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Abstract

Aim. This study explores the association between sleep quality and emotional regulation,
and investigates the genetic and environmental bases of this association.

Methods. Three-hundred-eighty-two adolescent twins, from the Italian Twin Registry,
and their parents filled the Youth Self-Report and Child Behavior Checklist question-
naires, from which the construct of Effortful Control (EC) was derived as a measure of
emotional regulation. Twins were identified as “good” or “non-good” sleepers based on
answers to the Sleep Disorders Questionnaire. EC levels were compared between same-
sex sleep discordant twins.

Results. A significant association was detected between EC scores and sleep quality.
When controlling for shared (fetal or early life) environmental factors and genetic back-
ground in the discordant twin analysis, this association weakened in dizygotic twins and
disappeared in monozygotic twins.

Conclusion. Results support the association between sleep quality and EC in adoles-
cence; furthermore, they suggest that sleep quality and emotional regulation may de-
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pend on common genetic or environmental factors.

INTRODUCTION

During the transition from childhood to adolescence,
we observe dramatic changes in sleep patterns, which
play an important role in growth and maturation, and
in mental and physical health [1]. Adolescents, com-
pared with children, generally start to feel sleepy later as
a result of changes in the phase of circadian wake-sleep
thythms and of an enhanced capacity to sustain pro-
longed wakefulness [2]. During adolescence, the sleep
need doesn’t seem to decline while slow wave sleep (the
homeostatic restorative component of sleep) decreases
by approximately 40% relative to REM sleep [2]; so, to
get the same amount of restorative sleep, adolescents’
sleep duration should be longer compared with younger
children’s sleep. On the contrary, due to biological and
psychosocial factors, it becomes shorter and of lower
quality.

Investigating the determinants of changes in sleep
duration and quality during adolescence is important,
because poor sleep in adolescence may have detrimen-
tal effects on brain development due to the role of sleep
in synaptic homeostasis, brain plasticity, and brain mat-

uration. Indeed, several studies found associations be-
tween poor sleep and daytime sleepiness, maladaptive
conducts, internalizing and externalizing symptoms,
and poor school performance [3].

There is evidence from twin studies that genetic fac-
tors play a role in adolescents’ sleep quantity and qual-
ity. For example, Te Velde et al. showed, in a Dutch
adolescent twin sample, that sleep duration was influ-
enced at the age 12 by genetic, shared environmental,
and non-shared environmental factors with similar rela-
tive contributions, while at the age 20 it was influenced
by non-shared environmental and genetic factors [4].
Another twin study in adolescence found a significant
genetic influence on sleep problems [5].

Sleep changes in adolescence are affected by norma-
tive biological changes, by environmental factors, as
well as by experience and temperament. Around the
time of puberty a delay in circadian phase has been ob-
served in humans and other mammals. The delay has
been measured on behavioral daily rhythm (sleep and
activity) as well as on physiological rhythms (metabo-
lism and endocrinology). Gonadal hormones influence
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both the sleep-wake homeostatis and the circadian
thythm regulation of sleep [6]. In teenagers this is exac-
erbated by psycho-social and behavioral changes, such
as the social media exposure and the use/abuse of caf-
feine and caffeine-laden products [7].

The relationship between sleep and temperament has
been extensively studied in infants, toddlers and school
age children. Fewer are the studies among adolescents.
In a review paper, Willis [8] reports a robust association
between sleep and anxiety in adolescents. In a longi-
tudinal study of young adult twins, Alice Gregory and
her team showed that while genetic effects play a mod-
est role in insomnia and depression symptoms sepa-
rately, they appear to play a more central role in con-
current and longitudinal associations between these
phenotypes [9]. Higher neuroticism was reported for
adolescent poor sleepers compared with good sleep-
ers [10], and for junior high school students with later
bedtimes, shorter sleep duration, more sleep problems
and daytime sleepiness. According to Matthews [11],
poor sleep quality in young adults is robustly associated
with loneliness. A relatively recent study showed posi-
tive correlations of sleep problems with negative affec-
tivity and sociability, and a negative correlation with
effortful control [12]. Similar findings were reported by
Lukowski and Milojevich [13] in a sample of university
students; in their study, a poor global quality of sleep-
ing was unrelated to extraversion, positively correlated
to negative affect (sadness) and to orienting sensitivity
(associative), and negatively correlated with effortful
control.

