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Cytokine and interleukin profile in patients
with headache and COVID-19: A pilot,
CASE-control, study on 104 patients
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Abstract

Background: The presence of headache during the acute phase of COVID-19 could be associated with the innate
response and the cytokine release. We aim to compare the cytokine and interleukin profile in hospitalized COVID-19
patients at the moment of admission with and without headache during the course of the disease.

Methods: An observational analytic study with a case control design was performed. Hospitalized patients from a
tertiary hospital with confirmed COVID-19 disease were included. Patients were classified into the headache or the
control group depending on whether they presented headache not better accounted for by another headache
disorder other than acute headache attributed to systemic viral infection. Several demographic and clinical variables
were studies in both groups. We determined the plasmatic levels of 45 different cytokines and interleukins from the
first hospitalization plasma extraction in both groups.

Results: One hundred and four patients were included in the study, aged 67.4 (12.8), 43.3% female. Among them,
29 (27.9%) had headache. Patients with headache were younger (61.8 vs. 69.5 years, p = 0.005) and had higher
frequency of fever (96.6 vs. 78.7%, p = 0.036) and anosmia (48.3% vs. 22.7%, p = 0.016). In the comparison of the
crude median values of cytokines, many cytokines were different between both groups. In the comparison of the
central and dispersion parameters between the two groups, GROa, IL-10, IL1RA, IL-21, IL-22 remained statistically
significant. After adjusting the values for age, sex, baseline situation and COVID-19 severity, IL-10 remained
statistically significant (3.3 vs. 2.2 ng/dL, p = 0.042), with a trend towards significance in IL-23 (11.9 vs. 8.6 ng/dL, p =
0.082) and PIGF1 (1621.8 vs. 110.6 ng/dL, p = 0.071).

Conclusions: The higher levels of IL-10 -an anti-inflammatory cytokine- found in our sample in patients with
headache may be explained as a counteract of cytokine release, reflecting a more intense immune response in
these patients.
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Background
Headache is one of the most frequent symptoms of Cor-
onavirus disease 2019 (COVID-19) [1]. In most cases it
occurs within the first days after the onset of symptoms
[2]. It is typically described as bilateral, frontal, pressing
in quality and of severe intensity [3]. The profile of pa-
tients who present headache over the course of COVID-
19 disease is unique, being associated with: i) demo-
graphic variables, as female sex, younger age, and prior
history of headache [4] ii) a higher frequency of some
clinical variables, as anosmia [5], myalgia, fever [4] and
iii) a different laboratory profile, including a higher C-
reactive protein, Interleukine-6 and D-dimer and a lower
lymphocyte count [6].
The early onset [2], the unspecific phenotype [7], the

similarities with headache associated with other systemic
viral infections [8], and the coexistence with arthralgia,
cough, lightheadedness and mialya [4] made some au-
thors to suggest that it might be associated with the in-
nate immune response and the cytokine release [4].
Cytokine storm has been described during COVID-19
infection, and prior studies have observed that patients
with higher levels of selected cytokines and interleukins
presented a more severe clinical presentation [9, 10].
Bearing in mind that headache is within the most com-
mon symptoms of COVID-19 (14,1%) [1], it seems
plausible the presence of a specific headache and cyto-
kine profile. However, this hypothesis has not been ad-
dressed yet. We present a pilot study in order to
evaluate the cytokine and interleukin profile of COVID-
19 patients with headache, compared with COVID-19
patients without headache. If this hypothesis is con-
firmed, new knowledge would support the molecular
mechanisms underlying the headache related to COVID-
19. These results could serve both to improve COVID-
19 management and to describe new therapeutic targets
that would have a direct impact on the quality of life of
patients.

