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Abstract

Objective: We aimed to investigate the association between sleep in early life and ADHD in adolescence. As
a secondary analysis, we tested whether the associations may be specific to ADHD. Method: Data from 3,467
participants of the 2004 Pelotas Birth Cohort were used. Information on their sleep duration and problems was
collected at 12, 24, and 48 months of age. ADHD diagnosis and hyperactivity/inattention problems were assessed
with the Development and Well-Being Assessment (DAWBA) and the Strengths and Difficulties Questionnaire (SDQ)
among participants at | | years of age. Results: Difficulty going to sleep at 24 months, nightmares at 24 months and
at 48 months, and restless sleep at 48 months were consistently associated with ADHD as well as with other mental
disorders. Conclusion: The results suggest that sleep disturbances may be more important ADHD predictors than
sleep duration or sleep duration trajectories. However, it may also be considered early markers of other mental
disorders. (J. of Att. Dis. 2020; 24(4) 590-600)
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measures such as daytime sleep duration or restless sleep
(Cortese, Faraone, Konofal, & Lecendreux, 2009; Diaz-
Roman, Hita-Yafez, & Buela-Casal, 2016).

Introduction

Sleep/circadian rhythm problems are among the most fre-
quent medical conditions associated with ADHD, a disorder
characterized by a persistent and impairing pattern of inat-

tention, hyperactivity, and impulsivity (Cassoff, Wiebe, &
Gruber, 2012; Um, Hong, & Jeong, 2017).

Many case-control and cross-sectional studies have
reported an association between ADHD and short sleep
duration, great difficulty in falling asleep, great frequency
of nocturnal awakenings, sleep problems/dysfunctions, and
late sleep-time preferences (Cassoff et al., 2012; Coogan &
McGowan, 2017; Diaz-Roman, Mitchell, & Cortese, 2018;
Hvolby, 2015; Um et al., 2017). Few longitudinal studies
have assessed the role of sleep duration and sleep problems
as an early ADHD predictor (Armstrong, Ruttle, Klein,
Essex, & Benca, 2014; Gregory, Agnew-Blais, Matthews,
Moffitt, & Arseneault, 2017; Scott et al., 2013; Steinsbekk
& Wichstrom, 2015; Tso et al., 2019; Williams & Sciberras,
2016) as well as the effect of some important sleep
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Shorter total sleep duration and more nocturnal awaken-
ings at 5, 6, and 9 years of age were associated with ADHD
at ages 7 to 9 years in the Avon Longitudinal Study of
Parents and Children (ALSPAC) cohort (Scott et al., 2013).
In another population-based study, moderate to severe sleep
problems from 2 to 7 years of age were associated with
hyperactivity/inattention symptoms from 8 to 9 years
(Williams & Sciberras, 2016). Recently, a Chinese popula-
tion-based cohort study reported an association between
early sleep deprivation and an elevated risk of ADHD in
middle childhood (Tso et al., 2019). However, there is great
variability in how previous studies have selected and used
confounding variables for adjustment in multivariable anal-
yses when assessing the effect of sleep on ADHD. Many
important theoretical variables, such as socioeconomic,
maternal/pregnancy, and birth-related factors, are not
included in the models; thus, findings may be hampered by
confounding factors.

Moreover, most studies evaluate sleep variables at spe-
cific and single time points. In this sense, the long-term
effect of sleep duration in early life and its changes with
respect to several time points are largely unknown. Analyses
considering changes in sleep duration over time have only
been carried out by Scott et al. (2013) and Armstrong et al.
(2014). According to the former, a reduction in sleep dura-
tion from 3 to 5 years of age increased the risk of ADHD
(Scott et al., 2013). Armstrong et al. (2014) observed that
the persistence of insomnia at both 4.5 and 9 years was
associated with ADHD symptoms at 9 years, and the persis-
tence of movements during sleep was associated with
ADHD symptomatology at 9 and 18 years of age (Armstrong
et al., 2014). Studies evaluating sleep trajectories as a pre-
dictor of ADHD can provide meaningful information about
the link between both traits; however, they are scarce in the
literature.

Another important issue related to sleep problems in
ADHD is the presence of psychiatric comorbidities (Diaz-
Roman et al., 2018). Sleep problems are associated with
both internalizing and externalizing problems in childhood
and adolescence and can also predict other mental health
outcomes (Sadeh, Tikotzky, & Kahn, 2014). For example,
the cohort study cited above found that persistent insomnia
was also associated with both depression and externalizing
symptoms at age 9 years and both anxiety and externalizing
symptoms at age 18 years (Armstrong et al., 2014). In review
studies, other circadian and sleep problems have been asso-
ciated with several emotional and behavioral conditions in
addition to ADHD, such as depression, anxiety, risk-taking,
and aggression (Brown et al., 2018; Sadeh et al., 2014; Zee,
Attarian, & Videnovic, 2013). Therefore, we cannot assure
that sleep problems are specific to ADHD. For instance,
although sleep problems were recognized as being related to
ADHD according to observational epidemiologic studies,

they were removed from the ADHD diagnostic criteria in the
Diagnostic and Statistical Manual of Mental Disorders (4th
ed.; DSM-IV; American Psychiatric Association [APA],
1994; Cortese, 2015) due to the need for more well-con-
ducted studies in the field assessing the specificity of the
association.

