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Abstract: Sleep disorders and primary headaches are frequent health problems in childhood, and they
are often comorbid in an individual, linked by a mutual and complex relationship. This comorbidity
is frequent and well-documented, but the available literature is usually biased in favor of one aspect
or another, mainly depending on the expertise of the authors. The aim of this paper is to review
existing literature on the diagnostic assessment of comorbid primary headaches and sleep disorders,
so as to propose practical suggestions to accurately investigate the presence of comorbid conditions
in children evaluated for primary headaches or for sleep disorders.

Keywords: sleep disorders; primary headaches; migraine; tension-type headache; comorbid condi-
tions; children

1. Introduction

Sleep disorders and headaches are frequent health problems in childhood, with pri-
mary headaches occurring in 12% of the pediatric population [1] and with 24% of children
experiencing at least one type of sleep problem [2]. Sleep disturbances and headaches are
often comorbid in an individual, and they are linked by a mutual and complex relationship.
Headaches might be a consequence of disrupted sleep, with sleep alterations acting as
trigger factors for attacks, especially in subjects who suffer migraines. Sleep disorders
might also increase the severity of attacks and favor chronicization [3]. Furthermore, the
circadian phenotype and the quality of sleep can influence migraine characteristics [4,5].
Inversely, headaches can also cause sleep problems, especially when nocturnal attacks in-
terrupt sleep [6]. The high comorbidity rate between sleep disorders and headaches might
indicate different underlying reasons. First, the alteration of the serotoninergic system,
involved both in nociception and sleep regulation, might play a role [7]. Furthermore, both
disorders could represent an expression of a common pathogenic process, with common
cerebral structures and signaling pathways (including the hypothalamus, raphe nuclei,
and serotoninergic system) involved in both sleep and migraines [6,8-10]. This complex
correlation between headache and sleep disturbances related to common neurophysiologi-
cal processes has important implications for the treatment of both conditions. In fact, drugs
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used in the treatment of primary headache can influence the physiology of sleep, as well
as the treatment of sleep disorders, either with behavioral or pharmacological approach,
can significantly improve migraine [11,12]. Last, common risk factors such as mood and
anxiety disorders, related to both headaches and sleep disturbances, might increase the risk
of this comorbidity [13]. Due to this complex and mutual relationship, a correct assessment
of both disorders is necessary for planning an individualized treatment strategy address-
ing sleep disorders and headaches at the same time, thus ameliorating the quality of life
of patients. Although this comorbidity is frequent and well-documented, the available
literature is usually biased in favor of one aspect or another, mainly depending on the
expertise of the authors. Several studies rigorously assessed migraines by following the
diagnostic criteria of the International Classification of Headache Disorders (ICHD), but
sleep disorders are poorly documented. Conversely, there are some studies focused on
sleep disorders that use standardized sleep questionnaires or neurophysiologic studies,
but the diagnosis of migraine diagnosis is not accurate [14-16].

The aim of this paper is to review existing literature on the diagnostic assessment
of comorbid primary headaches and sleep disorders, so as to make practical suggestions
for accurately investigating the presence of comorbid conditions in children evaluated for
primary headaches or for sleep disorders.

2. Materials and Methods

The results of this review are reported according to the preferred reporting items for
reviews and meta-analyses (PRISMA) and adhere to a structured review protocol [17].
To establish the research question, the PICO-model PICOS [18] (Patient, Intervention,
Comparison, Outcome), according to the PRISMA guidelines was used: Patient: children
with sleep disorders and primary headache, Intervention: review existing literature on the
diagnostic assessment of comorbid primary headache and sleep disorders, Comparison:
n.a., Outcome: propose some practical suggestion to accurately investigate the presence of
comorbid conditions in children evaluated for primary headache or for sleep disorders.

Search Strategy and Article Selection

Two authors (A.O. and E.T.) performed a comprehensive search of four databases,
PubMed, Embase, Cochrane, and Web of Science, using the following search strategy:
“primary headache” OR “migraine” OR, AND “sleep” OR “sleep disorders” OR “sleep
disturbance” OR, AND “diagnosis”.

Studies were initially included if they:

(1) Involved individuals with headaches and sleep disorders;

(2) Involved children and adolescents up to 18 years of age;

(3) Reported the diagnostic evaluation methods for headaches and sleep disorders;

(4) Were written in English;

(5) Were published within 10 years of the search date (January 2010-December 2020),
which was considered a sufficient period to capture publications with the most reliable,
appropriate, and up-to-date diagnostic procedures.