Methods
Design
This is an observational analytic study with a case-
control design. The study population included patients
with COVID-19 divided in two groups, depending on
the presence or absence of headache. The study period
was from March 8th to April 11th, 2020. The eligibility
criteria have been extensively described in other studies
[2, 4–7], and briefly included patients with confirmed
COVID-19 disease that were hospitalized. The infection
was confirmed by real-time polymerase chain reaction
test and/or serum antibody test. We excluded patients
not admitted from the emergency department or those
patients with unavailable electronic health records. The
recruitment strategy was carried out by randomly

enrolling one out of five patients from patients consecu-
tively admitted to the hospital, since the first case diag-
nosed in our hospital Patients were classified into the
headache or the control group depending on whether
they presented headache not better accounted for by an-
other headache disorder other than acute headache at-
tributed to systemic viral infection [11]. The headache
was evaluated by a neurologist with expertise on head-
ache disorders. The study was done in the University
Clinical Hospital of Valladolid, Spain. The Ethics Review
Board approved the study (PI-20-1751, PI-20-1717).

Study objectives
The primary objective of the study was to describe the
specific cytokine and interleukin profile of patients with
headache during COVID-19.

Variables
We studied several demographic and clinical variables
[2, 4–7] (supplementary materials). We analysed the
clinical outcome, including the COVID-19 severity [12]
(full definition in supplementary materials), and the need
of intensive care unit (ICU) admission, ventilatory sup-
port, oxygen therapy and all-cause in-hospital mortality.
As experimental parameters, we analysed the cytokine
profile as summarized below.

Cytokine profile
The plasma samples were obtained from the antecubi-
tal vein, collected at the first extraction that was done
in each patient during the hospitalization period. We
use the 45-plex Human XL Cytokine Luminex Per-
formance Panel (R&D) kit (Invitrogen, Thermofisher
Scientific) following the manufacturer’s recommenda-
tions and using a Luminex™ MAGPIX™ Instrument
System. In summary, it is a high resolution and sensi-
tivity immunoassay based on enzyme-linked immuno-
sorbent assay (ELISA) method. With that technology,
the concentration of the following cytokines was
quantified: brain-derived neurotrophic factor (BDNF),
Eotaxin/CCL11, epidermal growth factor (EGF),
fibroblast growth factor 2 (FGF-2), granulocyte
macrophage colony-stimulating factor (GM-CSF),
growth-regulated oncogene (GRO) alpha/chemokine
(C-X-C motif) ligand 1(CXCL1), hepatocyte growth
factor (HGF), nerve growth factor (NGF) beta, leukae-
mia inhibitory factor (LIF), interferon (IFN) alpha,
IFN gamma, interleukin (IL)-1 alpha, IL-1 beta,
interleukin 1 receptor antagonist (IL-1RA), IL-2, IL-4,
IL-5, IL-6, IL-7, IL-8/CXCL8, IL-9, IL-10, IL-12 p70,
IL-13, IL-15, IL-17A, IL-18, IL-21, IL-22, IL-23, IL-27,
IL-31, interferon gamma-induced protein 10 (IP-10)/
chemokine (C-X-C motif) ligand 10 (CXCL10), mono-
cyte chemoattractant protein 1 (MCP-1)/chemokine
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(C-C motif) ligand 2 (CCL2), macrophage inflamma-
tory protein 1 (MIP-1) alpha/ (chemokine (C-C-motif)
ligand 3(CCL3), regulated upon activation normal T
Cell expressed and presumably secreted (RANTES)/
chemokine (C-C motif) ligand 5 (CCL5), stromal-cell
derived factor 1 (SDF-1) alpha/CXCL12, tumoral ne-
crosis factor (TNF) alpha, TNF beta/lymphotoxin
alpha (LTA), platelet-derived growth factor (PDGF)-
BB, placental growth factor (PIGF-1), stem cell factor
(SCF), vascular endothelial growth factor (VEGF)-A
and VEGF-D.

