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Objective: To investigate the cross-sectional association between sleep problems (the exposure) and
headaches (the outcome) among 15-year-olds from the Pelotas 2004 Birth Cohort, a population-based
study in the south of Brazil.
Method: The occurrence of headaches was obtained through the question: “Do you usually suffer
headaches?” and the ICHD-3 criteria were used to classify as: tension-type headache, headache with
characteristics of migraine with or without aura, or other. Regarding sleep, the weekly frequency in the
last month of insomnia and bad dreams/nightmares, and self-reported sleep quality were investigated.
Unadjusted and adjusted prevalence ratios (PR) with 95% confidence intervals were calculated using
Poisson regression with robust variance.
Results: A total of 1916 adolescents were analyzed. The prevalence of headaches was 51.6% (69.0% in
females and 34.8% in males): 31.8% (39.7% vs. 24.1%) reported tension-type headache; 14.7% (21.9% vs.
7.8%), headaches with characteristics of migraines without aura; 3.6%, headaches with characteristics of
migraines with aura; and 1.5% (5.1% vs. 2.3%), other types. Adolescents with insomnia �3 times/week
presented higher probability of headaches (PR ¼ 1.54; 95%CI 1.23e1.93), compared with those with no
problems falling asleep or maintaining sleep. Among those who classified their sleep as poor/very poor,
the probability of headaches was 33% higher (PR ¼ 1.33; 95%CI 1.13e1.57) than among those who
classified their sleep as very good.
Conclusions: Headaches were highly prevalent among the adolescents and were related to sleep prob-
lems even after allowing for several confounders.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Adolescence is a stage of development marked by physical and
psychosocial changes, involving genetic and environmental
tas, Rua Marechal Deodoro,
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determinants, as well as complex neuro-hormonal mechanisms
[1,2]. It is a critical period of neurodevelopment, with intense
structural and functional adaptation of the brain, in response to the
demands of themoment, which prepare the individual for the adult
phase [3,4]. Physical or psychological disorders that may occur in
this age group can have a negative impact on quality of life, school
performance, and social functioning, as well as on long-term health
[3,5].

Among the common clinical conditions, headaches are the most
frequent neurological complaint in adolescence [6], with preva-
lence ranging between 30 and 80% [6e9]. Many factors are asso-
ciated with the occurrence of headaches in adolescence, such as
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Abbreviations

95% CI 95% confidence interval
CAAE Presentation Certificate for Ethical Appreciation
IHS International Headache Society
NCS-A National Comorbidity Survey - Adolescent

Supplement
PR prevalence ratio
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hormonal changes (which means female are the most affected
group) and behavioral factors (physical inactivity, alcohol con-
sumption, caffeine and other stimulants, and the excessive use of
electronic devices) [7,10,11]. Alongside, comorbidities such as mood
depression, anxiety, attention deficit hyperactivity disorders, epi-
lepsy, and sleep disturbances may play a role in the origin of
headaches during infancy and adolescence [12].

There is evidence that sleep problems and headaches are often
comorbid and their association derive from a common underlying
pathophysiology, from both an anatomical and a neurochemical
viewpoint [13,14]. Headaches may be triggered by sleep disorders,
sleep may be used to stifle headaches, and headaches may also be a
risk factor for the development of sleep problems [13,15,16]. Youth
experiencing general aches/pains, like headaches, tend to have
greater difficulty waking in the morning, worse cognitive-
emotional arousal around sleep, and worse sleep environments at
the baseline [17]. In counterpoint, persistent sleep problems from
preschool to school age predict a nine-fold increased risk of having
clinically elevated somatic complaints during school age [18], and
adolescents with diagnosed insomnia were at increased risk for
experiencing somatic distress (poorer perceived physical health),
having frequent school absences, and experiencing negative im-
pacts on their personal and family lives [19].

The interaction between sleep and headaches is linked in terms
of anatomical location such as the hypothalamus and the brain-
stem, as well as in terms of signaling pathways including neuro-
transmitters like serotonin and dopamine [15,20]. Despite the
biological plausibility for this association, the particularities of
sleep physiology and brain maturation in adolescence demand
great research effort and the number of studies addressing this
relationship in this population is still small [12,13,21,22].

Thus, the aim of this study was to assess the prevalence of
headaches and investigate the strength of the association between
sleep problems (the exposure of interest) and headaches (the
outcome), among 15-year-old adolescents of the Pelotas 2004 Birth
Cohort.

