders and high involvement during child
sleep, have been associated with poor sleep and more sleep prob-
lems in children.?"** The association between child and parental
sleep quality has also been observed previously.?>?* Our finding
added that family high obesity risk, based on parental weight,
was probably also related to child poor sleep characteristics.
Given the association between poor sleep and unhealthy weight
development,® the prevalent unfavourable sleep characteristics in
children with obese parents may also contribute to the transfer of
adiposity through generations in these high-risk families. How-
ever, in the present study, no association between these unfa-
vourable sleep characteristics and children’s weight could be
identified as early as 2 years of age. It may reflect that the impact
of poor sleep characteristics on weight development in children is
a long-term effect. Therefore, the associations between these
sleep characteristics and children’s weight will be followed in our
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future studies in order to clarify the role of sleep in the transfer
of adiposity from parents to their children.

Variation is also an important aspect of individual sleep.?” The
pronounced weekday-weekend variation has been identified as a
proxy for circadian misalignment and has been associated with
chronic sleep loss, increased BMI and emotion disorders in ado-
lescents and adults.**?” Weekday-weekend variation is less
prominent in young children than in adolescents and adults
because of the prevalent morning chronotype as well as fewer
social demands.?® In our analysis, we found that large weekday—
weekend variation in sleep schedules of young children was asso-
ciated with high obesity risk, probably indicating that not all chil-
dren were at equal risk of sleep variation. Children with parents
suffering from obesity showed a larger shift towards later sleep
schedules during the weekend than children with normal-weight
parents. While the absolute differences were small, they may
indicate an early start of irregular sleep habits in these high-risk
families. They may also reflect these children’s biological prefer-
ence for an evening chronotype, which is related to early
weekday-weekend shifts in sleep timing.?’ We also found that
weekday-weekend variation in sleep schedules was associated
with family education level. Parents with low education have
been reported as having less regular sleep practices than parents
with higher education.’® Given that obesity is also more preva-
lent among people with low socio-economic status, the regularity
of sleep routines may require more attention in children from
families where parents are obese and low-educated.

The findings of differential sleep patterns in children at differ-
ent obesity risks have some resonance with findings in individ-
uals with obesity. It has also been reported that adolescents and
adults suffering from obesity tend to have poorer sleep quality,
later sleep and larger weekday-weekend sleep variation than
individuals of normal weight.>'=* In our study, the prevalence of
overweight was equal in children at different obesity risks. There-
fore, the observed unfavourable sleep characteristics and greater
weekday-weekend variations in children at high obesity risk
were probably not directly related to child weight. Instead, they
may, to a certain extent, reflect some neurophysiological charac-
teristics of children with parents suffering from obesity and may
also suggest that those children are more exposed to unfavour-
able sleep hygiene and inconsistent sleep schedules shaped by
their parents. Thus, from the perspective of obesity prevention,
regular sleep routines may need to be emphasised more in high-
risk families. However, in our study, no intervention effect can
be identified yet on either child sleep or weight development
after 1 year’s intervention.

The sleep data in our study were collected using both subjec-
tive and objective methods. Accelerometer sleep schedules data
were correlated with sleep schedules data collected using diaries
(r=0.78-0.82) and the absolute discrepancy averaged 25 min
for sleep onset and 11 min for sleep offset. Moreover, accelerom-
eter nocturnal sleep duration was 66 min shorter on average
than the duration collected using a sleep diary, with correlation
r = 0.63. Accelerometer sleep efficiency was 5% lower on aver-
age than sleep efficiency calculated using sleep diaries, with cor-
relation r = 0.21. Data collected using diaries showed acceptable
agreement with objectively measured data. However, a large dis-
crepancy between subjectively reported and accelerometer-
estimated sleep duration was found, as well as a weak correlation
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between subjective and objective sleep efficiency. These findings
were in line with a number of prior studies**° and probably
reflect that parents have only limited awareness of children’s
sleep behaviours during the night, such as night awakenings.'*>¢

Some limitations should be addressed. The results of longitudi-
nal sleep development and characteristics were based on sleep
diary data. The limitations of sleep diaries, such as recall bias and
low validity of sleep quality evaluation, may result in some inac-
curacies in our results. Moreover, given the qualitative differ-
ences in definitions of subjective and objective measurements, as
well as the marked discrepancies between subjectively and objec-
tively estimated sleep duration and efficiency, we considered that
it was probably not appropriate to classify unfavourable sleep
characteristics in our data by using cut-off values from the sleep
quality recommendation published by National Sleep
Foundation,?” which was based on studies using objective mea-
surements. Instead, we chose quartiles to classify sleep character-
istics. While it may be somewhat arbitrary, the overall prevalence
of unfavourable sleep characteristics in our study was in line with
previous reports which have reported that 25-50% toddlers have
experienced some sleep problems during the first years of life.°
Parents’” own sleep discrepancies between weekday and week-
end, which were not included in this study, may partially explain
child weekday-weekend sleep variation.?® Furthermore, partici-
pants in the Early STOPP had higher education levels than the
general population,®® which might impact the generalisability of
study results. In addition, the size of the population, as well as
the differential sample size in the two groups with a small num-
ber of children at low obesity risk, might limit the possibility of
detecting small but statistically significant differences, and the sta-
tistical analyses were performed without controlling for multiple
comparisons, which may increase the risk of type I errors. Possi-
ble other confounders, which were not adjusted for in this study,
should also be included in future studies. Finally, no conclusion
on causation of family obesity risk and child sleep variability can
be drawn because of the cross-sectional analysis of this part
of data.

