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Abstract
Post COVID-19 conditions (PCC) present with a wide range of symptoms. Headache is one of the most frequently 
reported neurological symptoms by patients with PCC. We aimed to assess the prevalence of headache in patients with 
PCC who attended the Post-COVIDLMU outpatient department at LMU University Hospital in Munich. We hypothesized 
that headaches occur more frequently in patients with PCC than in the control group. Patients answered a questionnaire 
containing sociodemographic characteristics, their current symptoms, and prior psychiatric and somatic diagnoses, the 
WHO Quality of Life assessment (WHOQOL-BREF), 9-item Patient Health Questionnaire (PHQ-9), and the Fatigue 
Severity Scale (FSS). 188 PCC patients were included in this study and compared to a control group of patients with a 
history of COVID-19 or a different infectious disease – but no consecutive post-infectious condition (nc=27). 115 (61%) of 
our PCC patients were female. The median age was 41 years. 60 (32%, p = 0.001) had a pre-existing psychiatric diagnosis. 
PCC was associated with worse outcomes in all four domains of the WHOQOL-BREF (p < 0.001), high levels of fatigue 
(FSS; p < 0.001), and a higher likeliness for symptoms of depression (PHQ-9; p < 0.001). We were able to confirm that 
psychiatric disorders are more frequently associated with headaches in PCC patients. Headache should be assessed and 
treated in the context of PCC not only by neurologists but by multi-professional teams and regarding all PCC symptoms.
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Abbreviations
DRKS  Deutsches Register Klinischer 

Studien
ECDC  European Centre for Disease Preven-

tion and Control
FSS  Fatigue Severity Scale
IL-6  Interleukin 6
IL-10  Interleukin 10
IQR  Interquartile ranges
LCARS  Lightweight Clinical Data Acquisition 

and Management Software for Clini-
cal Research

LMU  LMU University Hospital in Munich
Mdn  Median values
NMDA  N-methyl-D-aspartate
PCC  Post-COVID-19 condition
PHQ-9  Patient Health Questionnaire
PRO  Patient-reported outcome
SD  Standard deviation
WHO  World Health Organization
WHOQOL-BREF  WHO Quality of Life assessment

Introduction

Post COVID-19 conditions (PCC) are a constellation of 
symptoms that persist beyond the acute phase of COVID-
19, often for weeks or months after the initial infection 
with severe acute respiratory syndrome coronavirus type 
2 (SARS-CoV-2) [1–3]. PCC may affect various organ 
systems and present with a wide range of symptoms (e.g. 
pulmonary, cardiovascular, immunological, musculoskel-
etal, psychiatric, and neurological) [3–5]. The condition is 
associated with a low quality of life [6]. The World Health 
Organization (WHO) defines PCC as a continuation or 
development of new symptoms within three months after 
the initial SARS-CoV-2 infection, with a minimum symp-
tom duration of two months [7]. The exact prevalence and 
incidence of PCC vary across the published literature. WHO 
suggests that it affects a substantial proportion of COVID-
19 survivors, ranging from 10 to 20% [7]. The United States 
Centers for Disease Control and Prevention estimated the 
prevalence of post-COVID-19 conditions between 5 and 
30% [8].

Headache is one of the most commonly reported symp-
toms in patients with PCC [9–11]. Headache has emerged as 
a common complaint, affecting a significant proportion of 
patients with PCC [6]. Neurological symptoms are associ-
ated with higher severity of PCC [12]. Among PCC patients, 
headache belongs to the most frequently reported neurologi-
cal symptoms [9, 13]. Post-viral headache is an acknowl-
edged phenomenon [14, 15]. Large meta-analyses conclude 

that the prevalence of headaches in the context of PCC 
ranges from 8 to 44% [6, 16–18]. PCC patients can experi-
ence headaches as a disabling condition [19]. The preva-
lence of headache is associated with more severe courses 
of COVID-19. Patients hospitalized with COVID-19 were 
at highest risk of developing PCC associated headache [20, 
21].

The manifestation of headache during the acute phase of 
COVID-19 represents a significant risk factor for persistent 
headache in the sense of a PCC. Conversely, there appears 
to be no apparent association between a pre-existing history 
of primary headache and the occurrence of post-COVID 
headache [21].

The clinical impact of headaches in PCC patients tran-
scends mere discomfort, manifesting as a substantive 
detriment to patients’ quality of life and impeding their 
resumption of routine activities. Additionally, these head-
aches have been implicated in contributing to mental health 
disturbances [22]. The diverse spectrum of headache presen-
tations observed within the PCC population underscores the 
clinically challenging nature of this phenomenon. Patients 
may exhibit tension-type headaches, migraines, or atypical 
headache patterns. Noteworthy is the persistence of head-
aches initiated during the acute COVID-19 phase in some 
individuals, while others manifest de novo headache [23]. 
Discerning this variability is imperative for tailoring treat-
ment modalities and optimizing overall patient outcomes 
[24].

