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ABSTRACT

Total sleep duration has been decreasing among children in the last decades. Short sleep
duration (SSD) has been associated with deleterious health consequences such as excess
weight/obesity. Risk factors for SSD have already been studied among school aged children
and adolescents but inconsistent results have been reported regarding possible gender
differences. Studies reporting such relationships are scarce in pre-schoolers, despite the
importance of this period for adopting healthy behaviour.

We aimed at investigating factors associated with SSD in 3-year-old boys (N=546) and girls
(N=482) in a French mother-child cohort (EDEN study). Children were born between 2003
and 2006 in two French university hospitals. Clinical examinations and parent self-
reported questionnaires allowed us to collect socio-demographic (e.g. income, education,
family situation, child-minding system), maternal (e.g. BMI, parity, depression,
breastfeeding duration), and child’s characteristics (e.g. gender, birth weight, term,
physical activity and TV viewing duration, food consumption, usual sleep time). Sleep
duration/24-hour period was calculated and SSD was defined as <12 hours. Analyses were
performed using logistic regressions.

The mean sleep duration was 1Zhrs35 * 56 min, with 91% of the children napping.
Patterns of risk factors associated with SSD differed according to gender. In addition to
parental presence when falling asleep, short sleep duration was strongly positively
associated with high BMI-z-score and TV viewing duration among boys and with familial
home child minding and lower scores on “fruits and vegetables” dietary pattern among
girls. These results suggest either a patterning of parental behaviours that differs according

to gender, or a gender-specific sleep physiology, or both.
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Introduction

A decrease in children’s total sleep duration has been reported in the last decades,
suggesting that more and more children are now in chronic sleep debt (Galland et al.,, 2012;
Blair et al, 2012). There is now accumulating evidence that insufficient quantity and/or
quality of sleep have a negative impact on children’s physical and mental health
development, cognitive function, behaviour and academic success. Sleep disorders and
short sleep duration in childhood have also been suggested as predictors of sleep disorders
and short sleep duration in adolescence and adulthood (Quach et al, 2009; Al Mamun et al.,
2012).

Cross sectional and/or longitudinal studies have shown that among children (and
according to their age), short sleep duration is associated with adverse effects such as an
increased risk of overweight/obesity, sleepiness, aggressiveness, anxiety, hyperactivity,
attention deficit, lower academic performance, and increased risk of domestic accidents
(Chen et al.,, 2008; Gruber, 2012; O’Callaghan et al.,, 2010; Berger et al., 2012).

Risk factors associated with shorter night sleep durations in school aged children
and toddlers are lower socio-economic status, non Caucasian ethnic group, higher maternal
age, maternal stress and/or depression, prematurity, low birth weight, care outside the
home, TV /screen viewing especially before going to sleep, and male gender (McDonald et
al, 2014; Nevarez et al., 2010; Sadeh et al., 2000; Blair et al, 2012; Foley et al,, 2013) and
late bedtime. Moreover, parental behaviour at bedtime (e.g. parental presence until sleep
onset, feeding), especially among toddlers, is an additional important risk factor for
fragmented sleep and consequently shorter sleep duration (Touchette et al, 2005; Mindell
etal,2010).

Girls have been shown to sleep consistently longer per 24-hour period than boys in
the ALSPAC English cohort between the age of 6 months to 11 years (Blair et al,, 2012).
Similar results have been observed for night sleep duration in early infancy (14-27
months) (McDonald et al, 2014) and school-aged children (Sadeh et al.,, 2000; Biggs et al.,
2013). This gender difference has also been observed in the relationship between sleep
and obesity, with an increased risk of obesity amongst short sleeper children OR=1.58
(95% confidence interval 1.26-1.98) that was stronger among boys OR=2.50 (1.88-
3.34)(Chen et al,, 2008). In this meta-analysis, short sleep was defined as <11hrs/24hrs for
children aged under 5 years.

The aim of the present study was to describe sleep duration in preschool aged
children from a French pre-birth cohort and to investigate gender-specific factors

associated with shorter sleep duration.