Conclusions

Children at high obesity risk were more likely to experience
unfavourable sleep characteristics, such as prolonged sleep onset
latency, low sleep efficiency and pronounced weekday-weekend
variation in sleep schedules, than children at low obesity risk.
Although the differences were relatively small, they may reflect
the unfavourable sleep hygiene and inconsistent sleep routines in
families at high obesity risk. Further studies are needed to clarify
whether these unfavourable sleep characteristics in the long run
contribute to the progression of obesity in children with over-
weight/obese parents.

Acknowledgements

The Early Stockholm Obesity Prevention Project has been funded
by the Swedish Council for Working Life and Social Research,
Vinnova (Sweden’s Innovation Agency), the Medical Research
Councdil, the Swedish Heart and Lung Foundation, the Stockholm
Free Masons” Foundation for Children's Welfare, Stiftelsen Sven
Jerrings Fond and Karolinska Institutet Funds for Doctoral

Journal of Paediatrics and Child Health 55 (2019) 809-818

Child sleep and parental obesity

Education. We thank the participating children and their families
and the nurses at the child health-care centres.

References

1 Reilly JJ, Armstrong J, Dorosty AR et al. Early life risk factors for obe-
sity in childhood: Cohort study. BMJ 2005; 330: 1357.

2 Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in
relative body weight and human adiposity. Behav. Genet. 1997; 27:
325-51.

3 Hart CN, Cairns A, Jelalian E. Sleep and obesity in children and ado-
lescents. Pediatr. Clin. North Am. 2011; 58: 715-33.

4 Fatima Y, Doi SA, Mamun AA. Sleep quality and obesity in young sub-
jects: A meta-analysis. Obes. Rev. 2016; 17: 1154-66.

5 Miller AL, Lumeng JC, LeBourgeois MK. Sleep patterns and
obesity in childhood. Curr. Opin. Endocrinol. Diabetes Obes. 2015;
22: 41-7.

6 Adamo KB, Wilson S, Belanger K, Chaput JP. Later bedtime is associ-
ated with greater daily energy intake and screen time in obese ado-
lescents independent of sleep duration. J. Sleep Disord. Ther. 2013;
2: 126-30.

7 Kijeldsen JS, Hjorth MF, Andersen R et al. Short sleep duration and
large variability in sleep duration are independently associated with
dietary risk factors for obesity in Danish school children. Int. J. Obes.
2014; 3: 32-9.

8 Burt J, Dube L, Thibault L, Gruber R. Sleep and eating in childhood: A
potential behavioral mechanism underlying the relationship between
poor sleep and obesity. Sleep Med. 2014; 15: 71-5.

9 Wardle J, Guthrie C, Sanderson S, Birch L, Plomin R. Food and activity
preferences in children of lean and obese parents. Int. J. Obes. 2001;
25: 971-7.

10 Nguyen VT, Larson DE, Johnson RK, Goran MI. Fat intake and adipos-
ity in children of lean and obese parents. Am. J. Clin. Nutr. 1996; 63:
507-13.

11 Sobko T, Svensson V, Ek A et al. A randomised controlled trial for
overweight and obese parents to prevent childhood obesity—Early
STOPP (Stockholm Obesity Prevention Program). BMC Public Health
2011; 11: 336-44.

12 Wettergren B, Blennow M, Hjern A, Soéder O, Ludvigsson JF. Child
health systems in Sweden. J. Pediatr. 2016; 177: 187-202.

13 Soumerai SB, Avorn J. Principles of educational outreach (‘academic
detailing’) to improve clinical decision making. JAMA 1990; 263:
549-56.

14 Sadeh A. Sleep assessment methods. Monogr. Soc. Res. Child Dev.
2015; 80: 33-48.

15 Sadeh A, Sharkey KM, Carskadon MA. Activity-based sleep-wake iden-
tification: An empirical test of methodological issues. Sleep 1994; 17:
201-7.

16 Sitnick SL, Goodlin-Jones BL, Anders TF. The use of actigraphy to
study sleep disorders in preschoolers: Some concerns about detec-
tion of nighttime awakenings. Sleep 2008; 31: 395-401.