Statistical analysis
We present qualitative variables as frequency and per-
centage, and quantitative variables as mean and standard
deviation (SD) if the distribution was normal, or as me-
dian and inter-quartile range (IQR) if not. For hypothesis
testing, we used Fisher’s Exact test, Student’s t-test or
Mann-Whitney U test.
We firstly analysed and compared baseline clinical and

demographic variables in both groups (patients with
headache and patients without headache).
Since this was a pilot study, the sample size was rela-

tively small and there were many different analysed vari-
ables, we tried to validate the analysis by testing the
analysis in terms of central tendency, dispersion and
after adjusting for potential confounders. First, in order
to compare the medians of the samples, since we ex-
pected a small sample with few outliers, we used Mood’s
median test to compare the medians of headache pa-
tients and non-headache patients. Second, we tested the
differences in shape and spread of the values by using
the Mann-Whitney U tests. Third, we compared the pa-
rameters adjusting for covariates by using ANCOVA.
The adjusted variables included age, sex, days since the
onset of COVID-19 and severity of the disease.
We considered results as statistically significant if the

p-value was < 0.05, however, given that this was a pilot
study, we aimed to report also those variables with a
trend towards signification (p < 0.1), since researchers
might prioritize their study in future research projects.
We did not estimate sample size in advance. Statistical
analysis was performed with SPSS v26 (IBM Corp.
Armonk, NY).

Results
One hundred and four patients were included in the
study, aged 67.4 (12.8), 43.3% female. Among them, 29
(27.9%) had headache. Patients with headache were
younger (61.8 vs. 69.5 years, p = 0.005) and had higher
frequency of fever (96.6 vs. 78.7%, p = 0.036) and anos-
mia (48.3% vs. 22.7%, p = 0.016). We did not observe dif-
ferences in other demographic variables, frequency of

prior history conditions, clinical symptoms or variables
related with the clinical outcome (Table 1).
Regarding the central tendency measures, in the com-

parison of the crude median values of cytokines, we ob-
served that patients with headache had higher median
values of GROa, IFN-gamma, IL-10, IL-13, IL-15, IL-
17a, IL-21, IL-22, IL-27 and IL-6 (Table 2).
In regard to the central and dispersion of the parame-

ters, in the comparison of the shape and spread between
the two groups, GROa, IL-10, IL1RA, IL-21, IL-22
remained statistically significant, while there were trends
towards signification (p < 0.1) in FGF-2, IFNg, IL12p70,
IL-23, IL-27, IL31, IL-6, IL-9 and TNF-b (Table 3). After
adjusting the values for age, sex, baseline situation and
COVID-19 severity, only IL-10 remained statistically sig-
nificant (3.3 vs. 2.2 ng/dL, p = 0.042) with a trend to-
wards signification in IL-23 (11.9 vs. 8.6 ng/dL, p =
0.082) and PIGF1 (1621.8 vs. 110.6 ng/dL, p = 0.071)
(Figs. 1, 2 and 3) (Table 4).

Discussion
In the present study, we compared, for the first time, the
cytokine profile between patients with and without head-
ache during COVID-19 infection. In this pilot study, we
analysed 45 different cytokines and interleukins. The
main finding of our study was that IL-10 levels were sig-
nificantly higher in patients with headache while other
interleukins, such as IL-23 and PIGF1, also showed a
trend to be higher in this group.
Our results should be interpreted with caution. In

ideal conditions, considering that COVID-19 is a dy-
namic disease, the analytic parameters should have been
obtained in the same stage of disease, and after the same
time since the onset of the clinical symptoms. However,
in order to make this study reproducible, the samples
were collected in the first extraction after the hospital
admission. We tried to minimize this problem by statis-
tically adjusting for days of evolution of the symptoms,
but this adjustment subtracted statistical power to the
study. Besides, this was an exploratory study and instead
of testing a single hypothesis, a high number of different
cytokines were studied.
Despite the cytokine storm has been hypothesized as

one of the possible mechanisms underlying headache in
COVID-19 patients [13], few previous studies had ana-
lysed the relationship between cytokines levels and head-
ache. To date, only IL-6 levels have been studied in
COVID-19 patients with and without headache, in retro-
spective studies with contradictory results [6, 14]. Stud-
ies addressing differences in other interleukins were still
lacking in the literature.
Our findings could support the hypothesis of a cyto-

