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Resumo

Habitos e problemas de sono parecem ter impacto na morbimortalidade cardiovascular
na idade adulta, mas a evidéncia desta associacdo durante a infancia é ainda muito
escassa. No presente estudo, pretendeu-se caracterizar habitos e problemas do sono,
em idade pré-escolar e escolar, e estudar o seu impacto no indice de massa corporal

(IMC) e em outras variaveis cardiometabdlicas.

Nesta tese foram analisados dados provenientes da coorte de nascimentos Geragao
XXI, uma coorte de base populacional, com recrutamento inicial entre 2005 e 2006, em
todas as maternidades publicas da area Metropolitana do Porto (n= 5), tendo sido
incluidas 8647 criancas (91,4% de todas as familias convidadas a participar). Aos 4
anos de idade foi realizada a primeira avaliagdo global da coorte, com 86% de
participacdo, e aos 7 anos de idade uma segunda avaliacdo, com 80% de participacao.
Foram elegiveis para o presente estudo todas as criangcas com informacao sobre o IMC
aos 7 anos e com informacao acerca de variaveis de sono, recolhidas aos 4 e/ou aos 7
anos, com uma amostra final de 5529 criangas. Entrevistadores treinados aplicaram um
questionario estruturado sobre caracteristicas demogréficas e socioeconémicas, salde
da crianga, habitos e problemas do sono aos 4 e 7 anos de idade. Foi ainda recolhida
informacdo acerca de diversas variaveis cardiometabdlicas, nomeadamente
antropometria, presséao arterial (PA), perfil lipidico, glicose e insulina, aos 7 anos de
idade.

A duracdo do sono (sono noturno e duragéo total do sono diario) foi registada aos 4
anos e a duracado do sono durante a semana e fim-de-semana foi registrada aos 7 anos.
Aos 4 anos, foram considerados como problemas de sono duragéo de sono curta (dormir
menos que 10 horas de sono noturno), atraso no inicio do sono, despertares noturnos
e parassomnias da fase de sono de movimento oculares nao-rapidos (NREM)
(especificamente sonambulismo e terrores do sono). Aos 7 anos, foram considerados
como problemas de sono, a duracdo de sono curto (dormir menos que 9 horas de sono
noturno), a presenca de irregularidade de sono (diferenca de mais de uma hora no
horario de dormir entre dias Uteis e fins de semana) e distarbios respiratérios
relacionados com o sono (SRBD) e sonoléncia diurna, os dois ultimos avaliados pela
aplicacdo do Pediatric Sleep Questionnaire (PSQ), previamente validado em Portugal.
As associacdes entre variaveis foram analisadas através de testes T, testes de Qui-

quadrado e modelos de regresséao linear multivariada.



Aos 4 anos, a média (desvio padréo, DP) da duracgédo diaria do sono noturno foi de 11,2
(1,00) horas; 4343 (78,5%) das criancas apresentaram algum problema de sono e 9,1%
das criangas apresentaram alguma parassémnia NREM. Verificou-se que a ocorréncia
de duracdo de sono curto aos 4 anos tinha sido mais frequente nas criangas com
sobrepeso ou obesidade aos 7 anos (34.8% vs 31.2%, p=0.007). Aos 7 anos, a duracdo
média (DP) do sono noturno diario foi de 10,0 (0,6) horas; 1044 (57,7%) das criancas
apresentaram algum problema de sono e 13,5% das criancas apresentaram SRBD. A
presenca de SRBD foi significativamente maior entre criancas com
sobrepeso/obesidade aos 7 anos de idade (17,5% vs 11,6%, p <0,001).

Aos 4 anos, em modelos ajustados para sexo e escolaridade materna (Modelo 2),
verificou-se que os niveis de colesterol LDL aumentaram 0,96 mg/dL (intervalo de
confianca a 95%, IC 0,13 a 1,79, p = 0,022) por hora de sono noturno diario, enquanto
os niveis de PA sistélica diminuiram 0,32 mmHg (IC -0,63 a 0,00, p = 0,047) por hora
de sono total diario. A presenca de despertares noturnos associou-se a valores mais
elevados de z-score de IMC (em 0,09 (IC 0,03 a 0,16, p = 0,004); nos modelos
adicionalmente ajustados para z-score de IMC (Modelo 2 + z-score de IMC), 0 aumento
nos valores de triglicerideos (TG) foi de 3,09 mg/dL (IC 0,70 a 5,48), p=0,011). A
presenca de parassomnias NREM associou-se a valores de PA mais elevados. Este
efeito, apos ajuste para o IMC, apenas permaneceu significativo para PA diastdlica,
aumentando 0,72 mmHg (IC 0,05 a 1,40, p=0,035) na presenca de sonambulismo e/ou

terrores noturnos.

Aos 7 anos de idade, em modelos ajustados para sexo e escolaridade materna (Modelo
2), verificou-se que o z-score de IMC diminuiu em 0,09 (IC -0,16 a -0,02, p=0,012) por
hora de sono diario durante a semana e em 0,07 (IC -0,12 a -0,03, p=0,001) por hora de
sono noturno diario no fim de semana, e que os niveis de Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) diminuiram significativamente em 0,06
(IC -0,11 a -0,00, p=0,022) por hora de sono diario durante a semana. A irregularidade
do sono associou-se a valores mais elevados de HOMA-IR (0,09 (IC 0,02 a 0,17,
p=0,012). A presenca de SRBD associou-se a valores de z-score de IMC mais elevados
(0,39 (IC 0,23 a 0,55, p<0,001), HOMA-IR superior (0,14 (IC 0,03 a 0,25, p=0,011) e
valores mais elevados de PA (PA sistdlica 1,80 mmHg (IC 0,60 a 2,99, p=0,003) e PA
diastélica 1,01 mmHg (IC 0,02 a 1,99, p=0.044). Nos modelos adicionalmente ajustados
para o z-score de IMC (Modelo 2 + z-score de IMC), a presenca de SRBD aos 7 anos

associou-se a niveis mais baixos de colesterol HDL em 1,97 mg/dL (IC -3,54 a -0,39,



p=0,014). A sonoléncia diurna associou-se a valores da PA superiores (PA sistolica 1,04
mmHg (IC 0,51 a 1,57), p<0,001), (PA diastdlica 0,85 mmHg (IC 0,38 a 1,32), p<0,001).
Em conclusdo, no presente estudo os problemas de sono aos 4 e 7 anos de idade
associaram-se a IMC mais elevado e a niveis também mais elevados de diversos fatores
de risco cardiometabdlico, nomeadamente PA, resisténcia a insulina e lipidos no sangue
aos 7 anos de idade. Além disto, foi ainda encontrada uma associacao negativa entre a
duracédo do sono e IMC. Sdo necessérios estudos longitudinais que ajudem a clarificar
os efeitos a longo prazo de habitos desadequados e problemas de sono durante a
infancia e do potencial efeito de cada um destes factores na salde cardiovascular ao

longo da vida.
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Abstract

Previous research demonstrated that sleep habits and problems have an impact on the
cardiovascular morbimortality in adulthood, but evidence on this association during
childhood is much scarcer. In the present study, we aimed to characterize the sleep
habits and problems of preschool and school-aged children and to study their impact on

body mass index (BMI) and on other cardiometabolic variables during childhood.

This thesis includes data from the Generation XXI cohort, a prospective population-
based birth cohort with initial recruitment between 2005 and 2006 from all public
maternity units in the Porto area (n=5), Portugal. Of the invited families, 91.4% agreed
to participate (n=8647 children). At 4 years of age the first follow-up was performed, with
86% of participation, and at 7 years of age the second follow-up was performed, with
80% of participation, being eligible for the present study all children with BMI assessment
at the 7-years follow-up and with sleep-related information provided at any of these visits.
After exclusions, a final subsample of 5529 children was included. Trained interviewers
administered a structured questionnaire on demographic and socioeconomic
characteristics, children’s health, sleeping habits and problems at 4 and 7 years of age
and several cardiometabolic variables were assessed at 7 years of age, such as
anthropometrics, blood pressure (BP), lipid profile, glucose and insulin. Sleep duration,
both night sleep duration and total sleep duration, was recorded at 4 years of age and
sleep duration, at weeknights and at weekend nights, was recorded at 7 years of age.
Short sleep duration (sleep less than 10 hours at night), sleep onset delay, night
awakenings and Non-rapid Eye Movement (NREM) parasomnias disorders (namely
sleepwalking and sleep terrors) were defined as sleep problems at 4 years of age. Short
sleep duration (sleep less than 9 hours at night), sleep irregularity (difference of more
than one hour between weekdays and weekends bedtimes) and sleep-related breathing
disorders (SRBD) and daytime sleepiness, the last 2 assessed by the application of the
Pediatric Sleep Questionnaire (PSQ), previously validated in Portugal, were defined as
sleep problems at 7 years of age. Associations between variables were analyzed using

T-tests and Qui-square tests and multiple linear regression models were computed.

At 4 years of age, the mean (standard deviation, SD) daily night sleep duration was 11.2
(1.0) hours; 4343 (78.5%) of children presented any sleep problem and 9.1% of children
presented a NREM parasomnia. Short sleep duration reported at 4 years of age was
significantly higher among overweight/obesity children at 7 years of age (34.8% vs

31.2%, p=0.007). At 7 years of age, the mean (SD) daily night sleep duration was 10.0

4



(0.6) hours; 1044 (57.7%) of children presented any sleep problem and 13.5% of children
presented SRBD. The presence of SRBD was significantly higher among
overweight/obese children at 7 years of age (17.5% vs 11.6%, p<0.001).

