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Abstract

Purpose of Review To critically evaluate the recent literature on cognitive impairment and headache.

Recent Findings Neurocognitive symptoms are prevalent, debilitating, and occur often with both primary and secondary
headache disorders.

Summary This is a “narrative review of the current literature in PubMed on cognitive function and headache.” Migraine is
associated with cognitive impairment years before a migraine diagnosis. In young and middle-aged adults, migraine is asso-
ciated with deficits in attention, executive function, processing speed, and memory. It is unlikely that migraine is associated
with dementia. Although methodologically difficult to assess, there does not seem to be an association between tension-type
headache and cognitive dysfunction. In early to midlife, cluster headache seems to be associated with executive dysfunc-
tion. Several secondary headache syndromes relevant to clinicians managing headache disorders are associated with poorer
cognitive performance or distinctive cognitive patterns, including those attributed to chronic cerebral or systemic vascular
disorders, trauma, and derangements of intracranial pressure and volume, including frontotemporal brain sagging syndrome.

Keywords Migraine - Cognition - Dementia - Cognitive function

Abbreviations CAA-1i Cerebral amyloid angiopathy-related
ICHD International Classification of Headache inflammation

Disorders RVCLSM  Retinal vasculopathy with cerebral leukoen-
NHIRD National Health Insurance Research Database cephalopathy and systemic manifestations
NHIS National Health Insurance Service MMA Moyamoya angiopathy
MoCA Montreal Cognitive Assessment SMART Stroke-like migraine attacks after radiation
CADASIL Cerebral autosomal dominant arte- therapy

riopathy with subcortical infarcts and PRES Posterior reversible encephalopathy

leukoencephalopathy syndrome
CARASIL Cerebral autosomal recessive arte- RCVS Reversible cerebral vasoconstrictive

riopathy with subcortical infarcts and syndrome

leukoencephalopathy ImPACT  Immediate post-concussion assessment and
MELAS Mitochondrial encephalopathy, lactic acido- cognitive test

sis, and stroke-like episodes FBSS Frontotemporal brain sagging syndrome
CAA Cerebral amyloid angiopathy

Background
This article is part of the Topical Collection on Secondary . . . L. .
Headache Given the ever-growing crisis of dementia in our aging pop-
ulation, it is crucial to study the conditions associated with

4 Olivia Begasse de Dhaem cognitive decline and evaluate ways to reduce this grow-

begassededhaem @gmail.com ing burden [1]. Headache disorders are also exceedingly

Department of Neurology, Stamford Hospital, Stamford, CT, common, with a lifetime prevalence of more than 90% [2].

USA Headache specialists need to be able to answer questions
2 Department of Neurology, Weill Cornell Medical College, from patients and colleagues on the association between
New York Presbyterian Hospital, New York, NY, USA headache diagnoses and the risk of cognitive impairment.
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Some conditions associated with cognitive dysfunction
might initially present with headaches. Hence, this review
focuses on interictal cognitive assessment for both primary
and secondary headache disorders in adults. Early diagno-
sis is important as progression to cognitive impairment can
sometimes be prevented or reduced. This narrative review
serves as both an update to the 2018 review on migraine
and cognitive function [3] and a unique review of cognitive
function in other headache disorders, including secondary
headache syndromes relevant to clinical practice for the
headache specialist that is prominently associated with cog-
nitive impairment. It complements an excellent 2019 review
on migraine and cognitive function that discussed cognitive
function during attacks and mechanistic hypotheses of inter-
ictal cognitive dysfunction (which may include functional
thalamocortical disconnection; low serotonin levels between
attacks correlating to decreased habituation; functional con-
nectivity differences on fMRI studies in the hippocampus,
parahippocampal gyrus, and orbitofrontal cortex which
may affect cognitive processing; overload of the brain areas
responsible for both cognition and pain processing) [4e].

Methods

PubMed was initially searched for “headache cognitive”
(3441 results) and “headache dementia” (845 results). Then,
PubMed was searched sequentially for common headache
disorders listed in the third edition of the International Clas-
sification of Headache Disorders (ICHD-3) and their asso-
ciation with cognitive impairment, cognitive function, or
dementia in April 2019. For example, “migraine,” “cogni-
tive,” “cognition,” and “dementia” were searched, leading
to 1768 articles. Then, “tension-type headache,” “tension
headache,” “cognitive,” “cognition,” and “dementia” were
searched leading to 239 articles. Then, “cluster headache,”
“cognitive,” “cognition,” and “dementia” were searched,
leading to 113 articles. The search was sequentially per-
formed for the different ICHD-3 headache disorders.
ICHD-3 headache disorders not seemingly associated with
impaired cognition were not included. Sickle cell disease
(SCD), stroke-like migraine attacks after radiation therapy
(SMART) syndrome, and frontotemporal brain sagging
syndrome were added to the list searched due to authors’
experience with questions from colleagues on these topics.

