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Abstract

Obijective: To study the relationship between coronavirus disease 2019 (COVID-19)
mortality and headache among patients evaluated for COVID-19 in Emergency
Departments and hospitals.

Background: COVID-19 has disparate impacts on those who contract it. Headache, a
COVID-19 symptom, has been associated with positive disease prognosis. We sought
to determine whether headache is associated with relative risk of COVID-19 survival.
Methods: A systematic search in PubMed was performed independently by three
reviewers to identify all COVID-19 clinical inpatient series in accordance with the
PRISMA guideline. Studies were included if the study design, COVID-19 confirma-
tion method, disease survival ratio, and presence of headache symptom were acces-
sible. We included 48 cohort studies with a total of 43,169 inpatients with COVID-19:
81.4% survived (35,132/43,169) versus 18.6% non-survived (8037/43,169). A meta-
analysis of the included studies was then performed. The study was registered on
PROSPERO (ID: CRD42021260151).

Results: When considering headache as a symptom of COVID-19, we observed
a significantly higher survival rate (risk ratio: 1.90 [1.46, 2.47], p <0.0001) among
COVID-19 inpatients with headache compared to those without headache.
Conclusion: Headache among patients with COVID-19 presenting to hospitals may be
a marker of host processes which enhance COVID-19 survival. Future studies should
further confirm these findings, in order to better understand this relation and to try
to address possible limitations related to the inclusion of more severe patients who

would be unable to report symptoms (e.g., patients who were intubated).
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INTRODUCTION

Some patient clinical traits have been identified as associated with
increased coronavirus disease 2019 (COVID-19) mortality, includ-
ing advanced age, male sex, deprivation, and chronic diseases.!
Moreover, multiple human genomic variants have been linked to
COVID-19 outcomes.?* COVID-19 traits associated with a positive
disease prognosis have received less attention from investigators.
One such trait may be headache.

We previously reported a prospective, consecutive cohort
study of 130 patients admitted for COVID-19 to a Spanish hospi-
tal, and found that inpatients reporting headache on admission had
COVID-19 symptoms for one less week than inpatients not report-
ing headache.”

We hypothesized that headache, as a COVID-19 symptom, is
a putative marker of favorable COVID-19 clinical outcomes, spe-
cifically mortality. We now report a meta-analysis of 48 inpatient
studies which included the presence or absence of headache as a
COVID-19 symptom and reported COVID-19 mortality rates.

METHODS

This study was registered on PROSPERO® (ID: CRD42021260151)
and followed the PRISMA reporting guidelines.” The Population,
Intervention/exposure, Comparator, Outcome, and Study design
(PICOS) questions were then chosen as follows: inpatients with
COVID-19 as Population; presence of headache as a COVID-19
accompanying symptom as Intervention/exposure; absence of
headache as a COVID-19 accompanying symptom as Comparator;
COVID-19 survival as Outcome; and cohort studies as Study

design.

Meta-analysis search strategy

We conducted a systematic literature search of PubMed (April 1,
2020 to December 22, 2020) to identify all COVID-19 clinical in-
patient studies. We also included six studies published between
December 2019 and March 2020 from a previous meta-analysis.8
There were no restrictions on study design, language, or laboratory
confirmation of COVID-19 diagnosis. Studies were included if they
clearly presented in their results or in their supplementary material:
(1) study design; (2) COVID-19 confirmation method; (3) patients'
demographics; (4) ratio of COVID-19 survivors and non-survivors;
and (5) the presence of headache as a symptom of the infection in
both cohorts (See Table S1 in the Supporting Information). We ex-
cluded review articles, opinion articles, case reports, preprint server
articles, and studies performed either on populations <18years old
or animal models. The full references for the 48 studies included in
the meta-analysis are listed as “Meta-Analysis References” in the

Supporting Information.