Considering the current exposed pitfalls of the associa-
tion between sleep characteristics and ADHD and the lack of
birth cohort studies with a considerable sample size (Cortese
et al., 2009; Diaz-Roman et al., 2016), this study has the fol-
lowing aims: (a) to investigate the effect of sleep duration
and sleep problems at 12, 24, and 48 months on ADHD at 11
years of age in a Brazilian population-based birth cohort; (b)
to investigate the effect of 3-point (12, 24, and 48 months of
age) sleep duration trajectories on the same outcome; and (¢)
to evaluate the specificity of the effect on ADHD and hyper-
activity/inattention problems, testing the effect of sleep vari-
ables over other mental disorders.

Method

Sample

The 2004 Pelotas Birth Cohort is a population-based longi-
tudinal study conducted with hospital childbirths in the
southern Brazilian city of Pelotas. Among the 4,263 live
births, 4,231 mothers agreed to participate in the study. For
the current analyses, twin births and children with neurode-
velopmental impairments due to genetic syndromes were
excluded. We included data from children visited at ages
12, 24, and 48 months and at 11 years. The follow-up rates
during these visits were 94.3%, 93.5%, 92.0%, and 86.6%,
respectively (Santos et al., 2011; Santos et al., 2014). At the
11-year follow-up, 92 participants potentially eligible for
the study were not included due to death. All data were col-
lected by trained interviewers.

ADHD

At the 11-year follow-up, trained psychologists applied the
Development and Well-Being Assessment (DAWBA;
Goodman, Ford, Richards, Gatward, & Meltzer, 2000) to
mothers and caregivers to assess ADHD and other mental
health disorders. ADHD was evaluated by a specific
DAWBA section consisting of 31 closed- and open-ended
questions. For the final classification, two independent and
experienced mental health professionals assessed all of the
responses. Cases were defined according to Diagnostic and
Statistical Manual of Mental Disorders (5th ed.; DSM-5;
APA, 2013) criteria, as were other mental disorders. The
DAWBA was adapted and has been validated for the
Brazilian population aged between 4 and 16 years (Fleitlich-
Bilyk & Goodman, 2004).
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Sleep Behavior (Exposures of Interest)

Nighttime sleep duration. Maternal reports of children’s
sleep behavior were collected at 12, 24, and 48 months. To
assess children’s bed and wake times in the past 2 weeks,
mothers were asked the following questions: “In the last
two weeks, at what time did your child go to bed at night?”
and “At what time did the child wake up in the morning?”
In addition to bedtime, mothers were asked about how long
it took the child to fall asleep (sleep latency). Mothers were
also asked about night awakenings: “In the last 2 weeks, did
the child wake up during night?” If they responded yes to
this question, we asked, “How many nights in the last two
weeks?” and “How often each night?”” We calculated night-
time sleep duration by discounting the latency and the wake
time after sleep onset. The mean wake time after sleep onset
was calculated by multiplying the average number of noc-
turnal awakenings in the last 2 weeks by the estimated time
the child was awake in each event at each time point. The
duration of each nocturnal awakening was based on data
from the Sleep Trial, carried out with a subsample of the
Pelotas 2015 Birth Cohort Study, which included all the
children born in Pelotas in 2015 (Santos et al., 2016). Sleep
duration, objectively measured by actigraphy, during that
trial showed that each nighttime awakening lasted an aver-
age of 22 min at 12 months and 7 min at 24 months of age.
Given that no local data on the duration of night awaken-
ings at 48 months was available, we assigned 7 min to each.

Daytime sleep duration. Mothers were also asked, “In the
last 2 weeks, approximately how many naps did the child
take during the day?” and “Approximately how long did
each nap last?” We multiplied these two variables to calcu-
late daytime sleep duration.

Total sleep duration. Sleep duration over the 24-hr period
(total sleep duration) was calculated by adding the night-
time and daytime sleep duration variables. In this study,
sleep durations ranging between 3 and 20 hr per day were
considered plausible values. Values out of this range, as
assessed manually by two specialized analysts, were con-
sidered outliers and were excluded from analyses (N = 13).