We excluded:

(1) Review articles, case reports, letters, metanalysis, and books

(2) Treatment studies (both pharmacological and non-pharmacological);

(3) Studies in which subjects presented other neurological disorders, such as epilepsy,
or wherein the presence of headaches was addressed chiefly as a symptom in the
context of other general medical conditions, or that dealt with neurodevelopmental
disorders such as children with intellectual disability, borderline intellectual disability,
psychiatric disorders, attention deficit hyperactivity disorder (ADHD), and tics;

(4) Sleep disorders secondary to nocturnal enuresis;

(5) Studies that relied exclusively on neurophysiological methods, since these are rec-
ognized and valid methods to study sleep characteristics but represent second-step
investigations, as they are not used in the daily clinical practices.
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Two authors (A.O. and E.T.) independently screened all the titles and abstracts of
studies identified by the initial search. The full text of an article was obtained when either
reviewer thought that it might fulfill the inclusion criteria. When there was uncertainty
regarding the inclusion of a publication, three additional authors were consulted (M.A.N.E,
R.M., and M.V.)).

Full articles were reviewed for relevance and articles were excluded if they did not
include data relating to the diagnostic methods applied to evaluate the presence of sleep
disorders and/or headaches.

3. Results

After the initial identification of 120 papers, for the final analysis, we selected 13
manuscripts that fulfilled our inclusion criteria (Figure 1).
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Figure 1. PRISMA flow diagram.

Table 1 shows the main characteristics of all the studies selected for drafting this
review.
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Table 1. Main characteristics of all studies selected for drafting this review.

Headaches (H) Sleep Disorders (SD)
Ref. n 0’? &€ ) Evaluation of Aim of Study
ears Type H Diagnosis Headache Type SD Diagnosis
Severity
Kemper, KJ. et al., MwA, MwoA, . e PROMIS sleep
2016 [19] 29 12-18 CM, TTH Self-report MIDAS Sleep disturbances, unspecified disturbances scale H
Torres-Ferrus, M. et al., 1619 12-18 PM ICHD—'3 beta PedMIDAS .Insomrua. Llfgstyle' H
2019 [20] version Daytime sleepiness questionnaire
Lateef T. et al., 2019 [13] 10,123 13-18 MwA, MwoA ICHD-3 none Insomnia NCS-A interview H+SD
Bedtime resistance (BTR)
Sleep onset delay (SOD)
Sleep duration (SD)
Cheraghi F. et al., 8 Country-specific Sleep anxiety (SA)
2018 [10] 198 6-12 M, TTH diagnostic criteria NRS Night wakening (NW) CSHQ H+SD
Parasomnia (PS)
Sleep-disordered breathing (SDB)
Daytime sleepiness (DTS)
Bedtime issues
Excessive daytime sleepiness
Fonseca E. et al, 19 102 +29 MwA, MwoA ICHD_.3 beta PedMIDAS Night awakenings BEAR.S sleep H
2020 [21] version . . screening tool
Regularity and duration of sleep
Snoring
Rabner J. et al., 2017 [22] 527 7-17 M, TTH, NDPH ICHD-2 NRS Sleep disturbance, unspecified SHIP H+SD
M, TTH, NDPH
and mixed . .
Rabner J. et al., 2017 [23] 1078 7-17 headache ICHD-2 none Sleep disturbance, unspecified SHIP H+SD
presentation
Disorders in initiating and
Maltese A. et al., MwoA, eplSOdl.C m.amtammg sleep (DIMS)
2017 [24] 64 8-12 TTH and chronic ICHD-3 none Disorders of arousal (DA) SDSC H+SD
TTH Sleep-wake transition disorders
(SWTD)
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Table 1. Cont.

Ref.

Age
(Years)

Headaches (H)

Sleep Disorders (SD)

Type

H Diagnosis

Evaluation of
Headache
Severity

Type

SD Diagnosis

Aim of Study

Heyer GL. et al,,
2014 [25]

52

10-18

M, PM

ICHD-2

PedMIDAS

Sleep disruptions directly related
to proximate headache

none

H+SD

Abou-Khadra MK et al.,
2013 [26]

18

5-12

ICHD-2

none

Bedtime resistance (BTR)
Sleep onset delay (SOD)
Sleep duration (SD)
Sleep anxiety (SA)
Night wakening (NW)

Parasomnia (PS)

Sleep-disordered breathing (SDB)
Daytime sleepiness (DTS)

CSHQ

SD

Yilmaz M. et al.,
2013 [27]

511

8-15

M, TTH

ICHD-2

none

Poor sleep

Nocturnal awakenings

Nightmares
Apneas

Questionnaire
survey

Esposito M. et al,,
2013 [28]

271

6-13

MwoA

ICHD-2

none

Disorders in initiating and

maintaining sleep

Sleep breathing disorders
Disorders of arousal
Sleep-wake transition disorders
Disorders of excessive

somnolence

Nocturnal hyperhidrosis
Daytime sleepiness

SDSC, PDSS

H +SD

Carotenuto M. et al.,
2011 [29]

