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Lack of attention, impulsivity, and hyperactivity are the 
main characteristics of ADHD. Many children with ADHD 
continue to have dysfunctional symptoms as adults [1, 2]. 
An estimated 5% of children and 2.5% of adults have ADHD 
in the United States [3, 4]. ADHD has additionally been 
linked to other psychiatric disorders [5] and somatic condi-
tions such as asthma and obesity [6].

Headache is a frequent complaint among pediatric age 
groups [7]. The frequency of headache complaints increases 
progressively from preschool age to adolescence [8]. The 
most common causes of primary headaches are tension-type 
headache (TTH) and migraine. The prevalence of migraine, 
for instance, increases throughout childhood, affecting 1–3% 
of 3–7-year-old children, 4–11% of 7–11-year-old kids, and 
8–28% of teenagers between 13 and 18 years old [9]. It 
ranges between 16.6 and 22.7% among adults older than 18, 
with higher prevalence among females (25%) compared to 
males (11%) [10].

According to hospital-based studies, children with head-
aches and ADHD have a significant lower quality-of-life 
scores compared to healthy children [11, 12], as well as 
higher incidence of other psychiatric disorders. Interest-
ingly, stimulants—the main and most effective pharmaco-
logical treatment for ADHD—are reported to induce head-
ache among other side effects [13]. Whether drug induced 
or not, headache is a common complaint among children 
with ADHD [14, 15]. It is imperative to assess the strength 
of the association between ADHD and primary headaches 
to elucidate possible common pathophysiological pathways, 
and also to guide treatment.

In this review, we carried out a systematic review of the 
literature to determine whether there is comorbidity/associa-
tion between ADHD and primary headaches. In addition, we 
performed a meta-analysis of the available data.

Abstract An association between primary headaches and 
attention-deficit/hyperactivity disorder (ADHD) has long 
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of 
the most common psychiatric disorders affecting children. 
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Methods

Three independent literature searches using the keywords 
“ADHD”, “Headache”, “Migraine”, and “Tension-Type 
Headache” were performed. The electronic databases Pub-
Med, ScienceDirect, Google Scholar, and PsycINFO were 
searched for all published data from January 2000 till Janu-
ary 2017. The specific number of all retrieved, included, and 
excluded articles at each step of our literature search is pro-
vided in Fig. 1, built according to the PRISMA guidelines.

Inclusion criteria

Studies evaluating the comorbidity between migraine, TTH, 
and ADHD in adults or adolescents were included. ADHD 
was defined according to ICD-9, 10 or DSM-III, -IV crite-
ria [16, 17]. Different protocols were used to classify indi-
viduals as having ADHD: (a) ADHD clinically diagnosed 
based on the use of semi-structured interviews; (b) ADHD 
medication use as a proxy for ADHD diagnosis; (c) symp-
toms of ADHD measured by a validated ADHD symptom 
rating scale; (d) information on ADHD cases from clini-
cal databases. Peer-reviewed studies published in English, 
French, Spanish, Portuguese, German, Arabic, and Chinese 
were included, as those are the languages fluently spoken 
by the authors of this review. All the studies that classified 
headache into subtypes (Migraine, TTH) according to the 
International Classification of Headache Disorders (ICHD) 
criteria were included [18].

Exclusion criteria

The following exclusion criteria were applied: (a) studies not 
including ADHD as described under inclusion criteria; (b) 
case reports, communications, opinions, and expert reviews; 
(c) publications not subjected to peer review; (d) studies 
with incomplete or unreported data; (e) pharmacological tri-
als focusing on specific treatment options and not on comor-
bid disorders; (f) studies on traumatic events, as we consider 
these to be outside the main focus of this review; (g) studies 
in any other language than those mentioned in the inclusion 
criteria; and (h) studies that could not be fully retrieved.

Study quality and data analysis

Data were qualified according to the study quality form of 
the “Guide to Community Preventive Services” [19, 20]. 
The form has six categories of data classification. These cat-
egories are related to potential study problems that can limit 
the ability to interpret the results, for example, descriptions 
of the study population or intervention, sampling, measure-
ment, analysis, interpretation of results, and other limita-
tions. After summation of the limitations’ number in each 
category, each study was then scored per the scoring criteria. 
A study with 0–1 limitation was rated as good execution 
quality; 2–4 limitations as fair execution quality; and five or 
more limitations as limited execution quality. In addition, we 
extracted publication year, study design, assessment tools, 
geographic location, and demographic data (Table 1).

Fig. 1  Data search flow chart 
(PRISMA guidelines)
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The meta-analysis was done with three different settings, 
using comprehensive meta-analysis Version 3 licensed soft-
ware (http://www.meta-analysis.com). Continuous data from 
eligible studies were analyzed, and due to the heterogeneity 
in rating scales and indices measures reported by different 
studies, a two-sided random effect model of meta-analysis 
was applied. Tests for overall effect sizes (Z), odds ratios 
(OR) for associations with their 95% confidence intervals 
(95% CI), and p values were performed. p values less than or 
equal 0.05 in a confidence interval of 95% were considered 
significant.