Study selection and data extraction

Three investigators (V.J.G., E.C., and P.P.-R.) examined all titles and
abstracts and obtained full texts of potentially relevant papers. Data
extraction was done by V.J.G. For all eligible studies, we extracted
information on study country, study size, COVID-19 confirmation
(positive PCR), patients' characteristics including demographics,
presence of headache among COVID-19 accompanying symptoms
(which included mainly fever, cough, dyspnea, myalgia, diarrhea,
nausea or vomiting, and anosmia, along with headache), and comor-
bidities (cardiovascular diseases, chronic kidney diseases, chronic
liver diseases, chronic respiratory diseases, and diabetes). Both
COVID-19 accompanying symptoms and comorbidities were deter-

mined through medical examination during each patient's admission.

Risk of bias assessment

Two authors (V.J.G. and E.C.) independently assessed risk of bias using
the Newcastle-Ottawa Scale (NOS) to evaluate the quality of studies in-
cluded in the meta—analysis‘9 Three factors were considered for the final
score: (1) selection (representativeness of the exposed cohort, selection
of the non-exposed cohort, ascertainment of exposure, and demonstra-
tion that at the beginning of the study the outcome of interest was not
present); (2) comparability (study design, management of missing data,
analyses performed, presence of confounding variables adjusted for age
or gender); and (3) outcome (how adequately the outcome had been as-
sessed and followed up). In the final score, we also evaluated whether all
patients had a confirmed diagnosis by a COVID-19 PCR test. We rated
the quality of the studies in each domain following the guidelines of the
NOS (global rating ranging from O to 9 stars).

Data analysis

Random-effects pooling models were computed in order to esti-
mate the effect size of the following binary outcome data: presence
of headache in survived versus non-survived COVID-19 cohorts.'°
Pooled headache prevalence and 95% confidence intervals (Cls)
were presented from selected publications. Risk ratio (RR) with
95% Cls were used to estimate the risk of experiencing headache
in both COVID-19 cohorts: surviving versus non-surviving inpa-
tients.!* RR was computed using the Mantel-Haenszel method.?
Headache prevalence and RR from each publication were reported
using forest plots. Headache RR was also analyzed in different
COVID-19 subgroups using moderator analysis in order to study
if some covariables (gender and age) had a significant effect on
the observed effect size'® and adjusted RR was computed through
meta-regression random-effects models. Between-study hetero-
geneity was assessed using the [? statistic and Cochran's Q-test
for statistical significance.14 Outlier publications were discarded

in the sensitivity analysis in order to check the robustness of our
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3122 studies identified through
PubMed database search
(2020-04-01 to 2020-12-22)

353 studies removed (reviews, opinions,
» perspectives, case-reports, pediatric
population and animal studies)

A

2769 studies selected
for abstract evaluation

2719 were excluded because did not
> address the purpose of the meta-analysis or
data were not available/accessible

A

42 studies included in
systematic review

y

6 studied were included (2019-12-31 to
2020-03-31) from previous meta-analysis

(Islam MA et al.)

48 studies included in
meta-analysis

FIGURE 1 The PRISMA flow diagram of the meta-analysis. We excluded 2719 studies after abstract evaluation for any of the following
reasons: (1) original article was not accessible; (2) main outcome of the study was disease severity but not mortality; (3) total proportions
of survivors/non-survivors among hospitalized patients were not available; or (4) the number of patients with headache symptom was not

reported adequately in any group (survivors or non-survivors).

results. We repeated the same analysis for data that were col-
lected on the other COVID-19 symptoms and patients' comorbidi-
ties, although not all publications recorded the same COVID-19
symptomatology or patients' comorbidities. Hence, we analyzed
their pooled prevalence and RR in publications where headache
was reported.

In case of higher heterogeneity (I >75%) in the RR analysis, if
the publication's Cl did not overlap with the Cl of the pooled effect,
we considered these studies as outliers. Influence analyses of effect
size between publications were also computed in order to assess
whether the influence of a particular publication distorted the over-
all pooled effect. Other strategies considered in the sensitivity anal-
ysis were excluding small studies (n <250), excluding studies lacking

validated COVID-19 confirmation methods, and considering only
prospective studies. Finally, publication bias was assessed through
visual inspection (funnel plot) and significance test (Egger's test). All
of the statistical analysis and plots were generated using metaprop
(version 2.4-0), and the meta (version 4.15-1) and dmetar (version

0.0.9) packages of R (version 4.0.3) software.

