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Abstract \
Aim: This study aimed to investigate the prevalence of persistent headache following coronavirus disease 2019
(COVID-19) and its association with demographic, clinical, and neuroimaging parameters.

Methods: A total of 341 patients with a confirmed diagnosis of COVID-19 by polymerase chain reaction (PCR) who
presented to the neurology outpatient clinic were evaluated in this study. Patients were divided into two groups
based on the presence or absence of persistent headaches. Demographic characteristics, comorbidities, accom-
panying neurological and systemic symptoms, and neuroimaging findings were compared between the groups.
Results: Persistent headaches were observed in 36.9% of the 341 patients. These patients were significantly
younger than those without headaches (mean age 45 vs. 55 years, p < 0.001), and the female sex ratio was
significantly higher (42.9% vs. 27.5%, p = 0.004) in the headache group. Insomnia (p = 0.002), dizziness (p =
0.01), and myalgia/paresthesia (p = 0.03) were significantly more common among patients with headache. In
contrast, abnormal neuroimaging findings, including diffusion-weighted imaging (DWI) abnormalities and mag-
netic resonance (MR) venography pathology, were significantly more frequent in patients without headache. Pa
tients with abnormal MR findings were older, had greater comorbidity, and had longer hospital stays. Multivariate
analysis confirmed that age and female sex were independent predictors of post-COVID headache.

Conclusions: Post-COVID headache is a common condition with a distinct clinical profile characterized by specific

demographic features and clinical findings. Imaging findings are not always indicative.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
manifests through a variety of symptoms, with headaches being the
most frequently occurring and persistent symptoms associated with
coronavirus disease 2019 (COVID-19). Many studies have investi-
gated the prevalence and clinical features of headache following
COVID-19 12, These headaches often mimic primary headache syn-
dromes, such as migraines or tension-type headaches 2. Many pa-
tients with COVID-19 experience persistent headaches that persist
even after the acute phase of infection has resolved or some-
times experience new-onset headaches after the temperature has
stabilized 1. Additionally, the severity of headaches tends to increase
in the later stages of COVID-19 infection than in the acute phase 3.

The complex nature of how the virus enters the body, attacks it,
and the effects it produces underscores the need for detailed re-
search to elucidate the symptoms, characteristics, and potential
neuroimaging explanations for headaches that occur after COVID-
19 infection. In this type of research, a better understanding of the
characteristics of headaches that are newly onset, worsen, or persist
after a viral epicenter, as well as the specific emergence of COVID-
19, is essential for developing treatment methods and achieving bet-
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ter outcomes in patients.

This study aimed to evaluate the demographic, clinical, and ra-
diological characteristics of the patients. Despite the high preva-
lence of post-COVID headache, data on its neuroimaging correlates
remain limited and inconsistent. In particular, it is unclear whether
persistent headaches are associated with detectable structural or
vascular abnormalities on routine neuroimaging or whet-
her they primarily reflect nonstructural functional processes.

This cross-sectional observational study was conducted at the
neurology outpatient clinic of a tertiary hospital. Adult patients (218
years) with a prior confirmed SARS-CoV-2 infection were evaluated
after resolution of the infection. In line with the NICE guidelines,
which define ongoing symptomatic COVID-19 as symptoms persist-
ing from 4 to 12 weeks after acute infection, individuals were eligi-
ble if at least four weeks had elapsed since SARS-CoV-2 infection.
For the purposes of this study, patients with neurological com-
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plaints evaluated between 4 and 24 weeks after COVID-19 were in-
cluded, corresponding to the post-acute and long COVID phases. Ac-
cording to integrative classification frameworks, symptoms persist-
ing beyond 24 weeks are considered persistent post-
COVID symptoms and were therefore excluded 4-5. All patients un-
derwent a detailed history taking and neurological examination.

The presence, characteristics, duration, frequency, severity, and
nature of the headache were recorded. Headache severity was as-
sessed using a 0-100 Visual Analog Scale (VAS).