Results

Search results

Of the 102 hits in the initial search, 84 records remained 
after duplicates were removed, from which 24 titles were 
deemed irrelevant after screening. The remaining 59 
abstracts were screened for title/abstract and 35 of them 
were irrelevant to the topic. The full text of 24 articles was 
read. Ten manuscripts were not eligible (one was in Polish, 
two did not report data results, one was a case report, and 
six were reviews), while 14 original articles fulfilled all the 
inclusion criteria (Fig. 1; Table 1).

Review of the study designs of the included articles

All included studies (n = 14) are summarized in Table 1. 
The studies included 43,244 participants with the exception 
of one study [21] that included the full national registry of 
the Norwegian population (n = 4,640,219). Most studies 
(n = 12) included only adolescents, one study included an 
adult only sample [22], and one study included an all popu-
lation registry [21].

Nine studies (64%) used a cross-sectional design. Three 
studies used a retrospective analysis [23–25], and only two 
studies did a prospective evaluation [26, 27]. Eight stud-
ies (57%) had more males than females, while five (35.7%) 
of them included more females. One study did not report 
the numbers of male and female populations [28]. Twelve 
studies included control groups, while two studies lacked a 
control group [21, 24].

Methods of ADHD assessment in the studies

Ten studies (71.4%) used direct face-to-face interviews 
with different assessment tools for the diagnosis of ADHD 
based upon DSM-IV criteria (Table 1). The rest of the stud-
ies (n = 4) did not use direct interviews. One study used a 
self-administered computer-based assessment questionnaire 
for the diagnosis of ADHD [27], two studies relied on the 

information extracted from national data registries on pre-
vious diagnosis of ADHD [28, 29], and one study used the 
national prescription registry of ADHD medications as a 
proxy for ADHD diagnosis [21].

Methods of headache assessment in the studies

Ten studies (71.4%) used the ICHD for the diagnosis of 
headache among their sample (Table  1). Three studies 
(21.4%) relied on patient/parent self-reports of primary 
headache [22, 28, 30]. One study used a national prescrip-
tion registry of anti-migraine medications as a proxy for 
migraine diagnosis [21].

Eight studies (57.1%) evaluated migraine—as a clearly 
diagnosed headache subtype by ICHD criteria—in relation 
to ADHD (Fig. 3) [22, 23, 25, 27, 31–34].

Five studies (35.7%) evaluated TTH—as a clearly diag-
nosed headache subtype by the ICHD criteria—in relation 
to ADHD (Fig. 4) [23, 25, 32–34].

Methodological considerations and limitations 
of the studies

Several limitations were identified in each 1 of the 14 studies 
under review. Apart from the heterogeneity of the diagnostic 
techniques and samples used, one of the main overall limita-
tions was that 57.1% of the studies (n = 8) focused on the 
association between ADHD and headache, while 42.9% of 
the studies (n = 6) did not focus merely on this association 
but also investigated other comorbidities which could poten-
tially be a source of confounding bias.

The absence of control groups was another major limita-
tion in two studies [21, 24]. The absence of detailed results 
in one study was considered a limitation [26]. Relying on 
patient/parent subjective reports for the clinical diagnosis 
of headaches was another limitation in three studies [22, 
28, 30].

Moreover, using medication databases as a proxy for 
ADHD and migraine diagnoses [21] is also prone to con-
siderable bias; the traditional medications for ADHD and 
migraine may have been prescribed for other conditions; and 
self-medication, with over-the-counter analgesics, could be 
present.

Interestingly, most studies ignored the reports that linked 
stimulants to headache as a side effect and those that con-
cluded that patients treated with stimulants for ADHD might 
develop headache as a medication side effect and not have it 
a comorbid condition [35, 36].

A technology consideration also arises from entirely 
depending on computer-based surveys for a diagnosis of 
ADHD. One of the studies had a significant discrepancy 
in results [27], thus raising concerns about the validity of 
computer-based questionnaire techniques.

http://www.meta-analysis.com
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Remarkably, most of the published data resulted from 
cross-sectional (n = 9) and retrospective studies (n = 3), ren-
dering it difficult to infer the causality between headaches 
and ADHD. Only two studies had a prospective design, with 
only one cohort study among them [27]. This can be attrib-
uted to the higher cost of conducting cohorts. Accordingly, 
there is still a need for these types of studies.

Meta‑analysis

Data from 11 studies were used for meta-analysis. Three 
studies were not included in the analysis as two articles 
lacked a control group, and one article did not report its full 
data as per inclusion criteria (Table 1).

Not all studies identified headache subtypes, i.e., migraine 
or TTH. Migraine was fully defined in 8 studies and TTH in 
only 5 out of the 11 studies.

