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Background: Headache is identified as a common post-COVID sequela experienced by

of post-COVID headache in hospitalized and non-hospitalized patients recovering from
SARS-CoV-2 infection.
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models were used for meta-analytical pooled prevalence of post-COVID headache. Data

>180 days afterwards.

Results: From 9573 studies identified, 28 peer-reviewed studies and 7 preprints were
included. The sample was 28,438 COVID-19 survivors (12,307 females; mean age: 46.6,
SD: 17.45 years). The methodological quality was high in 45% of the studies. The overall
prevalence of post-COVID headache was 47.1% (95% ClI 35.8-58.6) at onset or hospital
admission, 10.2% (95% CI 5.4-18.5) at 30 days, 16.5% (95% Cl 5.6-39.7) at 60 days, 10.6%
(95% Cl 4.7-22.3) at 90 days, and 8.4% (95% Cl 4.6-14.8) at 2180 days after onset/hos-
pital discharge. Headache as a symptom at the acute phase was more prevalent in non-
hospitalized (57.97%) than in hospitalized (31.11%) patients. Time trend analysis showed
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INTRODUCTION

Headache is a symptom experienced at the acute phase of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
(pooled prevalence 10.1%, 95% Cl 8.7-11.5) [1]. A Cochrane re-
view concluded that headache was one of the five most prevalent
symptoms during the acute phase and is considered a red flag for
COVID-19 because it has a specificity of 90% (in addition to fever,
fatigue, myalgia, and arthralgia) [2]. A recent survey found that the
most frequent neurological finding associated with COVID-19 seen
by neurologist is headache (61.9%) [3]. Additionally, headache is a
frequent symptom experienced after the acute infection as observed
in recent meta-analyses [4,5]. However, previous meta-analyses
pooled prevalence rates without considering follow-up periods and
without differentiating between hospitalized and non-hospitalized
patients [4,5]. No attempt has been made to systematically estimate
the prevalence rate of post-COVID headache. We aimed to explore
the time course of headache from infection to different post-COVID
follow-up periods and differentiating whether patients were hospi-

talized or not.

METHODS

A systematic review and meta-analysis according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement was conducted and it was prospectively reg-
istered in the Open Science Framework (OSF) database (https://
doi.org/10.17605/0OSF.10/WB8H4). Electronic literature searches
were conducted for studies published up to 31 May 2021 in the
PubMed, MEDLINE, CINAHL, EMBASE, and Web of Science da-
tabases, as well as on medRxiv and bioRxiv preprint servers. The
search was conducted using the following terms: “long COVID”,
“long hauler”, “post-COVID symptoms”, “persistent post-COVID”,
AND “headache”. No language restrictions were applied. Title, ab-
stract, and full text of identified items were analyzed, and those
providing the prevalence of post-COVID headache were pooled.
Data extraction included authors, country, sample size, setting,
and headache prevalence at onset and at post-COVID follow-
ups. The methodological quality of studies was assessed with
the Newcastle-Ottawa Scale [6]. In longitudinal cohort studies or
case-control studies, a maximum of 9 stars can be awarded (high

a decreased prevalence from the acute symptoms’ onset to all post-COVID follow-up
periods which was maintained afterwards.

Conclusion: This meta-analysis found that the prevalence of post-COVID headache
ranged from 8% to 15% during the first 6 months after SARS-CoV-2 infection.

COVID-19, headache, meta-analysis, post-COVID, prevalence

quality 7 stars). In cross-sectional studies, a maximum of 3 stars
can be awarded (good quality: 3 stars; fair quality: 2 stars; poor
quality: 1 star). Search strategy, data extraction, and methodologi-
cal quality were conducted by two authors.

A pooled meta-analysis was performed by calculating the overall
proportion using the metaprop function. Overall means and stan-
dard deviations (SDs) were calculated using the pool.groups function
from the dmetar package. Median and interquartile range (IQR) were
converted to mean and SD. If necessary, data were estimated from
graphs using the GetData Graph Digitizer v.2.26.0.20 software.
We used a random effects model because potential heterogeneity
was expected (> = 75%). We calculated sample size-weighted mean
scores for each study reporting data with their 95% confidence in-
tervals (95% Cls) in addition to potential meta-analytical summary
effects on the pooled prevalence. Data synthesis was categorized
at onset and at 30, 60, 90, and 2180 days after onset/hospital dis-
charge. To determine the time course of post-COVID headache
(from onset to 2180 days afterwards), Freeman-Tukey double arc-
sine transformation was conducted using the escalc function in the
metafor package. The rma.mv (meta-analytic multilevel random ef-
fects model with moderators via linear mixed effect models) was
used to carry out a multilevel meta-analysis with three levels to

identify time and time*subgroup effects.