Materials/Subjects and Methods
Study design

This analysis was carried out as part of the French EDEN mother-child cohort study, which
aims to investigate the role of pre- and postnatal determinants of child development and
health. Pregnant women were recruited between 2003 and 2006 in the university hospitals
of Poitiers and Nancy. During a clinical visit, pregnant women with <24 weeks of
amenorrhea were invited to join the cohort. Exclusion criteria were multiple pregnancies,
known diabetes before pregnancy, illiteracy, and intention to move outside the selected
regions in the next 3 years. Among the 3758 women invited to participate, 2002 (53%)
accepted to be enrolled in the study. Written informed consent was obtained twice from
parents, once at enrolment and once after the child’s birth. The study was approved by the
ethics research committee (Comité Consultatif de Protection des Personnes dans la
Recherche Biomédicale) of the Bicétre Hospital and by the Data Protection Authority

(Commission Nationale de I'Informatique et des Libertés).

Data collection
Data were collected through parental self-administered questionnaires at inclusion, birth,
and 3 years old and clinical examinations including anthropometric measurements of each
child at birth and at 3 years old.
Child’s sleep measures at age 3y
Sleep durations were calculated based on the answers to the following questions: “Usually,
at what time does your child go to bed?”, “Usually, at what time does your child wake up?”,
and “Does your child regularly take naps?” “If yes, what is their average daily duration of
napping?”. Responses were recorded in hours and minutes. Short sleepers were defined as
children with total sleep duration of less than 12hrs/24hrs. This threshold of 12hrs/24hrs
corresponded to the 19t percentile of the sleep duration distribution across the studied
sample and to the lower limit of the sleep need for 3-year-old children as reported by
American National Sleep Foundation (Sleep Foundation, 2013). It was also chosen to
identify children who get a low amount of sleep for their age while classifying enough of
them as having low sleep (i.e. 18.1% of all children, 19.1% of boys and 17.0% of girls -
Figure 1) and to retain adequate statistical power.
The question “Did your child wake up during the night in the last month?”, along with 5
possible answers “never or almost never, sometimes, every other night, often, almost every

night” was used to define frequent night awakenings at age 3 as waking one night every



two nights or more (yes/no) over the month prior to the date of questionnaire completion.
Parental presence when falling asleep was collected through questions on sleeping habits
(place (e.g. living room), parental interaction (e.g. holding hands) and bed sharing)). A child
was considered to sleep without parental presence when declared falling asleep in his or

her own bed and without parental interaction.

Based on both our literature review and the data availability in the present study, we
considered the following factors for their possible link with a child’s sleep duration.

1) Parentvariables

Familial variables. Highest diploma obtained for each parent was used to define the
parental educational level in three categories, with 12 years of total education as a
threshold, i.e. both parents have less than 12 years of education; only one parent has at
least 12 years of education; or both parents have at least 12 years of education. Household
income in euros per month was collected into categories (<1500, 1501-2300, 2301-3000,
3001-3800, 23800). The main child-care arrangement during daytime was divided into
three categories: community childcare (i.e. preschool, nursery school or childcare centre),
nursery assistant (external to the child’s home), and home child minding (mother, partner,
another family member, friends, nanny, neighbour).

Maternal variables. Mothers were considered isolated when there was no external help
available (family, partner). Mothers reported information on smoking and alcohol
consumption during pregnancy (classified as yes if reported at any time during
pregnancy/no), age at the child’s birth. Maternal depression status at inclusion and at 3
years postpartum was assessed by the CES-D questionnaire (Radloff, 1977). A mother with
a CES-D score 223 was considered depressed (threshold validated in French women)

(Fihrer and Rouillon, 1989).

2) Child’s variables:

Neonatal period. We collected child’s gender, birth order (first born: yes/no) and
breastfeeding duration (exclusive or mixed, in months) considered both as a continuous
variable and a variable in three categories (<3, 3-6, >6). Gestational age, obtained from
birth medical records, was considered as continuous and dichotomized with 37 weeks as a
threshold to defined prematurity (yes/no).

Sedentary/active behaviours at 3 years old. Number of hours per day spent in physical
activity (walking, playing outside) and watching television or other screens during a usual

week were collected separately for weekdays, wednesdays (weekday without preschool in



France) and for weekend days. As expected, the mean number of hours per day spent in
physical activity was statistically different according to the season when the self-
questionnaire was completed. We therefore split this variable in quartiles according to
each season. As this was not the case for the number of hours spent watching TV, the latter
was analysed continuously.