kine mediated mechanism underlying headache in
COVID-19. The relationship between cytokines and
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headache has been studied for a long time [15]. The exter-
nal administration of different cytokines, such as TNF,
INF alfa, INF beta, INF gamma or IL-2, causes headache
in humans [16, 17]. In addition, several studies have found
relationship between primary headaches and elevated
levels of cytokines. Regarding migraine, although there are
discrepancies in literature, probably as a consequence of

different patterns of sample collection relative to the time
of attack [18], elevated serum levels of TNF a, IL-1b, IL-6,
GM-CSF and IL-10 have been found during attacks and in
attack free intervals [19–23]. Tension type headache also
have been associated with elevated levels of IL-6 or IL-8
[24, 25]. Finally, in the case of systemic infections, cyto-
kine cascade is thought to be the primary mechanism of

Table 1 Demographic, clinical and outcome variables

Variable Entire study sample (n =
104)

Headache patients
(n = 29)

Non-headache patients
(n = 75)

p-value

Mean age (years) 67.4 (12.8) 61.8 (13.6) 69.5 (11.9) 0.005

Female sex (n, %) 45 (43.3%) 15 (51.7%) 30 (40.0%) 0.378

Median Rankin scale 0 [0–0] 0 [0–0] 0 [0–1] 0.409

Prior history of hypertension (n, %) 52 (50.0%) 11 (37.9%) 41 (54.7%) 0.189

Prior history of diabetes (n, %) 20 (19.2%) 6 (20.7%) 14 (18.7%) 0.788

Prior history of smoking (n, %) 24 (23.1%) 5 (17.2%) 19 (25.3%) 0.446

Prior history of cardiac disorders (n, %) 28 (26.9%) 7 (24.1%) 21 (28.0%) 0.808

Prior history of pulmonary disorders (n, %) 25 (24.0%) 7 (24.1%) 18 (24.0%) > 0.999

Prior history of cancer (n, %) 10 (9.6%) 4 (13.8%) 6 (8.0%) 0.460

Prior history of immunosuppression (n, %) 3 (2.9%) 1 (3.4%) 2 (2.7%) > 0.999

Prior history of neurological disorders (n, %) 15 (14.4%) 4 (13.8%) 11 (14.7%) > 0.999

Prior history of headache (n, %) 4 (3.8%) 1 (3.4%) 3 (4.0%) > 0.999

Time between the onset of symptoms and the ER
visit (days)