Articles were screened for relevance by the first author
based on title and abstract first. The first author read the full
text of selected studies to ensure they assessed cognitive
function in people with headache disorders. Articles assess-
ing cognitive function during a primary headache attack
were excluded. The headache disorder diagnoses were made
by positive validated epidemiologic surveys, self-reports,
national database diagnostic code, or clinical evaluation
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diagnoses based on the ICHD-3 criteria. Although there was
no restriction on language, only full-text studies in English
ended up being selected for further review. Studies were
searched from inception to October 2021. The bibliographic
information was recorded with Zotero. The second author
checked the thoroughness of the initial search.

Migraine and Cognition

The available evidence up to 2018 suggested (1) an associa-
tion between worse performance in verbal comprehension,
attention, and school grades in children before the onset of
migraine attacks compared to peers who did not develop
migraine later, which suggests that cognitive dysfunction
may be associated with a predisposition to later develop
migraine and not the consequence of migraine attacks [5] and
(2) an association between migraine and worse performance
in terms of attention, calculation, orientation, executive func-
tion, language, psychomotor speed, visuo-constructive skills,
and memory in the first 50 years of life [6—15], and no strong
evidence for an association between migraine and age-related
cognitive decline.

There is evidence to support an association between
migraine and cognitive dysfunction interictally up to
around midlife, although there are also small conflicting
case—control studies. A recent meta-analysis of 17 arti-
cles published up to January 2020 showed an association
between and worse performance in complex attention (12
studies), immediate memory (5 studies), and spatial cogni-
tion (6 studies). The heterogeneity in study design, sample,
cognitive assessments used, and type of data reported (raw
vs age-adjusted) limits meta-analyses on the topic [16e].
In a cross-sectional analysis of 4208 non-clinic-based par-
ticipants with a mean age of 50 years old, migraine was
associated with worse performance in executive function,
attention, processing speed, immediate recall, and linguistic
skills [17]. From a cross-sectional analysis of 478 primary
care patients with a mean age of 66.4 years (range 50-95),
there was no association between migraine and performance
in executive function, language skills, working memory,
verbal or visual episodic memory, and inhibitory control,
but migraine was associated with slower performance in
attention and processing speed, which suggests that the
early association between migraine and attention deficits
may persist past midlife [18]. There were 13 case—control
studies of young adults (mean ages of those studies ranging
from 24.5 to 46) showing an association between migraine
and lower performance in memory, attention, psychomo-
tor speed, executive function [6—15, 19-21]. Depression
and anxiety did not play a role in this association [8-10,
12, 13, 19, 20]. Acute and preventive medication use did
not affect the results either [11]. Interestingly, subjective
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cognitive complaints were found to correlate with depres-
sion and anxiety but not with objective cognitive measures
[19]. However, four case—control studies of mean age 29 to
40.5 years old suggested otherwise and showed no differ-
ence or better performance from the group with migraine
[22-25].

Migraine is associated with radiographic brain lesions
on MRI, including deep white matter intensities, but there
is no evidence that this association impacts cognitive func-
tion [26, 27]. The mean participant age of 42 years old of
the two national database retrospective studies from Tai-
wan based on medical claim codes seems too young to be
able to carefully assess for a potential association between
migraine and dementia claim code [28, 29]. More recently,
a retrospective case—control study of the Korean National
Health Insurance Service of patients at least 60 years old
identified 11,438 patients with medical claim code of Alz-
heimer’s dementia and matched them with controls without
medical claims for dementia. 7.7% of patients with Alzhei-
mer’s disease medical claim had prior migraine claims vs
6.3% of controls (p <0.01) with an adjusted odds ratio of
1.13 (95%CI 1.05-1.23) for migraine in the dementia group
[30]. Although statistically significant, this difference was
small and may not account for factors such as selection bias.

Two recent studies suggest an association between
migraine and dementia in women only. A Canadian popula-
tion-based prospective study of 679 participants of at least
65 years of age with a mean age of 76 years and negative
screen for dementia using a Modified Mini-Mental State
Examination at enrollment showed 7.5% of participants at
5-year follow-up were clinically diagnosed with dementia.
There was an association between a history of migraine and
Alzheimer’s dementia in women: 23.5% of participants diag-
nosed with Alzheimer’s dementia had migraine (all women)
vs 9.9% of cognitively intact participants (p =0.01). The
odds ratio for a history of migraine in participants diagnosed
with any type of dementia was 2.23 (95%CI 1.06-4.66).
Depression and cardiovascular diseases did not play a role in
the association. There was no association between migraine
and vascular dementia [31]. A retrospective cohort study
of 7454 patients from UK general practices with mean age
67.7 years old (range 60—80 years old) showed an associa-
tion between migraine and all-cause dementia (hazard ratio
of 1.65,95%CI 1.19-2.11) and Alzheimer’s disease (hazard
ratio of 2.27, 95%CI 1.42-3.12) in women [32]. Cardiovas-
cular diagnoses, depression, brain injury, alcohol abuse,
epilepsy, and Parkinson’s disease were accounted for in the
regression analyses [32]. Migraine and dementia diagnoses
were assessed using ICD 10 codes with the limitation that
migraine diagnosis is often made in younger patient popu-
lations [32]. These two studies raise the question of why
such association would only be found in women and whether
confounders or biases may account for those findings. Their