RESULTS

The meta-analysis included a total of 48 full-text peer-reviewed
publications of COVID-19 inpatient mortality studies that also re-
ported headache as a COVID-19 symptom (Figure 1 and Table S2).
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FIGURE 2 (A) Pooled prevalence of symptoms and signs among inpatients with COVID-19. (B) Relative risk of survival for inpatients with
COVID-19 relative to their symptoms, signs and comorbid diseases. Cl, confidence interval; RR, relative risk factors. [Color figure can be

viewed at wileyonlinelibrary.com]

Table S3 provides quality scores for the studies, assessing risk of
bias (NOS).

Although there was statistically significant heterogeneity be-
tween studies, the overall pooled prevalence of headache as a symp-
tom among inpatients with COVID-19 was 10.4% [8.3%, 12.9%]
(Figure 2A). Removing outlier studies for a sensitivity analysis, the
estimated pooled prevalence of headache was 9.7% [7.8%, 12.0%]
(Table S4).

Regarding the risk of headache relative to mortality, we ob-
served that the presence of headache symptoms was statistically
significantly associated with inpatients with COVID-19 who sur-
vived, compared to those who did not (unadjusted RR: 1.90 [1.46,
2.47], I> =80.0%, p <0.0001; age-adjusted RR: 2.28 [1.78, 2.92],
1?=52.8%, p <0.0001) (Figure 3). Moreover, risk of headache did not
exhibit statistically significant publication bias following visual in-
spection and Egger's test (Figure S1). Notably, some other COVID-19

symptoms were also associated with higher survival rates, including
anosmia (RR: 2.94 [1.94, 4.45], I =84.5%), myalgia (RR: 1.57 [1.34,
1.83], I> =48.8%), and nausea or vomiting (RR: 1.41 [1.08, 1.82],
I? =57.2%), whereas dyspnea and all comorbid diseases studied were
associated with COVID-19 non-survival (Figure 2B, Tables S5 and
Sé6). Further, we performed sensitivity analyses of headache RR, and
consistently observed higher RR of headache among inpatients with
COVID-19 who survived. Excluding studies with lower quality (NOS
score <7), headache RR increased without a statistically significant
heterogeneity between studies (RR: 2.60 [2.03, 3.32], 1> =23.6%,
p <0.0001). In addition, we collected for each study, if available, the
median days from the appearance of the first COVID-19 symptom
to hospital admission and we stratified patients into two categories:
<1 week and 21 week. We observed that earlier hospital admission
in patients with headache was statistically significantly associated
with an even higher probability of better survival (RR: 2.98 [2.35,
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Survived Nonsurvived