Self-regulation represents a broad construct entail-
ing attentional, cognitive, physiological, and behavioral
processes that operate in concert to ensure an appro-
priate level of emotional, motivational, and cognitive
arousal [14]. From a developmental perspective, re-
searchers often investigate self-regulation using mea-
sures of effortful control [15]. The construct of effortful
control (EC) reflects the temperamentally-based com-
ponent of emotion-relevant self-regulation, and cap-
tures a set of control functions needed for voluntary and
goal-directed behavior [16]. In terms of development,
EC represents an early appearing component of child
temperament [16]. Children high in EC reveal better
social and emotional competence [17], are less likely
to develop internalizing and externalizing symptoms,
and show better school performances [18] compared to
children with low EC. Furthermore, EC has been asso-
ciated with indicators of psychological adjustment, such
as optimism, self-esteem and happiness [19].

In a recent study conducted on the same sample, we
showed substantial genetic influences on the EC mea-
sure [19]. Moreover, other previous twin studies found
a substantial genetic component for the same measure
in children [20] and in young adults [21].

Although the correlations between sleep quality and
EC, found by Lukowski and Milojevich [13], could be
due, at least in part, to shared genetic or environmen-
tal factors, no previous studies tested this hypothesis.
Therefore, considering an adolescent sample from the
Italian Twin Registry, we aimed to replicate the asso-
ciation between EC and sleep quality, and to explore

the role of genetic and environmental factors in this
association.

METHODS
Participants

Study subjects were twins aged 14-18 years previ-
ously enrolled in the Italian Twin Registry (ITR) [22].
Of about 1600 families contacted by mail, 389 fami-
lies having a twin pair among their offspring agreed to
participate filling in the CBCL/YSR questionnaires.
The sample included 774 twins (385 complete pairs, 4
unmatched twins) of Caucasian origin. Of these, 281
(36.3%) were monozygotic (MZ) and 493 (63.7%) were
dizygotic (DZ). Twins from respondent and non-re-
spondent families were similar for gender, zygosity and
age, as well as for age of the parents, whereas parents
of participating twins were significantly more educated
than parents in non-participating families.

Subsequently, following a new study hypothesis, a
random sub-sample of the 389 families was adminis-
tered the questionnaire to assess sleep quality, and 191
families sent it back.

Parents of twins received at home an invitation letter
explaining the purpose of the study, an informed con-
sent form to be signed and a number of questionnaires
regarding the traits of interest to be filled by parents
and/or twins. The protocol of this observational study
was under the general framework of the ITR research
activities, approved by the Ethics Committee of the Is-
tituto Superiore di Sanita (ISS, Italian National Insti-
tute of Health).

Zygosity assessment

Zygosity of twin pairs was assessed by a standardized
self-report questionnaire, which consists of items, filled
by parents, about physical similarity and frequency of
confusion of the twins by family members and strang-
ers during infancy. This is a well-known method in twin
studies that has been shown to be over 95% accurate
[23].

Measures

We collected behavioral information through the
Child Behavior Checklist/6-18 (CBCL) and Youth Self-
Report/11-18 (YSR) questionnaires [24].

The CBCL is a standardized assessment of behav-
ior problems based on responses to 113 items that are
scored 0 (“not true”), 1 (“somewhat true”), or 2 (“very
true”) in describing the child’s behavior by parents. The
YSR is a standardized assessment tool widely used to re-
port behavioral problems and social competence among
adolescents; twins self-responded to the 118 test items,
scored as in the CBCL. In the analyses, we simultane-
ously exploited the information from parents (CBCL)
and adolescents (YSR) (see below, Statistical Analyses).

To calculate the variable “effortful control” (EC), we
used 8 items from the 9-item measure (one item was ex-
cluded because it showed poor psychometric properties
in preliminary analyses) introduced by Luengo-Kanacri
et al. [25]. This 8-item subscale of the CBCL and YSR
captures the construct of EC in the subdimensions of
attentional focusing (three items) and inhibitory con-
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trol (five items). This measure assesses processes re-
lated to emotional regulation, as well as the abilities
to voluntarily focus and shift attention, to voluntarily
inhibit or initiate behaviors such as delaying and plan-
ning. Sample items are: “He/she does not finish things
he/she started”, “He/she also talks when it is not his/her
turn”, and “His/her demands must be fulfilled immedi-
ately, easily frustrated”. The items were reversed as ap-
propriate: high scores indicated high EC. The reliability
for the parent-version of the measure (CBCL) was 0.82
and for the YSR was 0.74. For the 8-item version of
the EC scale, the reliability was 0.74, while it was 0.71
and 0.75 for inhibitory control and attentional focusing,
respectively.