Accordingly, we categorized our data for analysis in 
three strata. In the first-level stratification, we used all stud-
ies (n = 11) as a general headache reference and analyzed 
them together. The first-level results showed a non-signifi-
cant association between headache, in general, and ADHD 
(OR 1.009, 95% CI 0.501–2.034, p value 0.980) (Fig. 2). 
In the second-level analysis, we used the studies diagnos-
ing migraine (n = 8), revealing a significant positive asso-
ciation between migraine and ADHD (OR 1.322, 95% CI 
1.018–1717, p value 0.036) (Fig. 3). In the third-level analy-
sis, we used the studies diagnosing TTH (n = 5) that showed 
a non-significant association between TTH and ADHD (OR 
1.068, 95% CI 0.994–1.312, p value 0.679) (Fig. 4).

Discussion

To our knowledge, this is the first systematic review and 
meta-analysis evaluating the association between ADHD and 
headache. Historically, Leviton was one of the first authors 
to report that out of 150 elementary-school children who 
were referred to his clinic for recurrent headaches; approxi-
mately 40% of them had academic difficulties [37]. His 
results came in accordance with later studies that reported a 
higher incidence of hyperactivity and impulsivity symptoms 
in children with headache in comparison to healthy peers 
[38, 39].

Several studies have demonstrated an association between 
ADHD and several other comorbidities [40–46]. However, 
the specific association between ADHD and headache 
remained debatable. In our current systematic review and 
meta-analysis, the data provide compelling evidence of an 
association between ADHD and migraine.

During the past 2 decades, few studies have focused 
on ADHD with headache as a comorbidity. Most of the 

Fig. 2  Meta-analysis of the comorbidity between ADHD and head-
ache (produced by CMA software)

Fig. 3  Meta-analysis of the comorbidity between ADHD and 
migraine (produced by CMA software)

Fig. 4  Meta-analysis of the comorbidity between ADHD and TTH 
(produced by CMA software)
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studies included in our review reported a positive association 
between ADHD and headache, while a few did not report 
any association [25, 26, 33]. The variability of results can be 
attributed to several factors, including discrepancy in diag-
nostic protocols, non-representative samples, and heteroge-
neity of assessment tools.

The causal relationship between ADHD and migraine 
could not be determined, since most currently available 
studies are cross-sectional. However, some authors tried to 
speculate that a relationship between ADHD and migraine 
emerges from a common underlying pathophysiology. For 
instance, Villa and colleagues described impaired visual 
attention in children with migraine and suggested that this 
is dependent on neurotransmitters such as dopamine and 
noradrenalin. Such neurotransmitters are also involved in 
the pathophysiology of migraine, thus suggesting that this 
might predispose those children to attention deficit [47]. 
Other neurotransmitters such as GABA are also implicated 
in the pathophysiology of both conditions [48–50]. A dif-
ferent hypothesis was that frequent headaches independently 
increase distractibility and irritation especially in children 
with a primary short attention span, thus imposing a further 
burden on the challenge of learning. This is supported by a 
study that found a correlation between neuropsychological 
deficits and frequency of headache episodes [51]. Moreover, 
a genetic background theory was hypothesized based on a 
genome-wide analysis study [52].

ADHD is associated with other conditions with a strong 
genetic component. For instance, epilepsy [53–56] and 
vasovagal syncope [57–59] are commonly comorbid with 
migraine. However, we have not identified any meta-anal-
yses confirming the association between ADHD and epi-
lepsy or ADHD and vasovagal syncope. Further studies 
should take into consideration that the genetic and patho-
logic underpinnings of these heterogeneous syndromes may 
overlap, promoting a better understanding of common neural 
pathways. As an example, structural and functional abnor-
malities in corticosubcortical brain networks found to be 
central in both migraine and ADHD pathophysiology [60, 
61] also play an important role in obesity. Obesity is also 
associated with cognitive problems leading to decline in 
intellectual performance [62–64], which can be mistaken as 
ADHD. This is particularly important when obesity in chil-
dren has become an epidemic. Another area that should be 
explored further is the cognitive profile of children affected 
by headaches/migraine. Cognitive abilities, particularly ver-
bal skills, reaction time, and information speed processing 
may be impaired in children with headaches [65, 66]. We 
hope that these findings are quickly incorporated into the 
clinical assessment of patients with ADHD.

Finally, as supported by recent results, the adverse effects 
of stimulants could be a causative factor for the complaint 
of headaches among patients with ADHD [67–70]. Data 

from randomized clinical trials on methylphenidate support 
at least in part this assumption [71–74]. On the other hand, 
Genizi and colleagues found no difference in headache prev-
alence rates among students with ADHD who took medica-
tions such as methylphenidate and those who were not taking 
medications for ADHD [27].

Conclusion

In this manuscript, we provided a comprehensive review 
together with a meta-analysis of the available data on the 
association between headache and ADHD. Our results 
confirmed that there is a significant association between 
migraine and ADHD. However, the pathogenesis of such 
an association remains unknown to date, warranting further 
studies.
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