Myalgia or paresthesia, sleep disturbances, and cogni-tive im-
pairment were also investigated. Clinical information was obtained
from the patients, and their history, particularly regarding memory
or concentration problems, was supplemented by anamnesis ob-
tained from family members. Demographic characteristics, comor-
bidities, body mass index (BMI), smoking history, previous head-
ache disorders, medication use, and hospitalization during acute
COVID-19 were also recorded.

Neuroimaging was performed according to clinical indications
and included conventional brain magnetic resonance imaging
(MRI), diffusion-weighted imaging (DWI), and magnetic resonance
venography (MRV). MRI sequences (T1, T2, FLAIR, and SWI) were
reviewed and classified as normal or pathological. Pathological MRI
findings were defined as ischemic lesions, age-inconsistent white
matter hyperintensities, microhemorrhages, structural abnormali-
ties, and clinically significant changes in the brain. DWI was used to
assess restricted diffusion, indicating acute or subacute ischemia or
other focal abnormalities. MR venography was used to assess clini-
cally relevant venous abnormalities, including venous sinus throm-
bosis and significant flow alterations. The imaging findings were
categorized into three groups: normal, pathological, and no image.

Data collection included demographic and clinical variables, la-
boratory parameters (glucose, ferritin, vitamin B12, folate, and com-
plete blood count), subjective cognitive complaints, and the time be-
tween COVID-19 diagnosis and neurological assessment.

Statistical analyses were performed using the IBM SPSS Statis-
tics software (version 26.0). The Shapiro-Wilk test was used to as-
sess the normality of continuous variables. Intergroup comparisons
were performed using the Student’s t-test or Mann-Whitney U test
for continuous variables and the chi-square or Fisher's exact test for
categorical variables. Imaging methods were analyzed separately
using appropriate nonparametric methods. Variables with a p-value
<0.10 in univariate analyses were included in a multivariate logistic
regression model to identify the independent determinants of post-
COVID headache. Variables with a p-value < 0.10 in univariate anal-
yses were entered into the multivariate model to avoid excluding
potentially relevant predictors and to reduce the risk of type II er-
ror. Probability ratios (OR) and 95% confidence intervals (CI) were
calculated for the analyses. The statistical significance level was set
at P < 0.05.

This study was evaluated by the Eskisehir City Hospital Scientific
Research Ethics Committee and found to be ethically appropriate
with the decision dated 11.09.2025, ESH/BAEK 2025/216.

Of the 341 patients included in the study, 126 (36.9%) reported
persistent headaches after COVID-19 infection. Headache was sig-
nificantly more common in women than in men. Patients with head-
ache were significantly younger than those without headache (Ta-
ble 1). No statistically significant association was found between
headache and body mass index (BMI), smoking status, or comorbid-
ities. The median time from COVID-19 diagnosis to neurological
evaluation did not differ significantly between patients with and
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without headache (P = 0.060).

The presence of headache was significantly associated with var-
ious concomitant symptoms. Individuals experiencing headaches
had a higher incidence of dizziness, myalgia or paresthesia, and
sleep disturbance. However, no statistically significant association
was found between headache and cognitive complaints (Table 2).

Neuroimaging analysis revealed significant differences between
patients with and without headache. Pathological DWI findings
were more frequent in patients without headaches than in those
with headaches (37.2% vs. 15.1%), whereas normal DWI findings
were more common in patients with headaches (31.7% vs.
16.7%; p < 0.001). A similar distribution was observed on MR ve-
nography. Pathological venous findings were significantly more fre-
quent in patients without headaches than in those with headaches
(62.3% vs. 19.8%), whereas normal venography results predomi-
nated among patients with headaches (45.2% vs. 14.9%; p < 0.001).
In contrast, the conventional brain MRI findings did not differ sig-
nificantly between the two groups (p = 0.097).