The pathophysiology of headache in PCC is not fully 
understood, but it is likely to be multifactorial. The specific 
pathophysiological mechanisms causing PCC symptoms 
remain elusive and current evidence suggests it’s more indic-
ative of an inflammatory reaction [25, 26]. One hypothesis 
suggests that elevated glutamate levels and upregulation of 
N-methyl-D-aspartate (NMDA) receptors might be respon-
sible for symptoms like headaches [27, 28]. PCC headache 
may be associated with sustained inflammation and hyper-
immune activity, as indicated by elevated serum levels of 
interleukin 6 and 10 (IL-6, IL-10) and inflammasome com-
ponents. [28, 29] A psychosomatic origin of headaches in 
the context of PCC also seems plausible [13].

We aimed to assess the prevalence of headache in patients 
with PCC who attended the Post-COVIDLMU outpatient 
department at the Ludwig Maximilian University (LMU) 
Hospital [30]. We hypothesized that headaches occur more 
frequently in PCC than in the control group, and further 
sought to identify risk factors for developing PCC associ-
ated headaches.
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Materials and methods

Setting

At LMU Hospital in Munich, Germany, the interdisciplin-
ary and cross-sectoral healthcare and research network 
Post-COVIDLMU outpatient department was responsible 
for diagnosing and providing interdisciplinary treatment for 
complex and severe post-COVID-19 (i.e. multiple organ 
systems affected simultaneously, significant deterioration 
over time, emergence of new symptoms during the course) 
adult patients [31]. Referrals to the department and appoint-
ments were exclusively made through a primary care physi-
cian or a specialist. The patient care for this specific group 
involved close collaboration with numerous specialized 
departments at LMU, ensuring comprehensive and interdis-
ciplinary involvement. Each patient was evaluated with the 
involvement of infectious diseases, pulmonology, cardiol-
ogy, psychiatry and psychosomatics, neurology, physical 
medicine, and pain therapy departments as required. The 
treatment services included telemedical consultations and 
interdisciplinary case conferences, allowing referring phy-
sicians to participate actively [30].

Patients who received medical care at our Post-
COVIDLMU outpatient department were included in the 
Post-COVID-Care Study (DRKS00030974) upon writ-
ten informed consent, if they met the criteria for a PCC 
as defined by the World Health Organization (WHO) [7], 
and if their initial diagnosis of COVID-19 was confirmed 
through SARS-CoV-2 PCR testing.

Measures

For the questionnaire’s items, we used a yes-no option and 
“unknown” where applicable. Socio-demographic charac-
teristics included sex at birth, age at inclusion, on sick leave, 
pre-existing psychiatric and somatic diagnoses, and several 
symptoms (cf. Tables 1 and 2). The patients reported their 
headache on a four-point Likert scale (no, mild, intermedi-
ate, severe headache). In addition, the patients completed 
three assessments: the 26-item WHO Quality of Life assess-
ment (WHOQOL-BREF) [32, 33], the 9-item Patient Health 
Questionnaire (PHQ-9) [34, 35], and the Fatigue Sever-
ity Scale (FSS) [36, 37]. The WHOQOL-BREF assesses 
the patients’ quality of life across four domains (physical 
health, psychological health, social relationships, and envi-
ronment) using a scale from 0 to 100. Higher scores indicate 
a better quality of life. To interpret the results the following 
reference values were used [38]: 73.5 (standard deviation 
(SD) = 18.1) for physical health, 70.6 (SD = 14.0) for psy-
chological health, 71.5 (SD = 18.2) for social relationships, 
and 75.1 (SD = 13.0) for environment. The PHQ-9 assesses 

Table 1 Demographic data of the study population
Variable Control 

group,
N = 271

Post COVID-
19 condition 
group,
N = 1881

p-value2

Sex at birth > 0.9
Female 17 (63%) 115 (61%)
Male 10 (37%) 73 (39%)
Age at inclusion 31 (29, 

54)
41 (32, 53) 0.2

Karnowski index 100 (100, 
100)

70 (70, 80) < 0.001

On sick leave < 0.001
No 19 (83%) 64 (36%)
Unknown 0 (0%) 19 (11%)
Yes 4 (17%) 96 (54%)
Has psychiatric diagnosis 0 (0%) 60 (32%) 0.001
Has somatic diagnosis 21 (78%) 142 (76%) > 0.9
Depressive episode, unspeci-
fied (F32.9)

0 (0%) 33 (18%) 0.037

Post viral fatigue syndrome 
[Chronic fatigue syndrome] 
(G93.3)

2 (7.4%) 32 (17%) 0.3

Essential (primary) hyper-
tension (I10)

3 (11%) 20 (11%) > 0.9

Cognitive functional 
impairment (U51)

1 (3.7%) 21 (11%) 0.4

Hyperlipidemia, unspecified 
(E78.5)