Total sleep duration trajectories from 12 to 48 months
(short sleepers, typical sleepers, and longer sleepers) were
also built. A semiparametric, group-based approach was
used to identify the different patterns of total sleep duration
reported by mothers from 12 to 48 months of age. This is a
specialized form of finite mixture modeling designed to
identify rather than assume groups or clusters of individuals
following similar developmental trajectories (Nagin, 2005;
Nagin & Tremblay, 2005). A polynomial function was used
to model the relationship between total sleep duration and
age. The models were estimated with the Stata procedure
“traj” (B. L. Jones & Nagin, 2012). A logistic model was

used to fit the data. The choice of the number and shape of
trajectories was based not only on the best fit of the model
(maximum Bayesian information criterion [BIC]) but also
on the interpretability of the obtained trajectories (Nagin,
2005). Individuals with missing information were not
excluded from the model due to trajectory modeling ability
based on lost data manipulation groups using maximum
likelihood estimation. However, total sleep duration trajec-
tories were created considering only individuals with at
least two time points of total sleep data and those with out-
come data at 11 years (n = 3,376) to obtain more plausible
trajectories.

Sleep disturbances. Sleep disturbance variables were
intended to indicate behaviors that may increase the risk of
future sleep problems. The following variables collected at
the 24- and 48-month follow-ups were employed: The child
has trouble going to sleep (yes/no), the child has night-
mares/night terrors (yes/no), and the child has restless sleep
(yes/no). These variables were already reported as good
indicators of sleep problems in infancy in previous studies
(Netsi et al., 2017; O’Connor et al., 2007).

Potential Confounding Factors

The following covariates, collected at the perinatal study
(cohort baseline), were used for adjustment in multivariable
analyses: wealth index (continuous score), maternal school-
ing (complete years), maternal age (complete years), mater-
nal marital status (single or married/living with someone),
maternal skin color (White, Black, or Other—including
Brown, Yellow, or Indigenous), parity (number of previous
live births or stillbirths, categorized as <2 and =2), mater-
nal alcohol (yes/no) and tobacco (yes/no) use in pregnancy,
maternal reported nervous or depression symptoms in preg-
nancy (yes/no), C-section (yes/no), child sex (male/female),
birth weight (evaluated by calibrated electronic scale), and
gestational age (considering <37 weeks as preterm birth).
The wealth index (an indicator of material living stan-
dards) considers the possession of durable consumer goods
(e.g., television, car, computer, and stoves) and household
characteristics (e.g., number of toilets) and is constructed
through principal components analysis. For our analyses,
the first component was selected and categorized in quin-
tiles (Barros & Victora, 2005). Continuous variables were
maintained in their original form for multiple regression
models, and when we used these variables to describe our
sample, we categorized them for a better comprehension.

Data Analysis

All analyses were conducted using Stata software (Version
14.0) and a significance level of 5%. We describe variables
with a normal distribution using the mean and standard
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deviation (SD). For numerical variables with asymmetric
distribution, we used medians and interquartile range (IQR),
and for nominal variables, we used percentages. Bivariate
analyses (chi-square tests and ¢ tests, depending on the type
of variables) were conducted to explore the relationship
between sleep exposures and ADHD at different time
points. Crude and adjusted logistic regression models were
used to assess the strength of the association between sleep
variables and ADHD at 11 years, independently of con-
founding factors, to test our Hypotheses 1 and 2:

Hypothesis 1: A trajectory of short sleep duration would
increase the occurrence of ADHD. To test this hypothe-
sis, we compared the odds of the development of ADHD
in persistently longer sleepers or shorter sleepers against
typical sleepers during childhood.

Hypothesis 2: Short sleep duration (at night, day, and
total), sleep difficulties, restless sleep, and nightmares
during early life are risk factors for ADHD at 11 years. To
test this hypothesis, we used sleep duration as continuous
exposure variables and sleep problems as dichotomized
exposures. Each exposure variable at each time point
wave was explored in a single crude and adjusted model.

We also conducted a complementary analysis to test
whether sleep duration and problems would be specific to
ADHD:

Hypothesis 3: We hypothesized that the associations
tested above would be observed only for ADHD and not
for other mental disorders.Therefore, we created an out-
come variable with three categories: “no mental disor-
der,” “ADHD,” and “any other mental disorders (despite
ADHD),” considering the mental health status assessed
by the DAWBA. Multinomial logistic regression crude
and adjusted models were used to assess the effect of
sleep variables on ADHD and any other mental disorder
compared with the group of individuals with no mental
disorders in these analyses.

Secondary Analysis

As a secondary analysis, we assessed inattention/hyperac-
tivity problems evaluated by the Strengths and Difficulties
Questionnaire (SDQ) as a secondary outcome. The SDQ is
a screening questionnaire applied with the DAWBA, and it
measures 25 psychological attributes divided into five
scales: Inattention/Hyperactivity Symptoms, Conduct
Problems, Emotional Symptoms, Peer Relationship
Problems, and Prosocial Behavior. The questionnaire was
adapted and previously validated for the Brazilian popula-
tion of children and teenagers aged between 4 and 16 years
(Fleitlich-Bilyk & Goodman, 2004). We used the cutoff

points established for the Brazilian population to categorize
the screening for inattention/hyperactivity problems (=7)
and total emotional/behavior difficulties (=17). To test a
hypothesis of a specificity effect, we created a variable with
three categories, namely, “no other emotional/behavior dif-
ficulty,” “inattention/hyperactivity problems,” and “another
emotional/behavior difficulty,” and used the same models
described above.