Age and Sex Distribution by Headache Status

Variable No Headache Headache Te_st_ p-value
statistic
51.99 + 14.16;46.02 + 12.69;
Age (years) median55 median45 U=9862.5 <0.001*
(17-84) (17-74)
o Male 95 (72.5%) 36 (27.5%)  42=8187
Female 0.004*

120 (57.1%) 90 (42.9%)

Relationship Between Headache and Other Post-COVID Symptoms
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No Head- Headache Test Statis-
Symptom ache n (%) tic p-value
n (%) °

Dizziness 24 (11.2%) 25(19.8%) x*=4.183  0.041*
Subjective

cognitive 74 (34.4%) 50(39.7%) x*=0.951 0.329
complaints

Myalgia / o 0 2 _ *
Paresthesia 53 (24.7%) 49(389%) x“=7.682 0.006
i:’c? disturb- 5 5000%) 37(294%) x=3.880 0.049*

Further exploratory analyses were conducted to evaluate the la-
boratory and clinical correlates of cognitive symptoms. Patients re-
porting forgetfulness exhibited significantly higher folate levels
(mean: 8.04 vs. 6.33 ng/mL, p = 0.002) and higher fasting blood glu-
cose levels (median: 103.5 vs. 97 mg/dL, p = 0.017) than those with-
out forgetfulness. No other significant associations were found be-
tween forgetfulness and hematological parameters.

Headache severity, assessed using a visual analog scale (VAS),
was significantly higher in patients with a prior history of headache
than in those without (median VAS score: 63 vs. 55; p < 0.001). In
addition, headache severity differed according to MR venography
status (p = 0.039), with higher median VAS scores observed in pa-
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tients with abnormal or unavailable venography compared with
those with normal findings.

In the multivariate logistic regression analysis, younger age and
female sex were independently associated with post-COVID head-
ache. Specifically, while increasing age emerged as a protective fac-
tor, female participants were almost twice as likely to experience
headaches as male participants.

Among the accompanying symptoms, myalgia or numbness re-
mained significantly associated with headache, even after adjusting
for other variables. In contrast, although more common in the head-
ache group in univariate analyses, dizziness and sleep disorders did
not show statistical significance in the multivariate model (Table 3).

Multivariate Logistic Regression Results for Post-COVID Headache

Variable 0dds Ratio 95% CI p-value
Age 0.97 0.95-0.98 <0.001*
Female sex 1.85 1.13-3.04 0.015*
Dizziness 1.57 0.81-3.03 0.181
Myalgia / par- 1.83 1.11-3.01 0.017*
esthesia

Sleep disturb- 1.54 0.90 - 2.62 0.116
ance

In this study, we evaluated the clinical features, accompanying
symptoms, and neuroimaging findings related to persis-
tent headaches after COVID-19. Persistent headache was observed
in 36.9% of patients and was particularly more common in young
women; this demographic pattern is consistent with previous re-
ports on post-infection and post-COVID headache syndromes -
3, Although headache after viral illness is not a new clinical phenom-
enon, the COVID-19 pandemic has significantly expanded our un-
derstanding of long-term neurological sequelae following viral in-
fection 6-7. Our findings confirm the known epidemiological trends
and provide new evidence of associated symptoms and imaging cor-
relations.

A key observation of this study was the strong association be-
tween headache and accompanying symptoms such as dizziness,
myalgia/paresthesia, and sleep disturbances. These symptom clus-
ters reflect previously identified dysautonomic and neuroinflamma-
tory patterns in patients with long-term COVID and chronic fatigue-
related disorders 8-9. Their consistent co-occurrence supports the
hypothesis that post-COVID headache is part of a broader neuroim-
mune or central sensitization process rather than a purely nocicep-
tive or peripheral mechanism 10. These findings suggest that both
demographic factors and specific neurological symptoms may con-
tribute to the pathophysiology and perception of post-COVID head-
ache.