Considering the sleep variables at 4 years of age, in the models adjusted for sex and
classes of maternal education (Model 2), the levels of low-density lipoprotein cholesterol
(LDLc) significantly increased by 0.96 mg/dL (95% confidence interval, Cl 0.13 to 1.79,
p=0.022) per hour of daily night sleep, while the levels of systolic blood pressure (SBP)
decreased by 0.32 mmHg (Cl -0.63 to 0.00, p=0.047) per hour of daily total sleep. Night
awakening was associated with higher BMI z-score values (by 0.09 (CI 0.03 to 0.16,
p=0.004). In the models additionally adjusted for BMI z-score (Model 2 + BMI z-score),
triglycerides (TG) values increased by 3.09 mg/dL (CI 0.70 to 5.48), p=0.011). The BP
values were positively associated with the presence of NREM parasomnias, but only the
increase in diastolic blood pressure (DBP) values remained significant after adjustment
for BMI z-score, with DBP increasing by 0.72 mmHg (Cl 0.05 to 1.40, p=0.035) in the

presence of any of this sleep problems group.

Considering the sleep variables at 7 years of age, in the models adjusted for sex and
classes of maternal education (Model 2), BMI z-score significantly decreased by 0.09 (ClI
-0.16 t0 -0.02, p=0.012) per hour of daily week night sleep and by 0.07 (Cl -0.12 to -0.03,
p=0.001) per hour of daily weekend night sleep, and the levels of Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) significantly decreased by 0.06 (Cl -0.11
to -0.00, p=0.022) per hour of daily week night sleep. Sleep irregularity was associated
with higher HOMA-IR values (by 0.09 (Cl 0.02 to 0.17, p=0.012). The presence of SRBD
was associated with higher BMI z-score (by 0.39 (CI 0.23 to 0.55, p<0.001), higher
HOMA-IR (by 0.14 (CI 0.03 to 0.25, p=0.011) and higher BP values, with SBP increasing
by 1.80 mmHg (CI 0.60 to 2.99, p=0.003) and DPB by 1.01 mmHg (Cl 0.02 to 1.99,
p=0.044). In the models additionally adjusted for BMI z-score (Model 2 + BMI z-score),
SRBD at 7 years of age were also associated with significantly lower levels of high-
density lipoprotein cholesterol (HDLc) by 1.97 mg/dL (Cl -3.54 to -0.39, p=0.014).
Daytime sleepiness increase BP values by 1.04 mmHg (CI 0.51 to 1.57, p<0.001) for
SBP and 0.85 mmHg (CI 0.38 to 1.32, p<0.001).

Sleep problems at both 4 and 7 years-old were associated with higher BMI and higher
levels of cardiometabolic risk variables, namely BP, insulin resistance and blood lipids,
at 7 years of age. Moreover, a negative association was found between sleep duration

and BMI. Longitudinal studies are necessary for a better understanding of the long-term



effects of poor sleep during childhood and the potential differential effect of the diverse

types of sleep problems on the cardiovascular health later in life.

Keywords
Sleep; Children; BMI; Blood Lipids; Blood pressure; Cardiometabolic markers; Sleep

duration; Sleep problems; Sleep Disorders



Background

Sleeping is a complex and active process, with several physiological processes involved,
which allows us to process what we experienced during the day and also provides us
time to recover from daytime physical activities®. Childhood is a particularly sensitive
period of time in what concerns to sleep patterns, organization, and structure
establishment 12, and is also a period where several transient difficulties can emerge?.

Additionally, some chronic sleep problems are also known to start during childhood?.

The scientific literature presents evidence of several problems known to be related with
poor sleep quality 2°. It is known to exist an impact on learning, memory processes,
school performance, and general well-being?®. Moreover, even modest sleep length
restrictions have been associated with alterations on children’s behaviors and cognitive
function’. There is also evidence that sleep problems can increase parental stress and
have an impact on the well-being of the family, as a whole®. Despite all this, a secular
trend towards sleep deprivation, especially in children, has been consistently reported in
the literature®°. The promotion of healthy sleeping habits can be seen as a strategic
priority in public health*5-13, The recognition of sleep problems as a central concern for
population health**® is especially important on the pediatric age group, where the
neurodevelopmental consequences and the risk of psychiatric and non-psychiatric
disorders development might be more worrying and more capable of negatively affecting

their path towards a healthy adult life>11:12,

Sleep Health

The concept of “sleep health” is fairly recent!?, and its creation is linked with the concept
of health proposed by the World Health Organization (WHO), in which health is

described as a state of well-being, rather than the mere absence of disease, and placed
in the context of the society, not only at an individual level*3. Therefore, the understanding
of sleep health as a whole is changing, from a concept focused on sleep disorders and
sleep duration to a broader concept entailing well-being promotion*3, where sleep is
considered as part of the daily activities and does not occur in isolation from the other
activities of the day*. With all these changes, it has been increasingly recognized that
sleep duration is not the only characteristic contributing to optimal health and well-being,
but that several other characteristics of sleep, such as sleep quality, timing, and
variability also have important roles as health outcomes predictors*>12,

The sleep characteristics are usually referred to as sleep domains and are

conceptualized as follows®*3;



e Sleep duration — total sleep obtained in 24 h;

e Sleep continuity or efficiency — ability to fall asleep and return to sleep upon
waking;

e Timing — placement of sleep within the 24-hour day, referring to bedtime, naps
and waking hours;

e Alertness/daytime sleepiness or drowsiness — alertness as the ability to maintain
attentive wakefulness, to remain alert, without sleep at inappropriate times and
sleepiness or drowsiness as its opposite;

e Satisfaction or quality — subjective assessment of sleep (“good” or “bad”) and
feeling upon awake as rested or not;

¢ Regularity — consistency of sleep and wake times during a certain period.

In fact, these sleep domains and characteristics are usually used to conceptualize the
definition of “sleep health”, as in the 2014 Buysse’s definition, who states that “Sleep
health is a multidimensional pattern of sleep-wakefulness, adapted to individual, social,
and environmental demands, that promotes physical and mental well-being. Good sleep
health is characterized by subjective satisfaction, appropriate timing, adequate duration,

high efficiency, and sustained alertness during waking hours™3.

Sleep duration and quality during childhood

Sleep duration, quality, and architecture are known to change with growth, especially in
the first years of lifel. Sleep architecture is considered to include 2 stages of sleep, the
rapid eye movement sleep (REM) and the non-rapid eye movement sleep (NREM)
stages, which together form a sleep cycle. Healthy individuals usually have many sleep
cycles per night. REM sleep is a moment of intense cerebral activity and is usually the
stage where most of the dreams are experienced??, while NREM sleep is a state of
restorative sleep, with typical electroencephalographic waveforms, characterized by low
brain activity. NREM sleep is divided into three stages, from stage 1, the lightest sleep
stage, to stage 3, the deepest!. In childhood, the existence of sleep stages, similar to

those of adults, is believed to start to occur at approximately 6 months of age*.

The ideal sleep duration is known to drastically change with the growth and aging
process. As an infant, considering the 24-hours of a day, a total sleep time of around 14
to 17 hours a day is required, with decreasing normal ranges, of 8 to 10 hours a day
during adolescence. Until the age of 5, regular naps during the day, as a measure to
ensure that children have the required total sleep duration, are recommended by several

scientific associations and entities, including the Portuguese Society of Pediatrics

11,12,15,16



In 2015, the National Sleep Foundation, after a multidisciplinary expert panel and a
systematic literature review, formulated the most frequently cited age-specific sleep
duration recommendations!’: 10-13 hours of sleep for preschoolers (3-5 years old) and
9-11 hours of sleep for school-children (6-13years old)”!’. Additionally, it is
recommended that children should go to bed no later than 21:00 hours, maintain a
regular sleep schedule with consistent bedtimes, wake-times (i.e., no more than 30—-60

min variations in sleep schedules)’ and naptimes, if age-appropriated.

Pediatric sleep problems and disorders

The presence of sleep problems is intrinsically related to sleep quality, and is frequently
used as an accurate measure of sleep quality itself'®. The reported prevalence of
clinically relevant sleep problems in the pediatric age ranges from 20 to 30%'%1°, It is
estimated that approximately 70% of children experience at least one sleep-related
problem at least one night a week, and that around 50% report it every day?°?!, Sleep
problems are very common and frequently associated with behavioral disorders!. The
most frequently reported sleep problems are difficulties in sleep initiation (e.g., sleep
onset delay), in sleep maintenance (e.g., night awakening) or early morning
awakenings®®. A recent review shows that, in preschool children, the prevalence of
difficulties in sleep initiation and night awakening is estimated to range from 15 to 30%2
and, in school-aged children, the prevalence of sleep problems is estimate to be around
37%, with 10% of children experiencing sleep-onset delay and anxiety, and 10%
experiencing daytime sleepiness'?. Besides considering sleep duration, we will also
study the impact of some of these sleep problems, such as night awakening and sleep
onset delay, at 4 years of age, and sleep irregularity and daytime sleepiness, at 7 years
of age.

Sleep disorders are usually divided in 7 major categories, as described on the
International Classification of Sleep Disorders, 3™ edition (ICIDS-3)?>2%: Insomnia (3
types, chronic insomnia disorder, short-term insomnia disorder, and other insomnia
disorder); Sleep-related breathing disorders (SRBD) (4 major groups, central sleep
apnea syndromes, obstructive sleep apnea (OSA) disorders, sleep-related
hypoventilation disorders and sleep-related hypoxemia disorder); Central disorders of
hypersomnolence (including narcolepsy, idiopathic hypersomnia, Kleine-Levin
syndrome and other hypersomnias); Circadian rhythm sleep-wake disorders;

Parasomnias (3 clusters: NREM related, REM related, and others); Sleep-related



movement disorders and Other sleep disorders. Each disorder has specific diagnostic

criteria, for adults and children.