Ethics

The study protocol and all follow-ups of the 2004 Pelotas
Birth Cohort Study were approved by the Medical Ethics
Committee of the Federal University of Pelotas, which is
affiliated with the Brazilian National Commission for
Research Ethics (Comissdo Nacional de Etica em Pesquisa).
Written informed consent was obtained from the mothers or
legal guardians of the adolescents. At the 11-year follow-
up, adolescents also signed an informed consent form.

Results

Following the eligibility criteria, 111 participants (84 twins
and 27 with syndromic cases) were excluded from this
study. A total of 3,466 participants were included in the
analysis, yielding a response rate of 86.05% for mental
health outcomes at the 11-year follow-up among the 4,028
living and eligible participants. A total of 144 adolescents
were diagnosed with ADHD using the DAWBA (4.0%).
Approximately half of our sample were boys (51.7%) and
were born by C-section (44.8%). The prevalence of low
birth weight and prematurity was 8% and 13%, respec-
tively. Mothers were mostly married (80.5%) and had White
skin color (73.2%) and two or more children (60.4%).
Although 26.8% of mothers smoked during pregnancy, few
reported alcohol consumption during this period (3.2%).
Approximately 25% of the mothers reported being
depressed or nervous during pregnancy (Table 1). Children
not included in the sample due to missing data were from
poorer and less educated mothers. Mothers in the analyzed
sample were older than those not included (=35 years old,
13.9% vs. 9.6%, respectively) and less depressive than the
nonrespondents (24.0% vs. 30.1%, respectively) (Table 1).

Sleep Variables Description

Table 2 presents the descriptive statistics for the sleep vari-
ables. As age increases, the mean for total sleep duration
decreases, and the mean for nighttime sleep duration
increases. Daytime sleep duration had an asymmetric distri-
bution, and the median also decreased as age increased. The
frequency of sleep problems decreased as age increased for
the overall sample, except for restless sleep in the ADHD
groups.
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Table 1. Comparison of Maternal and Birth-Related Characteristics Between 2004 Pelotas Birth Cohort Participants Included and

Not Included in Analyses Due to Missing Data.

Included (n = 3,466)

% (95% Cl)

Not included (n = 562)

% (95% Cl)

Wealth Index (quintile)

1° (lower—poor)

20

30

40

5° (highest—richest)
Schooling (complete years)

0

1-4

5-8

9+
Maternal age (complete years)

<20

20-34

=35
Single mother (yes)
Skin color

White

Black

Other (Brown, Yellow, and Native)
Parity =2 children (yes)
Maternal nervous or depression symptoms in pregnancy (yes)
Smoking during pregnancy (yes)
Alcohol during pregnancy (yes)
C-section (yes)
Children sex, male
Low birth weight (yes)
Preterm birth (<37 weeks)

203 [18.8, 21.8]
19.0 [17.6, 20.5]
202 [18.7,21.7]
21.0 [19.5, 22.6]
19.5 [18.1,21.0]

0.8 0.5, 1.2]
140 [12.9, 15.2]
41.3[39.6, 42.9]
43.9 [42.3, 45.6]

19.0 [17.8, 20.4]
67.0 [65.4, 68.6]
13.9[12.8, 15.1]
15.5 [14.3, 16.7]

732 [71.7, 747
19.9 [18.6, 21.3]
6.8 [6.0,7.7]
60.2 [58.5, 61.8]
24.0 [22.6, 25.5]
26.8 [25.4, 28.3]
32[27,39]
44.8 [43.1, 46.4]
51.7 [50.0, 53.4]
7.91[7.1,89]
12.9[11.8, 14.1]

29.3 [25.0, 34.0]
18.6 [15.0, 22.7]
148116, 18.6]
13.2[10.2, 17.0]
242 [20.2, 28.7]

1.6 [0.8, 3.1]
17.1 [14.3,20.2]
40.3 [36.6, 44.2]
40.5 [36.7, 44.3]

18.7 [15.7, 22.1]
71.7 [67.8, 75.3]
9.6 [7.4, 12.3]
18.9 [15.8, 22.3]

743 [70.6, 77.8]
18.9 [15.0, 21.4]
7.7 [5.7,10.2]
60.7 [56.6, 64.6]
30.1 [26.4, 34.0]
30.1 [26.4, 34.0]
3422, 52]
44.0 [40.0, 48.1]
52.5 [48.3, 56.6]
8.4[6.3, 11.0]
12.1 [9.7, 15.1]

Note. Cl = confidence interval.