2. Materials and methods

2.1. Sample

The Pelotas 2004 Birth Cohort is a longitudinal population-
based study, initiated with newborns from hospital births of
mothers residing in the urban area of the city of Pelotas, south of
Brazil. From January 1 to December 31 of 2004, all the five hospitals
with maternity wards were visited daily, and all mothers living in
the urban area of Pelotas and giving birth to alive newborns
(N ¼ 4263) were eligible for the study. The mothers of 4231 new-
borns agreed to take part in the study and they were examined by
the research team in the hospital at postpartum. The members of
this cohort were followed-up on various occasions: at 3, 12, 24, and
48 months, and at 6, 11, and 15 years of age. More details about the
methodology are available [23,24]. The current study included
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adolescents with available information on the occurrence of
headaches and sleep problems at the age of 15.
2.2. Dependent variable

The occurrence of headaches was assessed based on questions
extracted from the Cleveland Clinic Headache Intake Questionnaire
(Toronto Health and Wellness Centre) applied to the adolescents at
the 15-year follow-up by trained lay interviewers through face-to-
face interviews. The occurrence of headaches was ascertained
through the question “Do you usually suffer from headaches?”. To
characterize the headaches, the following were investigated: when
the pain generally started (morning, afternoon, end of the day, or at
night); intensity (weak, moderate, strong, incapacitating); location
(left side, right side, as much on the left as on the right side, on both
sides of the head, in the forehead, in the temple, at the back of the
eyes, in the nape, in the neck, or other); type (pressure, penetrating
like a knife, thumping, like a tight band around the head, burning,
constant, or other); and frequency (daily, at least once a week, and
at least once a month).

For the analysis, the variables “intensity”, “location” and “types
of pain” were re-categorized. The strong and incapacitating in-
tensities were placed in the same group, leaving the variable with
three categories: weak, moderate, and strong/incapacitating. The
locations were grouped into frontal (in the forehead); temporal
(including the left side, right side, asmuch on the left as the on right
side, temple); bilateral (on both sides of the head); occipital (in the
nape); at the back of the eyes; and other. The types of pain were
grouped into pulsatile (including pain referred to as thumping),
pressure (including pressure and like a tight band around the
head), penetrating, constant, and other.

Information about associated symptoms and aura (transitory
focal neurological symptoms that generally precede but can also
accompany the painful episode) was collected. Associated symp-
toms (“Do you experience any of these symptoms during your head-
aches?”) included: nausea/upset stomach, vomiting, bright lights/
sun bothers you, loud sounds bother you, strong smells/odors
bother you, dizziness/lightheadedness, vertigo, numbness or
tingling, increased sensitivity of scalp/hair/ears, eye tears, runny or
stuffy nose, difficulty concentrating, and mood changes/irritability.

The symptoms of aura (“Do you experience any of the following
before your headache begins?”) included: visual (bright lights,
flashes of light, zig-zag lines, multicolored lights, blurred vision),
sensorial (numbness or tingling), speech and/or language (aphasia),
motor (muscle weakness, paresis), brainstem (buzzing, vertigo,
dysarthria, diplopia, hypacusis), and retinal (partial loss of vision).

According to the availability of collected information, the
headaches were classified into four types, using the third edition of
The International Classification of Headache Disorders (ICHD-3)
[44] criteria:

- Headaches with characteristics of migraines without aura:

Headaches that presented at least two of the following charac-
teristics: unilateral location, pulsatile, moderate or strong intensity;
and at least one of the following symptoms during the headaches:
nausea and/or vomiting and photophobia with phonophobia.

- Headaches with characteristics of migraines with aura:

Headaches that presented at least two of the following charac-
teristics: unilateral location, pulsatile, moderate or strong intensity;
and the report of one or more symptoms of aura which were
completely reversible.
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- Tension-type headaches:

Headaches that presented at least two of the following charac-
teristics: bilateral location, tightness or pressure (non-pulsatile),
mild to moderate intensity, without nausea or vomiting.

- Other types:

All the other types that did not fit the previous classifications.