In the present thesis, we will mainly focus on 2 types of sleep disorders: Parasomnias,
specifically 2 of the NREM-related parasomnias, (sleep terrors and
somnambulism/sleepwalking) evaluated at 4 years of age, as reported by the main
caregiver; and SRBD, evaluated at 7 years of age, with the application of the validated
Portuguese version of the Paediatric Sleep Questionnaire, a 22-item scale specifically
developed and used for research purposes aiming to study the presence of childhood
SRBD?*. These 2 types of sleep disorders are very common in children, with
Parasomnias in general having a prevalence approaching 90% of children and
sleepwalking prevalence reaching 60% if both parents are also affected®; and
obstructive sleep apnea, the most common disorder in the group of SRBD, estimated to
occur in 1% to 5% of children®®. We will consider sleep disorders within the group of

sleep problems.

Cardiovascular Risk and Sleep Health

Childhood obesity has been identified as one of the most important risk factors for
developing cardiovascular diseases in later life in several recent reviews and meta-
analyses studies?—%, thus representing a major public health concern and naturally an
important theme for scientific research. Childhood obesity, especially, has become a
global epidemic in the last decades, with well-known associations with several adverse
health outcomes in later childhood and adulthood. It is known to track into adulthood and
to be associated with several cardiovascular risk factors. In fact, childhood obesity has
numerous consequences on the cardiovascular system. The accumulation of fat leads
to the development of several metabolic changes and promotes changes in traditional
cardiovascular risk factors, such as hypertension, dyslipidemia and glucose
intolerance/insulin resistance, which later in life might increase the risk of cardiovascular

events and premature mortality3.

Sleep has been recognized to impact cardiovascular risk through a complex, and still not
completely understood, relationship®?-3. In fact, sleep is being increasingly considered
one of the 3 pillars, along with diet and physical activity, of a healthy lifestyle*33, and as
an important modifiable lifestyle component that can ultimately affect both eating and
activity behaviors*23, In adults, among other effects, poor sleep is known to interfere with

weight gain®*, blood pressure (BP)%*, and insulin resistance®. Adults with OSA or

10



insomnia are at significantly greater risk for cardiovascular and cerebrovascular
diseases, among them atherosclerosis, coronary heart disease, heart failure,
hypertension, and stroke and metabolic disorders, especially obesity, type 2 diabetes
mellitus, and dyslipidemia, according to a recent scientific statement from the American
Heart Association®. Moreover, the association between short sleep duration and obesity
in adults is already well established and it has also been suggested that weight
management is hindered in sleep deprived adults®®. In children, more recently, evidence
has also pointed to the existence of similar effects. A review analyzing the association of
health indicators with physical activity, sedentary behavior and sleep, in children 5-17
years old, showed that children with a combination of high physical activity/high sleep/low
sedentary behavior presented a better profile of adiposity and cardiometabolic health,
when compared with those with low PA/low sleep/high sedentary behavior®’. Another
review analyzing sleep and cardiometabolic risk, in children and adolescents, also
concluded that inadequate sleep and increased abdominal adiposity were associated
with decreased insulin sensitivity and high BP33. Despite some recent evidence in the
pediatric age group, so far studies mainly focused on the impact of sleep duration on
adiposity and weight gain, and the association with other risk factors is still scarcely
studied®238-49, |n fact, even in adults, sleep disturbances, other than sleep duration, have
been scarcely explored®?333, As previously stated, as the concept of “sleep health” gains
more importance, it has been acknowledged that other characteristics of sleep, such as
sleep gquality, timing, and variability, might also have an important role contributing as
predictors of health outcomes*>13,

Thus, in the current era of both increase in cardiovascular risk in children, mostly
associated with the increasing trends of overweight and obesity*!, and a secular trend
towards sleep deprivation®1°, the role of poor sleep as a modifiable variable that is

related to cardiometabolic risk assumes particular importance.

In the present study, on a population-based birth cohort, we aimed to characterize the
sleeping habits, which include the sleep domains of sleep duration and regularity,
daytime sleeping and bedtime habits, and common sleep problems of prepubertal
children and to study their potential impact on body mass index (BMI) status and on other
cardiometabolic variables, such as BP, insulin resistance and blood lipids, during
childhood.

11



Aims
In the present study, we aimed to characterize the sleeping habits and common sleep

problems of preschool and school-aged children and to study their potential impact on

their nutritional status and on several cardiometabolic variables.

As specific objectives, we aimed:

1. To characterize the sleeping habits, which include the sleep domains of sleep duration
and regularity and daytime sleeping (daily night sleep duration, both nighttime and total,
and afternoon nap, bedtime, wakeup time, afternoon nap performance) and bedtime
habits (nighttime sleep at own bedroom, familiar presence at bedtime, use of transitional
object, and reading stories routine) at 4 years old, and of sleep duration and regularity
(daily night sleep duration at weekdays and weekends) at 7 years of age;

2. To characterize the presence of common sleep problems, namely short sleep duration,
sleep onset delay, night awakening and NREM parasomnias, at 4 years of age, and short
sleep duration, sleep irregularity, SRBD and daytime sleepiness at 7 years of age;

3. To test the association of sleep duration and sleep problems at 4 and at 7 years of
age with the presence of overweight/obesity at 7 years of age;

4. To test the association of sleep duration and sleep problems at 4 and at 7 years of

age with cardiometabolic variables (BP, insulin resistance and blood lipids) at 7 years of

age.
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Abstract

Background
Previous research demonstrated that sleep habits and problems have an impact on the

cardiovascular morbimortality in adulthood but evidence on this association during
childhood is much scarcer. In the present study, we aimed to characterize the sleep
habits and problems of preschool and school-aged children and to study their impact on

body mass index (BMI) and on other cardiometabolic variables during childhood.

Methods
This study used data from a population-based birth cohort, Generation XXI. 8647

children participated in the initial recruitment and, respectively, 86% and 80%
participated in the follow-up visits at 4 and 7 years of age. After exclusions, a final
subsample of 5529 children was included. Trained interviewers administered a
structured questionnaire on socioeconomic, health and sleeping characteristics at 4 and
at 7 years of age and several cardiometabolic variables were assessed at 7 years of age,
such as anthropometrics, blood pressure (BP), lipid profile, glucose and insulin. Sleep
duration, night and total, was recorded at 4 years of age and sleep duration, at
weeknights and at weekend nights, at 7 years. Short sleep duration, sleep onset delay,
night awakenings and non-rapid eye movement (NREM) parasomnias were defined as
sleeping problems at 4 years of age. Short sleep duration, sleep irregularity, sleep-
related breathing disorders (SRBD) and daytime sleepiness, the last 2 assessed by the
Pediatric Sleep Questionnaire (PSQ), previously validated in Portugal, were defined as
sleeping problems at 7 years of age. Associations between variables were analyzed
using T-tests and Qui-square tests and multiple linear regression models were

computed.

Results
At 4 years of age, the mean (standard deviation, SD) daily night sleep duration was 11.2

(1.00) hours; 4343 (78.5%) of children presented at least one sleep problem and 9.1%
of children presented a NREM parasomnia. At 7 years of age, the mean (SD) daily night
sleep duration was 10.0 (0.6) hours; 1044 (57.7%) of children presented sleep problems.

At 4 years of age, in the models adjusted for sex and classes of maternal education
(Model 2), the levels of low-density lipoprotein cholesterol (LDLc) significantly increased
by 0.96 mg/dL (95% confidence interval, Cl 0.13 to 1.79, p=0.022) per hour of daily night
sleep, while the levels of systolic blood pressure (SBP) decreased by 0.32 mmHg (ClI -
0.63 10 0.00, p=0.047) per hour of daily total sleep. Night awakening was associated with
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higher BMI z-score values (by 0.09 (Cl 0.03 to 0.16, p=0.004)). In the models additionally
adjusted for BMI z-score (Model 2 + BMI z-score), TG values increased by 3.09 mg/dL
(Cl 0.70 to 5.48, p=0.011). The BP values were positively associated with the presence
of NREM parasomnias, with diastolic blood pressure (DBP) increasing by 0.72 mmHg
(C10.05 to 1.40, p=0.035).

At 7 years of age, in models adjusted for sex and classes of maternal education, BMI z-
score decreased by 0.09 (Cl -0.16 to -0.02, p=0.012) per hour of weeknight sleep and
by 0.07 (Cl -0.12 to -0.03, p=0.001) per hour of weekend night sleep, as the levels of
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) (by 0.06 (Cl -0.11 to
-0.00, p=0.022)) per hour of weeknight sleep. Sleep irregularity was associated with
higher HOMA-IR values (by 0.09 (Cl 0.02 to 0.17, p=0.012)). SRBD was associated with
higher BMI z-score (by 0.39 (ClI 0.23 to 0.55, p<0.001)), HOMA-IR (by 0.14 (Cl 0.03 to
0.25, p=0.011)) and BP values, with SBP increasing by 1.80 mmHg (CI 0.60 to 2.99,
p=0.003) and DPB by 1.01 mmHg (CI 0.02 to 1.99, p=0.044). In Model 2 + BMI z-score,
SRBD were also associated with lower levels of high-density lipoprotein cholesterol
(HDLc) by 1.97 mg/dL (Cl -3.54 to -0.39, p=0.014). Daytime sleepiness increased BP
values by 1.04 mmHg (ClI 0.51 to 1.57, p<0.001) for SBP and 0.85 mmHg (Cl 0.38 to
1.32, p<0.001).

Conclusions
Sleeping characteristics both at 4 and 7 years-old, were associated with higher BMI and

higher levels of cardiometabolic risk variables at 7 years of age. Longitudinal studies are
necessary for a better understanding of the long-term effects of poor sleep during

childhood and later in life.