For the purposes of the analyses, a composite EC
score was calculated based on CBCL and YSR (see be-
low, Statistical Analyses).

Sleep quality was assessed by the Sleep Disorders
Questionnaire, a brief self-report insomnia question-
naire including 18 yes/no questions on different sleep
problems and 5 further questions concerning sleep
habits [26]. The questionnaire was built according to
DSM-IV and ICSD-R criteria for sleep problems; both
these classifications assign a crucial role to the subjec-
tive complaint of insufficient or inadequate sleep. This
assessment tool showed good convergent validity with
respect to the global score of the Pittsburgh Sleep Qual-
ity Index (PSQI) in a sample of general practitioners’
patients [26]. In order to define the quality of sleep
during the last month, we considered only those 10 of
the 23 items measuring the specific sleep symptoms of
insomnia, excessive sleepiness, sleep apnea and para-
somnia that were the target of our study. The first three
questions concern symptoms of insomnia, the fourth
question concerns non restorative sleep, while the other
questions investigate excessive sleepiness (5-7), sleep
apnea (8) and parasomnias (9, 10).

We defined the absence of “good sleep” on the basis of
at least one positive response to the following ten items:
1) Did you take more than half an hour to fall asleep? 2)
While sleeping, do you wake up often or do you remain
awake for more than 30 min? 3) Have you woken up
early, that is, more than an hour before you expected
to? 4) Have you had non restorative sleep, that is as if
you haven't slept at all? 5) Did you have problems stay-
ing awake during the day? 6) Did you have irresistible
sleep attacks during the day? 7) Have you had an exces-
sive need to sleep (10 h weren’t enough)? 8) Have you
realized or has someone told you that you stop breath-
ing for a few seconds while you're sleeping? 9) Do you
often (more than 3 times a month) have nightmares or
dreams that cause a lot of anxiety? 10) Have there been
episodes of sleep walking or of any other unusual be-
havior during sleep?

This definition allowed us to discriminate subjects
who did not show any kind of problems (“good sleep-
ers”) from those showing slight, moderate or severe
sleep problems (“non-good sleepers”).

Twin pairs were considered discordant for sleep qual-
ity when one twin was a good sleeper (i.e. reported no
sleep problems) while his/her co-twin was a non-good
sleeper (i.e. reported at least one problem).

Statistical analyses

Descriptive analysis was performed on twins as indi-
viduals to report means (with standard deviations) and
frequencies.

Confirmatory Factor Analysis was applied to the 8
items of CBCL and YSR related to EC to estimate fac-
tor scores of the total EC scale and its subscales (at-
tentional focusing and inhibitory control) separately for
parent-reported and self-reported data. These scores
were then averaged to obtain a composite EC score to
be used in all subsequent analyses.

Robust regression taking account of the non-inde-
pendence of data within twin pairs and including age
and gender as covariates was applied on twins as in-
dividuals to estimate the association between EC and
sleep quality.

Monozygotic (MZ) and dizygotic (DZ) pairs discor-
dant for sleep quality were identified, and the estimated
mean EC (and related subscales) factor scores in twins
and co-twins, separately for MZ and DZ pairs, were
compared using Student t test for paired samples.