Diet at 3 years old. Children’s dietary intake was collected using a short food frequency
questionnaire composed of 27 food items with pattern of response on a 7 point scale
ranging from never to 3 times per day or more. These are a short versions of the food
frequency questionnaire used to assess maternal diet during their pregnancy, which was
validated in adults and adolescents (Deschamps et al, 2009). In these short versions, the
food classification was established based on similarities in food type and context of
consumption and was set to be able to describe the patterns of the diet. Two dietary
patterns were previously identified using principal component analysis (Kline, 1994;
Cattell, 1966) and accounted for 22% of the explained variance (Lioret et al, 2015). The
first pattern was positively correlated to the consumption of breaded fried fish, meats,
processed meats, French fries, legumes, potatoes, fat fish, crisps, pizza, rice, biscuits,
chocolate and sweets, fruit juices and custards. This pattern was labelled “high-fat-,
starchy- and processed foods”. Pattern two, labelled “fruits and vegetables”, was mainly
characterized by high consumption of both cooked and raw vegetables, as well as fruits;
and inversely correlated with intake of soft-drinks, crisps, French fries, chocolate and
sweets, and biscuits. A factor score for each dietary pattern was calculated at the individual
level by summing the observed standardized frequencies of consumption per food group,
weighted according to the factor loadings.

Weight. Birth weight was obtained from medical records. A BMI-z-score at 3 years was
calculated using the WHO age and gender charts. With this definition, obesity corresponds
to a BMI-z-score 22 SD (de Onis, 2007).

3) Contextual variables

We also considered the maternity ward of recruitment (Nancy/Poitiers) and the season at
which self-questionnaires were completed according to calendar dates i.e. spring (20t of
march - 20t of June), summer (215t of June - 21st of September), autumn (22t of

September - 20t of December) and winter (21st of December - 19t of march).

Statistical methods
Significant interactions were observed between genders on the one hand and BMI-z-score

(p=0.03), “Fruits and vegetables” dietary pattern scores (p=0.007) and main child-care



arrangement (p=0.05) on the other hand meaning that the associations of the latter
variables with short sleep duration varied according to gender. Analyses were therefore
conducted separately for boys and girls. Spearman correlation coefficients were estimated
between night and nap-sleep durations. Associations between shorter sleep duration and
the variables of interest were tested by logistic regressions. Socio-demographic (i.e.
inclusion centre, family incomes, educational level, isolated mother) and 3-year-old child’s
behavioural variables (i.e. sedentary/active way of life, diet) were forced in the
multivariate model (model 0). The other variables were then included (model 1) only if a p-
value < 0.20 was observed in the gender-specific bivariate analyses. A p-value <0.05 was
considered significant. All analyses were performed using SAS (SAS 9.1, SAS institute INC,
Cary, NC, USA).

Results

Complete data was available for 1028 Caucasian children out of 1305 with
questionnaire returned at 3 years. Excluded cases, because of incomplete data (N=277),
were significantly more frequent from Poitiers, more likely to have mothers living single,
with lower family income, lower level of education and higher BMI (data not shown).
However, no difference was observed regarding the mother’s age at delivery, child’s gender,
child’s BMI-z-score or sleep characteristics at 3 years (night, nap, and total sleep durations),
when available.

General characteristics of the population are shown in Table 1, globally and
separately according to gender. Boys had later bedtimes and earlier wake-up times than
girls resulting in significantly shorter mean night sleep duration, but the mean of total
sleep duration, nap included, did not differ significantly by gender. The overall Spearman
correlation coefficient between night-sleep and nap-sleep durations was -0.10 (p=0.002),
with a gender difference (-0.06, p=0.17 among girls and -0.13, p=0.003 among boys). Figure
1 shows the distribution of total sleep duration by gender. A total of 18.1% of children
displayed a short sleep duration (<12hrs/24hrs) corresponding to 19% and 17% of boys
and girls, respectively. BMI-z-score was 22SD for 1.9% of the children (2.6% and 1.0%
among boys and girls, respectively, p=0.10). There was no seasonal effect on sleep duration,
categorized as short sleep or not, in this dataset (data not shown).