For the total sleep trajectories, data were used from
3,376 participants. Trajectories were constructed with qua-
dratic models and showed an adequate average posterior
probability (more than 70% for each trajectory;
Supplemental Table S1). We obtained three groups, namely,
longer sleepers (12.8%), typical sleepers (79.0%), and
shorter sleepers (8.2%), and their differences seem to be
more important at the beginning of life (Supplemental
Figure S1). Family wealth index (p = .014), schooling (p <
.001), depression during pregnancy (p = .003), smoking
during pregnancy (p = .016), and other sleep variables (all
p values <.05) were associated with the trajectory groups,
thus making these groups more plausible.

Total Sleep Duration Trajectories, Sleep
Duration Variables, and ADHD

Total sleep duration trajectories were not associated with
ADHD (Table 3). With respect to individual sleep duration

variables, only longer daytime sleep duration at 48 months
was associated with a higher odds of ADHD at 11 years old
(odds ratio [OR] = 1.28, 95% confidence interval [CI] =
[1.06, 1.53]). The other sleep duration variables were not
associated with ADHD in the adjusted model (Table 4). The
SDQ results also showed a lack of association for most of
the sleep duration variables in the adjusted model. Only a
marginal association was observed between short nighttime
sleep at 48 months and inattention/hyperactivity problems
(Supplemental Table S2).

Sleep Problems and ADHD

Overall, most of the sleep problem variables were associ-
ated with ADHD after adjustment for covariates (Table 4).
The risk of having ADHD was greater among those who
presented difficulty in going to sleep at 24 months (OR =
2.05, 95% CI = [1.34, 3.13]), those who had restless sleep
at 48 months (OR = 1.58, 95% CI = [1.05, 2.37]), and
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Table 2. Sleep Variables for the Whole Sample of the 2004
Pelotas Birth Cohort (Pelotas, Brazil), Stratified According to
ADHD Status at || Years of Age.

Development and Well-
Being Assessment

Whole
sample Non-ADHD ADHD
Variable (N) M (SD) M (SD) M (SD)
Total sleep duration (hours/24 hr)
12 months (3,313) 11.58 (1.97) 11.59 (1.97) 11.38 (1.90)
24 months (3,320) 11.50 (1.45) 11.49 (1.45) 11.68 (1.60)
48 months (3,282) 10.64 (1.41) 10.63 (1.41) 10.70 (1.37)
Night sleep duration (hours/night)
12 months (3,319) 9.37 (1.53) 9.38 (1.53) 9.13 (1.43)
24 months (3,324) 9.93 (1.28) 9.92 (1.27) 10.12 (1.51)
48 months (287) 9.98 (1.34) 9.98 (1.33) 9.76 (1.42)
Daytime sleep duration (hours/day)®
12 months (3,346) 2.00 (0-12) 2.00 (1-3) 2.00 (1-3)
24 months (3,344) 1.50 (0-6) 2.50 (1-2) 2.50 (1-2)
48 months (3,336) 0.00 (0-6) 0.00 (0-1) 0.67 (0-2)
n (%) n (%) n (%)
Difficulty going to sleep (yes)
12 months (3,350) 1,123 (33.5) 1,081 (33.6) 42 (31.3)
24 months (3,346) 789 (23.6) 744 (23.2) 45 (33.8)
48 months (3,341) 707 (21.2) 671 (20.9) 36 (27.3)
Nightmares (yes)
24 months (3,346) 440 (13.2) 416 (13.0) 24 (18.1)
48 months (3,341) 469 (14.0) 439 (13.7) 30 (22.7)
Restless sleep (yes)
24 months (3,346) 1,177 (35.2) 1,126 (35.1) 51 (38.4)
48 months (3,343) 1,150 (34.4) 1,090 (34.0) 60 (45.5)

*Median and nterquartile range reported.

Table 3. Association Between Early Life Total Sleep Duration
Trajectory Groups and ADHD, as Assessed by the Development
and Well-Being Assessment, at | | Years of Age in the 2004
Pelotas Birth Cohort.

ADHD
OR* (95% Cl) OR® (95% Cl)
Total sleep duration trajectories
Typical sleepers | (reference) | (reference)
Shorter sleepers 0.91 [0.47, 1.76] 0.66 [0.30, 1.47]
Longer sleepers 1.12 [0.68, 1.84] 1.01 [0.56, 1.82]

Note. OR = odds ratio; Cl = confidence interval.

*Unadjusted analysis.

®Maternal and birth-related characteristics adjustment: family wealth
index, maternal age, maternal schooling, maternal marital status, ma-
ternal skin color, parity, alcohol intake and smoking during pregnancy,
maternal nervous or depression symptoms in pregnancy, gestational age,
C-section, child sex, and birth weight.

those who had nightmares at both 24 months (OR = 1.70,
95% CI = [1.28, 2.25]) and 48 months (OR = 1.60, 95% CI
=[1.21,2.12]) (Table 4). In the SDQ assessment, difficulty

going to sleep at 24 months and having nightmares and rest-
less sleep at both 24 and 48 months were associated with
inattention/hyperactivity problems after adjustment for
covariates (Supplemental Table S2).