9 (33%) 11 (5.9%) < 0.001

Asthma, unspecified (J45.9) 3 (11%) 15 (8.0%) 0.9
Hypothyroidism, unspeci-
fied (E03.9)

1 (3.7%) 17 (9.0%) 0.6

Autoimmune thyroiditis 
(E06.3)

1 (3.7%) 11 (5.9%) > 0.9

Anxiety disorder, unspeci-
fied (F41.9)

0 (0%) 12 (6.4%) 0.4

Type 2 diabetes mellitus 
(E11)

2 (7.4%) 7 (3.7%) 0.7

PRO: WHOQOL-BREF: 
physical health

93 (77, 
96)

43 (30, 57) < 0.001

PRO: WHOQOL-BREF: 
psychological health

79 (67, 
85)

54 (42, 67) < 0.001

PRO: WHOQOL-BREF: 
social relationship

83 (75, 
83)

67 (50, 75) < 0.001

PRO: WHOQOL-BREF: 
environment

91 (81, 
94)

72 (63, 81) < 0.001

PRO: FSS 2.35 
(1.70, 
3.28)

6.22 (5.11, 
6.67)

< 0.001

PRO: PHQ-9 1.0 (0.3, 
3.0)

10.0 (7.0, 
14.0)

< 0.001

1 n (%), Median (IQR); 2 Pearson’s Chi-squared test, Wilcoxon rank 
sum test
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as absolute counts with percentages in brackets. To deter-
mine statistical significance between groups, a two-sided 
Kruskal-Wallis test or Wilcoxon rank sum test was used for 
numeric variables, while Pearson’s Chi-squared test was 
employed to assess statistical differences in categorical data. 
P-values were adjusted for multiple comparisons using the 
Benjamini-Hochberg procedure where applicable. Statisti-
cal significance was considered at values less than 0.05. We 
visualized the data in balloon plots and a correspondence 
analysis.

Ethical approval

Ethical approval for the study was obtained from the Eth-
ics Committee of the Medical Faculty of LMU Munich (21-
1165). All potentially eligible participants were informed 
about the research in oral and written form. Furthermore, 
participants signed an informed consent form. The Post-
COVID-Care study was registered with the Deutsches 

the severity of depressive disorders on a scale from 0 to 27, 
allowing screening and grading. The FSS measures fatigue 
levels on a scale from 1 to 7, with a cut-off of ≥ 5 points 
indicating a severe fatigue.

Data analysis

All clinical data were recorded using the Lightweight Clini-
cal Data Acquisition and Management Software for Clini-
cal Research (LCARS-M2, LMU Munich, Germany). The 
patients and physicians submitted their findings through the 
LCARS-M2 app, a progressive web app. Each assessment 
was conducted independently and blinded to the reports 
from other departments. The relevant clinical data for this 
study were extracted from the LCARS-M2 database.

Statistical analyses were performed using R Studio ver-
sion 4.3.0. Numeric variables were presented as median 
values (Mdn) and the corresponding interquartile ranges 
(IQR) in brackets. Categorical variables were presented 

Table 2 Symptoms across patients with Post COVID-19 condition with or without headache
Variable No headache, 