Keywords
Sleep; Children; BMI; Blood Lipids; Blood pressure; Cardiometabolic markers; Sleep

duration; Sleep problems; Sleep Disorders
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Introduction

Sleep is considered essential for both mental and physical health, especially during
childhood and adolescence. Several factors are known to affect the duration and quality
of sleep and recent research has highlighted a rising trend towards sleep deprivation
during childhood?=3. Infancy is a sensitive time regarding the creation of patterns,
organization, and structure establishment of sleep*®, and where several transient
difficulties can emerge®.

Sleep has been recognized to impact cardiovascular risk through a complex, and still not
completely understood, relationship®2. In fact, sleep is being increasingly considered
one of the 3 pillars, along with diet and physical activity, of a healthy lifestyle, and as an
important modifiable lifestyle component that can ultimately affect both eating and activity
behaviors”®. In adults, among other effects, poor sleep, considered when sleep is of low
quality and/or quantity, is known to interfere with weight gain?®, blood pressure (BP)’, and
insulin resistance’. Short sleep duration seems to be associated with excessive body fat
gain and development of insulin resistance, which possibly through the inflammatory
milieu that arises is believed to at least partially explain the increased cardiovascular risk
of individuals with poor sleep?®.

Childhood obesity has become a global epidemic in the last decades with well-known
associations with several adverse health outcomes in later childhood and adulthood*?.
Childhood obesity is known to track into adulthood and to be associated with several
cardiovascular risk factors, which later in life might increase the risk of cardiovascular
events and premature mortality®!'2,

Despite the effects of poor sleep on the cardiometabolic risk have been recently
recognized, characteristics other than sleep duration, such as sleep quality, timing, and
variability, have been scarcely explored®”. In the last years, the concept of “sleep
health” has gained importance, with the recognition of sleep as a promoter of both
physical and mental well-being®*® and as an health predictor®. Further, it has been
acknowledged that these other less studied characteristics of sleep might have an
important role contributing as predictors of health outcomes®**!4, Additionally, chronic
sleep problems are known to start during childhood®, which could establish a vicious
cycle of poor sleep and cardiovascular risk increase.

Thus, in the current era of both increase in cardiovascular risk in children, mostly
associated with the increasing trends of overweight and obesity'®, and a secular trend
towards sleep deprivation'=3, the role of poor sleep as a modifiable variable that is related
to cardiometabolic risk assumes particular importance. In the present study, in a

population-based birth cohort, we aimed to characterize sleep habits and some common
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sleep problems of preschool and school-aged children and to study their potential impact
on body mass index (BMI) and on other cardiometabolic variables, such as BP, insulin

resistance and blood lipids.
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Materials and Methods

Study design and sample

This study was based on the Portuguese birth cohort, Generation XXI. A total of 8647
newborns were enrolled in this cohort. The recruitment occurred between April 2005 and
August 2006, in all the 5 public maternity units of the metropolitan area of Porto, Portugal,
where mothers were invited to participate after delivery. At birth, 91.4% of the invited
mothers accepted to participate.

Between April 2009 and August 2011, a follow-up was conducted for children with 4
years of age, and 7459 children were evaluated (86% participation rate). At the 4-year-
old’s follow-up, trained interviewers applied a structured questionnaire focused on child
and mother’s health, allowing the collection of demographic and socioeconomic data,
caregivers’ information, child’s lifestyle, sleeping habits, and maternal socioeconomic
characteristics.

Between April 2012 and March 2014, another follow-up evaluation was conducted for
children with 7 years of age, with 6889 children (80% participation rate) evaluated and,
of those, 5842 children were evaluated by face-to-face interviews, physical examination,
and blood withdrawal, at the study site.

All the families were invited to participate in the follow-up evaluations, by a telephone
contact.

For the present analysis, only the firstborn child of twins, triplets, and quadruplets were
included (exclusion of 152 non-firstborn twins). Children with severe neurologic or
developmental disorders, that reported sleeping periods over 18 hours/day (n=2), and
children with missing data on BMI at 7 years of age were also excluded (n=2964). Finally,

5529 children were included in the present analysis.

Data Collection and variable definition

Sleeping habits and associated characteristics at 4 and 7 years of age were evaluated
by a parent-administered questionnaire, which in 88% was answered by mothers. At 4
years of age, sleeping habits, included the sleep domains of sleep duration, regularity
and daytime sleeping (daily night sleep duration, both nighttime and total, and afternoon
nap, bedtime, wakeup time, afternoon nap performance) and bedtime habits (nighttime
sleep at own bedroom, familiar presence at bedtime, use of transitional object, and
reading stories routine); at 7 years of age sleep duration and regularity (daily night sleep

duration at weekdays and weekends) were evaluated.
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At both ages, daily nighttime sleep duration was calculated in hours considering
children’s bedtime and morning waking time. At 4 years of age, daily total sleep duration
was calculated adding the afternoon nap to the daily night sleep duration, also in hours.
Bedtime was considered the specific hour that the children went to bed and wake up
time the specific hour that the children got out of bed, as reported. Afternoon nap was
calculated dividing the total weekly naptime duration reported by 7, reaching the total
daily naptime duration. Afternoon nap performance was considered as reported if the
child did not have naps at 4 years of age (not currently), had naps between 1 and 6 days
of the week (several times in a week) and had naps the 7 days of the week (everyday).
At 7 years old, night sleep duration was calculated for weekdays (from Monday to Friday)
and for weekend days (Saturday and Sunday).

Regarding bedtime habits, at 4 years of age, the following characteristics, considered as
dichotomous variables, were recorded and analyzed: nighttime sleep at own bedroom;
familiar presence at bedtime, use of transitional object, and reading stories routine before
falling asleep.

The sleep problems evaluated were short sleep duration, sleep onset delay, night
awakening and NREM parasomnias, at 4 years of age, and short sleep duration, sleep
irregularity, SRBD and daytime sleepiness at 7 years of age. Short nighttime sleep
duration was defined as <10 hours of sleep at 4 years-old and <9 hours of sleep at 7
years old during the week!®-*8, Sleep irregularity was defined if a difference of more than
one hour was reported between weekdays and weekends bedtimes?®.

Sleep onset delay was considered present when, in a usual day, the child was reported
to need more than 20 minutes to fall asleep. Night awakening was considered present if
the child was reported to wake-up during the night at least once a month, in the last 6
months. The child was considered to have a NREM parasomnia if either sleepwalking or
night terrors were reported to have occurred at least once. The frequency of night
awakening and NREM parasomnia episodes was also recorded.

At 7 years of age, the validated Portuguese version of the Pediatric Sleep Questionnaire
(PSQ) with a 22-item scale was applied!®. A total of 4360 answered sleep-related
questions and questions from the PSQ, at 7 years of age, but only 1891 children had
complete information to all questions of the questionnaire. The original cut-off value
>0.33, that is, at least 8 positive answers from the total of 22, was used as an indicator
of the presence of sleep-related breathing disorder (SRBD)?. Daytime sleepiness was
considered present if the answers given to any of the PSQ’s group B questions,
composed of 4 questions, B1 (“Does your child wake up feeling unrefreshed in the

morning?”), B2 (“Does your child have a problem with sleepiness during the day?”), B4
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(“Does your child has a teacher or other supervisor commented that your child appears
sleepy during the day?”) or B6 (“Is it hard to wake your child up in the morning?”) were

positive?.

As demographic and socioeconomic variables, maternal age (categorized as <25 or >25
years of age), maternal and paternal education level (number of schooling years, and
categorized for maternal educational level as <6, 7-9, 10-12 and >12 years of schooling),
paternal working condition (employed or other situation, which included unemployed,
stay at home, student and retired fathers) and average monthly household income
(1000, 1001-1500, >1500€/month) were recorded. All socioeconomic variables
considered for analysis were those collected at baseline (enroliment at birth), except for
average monthly household income, which was considered the one reported at the 7-
years follow-up. Birthweight and gestational age (in weeks) at birth were also recorded.

At 7 years of age, body weight was determined to the nearest 0.1 kg in a digital scale
(Tanita®) and height was determined in the upright position to the nearest 0.1 cm with a
wall stadiometer (Seca®). BMI was described both as kg/m? and z-score. BMI-for-age
values were classified according to the World Health Organization (WHO) z-score table
standardized internationally, sex, and age-specific’* and recoded into nonoverweight
(BMI <1 standard Deviation, SD) and overweight/obese (BMI>1 SD), according with
WHO references??. BP was evaluated with an aneroid sphygmomanometer (Elite®
92125) with an adequately sized cuff, by a trained examiner, twice with a 5-minute
interval between measurements, with the subject in a seated position and the antecubital
fossa supported at heart level, after at least a 5-minute rest. When the difference
between the 2 determinations was larger than 5 mmHg for systolic (SBP) or diastolic BP
(DBP) a third measurement was taken. The mean of the values was considered.
Venous blood samples were obtained after 8 to 12 hours of overnight fast, for lipid profile
(total cholesterol, low-density lipoprotein cholesterol (LDLc), high-density lipoprotein
cholesterol (HDLc), and triglycerides (TG)), high-sensitivity C-reactive protein (hs-CRP),
fasting plasma glucose and insulin. All determinations were performed in the Clinical
Pathology Department of Centro Hospitalar Sdo Jodo, Porto, Portugal. The basal insulin
resistance was assessed using the homeostasis model assessment of insulin resistance
(HOMA-IR), calculated by multiplying fasting glucose (mg/dL) by fasting insulin (uU/mL)
and then dividing this value by 40523,
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Statistical Analysis

Sample characteristics are presented as counts and proportions for categorical variables
and as mean and standard deviations (SD) for continuous variables. Comparison
between categorical variables was performed using Chi-square tests. Comparisons of
continuous variables between groups were assessed using Students’ T-tests or ANOVA
tests for normally distributed variables and using Mann-Whitney tests or Kruskall-Wallis
tests, respectively, for variables with a distribution different from the normal.