2.3. Independent variables

The questions employed to assess sleep disorders and subjective
sleep quality applied at the 15-year follow-up were extracted from
the Pittsburgh Sleep Quality Index [26,27]. The frequency of sleep
disorders (i.e., insomnia and history of bad dreams/nightmares) in
the month prior to the interview included none, <1, 1e2 or �3
times/week as answer options. Insomnia was considered when the
participant answered a frequency �3 times/week to the question
about sleep initiation or sleep maintenance problem: “During the
last month, how often did you have difficulty sleeping, because you
couldn't get to sleep in the first 30 min?” and “During the last month,
how often did you have difficulty sleeping, because you woke up in the
middle of the night or very early in the morning?”. History of bad
dreams/nightmares was obtained using the question “During the
last month, how often did you have difficulty sleeping because you had
bad dreams or nightmares?”. Self-reported quality of sleep was ob-
tained using the question “Considering the last month, how would
you classify your quality of sleep?”, with the following answer op-
tions: very good, good, poor, very poor. For the analysis, the “poor”
and “very poor” categories were combined into one.

A severity score of sleeping problems was created based on
reports of insomnia and occurrence of bad dreams/nightmares �3
times/week, together with poor/very poor-quality sleep. The score
ranged from 0 to 2þ, with 0 indicating that the adolescent did not
have insomnia or bad dreams/nightmares�3 times/week nor poor/
very poor-quality sleep, while a score of 1 indicated that he/she had
one of the three conditions, and a score of 2þ indicated the pres-
ence of at least two of the conditions.

2.4. Potential confounding factors

The selection of covariates as potential confounders was based
on previous publications on factors associated with headache in
adolescents [28,29]. The covariates obtained in the perinatal study
included the family's socioeconomic status, calculated based on the
National Association of Research Companies, considering assets,
presence of domestic employees and the education level of the
household head, which classify the families in five socio-economic
levels: A (the wealthiest), B, C, D, and E (the poorest) (for the
analysis, the categories were combined in A-B, C, and D-E);
maternal depression/nervous problems during pregnancy (no/yes)
investigated thorough the question: “During pregnancy, did you
have depression or nervous problems?" (no/yes); gestational age
(<34, 34e36, and �37 weeks); low birth weight (<2500 g; no/yes);
and sex of the adolescent (male, female). The adolescent's skin
color was reported by the mother, in the 6-year follow-up (white,
brown, black, or other).

Contemporary variables of the adolescent collected at 15 years
included: the family's current socio-economic status, obtained
considering a list of household assets, educational level of the head
of the family and access to public services, classified as A-B
(wealthiest group), C, and D-E (poorest group) [30]; mental health
measured through the Strengths and Difficulties Questionnaire
with cutoff point �17 (no/yes) [31] weekly frequency of
3

consumption of coffee and chimarr~ao (a caffeine-rich beverage
highly consumed in South Brazil) (0, 1e3, 4e6, every day); cigarette
smoking in the last month (1e5 days, 6e9 days,�10 days, every day
of the month, I didn't smoke in the last 30 days, and I've never
smoked cigarettes); and consumption of alcoholic beverages in the
last month (1e5 days, 6e9 days,�10 days, every day of the month, I
didn't drink alcoholic beverages in the last 30 days, and I've never
drunk alcoholic beverages). For the analysis, the categories 1e5
days, 6e9 days, �10 days, and every day of the month for smoking
and alcoholic beverages consumption were categorized as “yes”,
and the remaining, as “no”. Wheezing in the chest was defined by
the question: “Since < samemonth of the interview application> of
last year, have you had wheezing? (no/yes). Physical inactivity was
evaluated through the sum of the time from a list of activities
performed in the adolescent's free time during the week before the
interview, with a cut-off point for inactive of <300 min/week [45].
Screen time was evaluated by the standardized sum of the average
time watching television, playing on the cell phone or tablet,
playing video games, and using the computer for leisure activities
(�3 h, >3 h/day) [32].

2.5. Statistical analyses

The data from the 15-year follow-up were collected and directly
inserted into the RedCap tool (Research Electronic Data Capture)
[33]. The statistical analyses were conducted using the Stata sta-
tistical package (version 16.0) (College Station, TX: StataCorp LLC.
StataCorp. 2017). The descriptive analysis was based on calculation
of the absolute and relative frequencies of the covariates. The chi-
square heterogeneity test was used to compare characteristics at
birth of the participants included in the analyses with the entire
cohort. The prevalence of headaches with 95% confidence interval
(95% CI) was calculated for the whole sample and stratified by sex.
The unadjusted and adjusted prevalence ratios (PR) were obtained
by Poisson regression, with a robust adjustment for the variance. P-
values for heterogeneity or p-values for linear trend for ordinal
variables were calculated. All covariables were entered in the
multivariable model. Through backward analyses, covariables
associated with the outcome with the greatest p-values were
removed one-by-one, and only those that were associated with the
outcome at p-value �0.20 were kept in the final model. The sig-
nificance level adopted for the two-tailed testing was p < 0.05.