results conflict with the other studies discussed, includ-
ing the large prospective cohort Women’s Health Study of
women aged at least 65-year-old where there was no differ-
ence in scores for verbal memory, language and executive
function, and general cognitive function between the par-
ticipants with migraine (853 participants, 13.4%) and the
participants without migraine (5496 participants) [33].
Seven large prospective studies support that migraine is
not associated with dementia. In a prospective cohort study
of 6708 participants with a mean age of 64.6 years old, the
1021 participants with migraine performed the same or
better in terms of mini-mental state evaluation, immediate
recall and delayed recall, processing speed, reading, nam-
ing, interference, executive function, language skills, and
dexterity [34]. In a prospective community cohort study with
mean participant age of 50-year-old, the migraine group
(204 participants) had significantly less decline in memory
testing over time than the non-migraine group (1244 par-
ticipants) [35]. When using the most recent data from the
Nord-Trgndelag Health Surveys, migraine was inversely
associated with dementia [36]. The odds ratio for migraine
in participants with dementia adjusted for gender, age, edu-
cation, smoking, anxiety, depression, and severe comorbid
conditions was 0.44; 95% CI 0.22-0.77 [36]. This later study
used the same HUNT2 headache questionnaires and demen-
tia registry as the prior study, but a larger sample of partici-
pants with confirmed dementia was identified (746) [36, 37].
Of note, the mean age for dementia diagnosis was 79.9 years
old [37]. Similarly, the longitudinal Maastricht Aging Study
of 1869 participants suggested that migraine was not asso-
ciated with cognitive aging [38]. Medication use did not
affect the results either [39]. A 21-year prospective cohort
study of 12,495 participants of ages 51-70 showed no asso-
ciation between migraine and dementia [40]. In this study,
dementia was assessed with cognitive and neuropsychologi-
cal evaluations followed by clinical assessment [40]. In a
5-year longitudinal prospective study of 275 people from
the community (216 without headaches, 35 with migraine
headaches, 24 with non-migraine headaches) of mean age
70.4, the prevalence of cognitive decline was 11.4%, with
similar proportions amongst all groups. Once again, people
with migraine had more subjective cognitive complaints
and screened higher on the depression scale than controls,
but these did not impact their cognitive results. Interest-
ingly, people with migraine had lower baseline scores in
terms of attention and processing speed, which is consistent
with the interictal cognitive deficits observed earlier in life
described in the studies above. Adjusting for the baseline
difference did not change the results [41]. A cross-sectional
and longitudinal study of 3069 participants of mean age
73.6 from the Swedish National Study on Aging and Care in
Kungsholmen (SNAC-K) supported the lack of association
between migraine and dementia [42e]. Use of specific and
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nonspecific migraine medications, age, sex, cerebrovascular
disease, and APOE4 allele did not impact the results [42e].
Two cross-sectional observational studies of the mean age
in the 60 s did not find an association between migraine and
cognitive performance [43—45].

Familial Hemiplegic Migraine

A small study of cognitive function in six patients with
genetically proven (missense mutation T666M on chromo-
some 19) familial hemiplegic migraine showed deficits in
attention, executive function, visuo-constructive skills, and
dexterity [46]. All six patients had cerebellar ataxia and
atrophy, but none were found to have depression or anxiety
[46]. The patients demonstrated normal verbal intelligence
and memory mental arithmetic. Seven years later, those six
patients did not show cognitive decline except for some
worsening in visuo-constructive skills [47]. A case report
of a boy with an ATP1A2 mutation who goes to school and
has good social skills showed he had lower performance in
computational skills and three-dimensional spatial aware-
ness compared to his peers [48]. An observational study of
prospective and standardized neuropsychological assessment
of 18 children with CACNA1A mutations (14 with hemi-
plegic migraine) showed a wide variety in the severity and
domains of cognitive dysfunctions and could not identify a
specific cognitive profile [49]. Vermian atrophy was associ-
ated with a higher risk of cognitive impairment [49]. It may
be important to regularly evaluate and monitor people with
hemiplegic migraine for potential cognitive dysfunction.

Tension-Type Headache and Cognition

There is little data regarding the potential association
between tension-type headaches and cognitive impairment.
Given the high lifetime prevalence of tension-type head-
aches, uncovering a specific risk would be methodologically
challenging and presumably very nonspecific [50]. Unlike
migraine, patients diagnosed with tension-type headaches
in early adulthood had neither cognitive deficits nor poorer
school performance in childhood [51]. Retrospective studies
extracted from medical claims in Taiwan found that patients
with tension-type headache are at a slightly higher risk of
dementia with an odds ratio of 1.77 (95% CI: 1.411-2.224;
P <0.001), but the mean participant age was 49 years, which
is too low to evaluate for dementia [29, 52]. In a cross-
sectional study of neurology clinic patients of mean age
35.8 years old, patients with chronic tension-type headache
screened higher for depression, anxiety, and insomnia and
performed worse in visual-spatial skills, executive function,
and attention testing compared to patients without chronic
tension-type headache [53]. However, it was not assessed
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whether depression, anxiety, and insomnia could be con-
founders of the association found between chronic tension-
type headache and worse cognitive performance [53].