Factors associated with shorter sleep duration at 3 years (<12Zhrs/24hrs) are
presented separately for boys and girls (Table 2 and Table 3 respectively). We identified
two distinct sets of associated factors according to gender. Among boys, risk factors

associated with short sleep duration were parental presence when falling asleep (OR=2.84,



p=0.03), time spent watching television (OR=1.65 per additional hour/24hrs, p=0.0008),
BMI-z-score (OR=1.31 per additional standard deviation, p=0.04). Frequent night
awakenings showed an OR at 1.61, but not significant (p=0.06). Among girls, parental
presence when falling asleep (OR=3.89, p=0.008) was associated with short sleep duration.
Concerning childcare management, home child minding showed a significant increased risk
compared to community care (OR=2.45, specific p=0.02). On the contrary, the adherence to
the “fruits and vegetables” dietary pattern was associated with lower risk (OR=0.55 per
dietary pattern score unit, p=0.0003). Forcing of BMI-z-score in the model did not change
the results for dietary pattern in girls (data not shown). Physical activity was not
significantly different between short sleepers and their counterparts in both analyses. The
mean BMI-z-score and the mean score on the “fruits and vegetables” dietary pattern

according to sleep duration and gender are illustrated in Figure 2A and 2B respectively.

Discussion

This cross-sectional study performed among 3-year-old children from the French
Mother-child cohort EDEN showed that total mean sleep duration, estimated by time in bed,
among French children was relatively high and that factors associated with shorter sleep
duration differed by gender. In addition to parental presence when falling asleep, shorter
sleep duration was associated with TV viewing, and higher BMI-z-score and to a lesser
extent associated with frequent night awakenings in boys, while in girls, shorter sleep
duration was associated with home child minding and lower “fruits and vegetables” dietary
pattern scores.

Total sleep duration at 3 years in this cohort was slightly longer than those reported
by both a recent British birth cohort reporting time in bed based on maternal answers to
postal questionnaires (Blair et al., 2012) and a meta-analysis of sleep duration collected
through questionnaires (Galland et al., 2012). Mean total sleep was 12hrs35/24hrs (56
min) versus 11hrs58 (x66 min) in the British cohort and 11hrs45 (75 min) in the meta-
analysis, both between 2 and 3 years. French children’s average night sleep duration, as
established in our cohort, is in between those reported by Hense et al among North
European (Swedish, German and Belgian) and South European (Italian, Hungarian and
Spanish) preschool children using parental 24-h recall (Hense et al., 2011). French children
slept less during the night than their counterparts in the British cohort (10hrs51 versus
11hrs15) but had more naps (91% versus 59% at age 3) and longer ones (1hrs54 versus
43 min) (Blair et al, 2012). In addition to the negative correlation between night and nap

sleep durations, especially among boys who displayed the shortest night-sleep duration,



our findings argue in favour of sleep compensation over a 24 hour period in preschool
children with short night sleep duration by both napping and increasing nap duration, as
reported by others (Acebo et al, 2005). This total sleep duration distribution, which may
reflect cultural ways of life, contributed to the cut-off we chose to define short sleepers
among the studied population (<12hrs/24hrs). This was a compromise between the
American National Sleep Foundation recommendations and statistical power. Despite this
relatively high threshold, we were able to identify several risk factors associated with
shorter sleep duration.

A number of studies have shown that children who have not learned to fall asleep on
their own resist bedtime by crying, demand their parents’ attention and are also more
likely to wake up during the night (e.g. Touchette et al., 2005; Mindell et al., 2010). This has
been identified as a marker for on-going sleep problems in early childhood and was
confirmed in pre-schoolers (Johnson and McMahon, 2008; Sadeh et al., 2009). We here
confirmed the association between a child’s short sleep duration and parental presence
when falling asleep in both genders. Concerning childcare management, home child
minding showed a significant increased risk compared to community care among girls
(OR=2.45, specific p=0.02). This suggests the existence of gender specific characteristics.
One of them could be parenting practices. Several authors reported more permissive
parents for boys than for girls, for example regarding food intake, media use, physical
activity participation or strategies applied to answer to night awakenings (Coulombe and
Reid, 2012; Xie et al, 2014; Alsharairi and Somerset, 2014; Rodenburg et al,, 2013). The
same phenomenon may also apply to sleep duration among girls when cared at home.
Sociocultural pressure on girls to conform to gender stereotypes may play a role in this
process, even among primary school children (McHale et al., 2003; Agras et al., 2007).