Specificity Analysis

According to the DAWBA, 86.8% of the sample presented
no psychopathology, while 9.2% had any other mental dis-
order (despite ADHD). The multinomial logistic regression
showed that there was no association between sleep dura-
tion and other mental problems at any point after adjust-
ment (Table 5 and Supplemental Table S3). On the contrary,
sleep problem variables were associated with the presence
of other mental issues in the adjusted model. Having diffi-
culty going to sleep at the 24-month follow-up, having rest-
less sleep at the same age, and having nightmares at the
24- and 48-month follow-ups were risk factors for having
other mental disorders compared with typical development
(Table 5). We also observed the association between having
any other mental condition and difficulty going to sleep at
24 months and nightmares at 24 and 48 months, with respect
to the SDQ outcome (Supplemental Table S4). The results
observed for the ADHD group in the multinomial analyses
were virtually the same as those found in the main analyses.
They were omitted from the main text to facilitate the pre-
sentation of the data, but they are shown in Supplemental
Table S4.

Discussion

Our findings showed a consistent association between sleep
problems at 24 and 48 months of age and ADHD in the
beginning of adolescence. Regarding sleep duration vari-
ables, no consistent association was found with ADHD,
although some variables at specific follow-up points were
associated with ADHD after adjustment. The long-term
sleep duration effect assessed using trajectories was also not
associated with ADHD. We also showed that sleep prob-
lems may be common to different psychiatric disorders, not
only to ADHD.

Our results suggest that sleep disturbances in early life
may be more important for ADHD than sleep duration. The
associations between ADHD and difficulty going to sleep
(Armstrong et al., 2014; Craig, Weiss, Hudec, & Gibbins,
2017; Steinsbekk & Wichstrom, 2015), nightmares
(Griinwald & Schlarb, 2017), and restless sleep (Armstrong
et al., 2014; Cortese et al., 2005; Sadeh, Pergamin, & Bar-
Haim, 2006) have been reported in the literature, which is in
accordance with our findings. On the contrary, several stud-
ies have suggested an important role of sleep duration in
this disorder (Cassoff et al., 2012; Coogan & McGowan,
2017; Scott et al., 2013). We should highlight that our unad-
justed analyses showed an association between total sleep
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Table 4. Association Between Sleep Variables and ADHD, as Assessed by the Development and Well-Being Assessment, at | | Years

of Age in the 2004 Pelotas Birth Cohort.

ADHD

OR® (95% ClI)

OR® (95% CI)

Total sleep duration

12 months (hours/24 hr)

24 months (hours/24 hr)

48 months (hours/24 hr)
Night sleep duration

12 months (hours/night)

24 months (hours/night)

48 months (hours/night)
Daytime sleep duration

12 months (hours/day)

24 months (hours/day)

48 months (hours/day)
Difficulty going to sleep

12 months (yes)

24 months (yes)

48 months (yes)
Nightmares

24 months (yes)

48 months (yes)
Restless sleep

24 months (yes)

48 months (yes)

0.95 [0.87, 1.04]

0.97 [0.88, 1.07]

1.09 [0.97, 1.23] 1.06 [0.93, 1.21]
1.04 [0.91, 1.17] .08 [0.94, 1.24]
0.90 [0.80, 1.01] 0.95 [0.83, 1.08]
113 [0.98, 1.29] 1.09 [0.94, 1.28]
0.87 [0.78, 1.01] 0.94 [0.81, 1.08]
1.04 [0.92, 1.17] 1.03 [0.91, 1.18]
0.99 [0.82, 1.20] 0.97 [0.78, 1.20]
1.30 [1.11, 1.52] 1.28 [1.06, 1.53]
0.90 [0.62, 1.31] 0.8 [0.52, 1.25]
1.70 [1.17, 2.45] 2.05 [1.34, 3.13]
.42 [0.96, 2.10] .33 [0.84, 2.09]

|48 [0.94, 2.33]
1.86 [1.22, 2.82]

115 [0.81, 1.65]
1.62 [1.14, 2.30]

1.71 [1.03, 2.84]
1.68 [1.02, 2.79]

.35 [0.89, 2.04]
1.58 [1.05, 2.37]

Note. Bold highlighted the significant differences between groups. OR = odds ratio; Cl = confidence interval.

*Unadjusted analysis.