2.6. Ethics approval

The study protocol and all follow-ups of the Pelotas 2004 Birth
Cohort were approved by the Research Ethics Committee of the
School of Medicine of the Federal University of Pelotas. The
approval protocol number of the 15-year follow-up was 3.554.667
and that of the Presentation Certificate for Ethical Appreciation
(CAAE) was 20183419.1.0000.5317. In all follow-ups informed
consent was obtained in writing from the mothers or legal guard-
ians. At 15 years old, the participants also signed a free and
informed assent form.

3. Results

Due to the arrival of the COVID-19 pandemic in Brazil [46], the
15-year follow-up rate of the cohort was 50.4%, as follow-up was
suspended in March 2020, ahead of schedule. A total of 1924 ado-
lescents answered the instrument for headaches. Eight adolescents
had no information on sleep variables and were excluded from the
analysis. Thus, the final study sample was composed by 1916 par-
ticipants. Table 1 compares the sample with the original cohort.
Differences between the two samples were not observed.



Fig. 1. Prevalence of types of headaches. (N ¼ 1916).
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The occurrence of headaches was reported by 51.6%
(49.4e53.9%) of the adolescents (Fig. 1). Prevalence rate of tension-
type headaches, headaches with characteristics of migraines
without aura, and headaches with characteristics of migraines with
aura were, respectively, 31.8% (29.7e33.9%), 14.7% (13.2e16.4%),
and 3.6% (2.9e4.6%). Prevalence of headaches overall and subtypes,
stratified by sex, can be seen in Table S1. In all cases, the prevalence
was higher in females, with an overall prevalence of headache
almost twice as high in female (69.0%; 66.0e71.9%) than in male
adolescents (34.8%; 31.9e37.9%) (p < 0.001).

Table 2 describes the characteristics of pain. Regarding the time
of start and intensity of pain, the highest frequencies were for at the
end of the day (38.4%) and moderate intensity (45.7%), respectively.
More than a third of the adolescents (39.0%) mentioned strong
intensity/incapacitating pain. The location of pain more frequently
reported was in the temporal area (35.1%) and the most reported
type of pain was pulsatile (44.3%). Almost three in every five ado-
lescents with headaches reported having pain at least once a week.

Around 34.0% of the adolescents reported insomnia at the last
month and 10.5% reported the occurrence of bad dreams/night-
mares �3 times/week in the last month (Table 3). Analysis by sex
showed that prevalence was higher in females than in males, rep-
resenting values of 42.9% vs. 25.0% for insomnia and 13.3% vs. 7.8%
for bad dreams/nightmares, respectively (results not shown in Ta-
bles). The majority (65.2%) classified their own sleep as good.
Table 3 also shows the prevalence and the crude and adjusted PR of
headaches (all types) according to the frequency of sleep problems
and self-reported quality of sleep. Almost two-thirds (65.8%) of the
adolescents with insomnia�3 times/week and thosewho classified
their sleep as poor/very poor (64.6%) reported headaches,
compared with 34.0% and 38.4%, respectively, of those who did not
present any sleep initiation or maintenance problem and who
considered their own sleep as very good. Approximately 60.0% of
the adolescents who reported occurrence of bad dreams/night-
mares �3 times/week also reported headaches, compared with
45.8% of those who did not present bad dreams/nightmares in the
last month.

After confounder adjustment, the probability of the adolescents
with insomnia �3 times/week presenting headaches was 54%
higher than among the adolescents without insomnia (PR ¼ 1.54;
1.23e1.93). Among the adolescents who classified their own sleep
as poor/very poor, the probability of presenting headaches was 33%
higher (PR ¼ 1.33; 1.13e1.57) as compared to those who classified
their sleep as very good. In adjusted analyses, there was no
Table 1
Sample description and comparison with the original cohort.