Short sleep duration has been associated with an increased risk of overweight
and/or obesity among preschool- and school-aged children (Hart et al, 2011; Chen et al,
2008) in populations/cohorts with high overweight and/or obesity prevalence (29% with
overweight/obesity defined according to US 2000 CDC Growth Charts or International
Obesity Task Force). Despite the low prevalence of obesity in the present study (1.9% of
the children with BMI-z-score =2SD), which may be due to both the relatively low
prevalence in France compared to USA and the relatively high socioeconomic status of the
studied population, we still observed a significant association between higher BMI-z-score
and shorter sleep duration among boys. This gender difference for short sleep-high BMI
has been inconsistently reported across studies but has been highlighted in a meta-analysis

(Chen et al,, 2008). We here showed that among boys, this relation was independent of



physical activities and dietary patterns. Among girls, short sleep duration was associated
with lower scores on the “fruits and vegetables” dietary pattern but was independent of all
weight/BMI measures, physical activities and “high-fat-, starchy- and processed
foods" dietary pattern. This result is in line with others showing that: 1) shorter sleep
duration in hours per night was associated with poor dietary choices (i.e. food with higher
energy density, higher intake of added sugar among school-aged children (Kjeldsen et al,
2013) and 2) an decrease in sleep duration resulted in a higher food intake and higher
weight in 8 to 11 year-old children (Hart et al,, 2013).

Screen and TV viewing has regularly been associated with short sleep duration
among preschool- and school-aged children and among adolescents (reviewed in Jolin and
Weller, 2011). Nuutinen et al recently observed this association in a longitudinal study in
Finland, specifically among boys aged between 10 to 13 years and not among girls
(Nuutinen et al., 2013). This gender specific association has been previously commented on
by Punamaki (Punamaéki et al, 2007). In the present study, children were pre-schoolers,
with no baseline difference in TV viewing duration between girls and boys, suggesting a
gender-specific effect on sleep duration of either TV viewing duration or associated habits
still unidentified and thus not accounted for in the analyses. One explanation could be the
clustering of parental rules for different aspects of pre-schoolchildren’s life-styles as shown
very recently by Jones et al for dietary and television viewing rules, meaning that parent
who apply rules for diet also apply rules for TV viewing duration. They also showed that
both rules were associated with children’s sleep duration and obesity risk among 3 years
old children but did not study gender difference (Jones et al., 2014).

Our study has some limitations. Sleep duration was calculated based on self-
administered questionnaires asking for usual bedtimes and wake up times with no
information on sleep onset. They may be different from bedtimes and difficult for parents
to estimate. While sleep duration here reflects time in bed, this is a measure still widely
used in epidemiology (Blair et al, 2012; Galland et al, 2012; Hense et al.,, 2011). To better
estimate sleep onset and time spent awake, an independent and objective measure of sleep
by actigraphy would have been more accurate but had not been considered at the time of
the study design nor on data collection at 3 years (cost and logistical issues). Simple
parental reports on their child’s sleep duration have however been shown to be reliable
when compared to actigraphy (Sadeh et al, 1995; Iwasaki et al, 2010). Given that the
current study is a secondary analysis, we do not have comprehensive information
regarding the whole range of possible sleep disorders. For instance, sleep disordered

breathing (SDB) is usually detected in children aged 3 to 6, mostly due to enlarged tonsils



and adenoids, and with a still debated male predominance according to age (Sinha and
Guilleminault, 2010; Ramli and Samsinah, 2012). The SDB prevalence is estimated at
7.45% (Lumeng and Chervin, 2008). SDB may be one of the components not accounted for,
resulting in the borderline effect of frequent night awakenings among boys. Altogether,
these limitations may lead to an over-estimation of sleep duration and thus reduce our
capacity to detect factors associated with short sleep duration. The food frequency
questionnaire used is supported by complementary analyses despite the fact that it has not
been validated in young children (Lioret et al, 2015). As our analysis is cross-sectional, we
cannot infer causality of the relationship. This however suggests early set up of interplay
between sleep mechanisms and/or regulation and BMI over a general population range,
which is not restricted to more extreme situations especially regarding obesity prevalence
(Hart et al, 2011; Chen et al, 2008); the strong gender differentiation may be due to
cultural paradigms or physiological mechanisms which both need to be further explored.