N = 961
Mild headache, 
N = 271

Intermediate headache, 
N = 461

Severe headache, 
N = 191

p-value3 q-value3

Cohort
Post COVID-19 condition 96 (100%) 27 (100%) 46 (100%) 19 (100%)
Sex at birth 0.051 0.091
Female 50 (52%) 17 (63%) 34 (74%) 14 (74%)
Male 46 (48%) 10 (37%) 12 (26%) 5 (26%)
Karnofsky index 70.0 (70.0, 80.0) 70.0 (70.0, 80.0) 70.0 (70.0, 80.0) 70.0 (70.0, 70.0) 0.7 0.7
Age at inclusion 42 (32, 53) 37 (30, 48) 41 (32, 52) 41 (33, 54) 0.6 0.7
Has psychiatric diagnosis 24 (25%) 8 (30%) 19 (41%) 9 (47%) 0.11 0.2
Has somatic diagnosis 74 (77%) 20 (74%) 34 (74%) 14 (74%) > 0.9 > 0.9
Type 2 diabetes mellitus (E11) 3 (3.1%) 1 (3.7%) 3 (6.5%) 0 (0%) 0.6 0.7
PRO: WHO physical health 46 (36, 68) 46 (32, 54) 39 (29, 54) 21 (14, 32) < 0.001 < 0.001
PRO: WHO psychological health 63 (45, 71) 54 (46, 67) 52 (45, 63) 46 (33, 54) 0.010 0.026
PRO: WHO social relationship 67 (58, 75) 67 (42, 75) 67 (50, 83) 50 (50, 67) 0.12 0.2
PRO: WHO environment 75 (67, 84) 69 (59, 81) 72 (66, 78) 56 (50, 63) < 0.001 0.002
PRO: FSS 5.67 (4.67, 6.56) 6.33 (5.44, 6.67) 6.41 (5.44, 7.00) 6.67 (6.44, 6.89) 0.002 0.008
PRO: PHQ-9 8.0 (5.0, 13.0) 10.0 (8.0, 13.0) 11.0 (8.0, 15.0) 17.0 (12.8, 19.0) < 0.001 < 0.001
Dysuria 6 (6.3%) 1 (3.7%) 3 (6.5%) 7 (37%) < 0.001 0.001
Fever 3 (3.1%) 2 (7.4%) 1 (2.2%) 5 (26%) < 0.001 0.003
Hematemesis 0 (0%) 0 (0%) 0 (0%) 2 (11%) < 0.001 0.002
Hypoesthesia 7 (7.3%) 4 (15%) 6 (13%) 9 (47%) < 0.001 < 0.001
Insomnia 43 (45%) 19 (70%) 29 (63%) 17 (89%) < 0.001 0.004
Joint or muscle pain 30 (31%) 16 (59%) 23 (50%) 15 (79%) < 0.001 0.002
Taste loss/Hypogeusia 18 (19%) 8 (30%) 15 (33%) 13 (68%) < 0.001 0.001
Melena 0 (0%) 0 (0%) 0 (0%) 3 (16%) < 0.001 < 0.001
Memory impairment 51 (53%) 17 (63%) 34 (74%) 19 (100%) < 0.001 0.003
Nausea 8 (8.3%) 11 (41%) 10 (22%) 10 (53%) < 0.001 < 0.001
Night sweats 23 (24%) 10 (37%) 21 (46%) 14 (74%) < 0.001 0.001
Peripheral edema 4 (4.2%) 1 (3.7%) 5 (11%) 6 (32%) < 0.001 0.004
Red eye 5 (5.2%) 4 (15%) 5 (11%) 8 (42%) < 0.001 < 0.001
Throat ache 5 (5.2%) 6 (22%) 11 (24%) 11 (58%) < 0.001 < 0.001
1 n (%), Median (IQR); 2 Pearson’s Chi-squared test, Kruskal-Wallis rank sum test; 3 Benjamini & Hochberg correction for multiple testing
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fatigue – compared to the control group with a score of 2.35 
(1.70, 3.28).

PCC patients scored a median of 10.0 points in the 
PHQ-9 (7.0, 14.0; p < 0.001, Table 1), indicating a moder-
ate depression severity – compared to 1.0 (0.3, 3.0) in the 
control group.

Headache severity

Of the 188 patients with PCC, 96 (51%) reported no head-
ache, 27 (14%) a mild headache, 46 (25%) an intermediate 
headache and 19 (10%) a severe headache (Table 2). 74% of 
female patients reported intermediate or severe headaches 
compared to 26% of male patients (p = 0.051). Having a pre-
existing psychiatric diagnosis was not significantly associ-
ated with headache severity (p = 0.11). PHQ-9 showed a 
significant correlation with headache severity (p < 0.001).

A significant correlation (p < 0.001) was found between 
the severity of the headache and the following symptoms: 
dysuria, fever, hematemesis, hypoesthesia, insomnia, joint 
or muscle pain, taste loss, melena, memory impairment, nau-
sea, night sweats, peripheral edema, red eye, and throat ache 
(Table 2). Additional data are given in Online Resource 1.

Figure 1 gives insights into symptom frequencies across 
headache severity (based on four-point Likert scales) in 
balloon plots. Most PCC patients with mild, intermediate, 
or severe headache frequently reported fatigue, impaired 
alertness, reduced general condition, memory impairment, 

Register Klinischer Studien (DRKS; ‘German Clinical Tri-
als Register’, registration number DRKS00030974).

Results

Patient characteristics

In total, 188 patients (n0 = 188) with PCC from our Post-
COVIDLMU outpatient department were included in 
this study. We compared the PCC patients with a control 
group (nc=27, see Table 1). Patients of the control group 
were admitted to LMU Hospital due to infectious disease 
(including a SARS-CoV-2 infection) but did not develop a 
post-infectious condition. Out of the 188 PCC patients, the 
majority (n = 115, 61%) was female. The median age was 
41 (32, 53) years. Ninety-six (54%, p < 0.001) of the PCC 
patients were on sick leave. Sixty (32%, p = 0.001) had a 
psychiatric diagnosis at baseline.

There was a significant reduction in quality of life in 
PCC compared to the control group in all four domains of 
the WHOQOL-BREF (p < 0.001, Table 1). Regarding the 
severity of headaches, only the WHOQOL subdomains 
physical health and environment showed a significant 
reduction (p < 0.001, Table 2). The Mdn Karnofsky index of 
70% (70, 80; p < 0.001) indicated an incapacity to engage in 
work (Table 2).