Study Events Total Events Total Risk Ratio RR 95% Cl Weight
Aksel G et al. 12 136 0 32 + 5952 [0.362; 97.953] 0.7%
Bellan M et al. 15 285 4 122 e 1605 [0544; 4738] 24%
Berenguer J et al. 381 2904 50 1131 2968 [2228; 3953] 3.8%
Caronna E et al. 96 126 1 4 e 3.048 [0.557; 16.686] 1.5%
Chen F et al. 38 578 4 82 —t— 1.348 [0494; 3678] 25%
ChenLetal. 101 1651 6 208 —'-— 2121 [0943; 4771 29%
ChenRetal 196 1540 9 50 —r 0.707 [0.386; 1296] 3.3%
ChenTetal 20 161 11 113 —."_ 1.276 [0637, 2558] 3.1%
Cheng Aetal. 41 220 18 85 o 0.880 [0.537; 1.443] 35%
De Souza C et al. 1906 8636 74 1171 3492 [2791; 4370) 39%
Deng Y etal. 7 116 6 109 —= 1.096 [0.380; 3.160] 24%
DuRH et al. 12 158 5 21 ——| 0319 [0.125; 0816]) 26%
Emara DM et al. 14 113 5 7 — 0.173 [0.088; 0342] 3.1%
Gao Setal. 10 175 3 35 — 0667 [0.193; 2299] 21%
Garibaldi BT et al. 154 701 2 131 ——— 14389 [3.612; 57.331] 1.9%
Gil-Rodrigo A et al. 114 881 2 119 —-'— 7699 [1.928; 30.752) 1.9%
Homayounieh F et al. 6 69 0 21 4022 [0.236; 68.522] 0.7%
Khalil K et al. 13 162 3 58 —_1— 1.551 [0458; 5250] 2.1%
LiJetal 5 96 4 65 —4;—-— 0846 [0236; 3.034] 20%
LiMetal 17 222 2 23 —_— 0.881 [0217, 3574) 19%
Li X et al. 90 880 7 142 —— 2075 [0982; 4385 3.0%
Ma X et al. 10 77 0 16 ———+— 4471 [0.275; 72561) 0.7%
Marengoni A et al. 6 123 1 42 __.._ 2049 [0.254; 16.528] 1.1%
Martin-Moro F et al. 5 21 0 10 — 5372 [0.327; 88292] 0.7%
Mendes A et al. 18 159 1 76 —-'— 8.604 [1.170; 63.259] 12%
Moon SS et al. 42 324 1 24 ——-+— 3.111 [0.447; 21635 1.2%
Park JG et al. 43 219 3 70 o 4581 [1.467; 14311] 23%
RanaMS et al. 45 82 14 18 ™ 0.706 [0.515; 0967] 3.8%
Rivera-lzquierdo M et al. 44 177 4 61 — 3791 [1421; 10.114] 25%
Rodriguez-Molinero A et al. 32 339 3 79 T 2486 [0.781; 7912) 22%
Rodriguez-Nava G et al. 2% 212 2 101 - 6.193 [1.499; 25586] 1.8%
Rubio-Rivas M et al. 1272 9544 130 2522 | 2586 [2.170; 3.080] 3.9%
Soares RDCM et al. 224 696 74 456 . 1983 [1.568; 2508] 3.9%
Tomlins J et al. 9 75 0 20 T 5159 [0.313; 84974] 0.7%
Trigo J et al. 129 449 8 127 . 4561 [2296; 9061 3.1%
Van HalemK et al. 32 238 3 81 —_ 3.630 [1.142; 11.537] 22%
Varol Y et al. 29 350 2 33 —— 1.367 [0.341; 5476] 1.9%
Vena E etal. 12 155 2 120 —— 4645 [1.060; 20.362) 1.7%
Wang D et al. 7 88 0 19 — 3.305 [0.197; 55472) 0.7%
Wang L et al. 12 274 0 65 § 5965 [0.358; 99.464] 0.7%
Wang ZH et al. 6 41 0 18 . 5795 [0.344; 97.593] 0.7%
YanY etal. 15 85 6 108 — 3176 [1287; 7.837] 27%
Yang X et al. 1 20 2 32 —_— 0.800 [0.077, 8260] 1.0%
YuZetal 3 123 1 18 —_— 0439 [0048; 3996 1.0%
Zhang J et al. 20 638 0 25 _— 1.637 [0.102; 26.324] 0.7%
Zhang L et al. 19 273 0 46 —1————— 6.631 [0.407; 107.938] 0.7%
Zhao Z et al. 45 398 4 82 b 2318 [0.857; 6267] 25%
Zhu Jetal. 26 142 7 39 - 1020 [0.479; 2.172] 3.0%
Random effects model 35132 8037 L 2 1.896 [1.456; 2.469] 100.0%
Prediction interval —— [0.482; 7.462]
Heterogeneity: 1% = 80% [74%; 85%], © = 0.4461, p < 0.01 r T T 1

Test for overall effect: t4; = 4.87 (p <0.01) 0.01 0.1 1 10 100

Non-survived Survived

FIGURE 3 Risk of COVID-19 inpatient survival associated with the presence of headache symptom. Cl, confidence interval; RR, relative
risk factors. [Color figure can be viewed at wileyonlinelibrary.com]