DZ twins share on average 50% of their genetic back-
ground, while MZ twins are genetically identical. Fur-
thermore, both MZ and DZ twins share the fetal and
the early-life environment. Thus, the study of twins
discordant for exposure to a putative risk factor (i.e.
one twin in the pair is exposed, the other twin is not
exposed) allows one to investigate if there is an asso-
ciation between exposure and outcome while matching
exposed and unexposed twins for age, genetic back-
ground (partially for DZ twins, totally for MZ twins),
as well as for intra-uterine and childhood within-family
environment. In particular, this design allows one to un-
derstand if and to what extent an observed association
between exposure and outcome is due to genetic and/or
environmental effects shared by exposure and outcome
(i.e. genetic and/or environmental confounding effects).
Basically, three possible scenarios can occur: 1) the ex-
posure is causally related to the outcome and no genetic
or shared environmental confounding effects are in-
volved; in this case, exposure and outcome are expected
to be significantly associated with the same strength at
the individual level, as well as within DZ and MZ dis-
cordant pairs; 2) the exposure is not a causal factor and
its relation with the outcome is totally due to shared
genetic and environmental effects (total confounding);
in this case, exposure and outcome are expected to be
significantly associated at the individual level, but the
association is expected to weaken in DZ pairs (partially
matched for genetic background, and totally matched
for pre-natal and early-life environment), and to disap-
pear in MZ pairs (totally matched both for genetic back-
ground and for pre-natal and early-life environment); 3)
the exposure has a partial causal effect on the outcome;
in this case, a significant association between exposure
and outcome is expected at the individual level, but the
exposure effect is expected to be reduced and persistent
in both MZ and DZ pairs (partial confounding effects)
[27]. In our study, the exposure variable is sleep quality
and the outcome variables are EC and its subscales.

All analyses were performed with the Stata software
(version 13).
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RESULTS

A total of 191 twin pairs (120 MZ pairs, 71 DZ pairs),
representing ages 14 through 18, provided information
on sleep quality. Ninety-nine percent of twins were at-
tending school.

Among the subjects, 120 twins (31.4%) were identi-
fied as good sleepers, of whom 33.3% were male and
about 63.3% were MZ. The remaining sample (n =
262) included those subjects who showed at least one
sleep problem (1-2 problems, 39%; 3-4 problems, 38%;
5-6 problems, 16%; more than 6 problems, 7%). De-
mographic characteristics, zygosity and mean EC (and
related subscales) factor scores of good and non-good
sleepers are reported in Table 1.

No gender differences were observed for sleep quality
(chi-square test, p = 0.16). Moreover, age was not cor-
related with EC (r = -0.06, p = 0.25) or sleep quality (r
- -0.02, p = 0.65).

Twins with a good sleep quality had higher tempera-
ment factor scores (i.e. EC and the subscales “atten-
tional focusing” and “inhibitory control”) compared to
those with sleep problems. Accordingly, age and gen-
der adjusted correlations between the number of sleep
problems endorsed by the subjects and EC or related
subscales were negative and significant [r = -0.26 (p
<0.0001) for EC; r = -0.18 (p <0.001) for attentional
focusing; r = -0.27 (p <0.001) for inhibitory control].
Adjusting by age and gender, sleep quality (1 = “good
sleeper”, 0 = “non-good sleeper”) was significantly as-
sociated with EC factor scores (B = 0.33, p <0.001)
and with EC subscales scores (B aeniona = 0.29, p <0.001,
Bramivioy = 0.28, p <0.001); moreover, females showed
higher EC scores compared to males (p <0.05).

Among all same sex twin pairs, 33 were discordant for
sleep quality (Table 2). Of these, 17 were DZ pairs and
16 were MZ pairs. Compared to co-twins with sleep
problems (non-good sleepers), twins without any sleep

Table 1

problem (good sleepers) showed higher mean EC levels
in both MZ and DZ pairs.

Larger intra-pair differences in DZ compared to MZ
discordant pairs emerged. In particular, the mean dif-
ference in EC score was 0.32 (paired t test, p = 0.05)
in DZ pairs, partially matched for genetic background,
and decreased to a non-significant 0.17 in MZ pairs,
fully matched for genetic background (paired t test, p
= 0.46). Therefore, these results show that, besides ac-
counting for age and gender, when controlling also for
shared (fetal or familial) environmental factors and ge-
netic background, the association between EC and sleep
quality weakened in DZ pairs and disappeared in MZ
pairs. Similar results were obtained for EC subscales.

DISCUSSION

Over several years, researchers pointed to the associ-
ation of adolescents’ inadequate sleep quality and irreg-
ular sleep patterns with behavioral problems in the area
of emotional self-regulation, such as negative moods,
increased likelihood of stimulant use, higher levels of
risk taking behaviors, poor school performance, and in-
creased risk of unintentional injuries. This association
drew attention on the possible causal link between sleep
problems and emotional dis-regulation, which would be
of relevance in the design of interventions aimed to im-
prove emotional self-regulation.