In the FSS, PCC patients reported an overall score of 
6.22 (5.11, 6.67; p < 0.001, Table 1), indicating severe 

Fig. 1 Balloon plots with 
frequency of symptoms across 
headache severity
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Main findings

Our findings demonstrate that pre-existing psychiatric dis-
orders are associated with headaches in PCC patients. We 
could not confirm that the prevalence of psychiatric disor-
ders correlated with headache severity. However, the sever-
ity of headaches seems to correlate with the severity of 
depressive symptoms in the PHQ-9. This could suggest that 
headache, as a symptom, has such a debilitating effect on 
PCC patients that they develop depressive symptoms. This 
could be an indication that particularly PCC patients with 
severe headaches should be screened for depressive symp-
toms [42]. This could also suggest that pre-existing depres-
sive symptoms are a risk factor for developing headaches 
in PCC.

Our results could not confirm the assumption of previous 
studies that hyposmia accompanies headache as the most 
common symptom [13]. We could also not show that hypos-
mia is more frequent with more severe headaches.

Memory impairment seems to be a key symptom of PCC 
patients which was also confirmed in a meta-analysis by 
Premraj et al. [16].

Quality of life was significantly lower in all four domains 
of the WHOQOL-BREF (physical health, psychological 
health, social relationships, and environment) compared to 
the control group and established reference values [38]. Our 
study confirms prior research that PCC with headache are 
associated with a poor quality of life [6, 43, 44]. Further, our 
results are consistent with the findings of Förster et al. that 

dyspnoea, palpitations, insomnia, anxiety/tension, or 
reduced muscular strength (cf. Figure 1).

Figure 2 shows a correspondence analysis of the symp-
toms across headache severity. The closer two symptom 
points are to each other in the graph, the more likely these 
symptoms occur together. PCC patients with no headache 
correlated with impaired alertness and anxiety or tension. 
Mild headache was associated with reduced muscular 
strength and impaired speech; intermediate headache with 
depressive mood and confusion; and severe headache with 
eyesight disorder, dizziness, and sweating.

Discussion

PCC has garnered significant attention due to its diverse 
range of persistent symptoms that extend beyond the acute 
phase of the SARS-CoV-2 infection. Among these symp-
toms, headaches have emerged as a notable concern.

We assessed the prevalence of headache in PCC patients 
with PCC in a Post-COVID outpatient department at the 
LMU University Hospital and showed that headache occurs 
more frequently in PCC patients compared to the control 
group. However, the frequency of headaches among PCC 
patients is not higher than in population-based studies on 
headaches [39–41]. Furthermore, we identified risk factors 
for developing PCC associated headaches.

Fig. 2 Correspondence analysis 
of symptoms across headache 
severity
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identifying patterns for future interdisciplinary research 
questions.

Various factors may influence the selection of patients 
referred to our Post-COVID-19 outpatient department, such 
as awareness of the department’s existence, health literacy, 
and the presence of symptoms that impact their daily activi-
ties. Our patient cohort consisted of particularly severe PCC 
cases that could no longer be managed by general practi-
tioners in the outpatient setting. Participants were asked to 
quantify the severity of their headache. However, the qual-
ity of pain was not further classified (e.g. tension headache, 
migraine, trigeminal neuralgia).

The current sample size for a Post-COVID-19 study is 
relatively large, whereas the control group is comparatively 
small. Nevertheless, for some PCC symptoms, conclusions 
can only be drawn with limitations since the sample size 
remains too small. In future, a more detailed inquiry into 
headache frequency and the number of headache days per 
month would be helpful for a deeper interpretation of the 
data. Our sample lacks data categorized by social determi-
nants of health, which might inadvertently omit opportuni-
ties for subgroup analyses and the exploration of potential 
disparities within these groups. We would like to emphasize 
the comparison of data and networking within Germany, the 
European Union, and other high-income countries. Relevant 
constructs, like quality of life, were assessed via self-rating 
scales which bear the risk of recall biases [48].

Conclusions

Headache seems to be a relevant symptom in patients with 
PCC. This study highlights a descriptive analysis of head-
aches in the context of PCC. To improve the quality of life in 
patients with PCC, neurological and psychiatric symptoms 
in particular should be focused on. Neurological symptoms 
such as headaches should be assessed and treated in the 
context of PCC not only by neurologists but also by other 
disciplines and in the context of all PCC symptoms. As our 
understanding of PCC continues to evolve, further research 
is warranted to unravel the underlying mechanisms, inform 
diagnostic approaches, and develop effective interventions, 
ultimately improving the quality of life for individuals 
affected by post-COVID headaches.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00406-
024-01850-8.

Author contributions KA, HCS, GB, and MRuz recruited the pa-
tients and consulted them before study inclusion. CB, EV, MB, and 
AP recorded and processed the data. MRue, HCS, KA, GI, MRuz, JR, 
TJ, FS, and AS reviewed the data and gave conceptual advice. HCS, 
MRue, AP, CB, and KA analyzed the data. MRue, HCS, and KA in-

PCC patients had a significantly lower health-related quality 
of life, and more days of sick leave [45].