Regression coefficients (8) and 95% confidence intervals (Cl) were estimated by linear
regression models (one for each sleeping variable), with each cardiometabolic variable
(BMI z-score, SBP, DBP, HOMA-IR, HDLc, LDLc and TG) as the dependent variable.
The models include each sleeping variable at a time and, in all cases, Model 1 is
additionally adjusted for sex, Model 2 is additionally adjusted for sex and classes of
maternal education and, when duly signed (Model 2 + BMI z-score), also for BMI z-score.
All p-values are two-sided. The significance level was set at p<0.05. The statistical
analysis was made using Statistical Package for Social Sciences (SPSS) for Windows,
version 26.0.

Ethics

The Geracao XXI study was approved by the local institutional Ethics Committee and by
the National Data Protection Commission. The study complies with national legislation
and the Helsinki Declaration. Written informed consent (approved by the Ethics

Committee) was obtained from parents or legal guardians.
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Results

A total of 5529 children were included in the present analysis, of which 2679 (48.5%)
were girls. Table 1 describes the general demographic and socioeconomic
characteristics and the cardiometabolic variables at 7 years of age, in the whole sample
and by classes of BMI (nonoverweight, n=3348 (62.4%), and overweight,
n=2081(37.6%)). The mean (SD) maternal age at birth was 29.6 (5.3) years and maternal
education was grouped in 4 categories, as follows: 6 years or less, 7 to 9 years, 10 to 12
years, more than 12 years of education, with 28.4% of mothers presenting more than 12
years of education. The monthly household income was above 1000€ in more than 70%
of the sample. Overweight and obese children were significantly heavier at birth but also
presented a higher gestational age; their mothers were significantly younger and their
parents, both mother and father, were less educated.

Regarding, cardiometabolic variables at 7 years of age, the mean (SD) BMI of the
included sample was 17.1 (2.5) (kg/m?) (15.5 (1.0) vs. 19.7 (2.1), p<0.001, in the
nonoverweight and overweight groups, respectively). Office BP values, glucose, insulin,
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) and blood lipids were
all significantly higher in the overweight group of children, except for HDLc which is

significantly lower in this group.

At 4 years of age, 4343 (78.5%) of children were reported to have at least one of the
sleeping problems considered, including short nighttime sleep duration. When
disregarding sleep duration, 3896 (70.5%) still reported at least one sleeping problem.
The sleeping habits and sleep problems at 4 years of age, by BMI classes, are presented
in Table 2. The mean (SD) reported total sleep duration was 11.2 hours (1.00), 10.1 (0.8)
during nighttime and 1.2 (0.7) in the afternoon naps, with 1758 (32.1%) of children
presenting short nighttime sleep (10 hours or less); 57.6% of children were reported to
nap, but only 24.5% napped every day. Most of the children slept in their bedrooms
during nighttime sleep (alone or with siblings) (73.6%), but almost half of the sample
needed familiar presence at bedtime (48.8%) or a transitional object (47.6%). Night
awakenings were reported in 60.5% of children, sleep onset delay in 27.9% and NREM
parasomnias (sleepwalking and/or night terrors) in 9.1%. Differences in the sleeping
habits or sleep problems were found between nonoverweight and overweight children
when considering short nighttime sleep duration (31.2% vs 34.8%, p=0.007, in
nonoverweight and overweight, respectively), bedtime (21:25 (2.48) vs 21:10 (3.3),

p=0.020, in nonoverweight and overweight, respectively) and afternoon nap performance
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(41.0% vs 44.7% not having naps, p=0.020, in nonoverweight and overweight,

respectively).

At 7 years of age, 1044 (57.7%) of children were reported to have at least one of the
sleep problems considered, including short nighttime sleep duration. When disregarding
sleep duration, 1027 (56.7%) still reported at least one sleeping problem. The sleeping
habits and sleep problems at 7 years of age, by BMI classes, are presented in Table 3.
The mean (SD) daily night sleep duration reported was 10.0 (0.6) hours on weekdays
and 10.5 (1.0) hours on weekends, with significantly shorter night sleep duration on
weekends among overweight children (10.5 (0.9) vs. 10.4 (1.0) hours, p=0.018, in
nonoverweight and overweight children, respectively). SRBD, according to the PSQ
score, were present in 13.5% of the total sample but in a significantly higher proportion
of overweight children when compared to their nonoverweight counterparts (17.5% vs.
11.6%, p<0.001, in overweight and nonoverweight children, respectively).

The mean change in each cardiometabolic variable, at 7 years of age, by the presence
of each sleeping variable, at 4 and at 7 years of age, are presented in Table 4.
Considering the sleeping variables at 4 years of age, in the models adjusted for sex and
classes of maternal education (Model 2), the levels of LDLc significantly increased by
0.96 mg/dL (Cl 0.13 to 1.79, p=0.022) per hour of daily night sleep and this association
remained significant after adjustment for BMI z-score, while the levels of SBP
significantly decreased by 0.32 mmHg (CI -0.63 to 0.00, p=0.047) per hour of daily total
sleep but this association was lost after adjustment for BMI z-score. In the models
adjusted for sex and classes of maternal education (Model 2), night awakening was
associated with higher BMI z-score values (by 0.09 (Cl 0.03 to 0.16, p=0.004)). In the
models, further adjusted for BMI z-score (Model 2 + BMI z-score), night awakening at 4
years of age was also associated with lower TG values (by -2.21 (Cl -4.40 to -0.02)
mg/dL, p=0.048). TG values increased by 3.38 mg/dL (Cl 0.96 to 5.80, p=0.006) in the
presence of sleep onset delay (Model 2), even after adjustment for BMI z-score (3.09 (ClI
0.70 to 5.48), p=0.011). The BP values were positively associated with the presence of
NREM parasomnias, but only the increase in DBP values remained significant after
adjustment for BMI z-score, with DBP increasing by 0.72 mmHg (CI 0.05 to 1.40,
p=0.035) in the presence of any of this sleep problems group.

Considering the sleep variables at 7 years of age, in the models adjusted for sex and
classes of maternal education (Model 2), BMI z-score significantly decreased by 0.09 (ClI
-0.16 to -0.02, p=0.012) per hour of daily weeknight sleep and by 0.07 (CI -0.12 to -0.03,
p=0.001) per hour of daily weekend night sleep, and the levels of HOMA-IR significantly
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decreased by 0.06 (CI -0.11 to -0.00, p=0.022) per hour of daily week night sleep. Sleep
irregularity was associated with higher HOMA-IR values (by 0.09 (Cl 0.02 to 0.17,
p=0.012)). The presence of SRBD was associated with higher BMI z-score (by 0.39 (ClI
0.23 to 0.55, p<0.001)), higher HOMA-IR (by 0.14 (CI 0.03 to 0.25, p=0.011)) and higher
BP values, with SBP increasing by 1.80 mmHg (Cl 0.60 to 2.99, p=0.003) and DPB by
1.01 mmHg (Cl 0.02 to 1.99, p=0.044). In the models additionally adjusted for BMI z-
score (Model 2 + BMI z-score), SRBD at 7 years of age were also associated with
significantly lower levels of HDLc by 1.97 mg/dL (CI -3.54 to -0.39, p=0.014). Daytime
sleepiness increased BP z-score values by 1.04 (Cl 0.51 to 1.57, p<0.001) for SBP and
0.85 (CI1 0.38 to 1.32, p<0.001) for DBP. Both HOMA-IR and TG values were negatively
associated with the presence of daytime sleepiness, and remained significant after
adjustment for BMI z-score, with HOMA-IR decreasing by 0.10 (Cl -0.17 to -0.02,
p=0.009) and TG decreasing by 2.76 mg/dL (Cl -5.36 to -0.16, p=0.037) in the presence
of daytime sleepiness.
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Discussion

Our results reveal that short sleep duration and sleep problems are present in around
three-quarters of our sample, at 4 years of age, and that some of these, such as night
awakening, are associated with higher BMI z-scores at the age of 7, and with a worst
cardiometabolic profile at this age, independently of BMI. Specifically, we reported that
higher LDLc levels are associated with longer night sleep duration, higher levels of TG
are associated with sleep onset delay and higher values of DBP are associated with
NREM parasomnias. At the 7-year-old evaluation, we found that shorter night sleep
duration was associated with higher BMI z-score values and higher insulin resistance.
Sleep irregularity was also shown to be associated with higher insulin resistance and
daytime sleepiness with higher BP values. At this age, we found that overweight children
presented significantly more SRBD than their normal weight counterparts. Additionally,
the presence of SRBD was associated with higher BP values, more insulin resistance

and lower HDLc values, the latter being independent of the BMI status.

Despite recommendations for the improvement of children’s sleep duration and quality
and the growing number of studies indicating the importance of sleep®'’, there is a
secular trend towards decreased sleep duration in children?. The relationship between
poor sleep quality and other health problems in the pediatric age has been acknowledged
in the recent years®®24 namely with increased cardiometabolic risk!®!2, Nonetheless,
most of the existing studies have mainly focused on the impact of poor sleep, specially
sleep duration, in the cardiovascular risk of older children and adolescents®1%12, which
underlines the importance of our study focusing in other sleep characteristics, from early
ages, and evaluating their impact on the cardiometabolic profile of prepubertal children.
Over the last decade, the relationship between sleep characteristics and obesity has
been the most assessed and the one yielding the strongest evidence, in the context of
cardiometabolic risk. In our study, we found higher BMI z-score values among those who
had reported night awakening at the age of 4 and among those with shorter sleep
duration at the age of 7. Regarding the sleep duration association with nutritional status,
our results seem to agree with the previous evidence available. For instance, in a 2018
systematic review which analyzed the association of sleep with hypertension and
cardiovascular risk, in participants under 21 years of age, of the 15 studies that evaluated
obesity, 13 reported a significant association with sleep caractheristics!®. Specifically, 8
studies reported a negative association between sleep duration and the presence of
obesity or any measure of obesity, such as BMI or BMI z-score®. Similarly, another

systematic review evaluating the association between sleep characteristics and
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cardiovascular risk, including participants under 24 years of age, reported that 8 out of
16 longitudinal studies included found that shorter sleep duration was associated with
higher BMI values, greater increases in BMI during follow-up, or greater risk of
overweight/obesity over time, compared to longer sleep duration. Finally, another
systematic review of prospective cohort studies, published in 2017, specifically focusing
on the association between sleep duration and obesity in children and adolescents,
found that in 9 out of 14 studies included, stated that reduced sleeping periods were
associated with higher subsequent BMI values and 6 studies reported that sleep duration
was negatively associated with BMI gain, further reinforcing the conclusion that short
sleep duration increases the risk of childhood obesity?°.