Cluster Headache and Cognition

There is not much data on the potential association between
cluster headache and cognition. However, three small cross-
sectional studies suggest an association between cluster
headache and executive dysfunction. One looking at 27
patients with chronic cluster headache, 26 with episodic
cluster headache in the active period, 22 with episodic clus-
ter headache outside the active period, and 31 healthy con-
trols matched for age (although participant age is unclear)
found a pattern of lowest executive function scores for
patients with chronic cluster headache with gradually better
scores with episodic cluster headache in the active period
and episodic cluster headache outside the active period in
between and controls with the best cognitive scores on the
other end of the spectrum [54]. Another study of 40 patients
with episodic cluster headache and 40 healthy controls with
a mean age of 48.9 years showed that episodic cluster head-
ache was associated with poorer performance in attention,
executive function, language, and working memory outside
of the cluster attack period even when adjusting for duration
of disease, anxiety, depression, or sleep [55]. A third study
of 21 participants with episodic cluster headache of mean
age 47 years did not find a difference in terms of executive
function, selective attention, working memory, and verbal
fluency between periods inside and outside of the active
cluster, but the participant scored significantly lower than
normative data, especially in cognitive flexibility and pro-
cessing speed [56]. To our knowledge, there is no available
evidence on cluster headache and dementia.

Headaches Attributed to Genetic
Vasculopathies

Headache Attributed to Cerebral Autosomal
Dominant Arteriopathy with Subcortical Infarcts
and Leukoencephalopathy (CADASIL)

Up to 40% of patients with CADASIL initially present with
headaches similar to migraine with aura, even more so dur-
ing and around the time of pregnancy [57-60]. One-third of
cases present with migraine-with-aura-like headaches when
patients are in their thirties and progress to recurrent small
deep strokes and subcortical dementia about 15 years later
[61]. The cognitive dysfunction related to CADASIL seems
to stem from white matter microstructural damage [62—64].
A cross-sectional study of 32 patients of mean age 53 years
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old with CADASIL showed that age, headache intensity, and
female gender were associated with a higher burden of white
matter hyperintensities [65]. About 28-77% of patients
with CADASIL are affected by cognitive decline, mostly
in executive function, attention, psychomotor speed, visuo-
constructive skills [57, 58, 66]. CADASIL dementia is also
associated with gait disturbance, urinary incontinence, and
pseudobulbar palsy [58]. Unfortunately, there is no defini-
tive treatment for CADASIL. Stroke risk factors have to be
addressed, and patients are managed symptomatically. Done-
pezil did not meet the primary endpoint in a randomized
control trial for subcortical vascular cognitive impairment
in CADASIL [67].

Headache Attributed to Mitochondrial
Encephalopathy, Lactic Acidosis, and Stroke-like
Episodes (MELAS)

There are two possible types of headaches associated with
MELAS: “(1) recurrent migraine attacks (with or without
aura) or (2) acute headache preceding or associated with focal
neurological deficits and/or seizures” [61]. About half of
patients with the 3243 A > G mutation develop cognitive defi-
cits in executive function, attention, and visuo-constructive
skills [68, 69]. In a prospective study of 33 patients with the
3243 A > G mutation of mean age 41 years old, there was no
clear progression in cognitive decline over three years [68].
Currently, the management of MELAS remains symptomatic
[70]. If present, sensorineural deafness has to be addressed.
A case report of a young woman suggests that computer-
ized cognitive training with motor training can help with the
MELAS cognitive impairment [71].

Migraine-like Aura Attributed to Cerebral Amyloid
Angiopathy (CAA)

Over 40% of patients with CAA without inflammation have
cognitive decline [72]. The CAA-migraine-aura-like tran-
sient focal neurological episodes (TFNE) are hypothesized
to originate from cortical spreading depression emanating
from the cortex adjacent to the small hemorrhages [61, 73].

The cerebral amyloid angiopathy-related inflammation
(CAA-ri) subtype is defined by rapidly progressive cogni-
tive decline or behavioral changes (48-76% of patients),
headaches (38.7-41%), seizures (31-36.7%), T2-weighted
hyperintense MRI lesions (Fig. 1), and histological evidence
of CAA-associated vascular inflammation [74-77]. CAA-ri
tends to initially present with an acute headache and acute or
subacute cognitive decline in orientation, attention, episodic
memory, personality, and behavioral changes [75-78, 79e].
Figure 1 presents an illustrative case. CAA-ri is important
to be recognized as 57.6% of patients clinically improve
with immunosuppressive treatment (mostly prednisone, but

also cyclophosphamide, azathioprine, and mycophenolate
mofetil), and treatment can also help prevent recurrence [80,
81]. However, 14.1% did not improve, and 28.2% had a fur-
ther decline in neurological function [80].