RESULTS

From an initial 9573 potential articles and preprints, after dupli-
cate screening and excluding papers not related to post-COVID
headache, 55 were initially identified, 20 of which were excluded
because they were case reports or review articles (Figure S1). The
pooled analysis finally included 28 peer-reviewed studies and 7
medRxiv preprints (reference list available as AppendixS4). The
features of the samples of the included studies are shown in Table
S1. Nineteen studies included hospitalized patients, whereas 17
included non-hospitalized patients (one study included hospital-
ized/non-hospitalized patients). The sample comprised 28,438
COVID-19 survivors (12,307 females; mean age: 46.61, SD:
17.45 years). The prevalence of post-COVID headache was inves-
tigated at different follow-up timeframes: 30 days (n = 11, 5 hos-
pitalized and é non/hospitalized), 60 days (n = 9, 4 hospitalized
and 5 non/hospitalized), 90 days (n = 11, 6 hospitalized and 5 non/
hospitalized), and =180 days (n = 13, 5 hospitalized and 8 non/

85U80|7 SUOWLWOD @A eaID 8|qeot|dde ays Aq pausenob afe sejoiie YO ‘8sN JO Se|n. 10} Areiq1T8ulUQ AB]IA UO (SUORIPUOO-pUe-SLLBYLICD" A8 1M ATe1q 1 BUI [UO//:SANY) SUORIPUOD PUe Swie 1 8u3 88S *[7202/90/0T] Uo A%eiqiaulluo A8|1m ‘(-ouleAnde ) eqnopesy Aq 00ST 8US/TTTT OT/I0p/wWoo A3 1M Akl jeuljuoy/Sdny wo.y pepeojumod ‘TT ‘TZ0Z ‘TEET8IYT


https://doi.org/10.17605/OSF.IO/WB8H4)
https://doi.org/10.17605/OSF.IO/WB8H4)

3822 |

FERNANDEZ-DE-LAS-PENAS €T AL.

hospitalized) after hospital discharge or symptoms’ onset, respec-
tively. Table S2 details the assessment of headache among the
studies at each time point.

Twenty (57.2%) studies were cross-sectional, 18 were consid-
ered of fair quality (2/3 stars), and two were of poor quality (1/3
stars). Twelve (34.3%) were longitudinal cohort studies with high
methodological quality (27/9 stars), whereas three were case-con-
trol studies, one of poor quality (5/9 stars) and two of high quality
(7/9 stars). Table S3 summarizes the star scoring of all the studies
included.

Pooled prevalence data of headache at the acute phase and at
each post-COVID follow-up period experienced by the total sam-
ple, and separately by hospitalization or not, are shown in Figure 1.
The overall prevalence of post-COVID headache was 47.1% (95%
Cl 35.8-58.6) at symptoms' onset/hospital admission, 10.2% (95%
Cl 5.4-18.5) at 30 days, 16.5% (95% Cl 5.6-39.7) at 60 days, 10.6%
(95% Cl 4.7-22.3) at 90 days, and 8.4% (95% Cl 4.6-14.8) =180 days
after onset/hospital discharge (Figure 1). All pooled data showed
high heterogeneity (1> > 90%). No significant differences in the
prevalence of post-COVID headache between hospitalized and
non-hospitalized patients were observed at any follow -up period.
Headache as a symptom at the acute phase of the disease was more
prevalent in non-hospitalized patients (57.97%) than in hospitalized
(31.11%) patients.

Figure 2 graphs the time course of headache at onset/hospi-
talization to 30, 60, 90, and 2180 days. The random effects model
revealed a significant effect of time (p < 0.001) showing that the
prevalence of headache dropped from the symptoms’ onset to all
post-COVID follow-up periods and was maintained afterwards. A
slight increase 60 days afterwards was observed but did not reach
statistical significance. No significant group*time effect was found,

showing that this tendency was not related to hospitalization or not.