Our PCC cohort had a higher fatigue rate, according to 
the FSS, compared to other studies [46]. This indicates that 
our cohort consisted of more severe PCC patients which is 
understandable when considering the inclusion criteria of 
our study.

According to our data, it is important to recognize that 
post-COVID headaches often coexist with other persistent 
symptoms, such as impaired alertness, reduced general con-
dition, or memory impairment. The interaction between 
these symptoms may indicate shared underlying mecha-
nisms, such as dysregulation of immune responses or auto-
nomic nervous system dysfunction [47]. Identifying these 
intersections could potentially reveal common targets for 
therapeutic interventions, offering comprehensive treat-
ment strategies for individuals dealing with multiple Post-
COVID-19 symptoms.

Diagnosing and managing PCC associated headaches 
present unique challenges. The lack of specific biomark-
ers for these headaches underscores the importance of a 
thorough clinical assessment, including detailed history-
taking and comprehensive headache evaluation. Given the 
potential overlap of symptoms, clinicians must differenti-
ate between PCC associated headaches and other primary 
headache disorders that existed previously and are only now 
intensified. Tailoring treatment approaches based on head-
ache characteristics, patient preferences, and coexisting 
symptoms is paramount. Integrating pharmacological inter-
ventions, lifestyle modifications, and psychological support 
can provide a holistic approach to headache treatment in the 
context of PCC [23].

The association between PCC and headaches remains 
an active area of research. Further studies are needed to 
elucidate the precise mechanisms driving headache devel-
opment in this context [23]. Longitudinal studies assess-
ing the evolution of post-COVID headaches over time can 
provide insights into e.g. potential predictors of chronicity. 
Additionally, investigating the efficacy of various treatment 
modalities, such as medications targeting inflammation or 
neural pathways, can guide evidence-based treatment strate-
gies. Collaboration among multidisciplinary teams, includ-
ing neurologists, infectious disease specialists, and mental 
health professionals, is crucial for advancing our under-
standing of post-COVID headaches and optimizing patient 
care [24].

Strengths and limitations

One strength of our study is that we correlate headaches 
with a broad range of interdisciplinary symptoms, thereby 

1 3

https://doi.org/10.1007/s00406-024-01850-8
https://doi.org/10.1007/s00406-024-01850-8


European Archives of Psychiatry and Clinical Neuroscience

6. Malik P, Patel K, Pinto C, Jaiswal R, Tirupathi R, Pillai S, Patel U 
(2022) Post-acute COVID-19 syndrome (PCS) and health-related 
quality of life (HRQoL)—A systematic review and meta-analy-
sis. J Med Virol 94:253–262

7. Post COVID-19 condition (Long COVID). https://www.who.
int/europe/news-room/fact-sheets/item/post-covid-19-condition. 
Accessed 6 Jul 2023

8. (2020) Healthcare Workers. In: Centers for Disease Control and 
Prevention. https://www.cdc.gov/coronavirus/2019-ncov/hcp/
clinical-care/post-covid-conditions.html. Accessed 10 Jul 2023

9. Stefanou M-I, Palaiodimou L, Bakola E et al (2022) Neurologi-
cal manifestations of long-COVID syndrome: a narrative review. 
Ther Adv Chronic Dis 13:20406223221076890

10. Severo Bem Junior L, Do Rego Aquino PL, Nunes Rabelo N, 
Do Rego Aquino MA, Veiga Silva AC, Ferreira Valenca Mota 
RDC, Rocha Cirne De Azevedo Filho H (2020) SARS-CoV-2 
and Nervous System - neurological manifestations in patients 
with COVID-19: a systematic review. J Neurol Res 10:113–121

11. Carfì A, Bernabei R, Landi F, Gemelli Against, COVID-19 Post-
Acute Care Study Group (2020) Persistent symptoms in patients 
after Acute COVID-19. JAMA 324:603–605

12. Beghi E, Giussani G, Westenberg E et al (2022) Acute and post-
acute neurological manifestations of COVID-19: present findings, 
critical appraisal, and future directions. J Neurol 269:2265–2274

13. Tana C, Bentivegna E, Cho S-J et al (2022) Long COVID head-
ache. J Headache Pain 23:93

14. (2018) Headache Classification Committee of the International 
Headache Society (IHS) The International Classification of Head-
ache Disorders, 3rd edition. Cephalalgia 38:1–211

15. Chhabra N, Grill MF, Singh RBH (2022) Post-COVID headache: 
a Literature Review. Curr Pain Headache Rep 26:835–842

16. Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, 
Fanning J, Suen J, Robba C, Fraser J, Cho S-M (2022) Mid and 
long-term neurological and neuropsychiatric manifestations 
of post-COVID-19 syndrome: a meta-analysis. J Neurol Sci 
434:120162

17. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, 
Rebolledo PA, Cuapio A, Villapol S (2021) More than 50 long-
term effects of COVID-19: a systematic review and meta-analy-
sis. medRxiv 2021.01.27.21250617