181

9.02 £ 0.99

MwoA

ICHD-2

none

Co-sleeping

Clinical interview

H+SD

Abbreviations. Ref: reference; n: number of patients; H: headache; SD: sleep disorders; MwA; migraine with aura; MwoA: migraine without aura; CM: chronic migraine; TTH: tension-type headache; PM:
probable migraine; M: migraine; NDPH: new daily persistent headache; ICHD: International Classification of Headache Disorders; MIDAS: migraine disabilities assessment scale; PedMIDAS: pediatric
migraine disability assessment score; NRS: numerical rating scale; SHIP: sleep hygiene inventory for pediatrics; SDSC: sleep disturbance scale for children; PDSS: pediatric daytime sleepiness scale; PROMIS:

patient-reported outcomes measurement information system; NCS-A: National Comorbidity Survey-Adolescent; CSHQ: children’s sleep habits questionnaire; BEARS: B = bedtime issues, E = excessive daytime
sleepiness, A = night awakenings, R = regularity and duration of sleep, S = snoring.
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Overall, these articles reported the results involving 14,674 subjects aged 5-18 years.

Of the 13 included studies of primary headaches, 11 diagnosed according to ICHD
criteria, while the remaining 2 papers used self-diagnosis tools reports [19] or country-
specific diagnostic criteria [10]. Included as primary headaches were migraines with (MwA)
and without auras (MwoA), chronic migraines (CM), tension-type headaches (TTH), new
daily persistent headaches (NDPH), and probable migraines (PM).

Several papers included the administration of specific tools used to evaluate the sever-
ity of headaches (Table 2), such as the Migraine Disabilities Assessment Scale (MIDAS) [19],
Pediatric Migraine Disability Assessment Score (PedMIDAS) [20,21,25], and numerical
rating scales (NRS) [10,22].

Table 2. List of tools used to assess migraine severity in the considered papers, with a brief description.

Tool Description Structure Ref.
The MIDAS score is derived as the sum
of missed days from paid work or
school, household work, and nonwork
Instrument for activities due to headache.
MIDAS migraine-related disability Headache patients answer five Stewart W.E. etal., 2001 [30].
questions, scoring the number of days
in the past 3 months when activity was
limited due to migraine
Validated questionnaire The score isa 51mple composite of the
recoenized in the assessment total of six questions related to the
PEDMIDAS gruzec m . impact of headaches on school Hershey A.D. et al., 2001 [31]
of the disability of childhood A
performance, disability at home, and
and adolescent headaches . .
social/sports functions
Eleven-point numerical scale; the child
NUMERICAL . . "
RATING SCALES Scale to rate the pain rates the pain from 0 ~(no pain) to 10 Walker B.J. et al., 2019 [32]
(worst pain)
PROMIS measures are standardized,
Evaluates and monitors allowing evaluation of many domains,
PROMIS physical, mental, and social including pain, fatigue, emotional Cella D. et al., 2010 [33]
health in adults and children distress, physical functioning, and

social role participation.

Abbreviations. Ref: reference; MIDAS: migraine disability assessment; PedMIDAS: pediatric migraine disability assessment tool; PROMIS:
patient-reported outcomes measurement information system.

Large variations were noted in the measures and criteria used to define sleep disorders.
None of the manuscripts mentioned the diagnostic criteria of the International Classifica-
tion of Sleep Disorders (ICSD). However, different studies used validated questionnaires,
including the Children’s Sleep Habits Questionnaire (CSHQ) [10,26], Sleep Disturbances
Scale for Children (SDSC) [24,28], Pediatric Daytime Sleepiness Scale (PDSS) [28], BEARS
Sleep Screening Tool [21], and Sleep Hygiene Inventory for Pediatrics (SHIP) [22,23].
In some studies, other questionnaires, including the Patient-Reported Outcomes Measure-
ment Information System (PROMIS) [19], general lifestyle questionnaire [20], and National
Comorbidity Survey-Adolescent (NCS-A) [13], were used (Table 3).
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Table 3. List of tools used to assess sleep disorders in the considered papers, with a brief description.

Tool

Description

Structure

Validated

Ref.