®Maternal and birth-related characteristics adjustment: family wealth index, maternal age, maternal schooling, maternal marital status, maternal skin
color, parity, alcohol intake and smoking during pregnancy, maternal nervous or depression symptoms in pregnancy, gestational age, C-section, child

sex, and birth weight.

duration and ADHD, as has been reported previously.
However, most of the sleep duration associations were
highly marginal and/or lost significance after adjustment
for maternal and birth-related factors, suggesting that this
association may result from confounding. This pattern was
also observed when we tested the trajectories. The effect did
not remain significant after the adjustment, indicating that
the trajectories (longitudinal construct) are also not the
most important factors in future ADHD. Indeed, although
the literature shows the association between sleep duration
and ADHD, most of the previous studies presented no
adjusted analyses or utilized an insufficient/inadequate con-
trol method (Scott et al., 2013; Williams & Sciberras, 2016).
Although we cannot rule out the potential role of unfavor-
able sleep—wake behavior or variability in sleep schedules,
which have already been reported in ADHD (Craig et al.,
2017; Scott et al., 2013; Thoma et al., 2018), for the few
associations observed for shorter nocturnal and greater day-
time sleep duration at 48 months, confounding seems to be
an important issue in the current literature. Future studies
should more thoroughly explore this issue to report ade-
quate estimates.

The differential roles of sleep duration and problems
with ADHD still need to be clarified in terms of mecha-
nisms. The current hypotheses that explain the link between
sleep issues and ADHD are mainly based on the impairment
of the prefrontal cortex and frontal functions, dopamine
neurotransmission, and circadian rhythm control (Cassoff
etal.,2012; Umetal., 2017). An impact of sleep quality and
duration on brain executive control and emotional informa-
tion processing has already been observed (Sadeh et al.,
2014; Um et al., 2017; Wright, Lowry, & LeBourgeois,
2012), which may explain the neurobehavioral, neurocogni-
tive, and functional manifestations of ADHD symptomatol-
ogy (Lunsford-Avery, Krystal, & Kollins, 2016; Mahone &
Denckla, 2017; Pievsky & McGrath, 2018). Moreover, both
executive functions and sleep are regulated by prefrontal
cortex function and dopaminergic activity (Cassoff et al.,
2012; Mahone & Denckla, 2017; Wright et al., 2012; Zee
et al., 2013), providing a mechanism linking both traits.
Impairment in synaptic plasticity, an increase in hippocam-
pal oxidative stress, and the facilitation of neuronal loss
were already observed in response to sleep deprivation,
which affect neurocognitive function and provide similar
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Table 5. Association Between Sleep Variables and Any Mental Disorders Other Than ADHD, as Evaluated by the DAWBA, at

I'l Years of Age in the 2004 Pelotas Birth Cohort Using Multinomial Logistic Regression.

Any other mental disorder

OR® (95% ClI)

OR® (95% Cl)

Total sleep trajectories
Shorter sleepers
Longer sleepers
Total sleep duration
12 months (hours/24 hr)
24 months (hours/24 hr)
48 months (hours/24 hr)
Night sleep duration
12 months (hours/night)
24 months (hours/night)
48 months (hours/night)
Daytime sleep duration
12 months (hours/day)
24 months (hours/day)
48 months (hours/day)
Difficulty going to sleep
|2 months (yes)
24 months (yes)
48 months (yes)
Nightmares
24 months (yes)

131 [0.88, 1.95]
1.10 [0.77, 1.55]

0.98 [0.92, 1.04]
0.92 [0.85, 1.00]
0.99 [0.91, 1.08]

0.95 [0.88, 1.03]
0.89 [0.81, 0.98]
0.92 [0.84, 1.00]

1.02 [0.94, 1.11]
1.03 [0.90, 1.17]
1.16 [1.03, 1.30]
1.39 [1.09, 1.77]

1.64 [1.27, 2.12]
1.66 [1.28, 2.16]

1.87 [1.39, 2.53]

.30 [0.83, 2.02]
1.19 [0.81, 1.74]

0.99 [0.92, 1.06]
0.94 [0.86, 1.03]
1.00 [0.91, 1.10]

0.98 [0.90, 1.07]
0.92 [0.83, 1.02]
0.96 [0.87, 1.06]

1.01 [0.92, 1.11]
1.01 [0.88, 1.17]
111 [0.97, 1.26]
1.33[1.01, 1.74]

1.63 [1.22, 2.18]
1.47 [1.09, 1.99]

1.86 [1.32, 2.61]

48 months (yes) 1.69 [1.25, 2.278] 1.85 [1.32, 2.59]
Restless sleep

24 months (yes) 1.38 [1.081, 1.752] 1.41 [1.07, 1.85]

48 months (yes) 1.46 [1.145, 1.854] 1.32[1.00, 1.73]

Note. DAWBA = Development and Well-Being Assessment; OR = odds ratio; Cl = confidence interval.

*Unadjusted analysis.