Notwithstanding the growing number of studies on the impact of sleep on cardiovascular
health, sleep characteristics other than sleep duration have been much less considered
so far. On a meta-review on children’s sleep and health, when considering the reviews
about adiposity, only 7 out of the 20 reviews examined other characteristics of sleep than
sleep duration, and all reported limited data about sleep quality’. A previous study
reported that short sleep duration increased the severity of obesity, considered night
awakening as one of the characteristics of sleep duration?’. Night awakening, usually
considered as a poor sleep quality variable, was also found to be associated with higher
BMI z-score values in our study. We also found an association between BMI status and
the presence of SRBD, at 7 years of age, but considering the recognized importance of
breathing disorders on cardiometabolic health, this association will be further discussed

below.

Regarding the association between sleep characteristics and other cardiometabolic
variables, we reported significant associations between blood lipids and sleep variables.
When considering LDLc levels, we found a positive association with daily night sleep
duration, at 4 years of age. In the literature, results on the association between sleep
and LDLc are heterogeneous’!2. A 2016 systematic review assessed the association
between sleep characteristics and cardiovascular risk in participants under 24 years of
age. They found a positive association between poor sleep quality and LDLc but not with
non-HDLc and a positive association between LDLc and short sleep duration in
secondary students!?. A study analyzing the association between sleep duration and
cardiometabolic risk in Iranian children reported that boys aged 10 to 14 with longer sleep
duration presented higher total cholesterol levels but, in contrast with our results, no
association was found specifically regarding LDLc?®. Another systematic review that

focused specifically on sleep duration and dyslipidemia in adolescents, reported that,
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from 7 studies included, 2 studies found that shorter sleep duration was associated
higher total cholesterol and LDLc?°.

We also found that TG levels were significantly higher among children who reported
sleep onset delay, at 4 years of age. Interestingly, the levels of TG were lower among
children who reported daytime sleepiness and breathing problems, at 7 years of age.
Again, the results of previous studies on this subject are heterogeneous’'°. The
systematic review previously cited, which analyzed the association between sleep
characteristics and cardiovascular risk on participants under 24 years, found that from 4
studies, 2 presented a negative association between TG levels and sleep duration; no
studies analyzed the association between TG and sleep quality variables?. The meta-
review on children’s sleep and health found that, of 7 reviews evaluating blood lipids,
one reported that longer sleep was associated with higher triglyceride levels and only 2
examined other sleep characteristics than sleep duration®. From all the studies reviewed,
only one considered sleep regularity/irregularity and reported a significant association
with TG in obese children®3°. Assuming that sleep onset delay can have a variable
impact on sleep timing and thus on sleep regularity®°, we can assume that our finding of
higher TG levels among children with this sleep problem, is in line with these previous
findings. The relatively few studies on sleep quality seem to favor the existence of an
association with higher TG levels but more studies are needed to better clarify this

association®.

Regarding BP levels, we reported that children with NREM parasomnias presented
higher SBP and DBP values, in sex and maternal education-adjusted models, but only
the association with DBP remained significant after adjustment for BMI z-score. To the
best of our knowledge, no previous studies analyzed the association of sleepwalking and
sleep terrors with cardiovascular risk. NREM parasomnias are presumed to occur
because of the incomplete transition between wakefulness and stages of sleep®!, and is
comorbidity commonly described in association with SRBD®*. A previous study examined
sleep stages and reported that morning BP was greater among obese adolescents with
poorer sleep quality, as characterized by shorter periods spent in deep sleep stages
(when NREM sleep occurs), regardless of BMI®. The same study also stated that there
is increasing evidence in the literature that, in adults, sleep disruption with reduction of
deeper sleep stages contributes to a higher risk of hypertension®:. Daytime sleepiness
was also shown to significantly increase BP levels, both SBD and DBP, in all the models
fitted, independently of BMI. In line with these findings, in one study of US children, aged
11-12 years old, daytime sleepiness was also associated with a higher risk of

hypertension®*. Despite some mixed results, overall, 3 systematic reviews associating
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sleep and cardiovascular characteristics in children provide fairly consistent evidence on
the existence of a relationship between sleep and high BP, with both SBP and DBP
appearing to be related to sleep quality®103,

Intriguingly, in our study, daytime sleepiness also presented a significant negative
association with HOMA-IR, independently of BMI. No other specific evidence relating
daytime sleepiness and HOMA-IR seems to exist, but negative associations between
HOMA-IR and sleep quality had already been described in few previous studies. In one
systematic review on sleep, hypertension and cardiovascular risk in children, one of the
studies included reported that sleep deprivation was associated with lower HOMA-IR
and another reported a negative association between HOMA-IR and sleep efficiency, in
a sample of overweight/obese adolescent girls’®. Some authors hypothesize that the
association with insulin resistance might vary with sleep architecture, quality, and timing,
characteristics still less studied®°.

In our study, we also found that children with SRBD presented significantly higher BP
levels. In adults, the relationship of SRBD and cardiovascular risk in well established,
with moderate and severe SRBD shown to be associated with an elevated
cardiovascular risk, namely incidence of stroke®. A longitudinal study that evaluated
polysomnography results in children aged 6, and 5 years later, at 11 years old, reported
a trend between the presence of SRBD and higher SBP*’. A systematic review focusing
on the impact of obstructive sleep apnea (OSA), the more common of the SRBD group
and cardiovascular risk in children, concluded that there is an association between OSA
and changes in BP in the pediatric population®®. Nonetheless, it should be stressed the
confounding effect of BMI on this association, since frequently children with OSA also
present higher BMI®8. In fact, our data showed that the positive association between
SRBD and SBP and DBP was not independent of BMI z-score levels. It has been argued
that OSA and BMI might have a concurrent effect on diurnal SBP and DBP, shown by a
number of case-control studies®. A longitudinal study in preadolescent children, initially
without OSA, showed that participants who were overweight at the initial visit were
significantly more likely to develop OSA, stressing the association of childhood obesity
on the development of OSA®*. In the previously cited review, it was stated that studies
analyzing BP dipping, the physiological BP decrease expected to occur during nighttime,
known to have a protector effect on the cardiovascular system, reported that the dipper
BP profile was frequently absent in children with OSA, which might be another
explanation for the increased cardiovascular risk in children with SRBD, independently
of obesity®. We also reported a positive association between SRBD and insulin
resistance, and this effect remained significant after adjustment for BMI. In a pediatric

cohort study, which included children aged 5 to 12 years, sleep fragmentation was,
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independently of obesity, positively associated with insulin resistance. The presence of
obesity increased the odds for insulin resistance and severity of the disease®. In the
earlier cited review, it was shown that artificially induced sleep fragmentation was
associated with decreased morning insulin sensitivity and, in a study in healthy adults,
intermittent hypoxia was shown to decrease insulin sensitivity, leading to the conclusion
that the sleep fragmentation associated with OSA might also play a role in the disruption
of insulin regulation®. In fact, another pediatric study also reported an association
between sleep fragmentation and adverse glucose metabolism profile in obese
adolescents with SRBD*.

The major strength of our study is the fact that we present an analysis of a large
population-based cohort data, for which longitudinal data not only on sleep duration but
also on sleep quality and sleep problems was available. The impact of sleep
characteristics at 2 different ages on several cardiometabolic variables was analyzed,
allowing to appreciate the prospective impact of sleep problems on the risk of a later
adverse cardiovascular profile. As recommended in the recent literature, we
conceptualized sleep as a component of the 24-hour-day and as a multidimensional
construct but it should be acknowledged that the estimation of sleep duration by parents’
reports limits the quality of the data, since it is susceptible of recall and social desirability
bias. Nonetheless, it has been suggested that self-reported studies seem to be biased
toward underestimation®!?, which suggest that a larger effect would have been observed
if objective sleep measures could have been used. Furthermore, considering the
observational nature of our study, one cannot exclude bias from unmeasured
confounders but the consistency of our results with previously published studies is in

favor of the reported associations to be meaningful and worthy of being reported.