18. Fernández-de-las-Peñas C, Navarro-Santana M, Gómez-May-
ordomo V, Cuadrado ML, García-Azorín D, Arendt-Nielsen 
L, Plaza-Manzano G (2021) Headache as an acute and post-
COVID-19 symptom in COVID-19 survivors: a meta-analysis of 
the current literature. Eur J Neurol 28:3820–3825

19. Rodrigues AN, Dias ARN, Paranhos ACM, Silva CC, Bastos T 
da, de Brito R, da Silva BB, de Sousa NM, de Quaresma E, Fal-
cão JAS (2023) LFM Headache in long COVID as disabling con-
dition: A clinical approach. Front Neurol 14:1149294

20. Franke C, Berlit P, Prüss H (2022) Neurological manifestations of 
post-COVID-19 syndrome S1-guideline of the German society of 
neurology. Neurol Res Pract 4:28

21. Fernández-de-Las-Peñas C, Cuadrado ML, Gómez-Mayordomo 
V, García-Azorín D, Arendt-Nielsen L (2023) Headache as a 
COVID-19 onset symptom or Post-COVID symptom according 
to the SARS-CoV-2 variant. Expert Rev Neurother 23:179–186

22. Aiyegbusi OL, Hughes SE, Turner G et al (2021) Symptoms, 
complications and management of long COVID: a review. J R 
Soc Med 114:428–442

23. Gómez-Dabó L, Melgarejo-Martínez L, Caronna E, Pozo-Rosich 
P (2023) Headache in COVID-19 and Long COVID: to know 
facts for clinical practice. Curr Neurol Neurosci Rep 23:551–560

24. Lippi G, Sanchis-Gomar F, Henry BM (2023) COVID-19 and its 
long-term sequelae: what do we know in 2023? Pol Arch Intern 
Med 133:16402

terpreted the data. MRue and KA co-wrote the first draft of the manu-
script. All authors reviewed and commented on previous versions of 
the manuscript. All authors approved the final manuscript. KA and 
HCS contributed equally.

Funding The Post-COVIDLMU research project received funding from 
the Bavarian State Ministry of Health and Care and was supported by 
the Bavarian State Office for Health and Food Safety. There is a close 
link to the nationwide research project Network University Medicine 
(NUM, Netzwerk Universitätsmedizin) funded by the Federal Minis-
try of Education and Research (BMBF) (funding code: 01KX2021).
Open Access funding enabled and organized by Projekt DEAL.

Data availability All clinical data will be made available upon reason-
able request.

Declarations

Ethics approval and consent to participate Ethical approval for the 
study was obtained from the Ethics Committee of the Medical Faculty 
of LMU Munich (21-1165). All potentially eligible participants were 
informed about the research in oral and written form. Furthermore, 
participants had to sign an informed consent form stating that all data 
would be treated anonymously. The Post-COVID-Care study was reg-
istered with the Deutsches Register Klinischer Studien (DRKS; regis-
tration number DRKS00030974).

Consent for publication All participants gave written informed con-
sent.

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Augustin M, Schommers P, Stecher M et al (2021) Post-COVID 
syndrome in non-hospitalised patients with COVID-19: a longi-
tudinal prospective cohort study. Lancet Reg Health – Europe. 
https://doi.org/10.1016/j.lanepe.2021.100122

2. Sudre CH, Murray B, Varsavsky T et al (2021) Attributes and pre-
dictors of long COVID. Nat Med 27:626–631

3. Nalbandian A, Sehgal K, Gupta A et al (2021) Post-acute COVID-
19 syndrome. Nat Med 27:601–615

4. Hallek M, Adorjan K, Behrends U, Ertl G, Suttorp N, Lehmann C 
(2023) Post-COVID syndrome. Dtsch Arztebl Int 120:48–55

5. Garg M, Maralakunte M, Garg S et al (2021) The Conun-
drum of Long-COVID-19: a narrative review. Int J Gen Med 
14:2491–2506

1 3

https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.lanepe.2021.100122


European Archives of Psychiatry and Clinical Neuroscience

multiple sclerosis and systemic lupus erythematosus. Arch Neu-
rol 46:1121–1123

38. Hawthorne G, Herrman H, Murphy B (2006) Interpreting the 
WHOQOL-Brèf: preliminary Population norms and effect sizes. 
Soc Indic Res 77:37–59

39. Straube A, Aicher B, Förderreuther S, Eggert T, Köppel J, Möller 
S, Schneider R, Haag G (2013) Period prevalence of self-reported 
headache in the general population in Germany from 1995–2005 
and 2009: results from annual nationwide population-based 
cross-sectional surveys. J Headache Pain 14:11