Headache Attributed to Syndrome of Retinal
Vasculopathy with Cerebral Leukoencephalopathy
and Systemic Manifestations (RVCLSM)

The neurological manifestations of this systemic disease
include migraine-like headaches mostly without aura
(59% of patients), cognitive impairment (56%), seizures
(17%), and focal neurological deficits (68%) [82]. Since the
migraine-like attacks occur two decades before the charac-
teristic systemic manifestations of the disorder, it is impor-
tant for headache specialists to be aware of this disease [82].
The major features of cognitive deficits are: “bradyphrenia,
apathy, irritability, and impaired memory and judgment”
[82]. There is no known treatment to date; management is
symptomatic [82, 83].

Headache Attributed to Moyamoya Angiopathy
(MMA)

The pathophysiology of the association between MMA and
headache in both adults and children is not fully understood
[61, 84] MMA-associated headaches can resemble migraine
with aura, hemiplegic migraine, tension-type headache, and
cluster headaches [61, 85]. Since headache can be the initial
symptom of MMA and there is no specific headache pheno-
type associated with MMA, neurovascular imaging should
be considered early in patients with new-onset refractory
headaches [84].

Childhood-onset MMA is associated with progressive
intellectual disability in 21 to 50% of cases [86, 87]. In
a meta-analysis including six studies on 153 adults with
MMA of median age 40.1 years, the median percentage
with cognitive impairment was 31% (range, O to 69%), and
the median IQ was 95 (range 94-99) [88]. More specifi-
cally, the median proportion of patients with deficits in
memory was 37%, processing speed 28%, attention and
executive functions 37%, visuospatial skills 23%, and
language 35% [88]. Although cognitive impairment in
adults with MMA has long been assumed to be secondary
to strokes, there is evidence for cognitive deficits (mostly
in short-term memory and computation) in patients with
asymptomatic MMA raising the hypothesis that cogni-
tive deficits stem from chronic hypoperfusion [88, 89].
In a case—control study of 26 patients with asymptomatic
MMA and 20 controls of mean age 46 years, the MMA
group had lower performance in terms of computational
ability and short-term memory [90]. In a case—control
study of 21 participants with asymptomatic MMA, 19
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Fig. 1 Illustrative case of
cerebral amyloid angiopathy-
related inflammation. An
80-year-old woman with a his-
tory of hypertension, hyperlipi-
demia, and multiple transient
ischemic attacks presented

with 1 day of acute onset,
progressive right hemicranial
headache, nausea, and vomiting.
Examination revealed an elderly
woman with normal vital

signs, severe inattention, left
homonymous hemianopsia, and
left hemispatial neglect. Brain
MRI revealed small scattered
hypointensities on axial gradient
echo sequences (A) as well as
prominent regions of confluent
hyperintensity on axial FLAIR
sequences in the right temporal
and bilateral occipital white
matter (B). She was treated with
intravenous corticosteroids with
clinical resolution over a few
days and radiographic improve-
ment on axial FLAIR sequences
after 3 months (C)

participants with MMA-related strokes, and 20 controls of
mean age around 41 years, both groups MMA had worse
performance than the control group in spatial imagination,
working memory, computational ability, and short-term
memory and the group with MMA-related strokes per-
formed worse than the group with asymptomatic MMA in
complex arithmetic and short-term memory [91]. Unfor-
tunately, there is no known treatment to date to prevent
MMA -related cognitive dysfunction. In an observational
study of 53 patients with MMA of mean age 51 years, 7
initially presented with headache (13%), and 30 underwent
revascularization (57%) [89]. About 11 years after initial
diagnosis, deficits in attention, memory, conceptualization,
mental flexibility, and inhibitory control were observed
regardless of whether the patients underwent revasculari-
zation (28 underwent superficial temporal artery-middle
cerebral artery anastomosis, and 2 patients underwent
encephaloduroarteriosynangiosis) [89].
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Headaches Attributed to Arteritis

Headache is the dominant symptom of arteritides and some-
times the only symptom [61].

Giant Cell Arteritis

Some patients do not present with the typical features of
giant cell arteritis, so this diagnosis should be considered
in anyone at least 50 years old with new-onset or differ-
ent headaches [92, 93]. Even if 72% of patients with giant
cell arteritis eventually have headaches, headache is the ini-
tial symptom in only 32% of patients [92, 94]. The typical
headache is usually of acute or subacute onset in temporal
location (50% of the time), associated with scalp tender-
ness. It can be persistent or intermittent, mild or severe, and
can mimic primary headaches such as migraine or cluster
headache [92].
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Even if giant cell arteritis dementia is rare, it is impor-
tant to be identified because it might stabilize or modestly
improve with a high dose and prolonged course of corticos-
teroids [95-97]. Dementia associated with giant cell arteritis
is thought to be a form of multi-infarct dementia, especially
when there is a high infarct burden in the vertebrobasilar
system [95, 97]. A hypothesis is that the cognitive changes
are thought to be due to thalamic and inferomesial temporal
lobe infarcts [95, 97]. Patients can have abrupt confusion
during active giant cell arteritis episodes and might progress
to a more chronic dementia [95-99].