3.78], I> =0.0%, p = 0.010) (Table 1). Finally, we also collected for potential bias from the original studies (Table S2). Nevertheless, the
each study the timing of the medical evaluation, the setting of the presence of headache symptoms remained statistically significantly
medical evaluation, and data missingness in order to control for associated with patients’ survival rate (Table 1).
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DISCUSSION

In light of our prior observations that the symptom of headache was
associated with reduced length of COVID-19 disease,’ we performed
a meta-analysis of 48 published COVID-19 inpatient mortality stud-
ies which captured headache as a symptom. This analysis indicates
that inpatients who experience headache in the setting of the severe-
acute-respiratory syndrome coronavirus-2 (SARS-CoV-2) infection
are approximately twice as likely to survive, compared to those with-
out headache. Further, headache during COVID-19 is associated with

5 and our meta-analysis

anosmia and gastrointestinal symptoms,*
found that anosmia and nausea or vomiting also confer increased rel-
ative risk of COVID-19 survival. Headache in the setting of COVID-19
may be a marker of host defensive responses that enhance survival.

Headache is a common concomitant symptom of systemic in-
fections, particularly viral infections.’® COVID-19 is no exception, as
recognized by the US Centers for Disease Control and Prevention at
the outset of the pandemic.t” Multiple pathophysiological mecha-
nisms might mediate these effects. The COVID-19 cytokine storm is
associated with pulmonary inflammation and/or vasoconstriction me-
diated, in part, by interleukin 6 (IL-6).® We had previously observed
that IL-6 levels were lower initially, and then elevated but were signifi-
cantly more stable over the course of disease, among inpatients with
COVID-19 who reported headache.® Significantly elevated IL-6 levels
have beenreported in COVID-19 inpatients with severe headache, and
in those who had moderate COVID-19 disease including pulmonary in-
volvement but no serious co-morbid medical conditions; however IL-6
levels were not reported longitudinally over the course of disease.’??
Circulating levels of calcitonin gene-related peptide (CGRP) are re-
portedly reduced during COVID-19,?! though it is unclear whether
this is pathological or compensatory. By contrast, CGRP is elevated
during migraine attacks,?? and headache during COVID-19 might re-
flect a host response that includes raising CGRP levels. Anti-CGRP
medications are FDA-approved for migraine treatment,? and an anti-
CGRP drug is under trial as a potential COVID-19 therapy;?* however,
preliminary evidence suggests that anti-CGRP drugs do not influence
COVID-19 outcomes for patients with migraine.?> The SARS-CoV-2
virus binds to the angiotensin converting enzyme 2 (ACE2) receptor
on cell surfaces to gain cellular entry.26 The renin-angiotensin system
is reported to be altered in people with migraine, and drugs that inhibit
ACE1 or block angiotensin receptors are prescribed to prevent mi-
graine attacks.?” Finally, vitamin D deficiency may be associated with
COVID-19 mortality,?® and vitamin D has been proposed as a migraine
therapeutic.?’ Collectively, these data suggest that headaches arising
during SARS-CoV-2 infection may share certain pathophysiological
mechanisms with primary headache disorders, including migraine.

It is notable that headache was reported as a symptom in only
10.4% of inpatients with COVID-19 included in the meta-analysis. If
headache is indeed a marker for reduced relative risk of mortality for
inpatients with COVID-19, then it appears that this may affect a small
minority of COVID-19 patients. However, this may be a misleading
conclusion; COVID-19 outpatients with headache may be less likely
to visit Emergency Departments or become hospitalized. Headache

can be an early® or isolated®®

outpatient symptom of COVID-19, par-
ticularly for patients with prior history of migraine.3%*2 COVID-19
patients presenting to Emergency Departments with headache are
nearly three times more likely to have a prior history of a primary
headache disorder,” including migraine.>®> We analyzed data from
a US population-based survey fielded in early 2020, which found
that respondents with a prior diagnosis of migraine, compared to
those with no history of migraine, had a 58% higher relative risk of
COVID-19 symptoms, 61% higher relative risk of testing positive for
COVID-19, but a 47% lower relative risk of visiting an Emergency
Department, and a 39% lower relative risk of being hospitalized.3?
Collectively, these findings indicate that people with primary head-
ache disorders, including migraine, may be more likely to report
symptoms of COVID-19, but they also may be relatively less likely to
experience a life-threatening COVID-19 disease course.