40. Straube A, Ruscheweyh R (2019) Epidemiologie Von Kopf-
schmerzen über die Lebensspanne. Nervenheilkunde 38:735–739

41. Radtke A, Neuhauser H (2009) Prevalence and burden of head-
ache and migraine in Germany. Headache 49:79–89

42. Lipton RB, Pozo-Rosich P, Orr SL, Reed ML, Fanning KM, 
Dabruzzo B, Buse DC (2023) Impact of monthly headache days 
on migraine‐related quality of life: results from the chronic 
migraine epidemiology and outcomes (CaMEO) study. Headache 
63:1448–1457

43. Mutiawati E, Kusuma HI, Fahriani M, Harapan H, Syahrul S, 
Musadir N (2022) Headache in Post-COVID-19 patients: its char-
acteristics and relationship with the quality of life. Med (Kaunas) 
58:1500

44. Fujita K, Otsuka Y, Sunada N, Honda H, Tokumasu K, Nakano Y, 
Sakurada Y, Obika M, Hagiya H, Otsuka F (2023) Manifestation 
of Headache affecting Quality of Life in Long COVID patients. J 
Clin Med 12:3533

45. Förster C, Colombo MG, Wetzel A-J, Martus P, Joos S (2022) 
Persisting symptoms after COVID-19. Dtsch Arztebl Int 
119:167–174

46. Tabacof L, Tosto-Mancuso J, Wood J et al (2022) Post-acute 
COVID-19 Syndrome negatively impacts physical function, cog-
nitive function, Health-Related Quality of Life, and participation. 
Am J Phys Med Rehabil 101:48–52

47. Yong SJ (2021) Long COVID or post-COVID-19 syndrome: 
putative pathophysiology, risk factors, and treatments. Infect Dis 
53:737–754

48. Coughlin SS (1990) Recall bias in epidemiologic studies. J Clin 
Epidemiol 43:87–91 

25. Ahmad SJ, Feigen CM, Vazquez JP, Kobets AJ, Altschul DJ 
(2022) Neurological sequelae of COVID-19. J Integr Neurosci 
21:77

26. Leng A, Shah M, Ahmad SA, Premraj L, Wildi K, Li Bassi G, 
Pardo CA, Choi A, Cho S-M (2023) Pathogenesis underlying 
neurological manifestations of long COVID syndrome and poten-
tial therapeutics. Cells 12:816

27. Files JK, Sarkar S, Fram TR et al Duration of post–COVID-19 
symptoms is associated with sustained SARS-CoV-2–specific 
immune responses. JCI Insight 6:e151544

28. Tana C, Giamberardino MA, Martelletti P (2023) Long COVID 
and especially headache syndromes. Curr Opin Neurol 36:168

29. Trigo J, García-Azorín D, Sierra-Mencía Á, Tamayo-Velasco 
Á, Martínez-Paz P, Tamayo E, Guerrero AL, Gonzalo-Benito H 
(2021) Cytokine and interleukin profile in patients with headache 
and COVID-19: a pilot, CASE-control, study on 104 patients. J 
Headache Pain 22:51

30. Adorjan K, Heindl B, Stubbe HC (2022) Post-COVIDLMU: 
Implementierung Und Evaluierung eines interdisziplinären 
und sektorenübergreifenden versorgungs- und Forschungsnetz-
werks für eine evidenzgeleitete Behandlung Von Patienten Mit 
Schwerem Post-COVID-Syndrom. Nervenarzt 93:797–803

31. Adorjan K, Ruzicka M, Ibarra G, Stubbe HC (2023) Behand-
lung Des Schweren Post-covid-syndroms. MMW Fortschr Med 
165:52–57

32. WHOQOL - Measuring Quality of Life| The World Health Orga-
nization https://www.who.int/tools/whoqol. Accessed 17 Jul 
2023

33. WHOQOL-BREF| The World Health Organization https://www.
who.int/tools/whoqol/whoqol-bref. Accessed 17 Jul 2023

34. Kroenke K, Spitzer RL, Williams JB (2001) The PHQ-9: valid-
ity of a brief depression severity measure. J Gen Intern Med 
16:606–613

35. Costantini L, Pasquarella C, Odone A et al (2021) Screening for 
depression in primary care with Patient Health Questionnaire-9 
(PHQ-9): a systematic review. J Affect Disord 279:473–483

36. Machado MO, Kang N-YC, Tai F, Sambhi RDS, Berk M, Carv-
alho AF, Chada LP, Merola JF, Piguet V, Alavi A (2021) Measur-
ing fatigue: a meta-review. Int J Dermatol 60:1053–1069

37. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD (1989) 
The fatigue severity scale. Application to patients with 

1 3

https://www.who.int/tools/whoqol
https://www.who.int/tools/whoqol/whoqol-bref
https://www.who.int/tools/whoqol/whoqol-bref

	Headache severity in patients with post COVID-19 condition: a case-control study
	Abstract
	Introduction
	Materials and methods
	Setting
	Measures
	Data analysis
	Ethical approval

	Results
	Patient characteristics
	Headache severity

	Discussion
	Main findings
	Strengths and limitations

	Conclusions
	References