Primary and Secondary Angiitides of the Central
Nervous System

A detailed assessment of other various CNS angiitis is
beyond the scope of this review. These diagnoses should be
considered in patients with “subacute or chronic headache
with cognitive impairment or chronic aseptic meningitis”
[100].

Stroke-like Migraine Attacks after Radiation
Therapy (SMART) Syndrome

Episodes of SMART syndrome occur acutely after about
one to 37 after radiation, present with headache (35% of
patients), focal neurological deficits (77%), cognitive
changes (50%), and seizures (35%), and are associated with
cortical-subcortical FLAIR hyperintensities and cortical
enhancement on MRI [101, 102]. The cognitive impairments
include confusion, psychomotor slowing, and aphasia [102].
SMART syndrome might initially present with headaches
resembling migraine. This syndrome is important to be rec-
ognized as it is partly reversible either spontaneously or with
steroids in 50-85% of patients [102—-104].

Posterior Reversible Encephalopathy
Syndrome (PRES) and Reversible Cerebral
Vasoconstrictive Syndrome (RCVS)

Both syndromes can initially present with severe headaches,
including a thunderclap phenotype [105]. There is a pau-
city of evidence in the literature on the long-term cognitive
outcomes of PRES and RCVS, as the risk of such outcomes
may depend more specifically on the underlying associated
disorder or inciting factor. Since both PRES and RCVS are
considered “reversible,” patients with longstanding cognitive
impairment might also be given another diagnosis.

Case reports describe three women of 30, 51, and
59 years old with persistent memory, attention, visuospa-
tial, and executive deficits up to 11 months after their PRES

diagnoses with persistent MRI abnormalities [106, 107].
Another case report of a 76-year-old patient with atypical
PRES suggested that her “PRES” episode precipitated the
onset of her dementia syndrome, but she might have had
cerebral amyloid angiopathy [108]. A recent study prospec-
tively assessed the association between hypertensive dis-
orders of pregnancy (one of the biggest known PRES risk
factors in women) and the later development of cognitive
impairment 15 years later, demonstrating an association with
poorer working memory and verbal learning [109].

In a literature review combining prospective, retrospec-
tive, and case-report studies, out of 214 patients diagnosed
with RCVS, 61% reported no cognitive impairment in the
long-term, and 31% reported minor cognitive issues [110].
More studies are needed to evaluate for potential long-term
cognitive impairments related to PRES and RCVS specifi-
cally, relative to the associated risk.

Sickle Cell Disease (SCD)-Related Headache

Neurologic complications of SCD include stroke (prevalence
of 4.6%), abnormal cerebral blood flow (10.6%), seizures
(4.4%), headaches (17.8-43.9%), and cognitive impairment
(“rare” to 50%) [111].

The most common headache phenotypes in patients with
SCD are tension-type headaches and migraine. The head-
aches in patients with SCD seem to correlate with high
transcranial doppler velocities and low hematocrit [112].
Headaches in patients with SCD could be a sign of stroke,
cerebral venous sinus thrombosis, MMA, or posterior PRES.

The main cognitive impairments associated with SCD
are processing speed and executive function. In a cross-
sectional study of 149 patients with SCD compared to 47
healthy controls, SCD was associated with worse intellectual
quotients, working memory, processing speed, and executive
function [113]. A retrospective study of 83 patients and 32
sibling controls shows that patients with SCD have lower
processing speed regardless of silent infarct burden on MRI
[114]. In a survey study, 2436 participants with SCD self-
reported deficits in attention (55%), executive functioning
(51%), processing speed (57%), and reading comprehension
(65%) [115]. In a cross-sectional study of 252 patients with
SCD of mean age 35 years, 11.5% had Rowland Universal
Dementia Assessment Scale (RUDAS) scores suggestive of
dementia, with the limitation of the very young participant
age to assess for dementia [116]. The RUDAS scores were
also unsurprisingly associated with age, kidney function,
disease severity [116].

Regarding the pathophysiology for this association, a
meta-analysis reported (1) a positive association between
hemoglobin and hematocrit levels and IQ and (2) a nega-
tive association between transcranial Doppler velocity and
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visual-spatial and perceptual reasoning [117]. Silent brain
infarcts in SCD are associated with cognitive impairment
and are common: they affect 39% of children by 18 years of
age and more than half of patients by 30 years of age [118].
To date, there are no standard proven strategies to prevent
or improve the cognitive impairment associated with SCD
[119, 120]. However, the American Society of Hematology
recommends stroke screening and prevention, cognitive
impairment screening, and rehabilitation as needed [118].
Early intervention is crucial as SCD-related cognitive defi-
cits impact education levels, unemployment, and instrumen-
tal activities of daily living [115, 121].