Characteristics Original cohort (

Family socio-economic status
A-B 1557 (47.7)
C 1128 (34.5)
D-E 580 (17.8)

Maternal characteristics
Depression/nervous problems during pregnancy (yes) 1059 (25.0)
Adolescent characteristics at birth
Gestational age (weeks)
< 34 140 (3.3)
34-36 472 (11.2)
� 37 3603 (85.5)

Low birth weight (< 2.500 g) (yes) 423 (10.0)
Sex
Male 2195 (51.9)
Female 2036 (48.1)

Skin color
White 2726 (68.2)
Brown/Black/Other 1272 (31.8)
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association between bad dreams/nightmares and headaches.When
stratified by type of headache, insomnia and bad dreams/night-
mares were associated with migraine without aura, whereas poor/
very poor sleep quality was associated with migraine without aura
and tension-type headache (Table S2).

The association between insomnia and headache remained
significant when analyzed by sex: the probability was 74% higher in
males with insomnia than in those without (PR ¼ 1.74; 1.14e2.65)
and 51% higher in females with insomnia than in those without
(PR ¼ 1.51; 1.14e2.02 (Table S3). The association with sleep quality
remained significant only for females, with a probability 31% higher
of headaches occurrence among those who reported poor/very
poor sleep quality (PR ¼ 1.31; 1.10e1.57) (Table S3).
N ¼ 4231) N (%) Sample studied (N ¼ 1916) N (%) p

0.205
701 (45.0)
572 (36.8)
284 (18.2)

473 (24.7) 0.799

0.082
44 (2.3)
208 (10.9)
1662 (86.8)
168 (8.8) 0.135

0.457
974 (50.8)
942 (49.2)

0.999
1297 (68.2)
606 (31.8)



Table 2
Characteristics of the headache. (N ¼ 989).

Variables N (%)

Time of start
Morning 176 (17.9)
Afternoon 297 (30.2)
End of the day 378 (38.4)
At night 133 (13.5)

Intensity
Weak 151 (15.3)
Moderate 452 (45.7)
Strong/incapacitating 386 (39.0)

Location
Temporal 347 (35.1)
Frontal 270 (27.3)
Bilateral 125 (12.6)
Occipital 115 (11.6)
Back of the eyes 70 (7.1)
Other 62 (6.3)

Type of pain
Pulsatile 438 (44.3)
Pressure 367 (37.1)
Constant 103 (10.4)
Penetrating 50 (5.1)
Other 31 (10.3)

Frequency of headache
Daily 121 (12.2)
At least once a week 589 (59.7)
At least once a month 278 (28.1)
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Table 4 presents the unadjusted and adjusted analysis for re-
ports of headaches, according to the severity score. Around 44% of
the adolescents reported the occurrence �3 times/week of at least
one sleep problem or poor/very poor-quality sleep. About three of
every four adolescents (73.8%) who scored 2þ reported suffering
from headaches. The highest severity score indicated a probability
66% higher of suffering from headaches (p < 0.001). A dose-
response gradient was observed, with an increase in the preva-
lence of headaches as the sleep got worse. After the adjustment, the
adolescents with a score of 2þ presented a 35% higher probability
of suffering from headaches, compared with those with a zero-
score (PR ¼ 1.35; 1.22e1.49). Female adolescents with a score of
2þ also presented a 35% higher probability of headaches occur-
rence when compared to the reference category (PR ¼ 1.35; 1.23;
Table 3
Unadjusted and adjusted prevalence ratios (PR) for headaches with 95% confidence interv

Sleep characteristics N (%) Headache preva

% (95% CI)

Insomnia at the last montha

None 162 (8.5) 34.0 (27.1; 41.6
< 1 time/week 443 (23.1) 40.4 (35.9; 45.0
1e2 times/week 664 (34.6) 49.6 (45.8; 53.3
� 3 times/week 647 (33.8) 65.8 (62.1; 69.4

Bad dreams/nightmares at the last monthb

None 917 (47.9) 45.8 (42.6; 49,0
< 1 time/week 450 (23.5) 53.8 (49.1; 58.3
1e2 times/week 348 (18.2) 58.9 (53.7; 64.0
� 3 times/week 201 (10.5) 60.7 (53.8; 67.2

Self-reported sleep qualityb

Very good 333 (17.4) 38.4 (33.4; 43.8
Good 1250 (65.2) 51.7 (48.9; 54.4
Poor/very poor 333 (17.4) 64.6 (59.3; 69.5

a Adjusted for depression/nervous problems during maternal pregnancy, sex, mental h
and screen time.