In conclusion, we showed that, early in life, factors associated with short sleep
duration are mostly gender differentiated. While parental behaviour at bedtime was
associated in both genders, among girls short sleep duration at 3 years may be more
associated with factors also related to behaviour: home child minding and a diet
characterized by lower intake of fruits and vegetables; while among boys short sleep
duration at 3 years was associated with more physiological or health oriented variables
(high BMI-z-score), and with TV viewing. These results suggest either a patterning of
parental behaviours that differs according to gender, or a gender-specific sleep physiology,

or both.
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Table 1. Sample characteristics.

Total, N=1028 Boys, N=546 Girls, N=482
% (N) % (N) % (N) p-value
or mean (SD) or mean (SD) or mean (SD)
Centre 0.04
Poitiers 51.1 (525) 54.0 (295) 47.7 (230) -
Nancy 48.9 (503) 46.0 (251) 52.3 (252)
Familial income (euros/month) 0.72
>3800 20.1 (207) 19.8 (108) 20.5 (99) -
3001 - 3800 26.5 (272) 27.5 (150) 25.3 (122)
2301 - 3000 23.5 (242) 22.9 (125) 24.3 (117)
1500 - 2300 19.5 (200) 20.3 (111) 18.5 (89)
<1500 10.4 (107) 5 (52) 11.4 (55)
Educational level 0.51
Both parent > 12 years 41.3 (424) 42.1 (230) 40.3 (194)
1 parent 2 12 years 29.4 (302) 30.0 (164) 28.6 (138)
Both parent < 12 years 29.4 (302) 27.8 (152) 31.1 (150)
Principal child care arrangement 0.62
Community child care 76.0 (781) 75.6 (413) 76.4 (368)
Nursery assistant 14.2 (146) 13.7 (75) 14.7 (71)
Home child minding 9.8 (101) 10.6 (58) 8.9 (43)
Isolated mother (yes) 3.0(31) 2.2 (12) 3.9(19) 0.11
Maternal age at birth (years) 30.0 (4.6) 30.0 (4.5) 30.0 (4.6) 0.83
Primiparous (yes) 47.2 (485) 47.6 (260) 46.7 (225) 0.76
Maternal BMI (kg/m?2) 23.1(4.3) 23.0 (4.2) 23.2 (4.4) 0.53
Maternal depression
During pregnancy 4.1(42) 3.5(19) 4.8 (23) 0.30
At3vyo 7.0 (72) 6.8 (37) 7.3(35) 0.76
Gestational age (weeks) 39.3(1.6) 39.3(1.7) 39.3(1.6) 0.42
Child's birth weight (g) 3313 (491) 3378 (508) 3239 (461) 0.0001
Physical activities 0.20
Q4 25.3(260) 23.3(127) 27.6 (133)
Q3 25.0 (257) 25.6 (140) 24.3 (117)
Q2 24.8 (255) 24.0 (131) 25.7 (124)
Qi1 24.9 (256) 27.1(148) 22.4 (108)
TV watching (h/24h) 1h00 (0h46) 1h00 (0h46) 0h59 (0h46) 0.55
BMI-z-score 0.10 (0.85) 0.08 (0.89) 0.12 (0.81) 0.54
Food patterns score
Processed -0.01 (0.92) 0.03 (1.01) -0.06 (0.80) 0.09
Fruits and vegetables 0.08 (0.98) 0.00 (1.01) 0.17 (0.93) 0.005
Night awakenings 0.14
No 74.32 (764) 76.2 (416) 72.2 (348)
Yes 25.68 (264) 23.8 (130) 27.8 (134)
Parental presence when falling asleep 0.74
No 95.6 (983) 95.4 (521) 95.8 (462)
Yes 4.4 (45) 4.6 (25) 4.2 (20)
Total sleep duration 12hrs35 (0h56) 12hrs32 (0h57) 12hrs38 (0h56) 0.13
Night sleep duration 10hrs51 (0h40) 10hrs47 (0h40) 10hrs56 (0h39)  0.0004
Nap duration (N=935) 1hrs54 (0h31) 1hrs55 (0h32) 1hrs52 (0h29) 0.08
Bedtime 20hrs36 (0h29)  20hrs38 (Oh31)  20hrs34 (0h28)  0.02