Post-Concussion Symptoms

There are no specific phenotypes for post-traumatic head-
aches, but they frequently resemble migraine and tension-
type headaches [122]. Headaches are amongst the most disa-
bling and longest-lasting symptoms of the post-concussion
syndrome [123—-125]. However, post-traumatic headaches
gradually resolve over time in most patients [126]. The preva-
lence of headaches 3 months after traumatic brain injury is
between 47 and 78% [127, 128]. In a prospective study of 235
patients with mild traumatic brain injury (TBI), 36% of par-
ticipants reported headaches at 6 months post-injury [129].
Post-traumatic headaches (PTH) are noticed late in the course
of severe traumatic brain injury once there has already been
some recovery, while post-traumatic headaches are present
early in the course of mild traumatic brain injury [130].
PTH is associated with poorer neuropsychological test-
ing scores and increased severity of somatic complaints,
which is a predictor of prolonged recovery [131-134].
Post-concussive symptoms, including PTH, are associ-
ated with cognitive dysfunction, especially in attention,
memory, and processing speed early in the post-traumatic
course. Given the multitude of post-concussion symptoms,
it is methodologically difficult to tease out the specific
association between PTH and cognition. In a prospec-
tive cohort study of 138 male high school football players
with a mean age of 16 years old, the participants with
post-traumatic migraine-like headaches performed worse
on memory and processing speed tests during the sec-
ond week post-concussion compared to the participants
without the headache and those with post-traumatic non-
migraine-like headaches [135]. A retrospective observa-
tional study of 122 athletes with a mean age of 19 years
found that PTH was associated with worse performance
in overall cognitive, memory, attention, and processing
tests adjusting for baseline cognitive function and other
post-concussion symptoms [136]. In a case—control study
of 100 patients with persistent PTH attributed to mild TBI
and 100 healthy controls without a history of TBI, PTH
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was associated with increased risk of poor sleep quality
(85 vs 42%), anxiety (52 vs 8%), depression (42 vs 2%),
and mild cognitive impairment assessed with the MoCA
(27%) [137]. However, the study did not include partici-
pants with mild TBI without PTH [137]. The observed
association between PTH and sleep disturbances is con-
sistent with prior studies and contributes to worse perfor-
mance on memory testing [136, 138]. However, there is
conflicting data on a potential association between PTH
and post-traumatic depression [139-141].

When suspecting post-traumatic cognitive and/or behav-
ioral impairments, it is helpful to refer patients for neuropsy-
chological testing [142]. Once the domains affected are iden-
tified, neurocognitive rehabilitation can help improve some
cognitive processes and/or help patients develop strategies
to compensate for the posttraumatic cognitive impairments
[143-145]. There is evidence that goal management train-
ing can help with attention and executive functions [144].
Compensatory cognitive interventions include smartphone
reminders, checklists, self-talk when completing complex
tasks [144]. Posttraumatic neurocognitive rehabilitation
is recommended after moderate to severe traumatic brain
injury (TBI) and after mild traumatic brain injury if cogni-
tive impairments persist more than 4 weeks after sports-
related TBI or more than 3 months after non-sports TBI
[144].

In summary, post-traumatic headaches are disabling,
long-lasting, and associated with poorer neuropsychological
testing scores and increased severity of somatic complaints.
However, there is no evidence currently those post-traumatic
headaches are associated with cognitive impairment in the
long term.

Frontotemporal Brain Sagging Syndrome
(FBSS), a Spontaneous Intracranial
Hypotension Syndrome Mimicking
Frontotemporal Dementia

Frontotemporal brain sagging syndrome refers to the combi-
nation of clinical behavioral variant frontotemporal demen-
tia and radiographic evidence of brain sagging [146]. The
headaches associated with this disorder are often described
as postural [147-149]. In a small retrospective chart review,
8 patients with a mean age of onset of 53 years old presented
with the insidious progression of behavioral changes (disin-
hibition and apathy), mild cognitive and executive deficits,
and daytime somnolence [146]. None of the patients had
radiographic evidence of frontotemporal atrophy on MRI.
The patients all developed headaches either before or at the
onset of the cognitive changes [146].

Brain imaging with attention to looking for the stigmata of
spontaneous intracranial hypotension should be considered in
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patients with clinical evidence of behavioral variant fronto-
temporal dementia who complain of a postural headache to
evaluate for FBSS as it might be at least temporarily improved
with a blood patch, high dose steroids, and/or repair of CSF
leaks [146, 150].

Idiopathic Intracranial Hypertension (IIH)

Although cognitive impairment had been described as
comorbidity associated with IIH in 1986, recent research
has highlighted the risk factors and characteristics of cogni-
tive impairment in ITH [151e, 152]. Patients with ITH have
impairments of attention, language, memory, processing
speed, executive function, and visuospatial skills [151e,
153-155]. Risk factors for developing cognitive impairment
in ITH include headache, depression, high serum cortisol
levels, and obstructive sleep apnea [151e, 156]. Obesity
is not [151e]. Interestingly, the IIH-associated cognitive

Table 1 Summary of headache diseases and cognitive function

impairments seem to be reversible with treatment that
reduces intracranial pressure, such as carbonic anhydrase
inhibitors and ventriculoperitoneal shunt placement [153,
157]. Grech et al. demonstrated that in patients with ITH,
response time is significantly reduced after lumbar punc-
ture indicating an immediate improvement in attention after
reducing the intracranial pressure [151e].