In conclusion, we report a significant effect of several sleep characteristics on
cardiometabolic variables in school-aged children. Our data allow us to reinforce the
hypothesis that poorer sleep health acts upon cardiometabolic health, possibly
increasing cardiovascular risk throughout life. The identification of a modifiable risk factor
with impact on cardiovascular outcomes, as sleep has come to be considered, assumes
a particular public health interest in the quest for approaches to reduce the burden of
cardiovascular diseases, the most common cause of morbidity, mortality, and disability
with high health care costs?®. Further research is needed to clarify the role of sleep
duration, quality, timing, and variability on health during childhood, and to investigate the

long-term impact of poor sleep health.
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Tables

Table 1 — Demographic and socioeconomic characteristics and cardiometabolic variables, at 7
years of age, by body mass index classes

All Nonoverweight Overweight p
Socioeconomic characteristics
Birthweight (g) 3175 (506) 3134 (520) 3243 (476) 0.006
Gestational age (weeks) 38.6 (1.7) 38.5(1.8) 38.7 (1.6) <0.001
Maternal age (years)* 29.6 (5.3) 29.7 (5.3) 29.3 (5.3) 0.005
Maternal education (years)* <0.001
<6 1126 (20.5%) 686 (60.9%) 440 (39.1%)
7-9 1274 (23.2%) 750 (58.9%) 524 (41.1%)
10-12 1537 (27.9%) 937 (61.0%) 600 (39.0%)
>12 1563 (28.4%) 1055 (67.5%) 508 (32.5%)
Paternal education (years)® 10.4 (4.1) 10.7(4.1) 10.0(4.0) <0.001
Monthly household income? (€) <0.001
>1000 1565 (29.1%) 946 (28.1%) 619 (30.7%)
1001-2000 2562 (47.6%) 1567 (46.5%) 995 (49.4%)
22001 125 (23.4%) 85 (25.4%) 40 (19.9%)
Paternal working conditions* 0.279
Employed 2768 (94.1%) 1716 (93.7%) 1052 (94.7%)
Other 174 (5.9%) 115 (6.3%) 59 (5.3%)
7-years-old evaluation
Anthropometry
Weight (kg) 26.3 (5.3) 23.4(2.7) 31.2 (4.8) <0.001
Height (cm) 123.7 (5.3) 122.4 (5.0) 125.7 (5.2) <0.001
BMI (kg/m?) 17.1 (2.5) 15.5 (1.0) 19.7 (2.1) <0.001
BMI z-score 0.7 (1.2) -0.0 (0.7) 1.9 (0.7) <0.001
Office blood pressure
Systolic BP (mmHg) 105.5 (8.9) 103.4 (8.2) 109.0 (8.8) <0.001
Diastolic BP (mmHg) 70.0 (7.5) 68.8 (7.4) 72.0 (7.3) <0.001
Analytic variables
Glucose (mg/dL) 83.1 (7.7) 82.7 (8.1) 83.9 (6.9) <0.001
Insulin (mg/dL) 5.6 (4.2) 4.6 (3.4) 7.2 (4.9) <0.001
HOMA-IR 1.1 (0.9) 0.9 (0.8) 1.5 (1.1) <0.001
HDL-cholesterol (mg/dL) 55.9 (10.6) 56.5 (10.8) 55,0 (10.3) <0.001
LDL-cholesterol (mg/dL) 99.6 (23.8) 98.3 (23.5) 101.9 (24.2) <0.001
Triglycerides (mg/dL) 69.0 (35.8) 65.8 (31.8) 74.4 (41.1) <0.001
hs-CRP (mg/L) 1.2 (3.8) 1.1 (4.0 1.5 (3.59) <0.001

The values presented are mean (standard deviation) or n (%).
1 Reported at birth.
2 Reported at 7 years of age.

BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; HOMA-IR: Homeostatic Model Assessment for
Insulin Resistance, hs-CRP: high-sensitivity C-reactive Protein; LDL cholesterol, low-density lipoprotein.
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Table 2 - Sleeping habits and problems at 4 years of age, by body mass index classes.

All Nonoverweight Overweight p
Sleeping habits
Daily night sleep duration (hours)
Total 11.2 (1.0) 11.2 (0.9) 11.1 (1.0 0.148
Nighttime 10.1 (0.8) 10.1 (1.0) 10.1 (0.8) 0.099
Afternoon nap 1.2 (0.7) 1.2 (0.6) 1.2 (0.7) 0.981
Bedtime 21:20 (3:0) 21:25 (2.4) 21:10 (3.3) 0.020
Wakeup time 7:58 (0:5) 7:59 (0.4) 7.6 (1.0) 0.941
Afternoon nap performance 0.020
Not currently 2291 (42.4%) 1386 (41.0%) 905 (44.7%)
Several times in aweek 1785 (33.1%) 1155 (34.2%) 630 (31.1%)
Everyday 1324 (24.5%) 836 (24.8%) 488 (24.1%)
Nighttime sleep at own bedroom 3979 (73.6%) 2507 (74.2%) 1472 (72.7%) 0.214
No familiar presence at bedtime 2487 (51.2%) 1576 (51.3%) 911 (51.0%) 0.849
Use of transitional object 2310 (47.6%) 1462 (47.7%) 848 (47.6%) 0.993
Reading stories routine 3631 (74.9%) 2298 (75.0%) 1333 (74.8%) 0.756
Sleep problems
Any sleep problem 4343 (78.5%) 2698 (80.3%) 1645 (82.0%) 0.129
Short nighttime sleep duration 1758 (31.8%) 1054 (31.2%) 704 (34.8%) 0.007
Night awakening 3269 (60.5%) 2011 (59.5%) 1258 (62.2%) 0.054
Sleep onset delay 1503 (27.9%) 912 (27.0%) 591 (29.3%) 0.077
NREM Parasomnias 500 (9.1%) 310 (9.0%) 190 (9.2%) 0.848
Sleepwalking 60 (1.2%) 38 (1.2%) 22 (1.2%) 0.999
Night terrors 478 (8.6%) 292 (8.5%) 186 (8.9%) 0.547

The values presented are mean (standard deviation) or n (%).
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Table 3 - Sleeping habits and problems at 7 years of age, by body mass index classes.

All Nonoverweight  Overweight p
Sleeping habits
Daily night sleep duration (hours)
Total (weekdays) 10.0 (0.6) 10.0 (0.6) 10.0 (0.6) 0.079
Total (weekends) 10.5 (1.0) 10.5 (0.9) 10.4 (1.0) 0.018
Bedtime (weekdays) 21:41 (0:5) 21:40 (0:5) 21:43 (0.5) 0.190
Wakeup time (weekdays) 7:46 (0:3) 7:47 (0:3) 7:46 (0:3) 0.690
Sleep problems
Any sleep problem 1044 (57.7%) 662 (56.0%) 382 (60.8%) 0.048
Short nighttime sleep duration 92 (3.2%) 48 (2.7%) 44 (4.2%) 0.026
Sleep Irregularity 772 (26.3%) 483 (25.6%) 289 (27.7%) 0.208
Sleep-related breathing disorders! 265 (13.5%) 151 (11.6%) 114 (17.5%) <0.001
Daytime sleepiness? 1183 (21.4%) 753 (21.8%) 430 (20.7%) 0.302
B1 - Child wakes up very sleepy in the morning 922 (31.0%) 598 (31.1%) 324 (30.9%) 0.892
B2 - Child experience sleepiness during the day 150 (5.1%) 99 (5.2%) 51 (4.9%) 0.704
B4 - Teacher or caretaker report child sleepiness 96 (3.2%) 58 (3.0%) 38 (3.6%) 0.400

during the day
B6 — Child is hard to wake up in the morning 789 (26.5%) 501 (26.0%) 288 (27.3%) 0.447

The values presented are mean (standard deviation) or n (%).

1 Sleep-related breathing disorders were considered present when the score in the Pediatric Sleep Questionnaire Score
was >0.33.

2The presence of daytime sleepiness was considered when the answer to any of the questions presented (B1, B2, B4,
B6) was “yes”.
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Table 4 - Mean change in each cardiometabolic variable, at 7 years of age, by the presence of each sleep variable, at 4 and at 7 years of age.

BMIz

SBP

DBP

HOMA-IR

HDLc

LDLc

TG

Sleep variables at 4 years

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

Daily night sleep duration (hours)
Model 1
Model 2
Model 2 + BMIz

-0.03 (-0.06 to 0.00)
-0.02 (-0.06 to 0.00)

-0.05 (-0.32 t0 0.21)
-0.09 (-0.37 t0 0.17)
-0.01 (-0.27 t0 0.24)

-0.00 (-0.24 to 0.22)
-0.01 (-0.25 to 0.21)
0.02 (-0.20 to 0.25)

-0.01 (-0.05 to 0.02)
-0.01 (-0.05 to 0.02)
-0.00 (-0.04 to 0.02)

0.18 (-0.18 to 0.56)
0.19 (-0.17 to 0.56)
0.16 (-0.20 t0 0.53)

0.97 (0.14 to 1.80)*
0.96 (0.13 to 1.79)*
1.03 (0.20 to 1.85)*

0.39 (-0.85 to 1.64)
0.38 (-0.86 t0 1.63)
0.55 (-0.68 to 1.79)

Daily total sleep duration (hours)
Model 1
Model 2
Model 2 + BMIz

-0.01 (-.06 to 0.02)
-0.02 (-0.06 to 0.02)

-0.25 (-0.5 t0 0.5)
-0.32 (-0.63 to -0.00)*
-0.25 (-0.55 to 0.03)

-0.22 (-0.48 t0 0.04)
-0.23 (-0.50 to 0.03)
-0.19 (-0.45 to 0.06)

-0.00 (-0.04 to 0.03)
-0.00 (-0.04 to 0.03)
0.00 (-0.03 to 0.03)

-0.10 (-0.52 to 0.31)
-0.12 (-0.55 to 0.29)
-0.14 (-0.57 to 0.27)

0.45 (-0.49 to 1.40)
0.47 (-0.48 to 1.42)
0.52 (-0.42 to 1.46)

0.43 (-0.88 to 1.75)
0.38 (-0.94 to 1.71)
0.48 (-0.82 to 1.79)

Night Awakening
Model 1
Model 2
Model 2 + BMlIz

0.08 (0.01 to 0.14)*
0.09 (0.03 to 0.16)*

0.16 (-0.30 to 0.64)
0.23 (-0.25 10 0.72)
-0.02 (-0.48 t0 0.42)

-0.03 (-0.44 t0 0.37)
-0.00 (-0.42 to 0.40)
-0.15 (-0.55 to 0.25)