Wake-up time 7hrs27(0h36) 7hrs25 (0h37) 7hrs29 (0h35) 0.05



Q1-4, Quartile of physical activity according to season of self-administered questionnaire

completion.
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Table 2. Description of male short sleepers (<12h00/24h) and multivariate logistic regression analyses by socioeconomic, maternal and

child variables.

Socio-economic factors

Centre
Poitiers
Nancy
Familial incomes (euros/month)
>3800
3001 - 3800
2301 - 3000
1500 - 2300
<1500
Educational level
Both parent > 12 years
1 parent with > 12 years
Both parent < 12 years
Principal child care arrangement
Community child care
Nursery assistant
Home child minding
Maternal factors
Isolated mother

No
Yes
Maternal BMI (kg/m2)
Maternal depression at 3 yo
No
Yes
Child's factors
Night awakenings
No
Yes

Short sleepers, N=104 Adjusted
19% of boys 104 vs 442
% in each strata (N) Model 0 Model 1
or mean (SD) OR [95%Cl] p-value OR [95%Cl] p-value
0.62 0.82
18.0 (53) Ref Ref
20.3 (51) 1.12 (0.71-1.77) 1.65 (0.66 - 1.69)
0.36 0.28
23.2 (25) Ref Ref
18.0 (27) 0.72 (0.38 - 1.38) 0.79 (0.41 - 1.52)
16.8 (21) 0.61(0.30 - 1.25) 0.58 (0.28 - 1.21)
21.6 (24) 0.91 (0.43 - 1.92) 0.86 (0.40 - 1.85)
13.5(7) 0.41 (0.14 - 1.19) 0.34 (0.11 - 1.03)
0.87 0.79
20.0 (46) Ref Ref
17.7 (29) 0.86 (0.50 - 1.50) 0.83 (0.47 - 1.46)
19.1 (29) 0.90 (0.46 - 1.75) 0.85 (0.43 - 1.68)
0.23 0.24
20.6 (85) Ref Ref
14.7 (11) 0.63 (0.31-1.29) 0.70 (0.34 - 1.44)
13.8 (8) 0.57 (0.25 - 1.30) 0.52 (0.22 - 1.22)
0.91 0.65
19.1 (102) Ref Ref
16.7 (2) 0.91 (0.18 - 4.55) 0.68 (0.13 - 3.57)
23.5(4.4) - 1.03 (0.98 - 1.09) 0.25
18.7 (95)
24.3(9) - -
0.06
16.8 (70) Ref
26.2 (34) - 1.61 (0.98 - 2.64)
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Parental presence when falling asleep

No 18.0 (94)
Yes 40.0 (10)
Physical activities
Q4 19.6 (29)
Q3 18.3 (24)
Q2 20.7 (29)
Q1 17.3 (22)
TV watching (h/24h) 1h17 (Oh55)
Food patterns
Processed 0.02 (0.94)
Fruits and vegetables -0.09 (1.09)
BMI-z-score 0.29 (0.83)

Ref
0.83 (0.42 - 1.62)
0.98 (0.53 - 1.81)
0.85 (0.45 - 1.61)
1.72 (1.29 - 2.28)

0.98 (0.77 - 1.24)
1.01 (0.79 - 1.30)

0.92

0.0002

0.87
0.92

Ref
2.84 (1.08 - 7.47)

Ref
0.83 (0.41 - 1.66)
1.05 (0.56 - 1.97)
0.87 (0.45 - 1.69)
1.65 (1.23 - 2.21)

0.99 (0.79 - 1.25)
1.02 (0.79 - 1.30)
1.31 (1.01 - 1.69)

0.03

0.89

0.0008

0.94
0.90
0.04

OR, Odds ratio; (95%CI) 95% confidence interval; Q1-4, Quartile of physical activity according to season of self-administered

questionnaire completion; OR are mutually adjusted for all the variables in model 0 and 1.
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Table 3. Description of female shorter sleepers (<12h00/24h) and multivariate logistic regression analyses by socioeconomic, maternal

and child variables.