Contrary to conventional assumptions, patients experienc-
ing headaches had fewer abnormal findings on DWI and MR venog-
raphy than those without headaches. Although conventional MR re-
sults did not differ between the groups, pathologies such as diffu-
sion restriction or venous abnormalities were significantly more
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common in the group without headache. This was an unexpected
finding, which has clinical significance and suggests that post-COVID
headaches do not correspond to structural brain changes detectable
by routine imaging but may reflect functional, metabolic, or connec-
tivity-based changes 11-13, This interpretation is consistent with
studies showing microcirculatory disturbances, autonomic imbal-
ance, and altered functional connectivity with more advanced imag-
ing methods in long-term COVID patients without visible lesions on
routine imaging 14-15. Individuals with pre-existing headache disor-
ders reported significantly higher VAS scores, indicat-
ing an underlying sensitivity. Notably, the highest pain scores
were observed in patients who did not undergo venogra-
phy, which may indicate a subgroup whose symptoms are driven by
functional rather than structural mechanisms 2 16, Traditional sys-
temic risk factors, including BMI, smoking, and comorbidities, were
not statistically associated with headache, highlights that post-
COVID headache is driven by neurobiological rather than systemic
factors.

Cognitive complaints, frequently reported in long-term COVID,
were not associated with headache in this cohort, consistent with
previous studies showing that cognitive dysfunction and headache
generally follow separate trajectories 16. However, the observed dif-
ferences in folate and glucose levels in patients with cognitive com-
plaints highlight the complexity of post-COVID cognitive symptoms
and warrant further investigations. Overall, the findings of this
study reinforce the idea that post-COVID headache may constitute a
distinct clinical phenotype. Although the acute phase of the pan-
demic is diminishing, long-term neurological complaints, including
persistent headaches, continue to pose significant clinical challenge
1719, Longitudinal cohort studies using functional imaging tech-
niques and inflammatory or immunological bi-
omarKkers are crucial for elucidating the underlying mechanisms of
persistent headaches and identifying effective treatment strategies.
Clinicians should be aware that standard structural neuroimaging
may not capture the underlying dysfunction in these patients, and
more detailed imaging studies may be required to identify these
cases.

Some methodological limitations of this study should be consid-
ered. Neuroimaging examinations were performed based on clinical
indications and not within a standard screening protocol. This car-
ries a risk of selection bias, particularly because patients with more
severe, persistent, or atypical neurological symptoms are more
likely to be referred for DWI or MR venography. Therefore, the ab-
sence or presence of imaging findings may not be representative of
the entire post-COVID-19 headache population. Furthermore, the
time between COVID-19 diagnosis and neuroimaging was not sys-
tematically recorded in this retrospective dataset; therefore, the
median imaging time could not be determined. The fact that imaging
was performed at different time points than infection may have con-
tributed to the failure to capture functional or microvascular
changes, particularly those occurring late with conventional imag-
ing. These limitations should be considered in the interpretation of
the findings and addressed in future prospective studies with stand-
ardized imaging time. Another limitation of this study is its cross-
sectional design, which does not allow for causal or dynamic infer-
ences about the course, persistence, or spontaneous resolution
tendencies of headaches over time. Patients were evaluated at a sin-
gle time point, and longitudinal headache follow-up, symptom pro-
gression, and treatment response were not included in this dataset.
This may limit the interpretation of the findings, particularly re-
garding the natural course and phenotypic transformation of post-
COVID headache. Future prospective and longitudinal studies will
elucidate the evolution of headaches over time, determinants of
persistence, and underlying mechanisms.
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This study contributes to the understanding of post-COVID-19
headache by identifying its characteristic demographic and clinical
profiles and examining neuroimaging abnormalities. The absence of
structural correlations in routine MRI, DWI, and MR venography
suggests a predominantly functional or neuroimmune mechanism
rather than an anatomical mechanism. By synthesizing clinical fea-
tures, associated symptom clusters, and imaging data from a large
real-world cohort, this study highlights critical gaps in current diag-
nostic approaches and underscores the need for multidisciplinary
management strategies for long-term COVID-related neurological
symptoms. This information can contribute to a broader under-
standing of post-COVID headache syndrome and improve the clini-
cal interpretation of post-COVID headaches.
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