b Adjusted for depression/nervous problems during maternal pregnancy, sex, mental h
wheezing in the chest in the last year, and screen time.

t p for trend.
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1.48) (Table S4). Among male adolescents the association lost sta-
tistical significance after allowing for confounders.
4. Discussion

This study identified a 51.6% (49.4e53.9%) prevalence rate of
headaches, most frequently occurring at the end of the day, with
moderate intensity, most often located in the temporal region, and
mostly of the pulsatile type. Tension-type headaches represented
31.8% of the headaches. Insomnia �3 times/week and poor/very
poor sleep were positively associated with the occurrence of
headaches. Approximately 44% of the sample reported the occur-
rence of at least one of the sleep problems evaluated, and there was
an increase in the prevalence of headaches as the sleep got worse.
The adolescents who accumulated more sleep problems presented
a 35% higher probability of having headaches than those who did
not report such problems.

In a literature review, including 50 population-based studies
with children and adolescents conducted between 1990 and 2007,
the prevalence of headaches and/or migraines in any time period,
such as in the month prior to the interview or during their lifetime,
was 58.4% (58.1e58.8%) [28]. Another review of 64 studies con-
ducted with children and adolescents between 1988 and 2013
found a mean prevalence of headaches of 54.4% (43.1e65.8%) [29].
A recent systematic review of 48 studies published between
January 1988 and June 2022, which sought to identify the preva-
lence of headaches in individuals aged 8e18 years, found a preva-
lence of 62.0% (53.0e70.0%) [9]. As for the overlapping of the 95%CI,
the prevalence of headaches in our study is similar to those re-
ported in the two most recent literature reviews.

The prevalence of headaches including migraines, in most
recent studies, varies considerably depending on the instruments,
diagnostic criteria, and the length of the recall period. A school-
based Austrian study with 3386 participants aged 10e18 years,
the prevalence of headaches in a year was 75.7% (74.3e77.1%) [34].
In a Brazilian population-based study with 539 adolescents of both
sexes aged 15e19 years, whose instrument for evaluating head-
aches was similar to the one used in the present study, the preva-
lence was 38.2% (33.8e42.7%) [35].

In relation to the classification of headaches, the prevalence of
headaches with characteristics of migraines and of tension-type
al (95% CI), according to sleep problems and self-reported sleep quality. (N ¼ 1916).

lence Unadjusted analysis Adjusted analysis

PR (95% CI) p PR (95% CI) p

<0.001t <0.001t

) 1.00 1.00
) 1.19 (0,93; 1.52) 1.10 (0,86; 1.40)
) 1.46 (1.16; 1.83) 1.25 (1.00; 1.58)
) 1.94 (1.55; 2.42) 1.54 (1.23; 1.93)

<0.001 0.205
) 1.00 1.00
) 1.17 (1.05; 1.31) 1.12 (1.00; 1.25)
) 1.29 (1.15; 1.44) 1.10 (0.97; 1.23)
) 1.33 (1.16; 1.51) 1.09 (0.95; 1.24)

<0.001t <0.001t

) 1.00 1.00
) 1.34 (1.16; 1.56) 1.20 (1.04; 1.40)
) 1.68 (1.43; 1.97) 1.33 (1.13; 1.57)

ealth of the adolescent, weekly chimarr~ao consumption, weekly coffee consumption,

ealth of the adolescent, weekly chimarr~ao consumption, weekly coffee consumption,



Table 4
Unadjusted and adjusted prevalence ratios (PR) for headaches with 95% confidence interval (95% CI), according to the severity score of sleep problems and poor-quality sleep.
(N ¼ 1916).

Score level N (%) Headache prevalence Unadjusted analysis Adjusted analysis

% (95% CI) PR (95% CI) p PR (95% CI) p

<0.001t <0.001t

0 1078 (56.3) 44.5 (41.6; 47.5) 1.00 1.00
1 556 (29.0) 54.1 (50.0; 58.2) 1.22 (1.10; 1.35) 1.10 (0.99; 1.22)
2þ 282 (14.7) 73.8 (68.3; 78.6) 1.66 (1.50; 1.82) 1.35 (1.22; 1.49)

1 Adjusted for depression/nervous problems during maternal pregnancy, sex, mental health of the adolescent, weekly chimarr~ao consumption, and screen time.
t p for trend.
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headaches were quite varied in the different studies, partly due to
the employment of the criteria used among adults. Studies suggest
that children and adolescents usually have bilateral migraines,
contradicting the unilaterality criterion [36,37]. Among children
and adolescents, review studies found prevalence of migraines
varying between 7.7 and 9.1% [9,28,29]. In studies conducted
exclusively with older adolescents aged 14e18 years, this preva-
lence was higher than 20% [38,39], indicating that the age group
may imply variations in the findings of the studies. For tension-type
headaches, in turn, independently of the age group, the prevalence
fluctuates considerably between the samples and can reach up to
58% [40].