Limitations

There is significant heterogeneity in the cognitive tests used
in the studies. To our knowledge, there is no standardized
validated test for interictal cognitive assessment of young
adults with headache diseases. The rapid tests such as the
Montreal Cognitive Assessment or Mini-Mental State Exam,
for example, were not validated for this population. As a
result, the authors cannot recommend a specific cognitive
test to use based on current data.

Headache disease Headache semiology

Cognitive function

Migraine

Tension-type headache

Cluster headache
CADASIL e Migraine with aura like
MELAS e Recurrent migraine-like attacks
e Acute headache preceding or associated with focal
neurological deficits and/or seizures
CAA e Migraine-aura-like episodes
CAA-ri e No specific phenotype
RVCLSM o Migraine-like headaches usually without aura
MMA o No specific phenotype

Giant cell arteritis
with or without scalp tenderness

SMART syndrome
PRES and RCVS

e Migraine-like headaches

o Thunderclap or other headaches

SCD e Tension-type headache-like
o Migraine-like headaches
PTH o Tension-type headache-like

e Migraine-like headaches

e New onset or different headache after 50 years of age

e Early deficits in verbal comprehension, attention, and
school grades before the onset of attacks

o Interictal deficits in attention, calculation, executive func-
tion, language, psychomotor speed, visuospatial skills,
and memory in the first part of life

e Unlikely to be associated with dementia

e No clear association with cognitive deficits

e Some evidence for executive deficits

e Deficits in executive function, attention, psychomotor
speed, and visuospatial skills

e Deficits in executive function, attention, visuospatial
skills

e Cognitive decline

e Cognitive decline in orientation, attention, episodic
memory, personality, and/or behavioral changes

e Bradyphrenia, apathy, irritability, impairments in
memory, and judgment

e Deficits in memory, processing speed, attention, executive
function, computational ability, and visuospatial skills

e Abrupt or step-wise confusion +/— multi-infarct dementia

e Confusion, psychomotor slowing, and aphasia

eDeficits in short-term memory, attention, visuospatial
skills, executive function

e Deficits in processing speed, executive function, 1Q, and
working memory

e Deficits in overall cognition, memory, attention, and
processing speed

e No strong evidence for long-term cognitive impairments

FBSS e Orthostatic, exertional, “second half of the day,” or new e Insidious progression of behavioral changes, mild cogni-
daily persistent headache tive impairments, especially in executive function
1H e Headache worse in recumbency with vision changes e Deficits in attention, language, memory, processing

speed, executive function, and visuospatial skills
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The mean age of many of the studies discussed is too low
to be able to assess for dementia. Worse scores in terms of
cognitive function in case—control studies do not necessarily
reflect cognitive impairment but a statistically significant
difference between the groups. Given the currently grow-
ing evidence on post-COVID-19 headaches and post-acute
sequelae SARS-CoV-2 infection (PASC), potential associa-
tions between post-COVID-19 headaches and PASC cogni-
tive impairment were not discussed in this review.

Conclusion

Summarizing the literature on headache and cognitive
decline is challenging due to the heterogeneity in study
designs, participant samples, and cognitive tests. Interest-
ingly, migraine is associated with cognitive impairment
and worse school performance years before a migraine
diagnosis. In young and middle-aged adults, migraine is
associated with deficits in attention, calculation, orienta-
tion, executive function, language, psychomotor speed,
visuo-constructive skills, and memory. Reassuringly, it
seems unlikely that migraine predisposes to dementia. It
is plausible that interictal cognitive deficits found in early
and mid-adulthood may improve as the natural history
of migraine also improves with aging. The more recent
appreciation of cogniphobia, a fear and avoidance of cog-
nitive exertion, could also influence cognitive test results
among people with migraine even interictally [158].
Cognitive differences between people with and without
migraine may attenuate with age as other risk factors for
dementia such as cardiovascular risk factors become more
prevalent. Further studies are needed to develop interictal
cognitive testing and treatment for cognitive dysfunction
for young adults with migraine. It would also be helpful to
assess whether the sleep disorders comorbid with migraine
are associated with objective cognitive impairments.

A few secondary headache syndromes (CADASIL,
MELAS, RVCSLM, and cerebral amyloid angiopathy)
are associated with a small-vessel disease process and
subcortical dementia, which presents mostly with deficits
in attention, visuospatial/executive function, and psych-
omotor speed. It is crucial to recognize the potentially
reversible dementias associated with secondary headache
disorders such as giant cell arteritis (GCA) and CAA-ri
to attempt treatment rapidly. It is important to note that
postural headaches tend to be the first symptom of fronto-
temporal brain sagging syndrome. Brain imaging to look
for the stigmata of spontaneous intracranial hypotension
should be considered in patients with postural headaches,
and a behavioral variant frontotemporal dementia phe-
notype as FBSS might improve with blood patch and/or
repair of CSF leaks.
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Table 1 summarizes the findings of this literature
review briefly listing the observed cognitive dysfunction
for each headache disease discussed.
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