Overall, our results confirmed at individual level the
association of quality of sleeping with emotional regula-
tion and its components [13]. However, since the as-
sociation is weaker in DZ pairs and disappears in MZ
pairs, these results do not seem to support a direct caus-
al link between sleep quality and emotional regulation
as measured by effortful control, and suggest that ge-
netic and shared environmental factors may confound
this association observed also in other studies. In other
words, our data seem to support the idea that quality of

Demographic characteristics and factor scores of effortful control (and related subscales) according to sleep quality

Sleep quality

Non-good sleepers
(N =262 twins)

Overall sample

Good sleepers

(N =120 twins) (N =382 twins)

N Mean + SD Range

or %
Gender, male 139 53.05%
Age, years 262 1637+122 14;18 120
Age, percentiles
25th 153
50t 16.6
75t 17.5
Zygosity
MZ 80 30.53% 40
DZ same sex 103 39.31% 39
DZ opposite sex 79 30.15% 41
Effortful control 262  -004+082 -2.82;122 120
Attentional focusing 261 -0.05 £0.82 -262;1.01 120
Inhibitory control 262 -003+0.79 -2.78;1.08 120

SD: standard deviation; MZ: monozygotic; DZ: dizygotic.

Mean £ SD Range N Mean + SD Range
or % or %
63.33% 215 56.28%
1634+ 1.24 14;18 382 1637 £1.22 14,18
15.2 15.2
16.4 16.6
17.5 17.5
33.33% 120 3141%
32.50% 142 37.17%
34.17% 120 31.41%
0.30 £ 0.69 -3.14;1.22 382 0.06 £ 0.80 -3.14;1.22
0.23 £ 0.69 -232;101 381 0.04 £0.79 -2.62;1.01
0.28 £ 0.66 -3.05;1.08 382 0.07 £0.76 -3.05;1.08
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Table 2

Comparison of good and non-good sleepers in terms of effortful control (and related subscales)

Discordant same-sex DZ pairs

Discordant MZ pairs

N Good Non-good Difference  pP* N Good Non-good Difference P
sleepers sleepers sleepers  sleepers
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)
Effortful control 17 044 0.11 032 005 16 0.27 0.10 0.17 046
0.61) (0.64) (0.62) (0.67) (0.87) (0.87)
Attentional focusing 17 044 0.10 034 009 16 0.21 -0.05 0.26 0.15
(0.53) (0.69) (0.76) 0.72) (0.76) (0.69)
Inhibitory control 17 032 0.09 0.23 016 16 0.25 0.20 0.04 0.85
(0.63) (0.56) (0.63) (0.55) (0.83) (0.88)

“One-sample t test; SD: standard deviation; MZ: monozygotic; DZ: dizygotic.

sleeping and emotional regulation may depend upon a
common set of genetic and environmental causes. This
result may reinforce the evidence found by Diaz et al.
[28] that EC moderates the relation between sleep and
academic achievement in children: children with low
EC need plenty of sleep in order to be successful at
school. Furthermore, looking from the other direction,
Berger et al. [29] found that sleep duration moderates
the association between children’s temperament and
academic achievement. These phenotypes might have
then a complex genetic and environmental architecture,
and our findings suggest the need to investigate deeply
the composite relation between sleep and children’s
EC: in the absence of a causal dependency between
sleep quality and emotional regulation, difficulties in
sleeping behavior may not represent a good direct tar-
get for regulation-enhancing interventions.

The results of our study should be interpreted in the
light of the following main limitations: a) the use of self-
reported data; b) our strict classification of subjects as
good sleepers (and therefore our broad classification of
subjects as non-good sleepers), which is new and does
not allow comparisons with other studies; c) the depen-
dency of our results on the arbitrary definition used for
sleep quality; d) the low number of discordant pairs;
however, the (high-degree) genetic and environmental
matching of subjects may partly counterbalance the re-
duction in power imposed by a limited sample size.

Although the cross-sectional study design did not al-
low us to resolve the directionality of the association
between EC and sleep quality, we were able to show a
possible dependency of emotional regulation and quali-
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