17 Belanger ME, Bernier A, Paquet J, Simard V, Carrier J. Validating acti-
graphy as a measure of sleep for preschool children. J. Clin. Sleep
Med. 2013; 9: 701-6.

18 WHO Child Growth. Standards based on length/height, weight and
age. Acta Paediatr. Suppl. 2006; 450: 76-85.

19 Galland BC, Taylor BJ, Elder DE, Herbison P. Normal sleep patterns in
infants and children: A systematic review of observational studies.
Sleep Med. Rev. 2012; 16: 213-22.

20 Mindell JA, Owens JA. A Clinical Guide to Pediatric Sleep: Diagnosis
and Management of Sleep Problems. Philadelphia, PA: Wolters
Kluwer; 2015.

817

© 2018 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

Australasian College of Physicians)



Child sleep and parental obesity

21

22

23

24

25

26

27

28

29

30

31

32

Biggs SN, Lushington K, Martin AJ, Cameron VDH, Kennedy JD. Gen-
der, socioeconomic, and ethnic differences in sleep patterns in
school-aged children. Sleep Med. 2013; 14: 1304-9.

Nagy E, Moore S, Gruber R, Paquet C, Arora N, Dubé L. Parental social
capital and children’s sleep disturbances. Sleep Health 2016; 2: 330-4.
Ekstedt M, Darkeh MHSE, Xiu L et al. Sleep differences in one-year-
old children were related to obesity risks based on their parents’
weight according to baseline longitudinal study data. Acta Paediatr.
2017; 106: 304-11.

Sadeh A, Tikotzky L, Scher A. Parenting and infant sleep. Sleep Med.
Rev. 2010; 14: 89-96.

Bei B, Wiley JF, Trinder J, Manber R. Beyond the mean: A systematic
review on the correlates of daily intraindividual variability of sleep/-
wake patterns. Sleep Med. Rev. 2016; 28: 108-24.

Roenneberg T, Allebrandt KV, Merrow M, Vetter C. Social jetlag and
obesity. Curr. Biol. 2012; 22: 939-43.

Wittmann M, Dinich J, Merrow M, Roenneberg T. Social jetlag: Misa-
lignment of biological and social time. Chronobiol. Int. 2006; 23:
497-509.

Randler C, Fontius I, Vollmer C. Delayed weekend sleep pattern in
German infants and children aged 0-6 years. Biol. Rhythm Res. 2012,
43: 225-34.

Simpkin CT, Jenni OG, Carskadon MA et al. Chronotype is associated
with the timing of the circadian clock and sleep in toddlers. J. Sleep
Res. 2014; 23: 397-405.

Owens JA, Jones C. Parental knowledge of healthy sleep in young
children: Results of a primary care clinic survey. J. Dev. Behav. Pediatr.
2011; 32: 447-53.

Resta O, Foschino Barbaro M, Bonfitto P et al. Low sleep quality and
daytime sleepiness in obese patients without obstructive sleep
apnoea syndrome. J. Intern. Med. 2003; 253: 536-43.

Beebe DW, Lewin D, Zeller M et al. Sleep in overweight adolescents:
Shorter sleep, poorer sleep quality, sleepiness, and sleep-disordered
breathing. J. Pediatr. Psychol. 2007; 32: 69-79.

818
© 2018 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal Austral-

33

34

35

36

37

38

L Xiu et al.

Chung KF, Kan KKK, Yeung WF. Sleep duration, sleep—-wake schedule
regularity, and body weight in Hong Kong Chinese adolescents. Biol.
Rhythm Res. 2013; 44: 169-79.

Werner H, Molinari L, Guyer C, Jenni OJ. Agreement rates between
actigraphy, diary, and questionnaire for children’s sleep patterns.
Arch. Pediatr. Adolesc. Med. 2008; 162: 350-8.

Acebo C, Sadeh A, Seifer R, Tzischinsky O, Hafer A, Carskadon MA.
Sleep/wake patterns derived from activity monitoring and maternal
report for healthy 1-to 5-year-old children. Sleep 2005; 28:
1568-77.

Bélanger M-E, Simard V, Bernier A, Carrier J. Investigating the conver-
gence between actigraphy, maternal sleep diaries, and the child
behavior checklist as measures of sleep in toddlers. Front. Psych.
2014; 5: 158-66.

Ohayon M, Wickwire EM, Hirshkowitz M et al. National Sleep Founda-
tion’s sleep quality recommendations: First report. Sleep Health
2017; 3: 6-19.

Statistics Sweden. [Population Statistics — Education, Population 24—
55 Years Old.] Stockholm: Statistics Sweden; 2012. Available from:
http://www.statistikdatabasen.scb.se/ [accessed 22 July 2016].

Supporting Information

Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site:

Table S1. Characteristics, growth measurements and sleep diary
data of the study population at age 2 in low-risk, control and
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