DISCUSSION

This meta-analysis represents the first pooled analysis on post-
COVID headache. Lopez-Leon et al. reported a pooled prevalence of
44% (95% Cl 13-78%, n = 2 studies) for post-COVID headache [4],
whereas Igbal et al. reported a pooled prevalence of 12% (95% Cl
0-44%, n = 3 studies) [5]. Both meta-analyses provided prevalence
rates without distinction between hospitalized/non-hospitalized pa-
tients nor considering post-COVID periods [4,5].

This meta-analysis revealed that the overall prevalence of post-
COVID headache decreased after the acute phase and remained
stable at different post-COVID follow-up periods during the first
6 months (Figure 2). This time course was similar in hospitalized and
non-hospitalized COVID-19 patients, supporting the premise that
headache seems to be a common post-COVID symptom experi-
enced in severe patients (hospitalized) and also similarly in moderate
to mild patients (non-hospitalized).

Interestingly, the prevalence of headache as an onset symptom
at the acute phase was more prevalent in those individuals who

were non-hospitalized. One potential explanation is related to the
fact that headache is not considered to be a bothersome symptom
compared with other onset COVID-19-related symptoms such as
dyspnea or fever, which are commonly seen in hospitalized patients.
It is possible that headache is underreported by patients at hospi-
tal admission. This situation could be explained by the fact that the
presence of headache as an onset symptom at hospital admission
is associated with better prognosis for hospitalization by COVID-19
[7]. Because of the high prevalence of headache as an onset symp-
tom in COVID-19, its characterization could help to highlight COVID-
19-associated symptoms and to better define the appropriate
treatment [8].

The COVID-related cytokine storm seems to be a common un-
derlying mechanism linking headache and COVID-19 [9,10]. Similarly,
the overlap between neuropsychological or neuropsychiatric symp-
toms and headache is also present in the COVID-19 literature [11].
No study included in the current meta-analysis has considered this
overlapping.

These results should be considered in tandem with our study’s
strengths and weaknesses. The rigorous methodology applied, the
methodological quality assessment, and the inclusion of 28 peer-
reviewed studies and 7 medRxiv preprints differentiating between
hospitalized and non-hospitalized patients and analyzing headache
prevalence from COVID-19 onset to different post-COVID periods
could be considered strengths. However, several shortcomings are
also present. First, the small number of studies in some comparisons
and the high heterogeneity in the pooled data limit the generaliza-
tion of the results. Further, 55% studies were of fair methodological
quality. Third, headache was self-reported by patients themselves in
all the studies, without being diagnosed by a neurologist. This should
be taken into account since headache should be diagnosed and
treated by an experienced neurologist. This identified shortcoming
is relevant since characterization of COVID-19-associated headache
represents an important topic for neurologists. Similarly, no study
provided prevalence data stratified by gender. This will be important
for future studies due to the higher prevalence of headaches in fe-
male patients and the presence of gender differences in COVID-19
[12]. Similarly, 60% of the studies were cross-sectional; therefore,
more longitudinal studies investigating the time course of headache
as an associated COVID-19 symptom are needed. Finally, identifying
risk factors associated with post-COVID headache will be crucial for
future research.

CONCLUSIONS

This meta-analysis found that the prevalence of post-COVID head-
acheranged from 8% to 15% during the first 6 months after the acute
infection but with a prevalence around 50% during hospitalization.
The time course of post-COVID headache seems to be stable during
the first 180 days, but longitudinal studies are needed. Identification
of risk factors associated with post-COVID headache will ensure im-
mediate action and counselling of this patient population.
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FIGURE 1 Adjusted odds ratios (ORs) and 95% confidence intervals (95% Cls) of headache as a symptom at onset/hospital admission and
as a post-COVID symptom 30, 60, 90, and 2180 days after the infection.
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FIGURE 2 Time course trend of
post-COVID headache from the onset of
the symptoms/hospital admission to 30,

60, 90, and 2180 days after discharge.
*Statistically significant effect (p < 0.001)
showing a time trend during the different

F-"Ow follow-up periods. [Colour figure can be
3 =;‘;°;:S viewed at wileyonlinelibrary.com]
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