In our study, insomnia and poor quality of sleep were associated
with the occurrence of headaches. A study with 1073 children and
adolescents aged 8e15 years in Italy [41] showed that the main
triggering factor for headaches was poor-quality sleep (32.2%), both
for cases of migraines and for cases of tension-type headaches.
Moreover, a case-control study with 283 participants aged 5e14
years was one of the first to demonstrate that both migraines and
tension-type headaches were associated with different sleep
problems [42]. Both studies, however, included a diverse sample,
covering children and adolescents, the latter being younger, up to
15 years old, thusmaking it difficult to provide evidence specifically
for the adolescent population.

In our study, the three exposures of sleep were associated with
migraine without aura, and those who reported their sleep as poor/
very poor were also more likely to present tension-type headache.
According to the National Comorbidity Survey e Adolescent Sup-
plement (NCS-A), conducted in the United States, adolescents with
some type of headache, particularly migraines, presented more
sleep problems (including maintenance insomnia and early
waking) than those with no headaches [43]. Similarly, The TEENs
Study, conducted with schoolchildren aged 12e18 years in Spain,
identified that those with headaches had a shorter duration and
lower efficacy of sleep, a lower prevalence of regular sleeping
habits, as well as a higher prevalence of insomnia and daytime
sleepiness, when compared to adolescents without headaches [7].
Voci et al. found that 72.9% of the 140 patients with migraine
experienced sleep problems [16].

This study has limitations. First, although it is longitudinal study,
the exposure and the outcome of interest were analyzed cross-
sectionally, and so the association was subject to reverse causality
bias. However, the aim of the study was not to establish causality,
but rather to explore the association between sleep disorders and
headaches in adolescents. Associated with this, the bidirectional
nature of the association can also be a limitation, making it difficult
to define if sleep problems tend to precede headaches or headaches
perpetuate sleep problems. Second, it was not possible to use all the
criteria for classifying headaches defined by the ICHD-3, as infor-
mation such as frequency and duration of painful episodes, dura-
tion of symptoms of aura, role of routine physical activity in pain
aggravation, and time between aura and the start of pain was not
6

available. Additionally, given that migraine in children may be
characterized by non-pulsating, bilateral pain, most young
migraineurs can easily meet the criteria of tension-type headache
[37]. Also, the best diagnostic clinical characteristics of migraine in
children and adolescents are pain of moderate or severe intensity,
pain aggravated by physical activity, and pulsating quality [37], it is
possible that the lack of information on the role of routine physical
activity in pain aggravation may have led to underdiagnosis of
migraine, in favor of tension-type headache. The third limitation
was the difficulty to apply all the criteria for insomnia definition
from the International Classification of Sleep Disorders and the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5).
Finally, although a commonly used instrument to assess headaches
characteristics, the Cleveland Clinic Headache Intake Questionnaire
(Toronto Health and Wellness Centre) was not tested for validity in
Brazil.

Despite these limitations, the sample studied included a large
number of adolescents of both sexes, who did not differ in relation
to the original cohort. The percentage of adolescents with no in-
formation about headaches and sleep was lower than 2%, which
prevents selection bias; and the data collection was carried out in a
standardized way by trained personnel, with the aim of preventing
information bias. Additionally, our study expands upon previous
research in the field by adding evidence on the association between
sleep and headache among adolescents living in an upper-middle-
income country.
5. Conclusions

Prevalence of headaches was high among the adolescents, and
was related to insomnia and self-reported poor-quality sleep. The
consistency of results, the dose-response gradient, and the bio-
logical plausibility supports the hypothesis of association between
sleep problems and poor-quality sleep with headaches, although
due to the cross-sectional nature of our study we cannot define the
temporality between the conditions. Nonetheless, our findings
reinforce the importance of investigating the occurrence of both
conditions (headaches and sleep disorders or quality), when
assessing adolescents complaining of any of these conditions.
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