0.02 (-0.04 to 0.08)
0.02 (-0.03 to 0.09)
0.00 (-0.05 to 0.06)

0.30 (-0.35 to 0.96)
0.25 (-0.40 to 0.91)
0.32 (-0.33 t0 0.97)

0.70 (-0.75 to 2.16)
0.54 (-0.92 to 2.01)
0.40 (-1.06 to 1.86)

-1.83 (-4.03 t0 0.37)
-1.85 (-4.06 to 0.36)
-2.21 (-4.40 to -0.02)*

Sleep Onset Delay
Model 1
Model 2
Model 2 + BMIz

0.07 (-0.00 to 0.14)
0.06 (-0.00 to 0.13)

-0.02 (-0.54 to 0.48)
-0.03 (-0.56 to 0.49)
-0.21 (-0.70 to 0.27)

0.14 (-0.30 to 0.59)
0.14 (-0.31 to 0.58)
0.04 (-0.39 to 0.48)

0.04 (-0.02 t0 0.11)
0.04 (-0.02 t0 0.11)
0.02 (-0.4 to 0.08)

-0.43 (-1.14 t0 0.28)
-0.44 (-1.15 t0 0.27)
-0.38 (-1.09 to 0.33)

0.14 (-1.45 t0 1.74)
0.29 (-1.30 to 1.89)
0.18 (-1.41 to 1.78)

3.25 (0.84 to 5.65)
3.38 (0.96 to 5.80)
3.09 (0.70 to 5.48)*

NREM Parasomnias
Model 1
Model 2
Model 2 + BMIz

0.02 (-0.08 t0 0.13)
0.04 (-0.06 to 0.15)

0.78 (-0.01 to 1.59)
0.84 (0.02 to 1.66)*
0.72 (-0.03 to 1.49)

0.74 (0.5 to 1.44)*
0.78 (0.94 to 1.48)*
0.72 (0.05 to 1.40)*

0.08 (-0.02 to 0.18)
0.09 (-0.01 to 0.20)
0.07 (-0.02 10 0.17)

0.95 (-0.14 to 2.05)
0.92 (-0.18 to 2.02)
0.97 (-0.12 t0 2.07)

0.39 (-2.05 to 2.84)
0.18 (-2.27 to 2.64)
0.09 (-2.35 to 2.53)

2.24 (-1.44 10 5.94)
2.30 (-1.40 to 6.01)
2.04 (-1.62 t0 5.71)

Sleep variables at 7 years

Night sleep duration week (hours)
Model 1
Model 2
Model 2 + BMIz

-0.07 (-0.14 to -0.01)*
-0.09 (-0.16 to -0.02)*

-0.29 (-0.81 t0 0.22)
-0.38 (-0.91 to 0.14)
-0.13 (-0.63 t0 0.35)

-.026 (-0.70 t0 0.17)
-.033 (-0.76 t0 0.10)
-0.20 (-0.62 t0 0.22)

-0.05 (-0.10 to -0.00)*
-0.06 (-0.11 to -0.00)*
-0.05 (-0.09 to -0.00)*

0.47 (-0.24 t0 1.18)
0.51 (-0.20 to 1.22)
0.44 (-0.26 to 1.15)

1.17 (-0.36 t0 2.71)
1.21 (-.033 to 2.75)
1.32 (-0.20 to 2.86)

1.66 (-0.58 to 3.91)
1.51 (-0.73t0 3.77)
1.80 (-0.42 t0 4.04)

Night sleep duration weekend (hours)
Model 1
Model 2
Model 2 + BMIz

-0.06 (-0.10 to -0.01)*
-0.07 (-0.12 to -0.03)*

-0.15 (-0.49 t0 0.17)
-0.28 (-0.62 to 0.05)
-0.06 (-0.38 to 0.25)

0.02 (-0.25 to 0.30)
-0.04 (-0.33 t0 0.23)
0.06 (-0.20 to 0.34)

-0.00 (-0.03 to 0.03)
-0.00 (-0.03 to 0.02)
0.00 (-0.02 to 0.03)

0.24 (0.22 to 0.70)
0.29 (-0.17 t0 0.76)
0.24 (-0.22 t0 0.70)

0.09 (-0.91 to 1.10)
0.13 (-0.87 to 1.15)
0.22 (-0.78 t0 1.23)

0.40 (-1.05 to 1.87)
0.21 (-1.26 to 1.69)
0.42 (-1.03 to 1.89)

Sleep Irregularity
Model 1
Model 2
Model 2 + BMIz

0.05 (-0.04 to 0.16)
0.04 (-0.05 to 0.14)

0.37 (-0.38 to 1.12)
0.22 (-0.53 to 0.98)
0.11 (-0.58 t0 0.81)

-0.05 (-0.68 to 0.56)
-0.15 (-0.77 t0 0.47)
-0.20 (-0.81 to 0.39)

0.10 (0.02 to 0.17)*
0.09 (0.02 to 0.17)*
0.06 (-0.00 t0 0.12)

-0.01 (-1.05 to 1.02)
-0.00 (-1.04 to 1.04)
0.04 (-0.99 to 1.07)

-0.81 (-3.07 to 1.43)
-0.67 (-2.93 to 1.59)
-0.75 (-3.00 to 1.50)

1.5 (-1.72 to 4.86)
1.40 (-1.90 to 4.71)
1.21 (-2.06 to 4.49)

Presence of SRBD
Model 1
Model 2
Model 2 + BMIz

0.40 (0.24 to 0.56)**
0.39 (0.23 to 0.55)*

2.00 (0.80 to 3.19)*
1.80 (0.60 to 2.99)*
0.73 (-0.38 to 1.85)

1.14 (0.16 to 2.13)*
1.01 (0.02 to 1.99)*
0.46 (-0.50 to 1.42)

0.14 (0.03 to 0.25)*
0.14 (0.03 to 0.25)*
0.05 (-0.04 to 0.15)

-2.30 (-3.87 to0 -0.73)*
-2.25 (-3.82 to -0.68)*
-1.97 (-3.54 to -0.39)*

0.02 (-3.43 to 3.47)
0.34 (-3.12 to 3.80)
-0.28 (-3.75 to 3.18)

1.06 (-3.93 to 6.06)
1.10 (-3.91 t0 6.12)
-0.39 (-5.38 t0 4.59)

Daytime sleepiness
Model 1
Model 2
Model 2 + BMIz

-0.03 (-0.11 to -0.04)
-0.02 (-0.10 to 0.04)

0.90 (0.34 to 1.46)*
0.95 (0.37 to 1.52)*
1.04 (0.51 to 1.57)**

0.80 (0.31 to 1.28)*
0.80 (0.32 to 1.29)*
0.85 (0.38 to 1.32)*

-0.12 (-0.20 to -0.04)*
-0.12 (-0.20 to -0.04)*
-0.10 (-0.17 to -0.02)*

-0.55 (-1.33 t0 0.22)
-0.55 (-1.34 10 0.22)
-0.59 (-1.38 to 0.18)

-0.69 (-2.43 to 1.04)
0.58 (-2.32 t0 1.16)
-0.50 (-2.24 to 1.23)

-3.06 (-5.68 to -0.44)*
-2.96 (-5.59 to -0.34)*
-2.76 (-5.36 t0 -0.16)*

* p value <0.005; ** p value <0.001

! Sleep-related breathing disorders were considered present when the score in the Pediatric Sleep Questionnaire Score was >0.33.
2The presence of daytime sleepiness was considered when the answer to any of the questions presented (B1, B2, B4, B6) was “yes”.

The values presented are regression coefficients (8) and 95% confidence intervals, as estimated by linear regression models (one for each sleep variable), with each cardiometabolic variable (BMI z-score, SBP, DBP, HOMA-
IR, HDL, LDL and TG) as the dependent variable. The models include each sleep variable at a time and, in all cases, Model 1 is additionally adjusted for sex, Model 2 is additionally adjusted for sex and classes of maternal
education and, when duly signed (Model 2 + BMIz), also for BMI z-score.

BMI, body mass index; BP, blood pressure; DBP: diastolic blood pressure, HDL, high-density lipoprotein; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance, LDL cholesterol, low-density lipoprotein, SBP:
systolic blood pressure, SRBD: Sleep related breathing disorders.
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Conclusion

Several domains of sleep, as sleep duration and different specific sleep problems, both
at 4 and 7 years of age were shown to be associated with higher BMI and cardiovascular
risk at 7 years old. Our data allow us to reinforce the hypothesis that poorer sleep health
acts upon cardiometabolic health, possibly increasing cardiovascular risk throughout life.
At 4 years of age, we found that night awakening was associated with higher BMI z-score
and a worst cardiometabolic profile at the age of 7, also that higher levels of TG were
associated with sleep onset delay and higher values of DBP with NREM parasomnias.
At 7 years old, we found that shorter night sleep duration was associated with higher BMI
z-score and higher insulin resistance. Sleep irregularity was also shown to be associated
with higher insulin resistance and daytime sleepiness with higher BP values. The
presence of SRBD was also shown to be associated with higher BP values, more insulin

resistance and lower HDLc values.

From a public health perspective, the study the role of children’s sleep on
cardiometabolic health and the establishment of future behaviors, is of utmost
importance in the promotion sleep health literacy among parents and caregivers, which
can have an important preventive impact as to the development of chronic diseases,
notably cardiovascular disease, into adulthood. Moreover, in a broader approach, not
only cardiometabolic health but also immediate and long-term children’s well-being,
might be meaningfully influenced by the effort to aware parents and caregivers of the
importance of prepuberal sleep behaviors and problems.

Nonetheless, it is important to acknowledge that further research is needed to clarify the
role of sleep duration, quality, timing, and variability on health during childhood, and to

investigate the long-term impact of poor sleep health.
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