CSHQ

BEARS

SHIP

Parent-report sleep
screening survey

Pediatric sleep
screening instrument

Instrument to target the

sleep issues common in

pediatric patients with
headaches

33 three-point scale items grouped in 8
subscales relating to the major
presenting clinical sleep complaints in
pediatric age: bedtime resistance, sleep
onset delay, sleep duration, sleep
anxiety, night wakings, parasomnias,
sleep-disordered breathing, and
daytime sleepiness
This includes 5 items: B = bedtime
issues, E = excessive daytime sleepiness,
A = night awakenings, R = regularity
and duration of sleep, S = snoring
This clearly differentiates between
participants for whom sleep was and
was not a clinical concern; positively
correlates with anxiety, depression,

Markovich A.N. et al.,
2015 [34]

Owens J.A. et al., 2005
[35]

Rabner J. et al., 2017
[23]

SDSC

PDSS

Parent-report sleep
screening survey

Self-report
questionnaire

and disability
26 items grouped in 6 subscales relating
to the major presenting clinical sleep
complaints in the pediatric age group:
difficulty in initiating and maintaining
sleep (DIMS), sleep breathing disorders
(SBD), disorders of arousals/nightmares Y
(DA), sleep/wake transition disorders
(SWTD), disorders of excessive
somnolence (DOES), and sleep
hyperhidrosis (SHY). Each item is rated
on a five-point scale
Self-assessment instrument describing
some daily life situations related to sleep Y
habits, waking time, and sleep problems

Bruni O. et al., 1996 [36]

Badia P. et al., 2003 [37]

Abbreviations. CSHQ: children’s sleep habits questionnaire; BEARS: B = bedtime issues, E = excessive daytime sleepiness, A = night
awakenings, R = regularity and duration of sleep, S = snoring; SHIP: sleep hygiene inventory for pediatrics; SDSC: sleep disturbance scale
for children; PDSS: pediatric daytime sleepiness scale.

Different types of sleep disorders emerged: insomnia, disturbances of the sleep-wake
rhythm, obstructive sleep apnea syndrome, daytime sleepiness, parasomnia, sleep anxiety,
hypersomnia, snoring, co-sleeping, and unspecified sleep disorders.

4. Discussion and Conclusions

This review highlights that most researchers applied the ICHD criteria to reach the
diagnosis of primary headache, while none of them mentioned the ICSD criteria. As for
sleep, only 7 out of 13 analyzed studies used standardized questionnaires, meaning that in
almost half of these papers, sleep was investigated through non-validated methods or with
general questionnaires not specifically designed for sleep disorders. Furthermore, even
when validated, some sleep questionnaires could not be considered as “fully diagnostic”,
since they offered only a screening of sleep problems to be studied in more detail. The
BEARS is a rapid, yet not diagnostic, screening tool that is easy to use in everyday clinical
practice. Similarly, the SHIP questionnaire was specifically developed to highlight clinical
concerns about sleep in patients suffering from primary headaches [23]. Overall, we can
conclude that most of the selected articles rigorously analyzed only one aspect of the
comorbidity, with sleep often representing the “weak” side of the study.

A prompt and correct diagnosis of this comorbidity is of crucial importance. Only
treating headaches in a child who is also presenting a sleep disorder cannot produce
good results, leading to the classification of the patient as a “non-responder” to first-line
treatments. On the other hand, targeting both disorders at the same time can significantly
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ameliorate the quality of life of patients (and their families) and reduce all symptoms.
A recent study by our group (published after the period considered for this review article)
aimed at analyzing the relationship between migraines and sleep in a wide sample of
pediatric migraine patients [38]. The study was conducted by administering a standardized
questionnaire (CSHQ) to patients presenting a definite diagnosis of migraine according to
ICHD-3 criteria. The results confirmed that sleep disorders are a very common complaint
in pediatric patients with migraines, affecting about 73% of patients.

Sleep disorders are also included in the “episodic syndromes that may be associ-
ated with migraine” and are considered early life expressions of migraine [9,39]. Sleep
disorders, such as sleep walking, sleep talking, night terror, and bruxism, are now in-
cluded in the ICHD-3 classification [40] and considered part of a “migraine syndrome of
childhood” [41,42]. Therefore, a correct and precise assessment of symptoms is of crucial
importance, and it is worth emphasizing that most sleep disorders are easily assessable
through accurate clinical histories and specific questionnaires. In the pediatric age group,
it was shown that parental reports are consistent with objective measurements such as
actigraphy and polysomnography [43].

In conclusion, this review underlines the paucity of data correctly assessing both
headache and sleep disorders, thus leaving this comorbidity often underdiagnosed and
there-fore undertreated. These results support the need, in the daily clinical practice, for an
ex-tensive clinical history and validated assessments, including validated questionnaires
and possibly actigraphy and polysomnography, in children searching medical advice
for migraine or sleep disorders in order to be able to detect this comorbidity early, thus
de-signing the better treatment strategy for the patient.

Author Contributions: Study design, A.O., M.\ AN.E, ET.,, M.V,, and R M,; data acquisition, A.O.,
L.O.,, M.ANF, GS., FU., and RM.; data curation, A.O., M.AN.F, ET.,, M.P.C., M.V,, and RM.;
writing original draft preparation, A.O., M.A.N.E, and R.M.; writing review and editing, A.O.,
M.A.N.E, and RM.; and supervision, E.T., M.V,, and F.V. All authors have read and agreed to the
published version of the manuscript.
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