Socio-economic factors

Centre
Poitiers
Nancy
Familial incomes (euros/month)
>3800
3001 - 3800
2301 - 3000
1500 - 2300
<1500
Educational level
Both parent > 12 years
1 parent 2 12 years
Both parent < 12 years
Principal child care arrangement
Community child care
Nursery assistant
Home child minding
Maternal factors
Isolated mother

No
Yes
Maternal BMI (kg/m2)
Maternal depression at 3 yo
No
Yes
Child's factors
Night awakenings
No
Yes

Short sleepers. N=82
17% of girls

% in each strata (N) Model 0 Model 1
or mean (SD) OR [95%ClI] p-value OR [95%CI] p-value
0.09 0.08
13.9(32) Ref Ref
19.8 (50) 1.59 (0.93 -2.71) 1.63 (0.95 - 2.81)
0.64 0.67
13.1(13) Ref Ref
20.5(25) 1.31(0.60 -2.84) 1.43 (0.65 - 3.12)
12.0 (14) 0.81 (0.33 -1.96) 0.87 (0.35 - 2.13)
19.1(17) 1.03 (0.40 -2.67) 1.04 (0.40 - 2.73)
23.6 (13) 1.50 (0.53 -4.23) 1.43 (0.50 - 4.11)
0.63 0.59
17.0(33) Ref Ref
13.0 (18) 0.72 (0.37 -1.42) 0.70 (0.35 - 1.39)
20.7 (31) 0.90 (0.45 -1.82) 0.82 (0.40 - 1.68)
0.03 0.06
16.0 (59) Ref Ref
12.7 (9) 0.79 (0.36 -1.74) 0.84 (0.38 - 1.88)
32.6 (14) 2.60 (1.22 -5.55) 2.45(1.13-5.29)
0.39 0.49
16.6 (77) Ref Ref
26.3 (5) 1.70 (0.51 -5.69) 1.55 (0.45 - 5.28)
23.5(4.5) - -
0.15
16.3 (73) Ref
25.7 (9) - 1.87 (0.80 - 4.38)
15.8 (55)
20.2 (27) - -
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Parental presence when falling asleep 0.008

No 15.8 (73) Ref

Yes 45.0 (9) - 3.89(1.42 - 10.67)
Physical activities 0.47 0.41

Q4 16.7 (18) Ref Ref

Q3 14.5 (18) 1.37 (0.67 -2.81) 0.80(0.37 - 1.75)

Q2 15.4 (18) 1.02 (0.47 -2.19) 1.05 (0.48 - 2.26)

Q1 20.1(28) 0.79 (0.37 -1.69) 1.45(0.70 - 3.00)
TV watching (h/24h) 1h07 (0h53) 1.03 (0.74 -1.44) 0.84 1.06 (0.76 - 1.47) 0.75
Food patterns

Processed -0.13 (0.80) 0.91 (0.65 -1.26) 0.56 0.89 (0.63 - 1.24) 0.49
Fruits and vegetables -0.23 (0.88) 0.54 (0.39-0.75) 0.0002 0.55(0.40 - 0.76) 0.0003

BMI-z-score 0.08 (0.89) - -

OR, 0dds ratio; (95%CI) 95% confidence interval; Q1-4, Quartile of physical activity according to season of self-administered

questionnaire completion; OR are mutually adjusted for all the variables in model 0 and 1.
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Figure 1. Distribution of sleep duration estimated by time in bed for 3 year old boys

N=546 (black) and girls N=482 (grey) in the EDEN cohort study.
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Figure 2. Crude mean BMI z-scores (A) and mean scores on “fruits and vegetables”
dietary patterns (B) according to sleep duration estimated by time in bed for boys

N=546 (black), girls N=482 (dark grey) and all children N=1028 (light grey).
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