®Maternal and birth-related characteristics adjustment: family wealth index, maternal age, maternal schooling, maternal marital status, maternal skin
color, parity, alcohol intake and smoking during pregnancy, maternal nervous or depression symptoms in pregnancy, gestational age, C-section, child
sex, and birth weight; bold highlighted the significant differences between groups. The results including the ADHD group are shown in Supplemental

Table S4.

symptomatology to ADHD (Um et al., 2017). Other sleep
conditions, however, do not have a clear underlying path-
way. Recently, genome-wide association studies have indi-
cated that the genetic markers of insomnia and sleep
duration are not the same (S. E. Jones et al., 2016), although
a negative genetic correlation between the traits was
observed (Jansen et al., 2018; Lane et al., 2017). In this
sense, it is necessary to understand the biological pathways
affected by sleep disturbances and sleep duration to com-
prehend their relationship with ADHD etiology.

The lack of specificity observed in our study of the
effects of sleep problems on ADHD suggests that sleep
problems could not be considered early markers or endo-
phenotypes of ADHD as a unique mental condition and a
means of early detection, as has been stated in the literature
(Sadeh et al., 2014; Um et al., 2017; Williams & Sciberras,
2016). On the contrary, Williams and Sciberras (2016) high-
lighted that sleep problems in children with and without

ADHD precede emotional dysregulation, and even though
early sleep problems are not a specific marker of ADHD,
treating these sleep problems may contribute to reduced
attentional dysfunction and prevent ADHD as well as other
mental conditions. Importantly, sleep problems are also
reported in adults with ADHD (Diaz-Roman et al., 2018),
suggesting that the association observed here may be per-
sistent across development. Therefore, we can consider
sleep problems an important issue in ADHD, even when
there is no specific effect observed. Detecting and treating
precociously may be an important issue in preventing or
attenuating ADHD symptoms.

Our results should be interpreted in the context of some
limitations. First, we do not have data on sleep at 11 years
and ADHD evaluation (or a proxy) at 48 months, making it
impossible to test other hypotheses, such as the bidirec-
tional relation, as other studies have mentioned (Gregory
et al., 2017; Steinsbekk & Wichstrom, 2015), and the
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potential causality of sleep problems on ADHD. However,
a clinical trial found that the effect of its intervention on
ADHD symptoms was mediated through improved sleep
problems in the intervention group (Hiscock et al., 2015),
indicating that even when ADHD symptoms may bring
forth sleep problems, sleep hygiene interventions may be an
alternative/complementary treatment to ADHD. With
respect to the trajectory, it is important to highlight that the
trajectory of our longer trajectory group is longer compared
with our own data (Nagin & Tremblay, 2005) but not com-
pared with the recommended sleep time at 24 and 48
months. In other words, children in this group sleep more
than the recommended amount only during the 12 months,
and after this point, they sleep the recommended amount of
time (Hirshkowitz et al., 2015). However, the observed
sleep trajectory is very similar to the pattern reported by
other studies in the sleep field (Bathory & Tomopoulos,
2017), indicating that there are persistent groups of shorter,
longer, and typical sleepers, with the differences decreasing
with increasing age, enhancing the reliability of our find-
ings. Moreover, although there is a difference between
respondents and nonrespondents, which may be considered
a limitation, the response rate is high, and only a few differ-
ences were observed. Finally, both sleep and mental health
outcomes are evaluated only by mothers’ reports, which
may have an impact on the prevalence, as caregivers’ per-
ceptions may affect their reports. However, in population-
based studies, especially in this age range, parental reports
are the most feasible. In addition, most of the studies also
evaluated the exposure and outcome by maternal report,
providing us with more comparability.

Nevertheless, we focused on sleep and ADHD data in a
large population-based birth cohort in Brazil, including
assessments at several time points during childhood and a
high follow-up rate, which are study characteristics that are
still lacking in the literature (Cortese, 2015; Cortese et al.,
2005; Lunsford-Avery et al., 2016; Um et al., 2017).
Moreover, we administered a comprehensively validated
diagnosis instrument on all cohort participants to detect
ADHD cases (Fleitlich-Bilyk & Goodman, 2004), which is
an important addition to the current literature (Cortese et al.,
2009; Diaz-Roman et al., 2016). These points can be con-
sidered strengths of our data; no previous study has per-
formed this type of comprehensive analysis. We used this
robust methodology to explore the effect of each follow-up
time point as well as the total sleep duration trajectory effect
on ADHD. We also addressed possible maternal and child
confounders, which have not been thoroughly studied pre-
viously. Furthermore, the specificity analysis adds impor-
tant information to the literature.

Finally, our findings indicate that sleep problems in early
life may be more important than sleep duration for the ADHD
etiology. The results of the specificity analyses suggest that

sleep disturbances may be considered as a common early
marker of psychiatric disorders in general and not only a
marker of ADHD. This study shows that the relationship
between sleep/circadian rhythms and ADHD may be more
complex than previously shown by other empirical studies.
Further research exploring temporality and sleep trajectories
in the sleep—ADHD association as well as studies exploring
the specificity of this relationship are still necessary to nar-
row this gap in the literature.
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