We hypothesize that migraine or other primary headache dis-
orders might encompass a phenotype of heightened sensitivity
for detecting the presence of viruses, which might lead to earlier
symptoms of viral infections and more effective overall defenses
against them, including reduced mortality. If true, then this might
provide insights into other observations linking headaches with viral
infections. For example, headaches are highly prevalent with en-

cephalitis and other viral infections (e.g., influenza),}¢3*

or following
exposure to viral antigens in the absence of virus (e.g., COVID-19 or
influenza vaccinations).2>3¢ A prior history of migraine is particularly
associated with headaches post-COVID-19 vaccination.?” Persistent
symptoms following acute COVID-19 (“long COVID") are more prev-
alent among patients who have symptoms of headache during acute
COVID-19.3 Headaches themselves are prevalent symptoms of long
COVID,* but notably are not relatively more prevalent among long
COVID patients who have a prior history of migraine.®® Finally, a
prior history of migraine is associated with other presumptive post-
viral syndromes (e.g., myalgic encephalomyelitis/chronic fatigue
syndrome).”’40 Future studies are warranted to replicate these find-
ings and unravel these complex relationships.

This meta-analysis has significant strengths and limitations. The
study included 48 studies from 14 nations including 43,169 patients.
We replicated our analyses in studies of higher quality, and missing-
ness was considered in the NOS. To avoid introduction of potentially
confounding categorical variables, we excluded studies published fol-
lowing either the introduction of COVID-19 vaccines, or the appear-
ance of the more virulent SARS-CoV-2 variant strains (e.g., Delta).
For this latter reason, our results may not generalize to all SARS-
CoV-2 variants. We also included studies that did not test patients
for COVID-19; as a practical matter, COVID-19 testing was neither
widely available, nor widely reliable, during the first year of the pan-
demic. Further, in specifically analyzing studies of COVID-19 patients
who reported either the presence or the absence of headache symp-
toms, we may have introduced bias against inclusion of patients who
would be unable to report these symptoms (e.g., patients who were
intubated at the time of presentation to hospital). This may bias our
results towards overestimating the association between headache at
presentation and COVID-19 survival. In addition, data about previous
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headache history in these patients are scarce and may lead to bias.
However, we have to consider that the prevalence of headache in
these patients was similar to the presence of anosmia, a widely recog-
nized COVID-19 symptom. Moreover, in the sensitivity analysis, we
controlled for this possible bias by including studies only where med-
ical examination was evaluated during the patient's admission and we
compared the possible link between RR and the medical evaluation
setting as a probable measure of COVID-19 severity (ER vs. ICU).
Another limitation is that data extraction was only conducted by one
researcher although the current guidelines of data extraction in sys-
tematic reviews recommends that this process should be performed
independently by two researchers and consensus over discrepancies
reached through discussion in order to ensure the accuracy and reli-
ability of the data extraction process.*! However, the researcher who
performed the data extraction process was aware of the importance
of this stage. Moreover, it has been previously shown that there were
no substantial differences between methods (single vs. double data
extraction) in effect estimates for most outcomes.*?

CONCLUSIONS

Our meta-analysis points towards a novel possibility: headache aris-
ing secondary to an infection is not a “non-specific” symptom, but
rather it may be a marker of enhanced likelihood of survival. That is,
we find that patients reporting headache in the setting of COVID-19
are at reduced risk of death. Further studies are needed to clarify
the roles of headaches and headache disorders in the context of viral
infections or post-viral syndromes (e.g., long COVID). Defining spe-
cific headache mechanisms that could enhance survival from viral
infections represents an opportunity for the potential discovery of
improved viral therapeutics, as well as for understanding whether,

and how, primary headache disorders may be adaptive.
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