7.2 (4.9) 7.5 (3.4) 7.0 (5.4) 0.683

Presence of arthralgia (n, %) 6 (5.8%) 3 (10.3%) 3 (4.0%) 0.345

Presence of asthenia (n, %) 45 (43.3%) 17 (58.6%) 28 (37.3%) 0.077

Presence of weakness (n, %) 19 (18.3%) 7 (24.1%) 12 (16.0%) 0.398

Presence of diarrhoea (n, %) 41 (39.4%) 9 (31.0%) 32 (42.7%) 0.371

Presence of dyspnoea (n, %) 55 (52.9%) 15 (51.7%) 40 (53.3%) > 0.999

Presence of chest pain (n, %) 20 (19.2%) 5 (17.2%) 15 (20.0%) > 0.999

Presence of expectoration (n, %) 11 (10.6%) 1 (3.4%) 10 (13.3%) 0.284

Presence of fever (n, %) 87 (83.7%) 28 (96.6%) 59 (78.7%) 0.036

Presence of anosmia (n, %) 31 (29.8%) 14 (48.3%) 17 (22.7%) 0.016

Presence of light-headedness (n, %) 10 (9.6%) 4 (13.8%) 6 (8.0%) 0.460

Presence of myalgia (n, %) 27 (26.0%) 10 (34.5%) 17 (22.7%) 0.224

Presence of odynophagia (n, %) 9 (8.7%) 2 (6.9%) 7 (9.3%) > 0.999

Presence of cough (n, %) 81 (77.9%) 24 (82.8%) 57 (76.0%) 0.601

Presence of vomiting (n, %) 6 (5.8%) 2 (6.9%) 4 (5.3%) 0.670

Mild disease (n, %) 3 (2.9%) 2 (6.9%) 1 (1.3%) 0.187

Pneumonia (n, %) 17 (16.3%) 5 (17.2%) 12 (16.0%) > 0.999

Severe pneumonia (n, %) 45 (43.3%) 11 (37.9%) 34 (45.3%) 0.518

ARDS (n, %) 38 (36.5%) 11 (37.9%) 27 (36.0%) > 0.999

ICU admission (n, %) 31 (29.8%) 8 (27.6%) 23 (30.7%) 0.815

Ventilatory support (n, %) 31 (29.8%) 8 (27.6%) 23 (30.7%) 0.815

Need of oxygen therapy (n, %) 83 (79.8%) 21 (72.4%) 62 (82.7%) 0.280

Death (n, %) 20 (19.2%) 3 (10.3%) 17 (22.7%) 0.178
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Table 2 comparison of the crude median values of cytokines
Variable Entire study sample (n = 104) Headache patients (n = 29) Non-headache patients (n = 75) P value

BDNF 56.5 (35.1–160.9) 54.3 (35. 4-154) 60.5 (33. 9-184.5) 0.512

EGF 2.1 (0. 7-8.3) 2.7 (1. 2-11.2) 1.7 (0. 5-7.3) 0.126

Eotaxin 13.8 (9. 6-19.2) 12.8 (9. 1-20.6) 13.9 (10. 3-19.1) 0.512

FGF2 0.9 (0. 3-2.7) 1.5 (0. 6-3.0) 0.6 (0. 2-2.2) 0.274

GMCSF 11.3 (5. 4-29.7) 13.3 (7. 9-40.7) 10.5 (4. 3-28.1) 0.126

GROa 3.0 (1. 3-5.6) 3.8 (2. 4-7.1) 2.7 (1. 2-4.5) 0.049

HGF 162 (104. 4-322) 167 (87. 2-281.5) 161 (104. 9-384-5) 0.512

IFNa 0.5 (0. 1-1.8) 0.5 (0. 2-1.2) 0.5 (0. 1-2.1) 0.827

IFNg 8.8 (5. 6-12.3) 10.4 (7. 5-15.1) 7.9 (5. 2-11.7) 0.016

IL1a 2.3 (0. 4-8.5) 3.0 (0. 7-13.9) 2.2 (0. 4-8.1) 0.827

IL1b 6.3 (2. 7-13.1) 7.6 (4. 1-15.0) 5.5 (2. 6-13.8) 0.126

IL10 1.7 (1. 1-3.8) 2.5 (1. 6-4.3) 1.4 (1.0–3.3) 0.004

IL12p70 3.5 (2. 3-5.3) 4.3 (3.0–5.6) 3.1 (2. 1-5) 0.126

IL13 1.9 (0. 9-3.7) 2.7 (1. 5-4.7) 1.7 (0. 8-3.3) 0.016

IL15 13.2 (6. 6-24.5) 16 (10.0–24.3) 12.6 (5. 8-26.4) 0.049

IL17a 7.0 (3. 1-18.7) 11.8 (4. 5-19.6) 5.3 (2. 7-17.6) 0.049

IL18 46.4 (24. 2-77.8) 25.6 (29. 6-84.5) 49 (23. 5-75.9) 0.512

IL1RA 579 (230. 6-1293.7) 986.5 (409. 6-1895) 466 (165–981) 0.126

IL2 13.0 (6. 9-26.6) 13.3 (7. 5-30.7) 12.6 (6. 6-26.2) 0.827

IL21 3.3 (0. 6-11.5) 7.5 (2. 6-16.7) 1.8 (0. 5-8.8) 0.016

IL22 3.6 (0. 3-22.8) 12.9 (1. 8-57.6) 2.1 (0. 2-15.2) 0.016

IL23 7.6 (3. 8-12.4) 10.0 (6. 3-13.5) 6.8 (3. 4-11.5) 0.274

IL27 15.8 (4. 9-38.8) 28.1 (10. 7-90.1) 12.7 (4. 5-32.6) 0.004

IL31 5.2 (2. 3-9.7) 7.2 (4. 3-10.7) 3.9 (2. 1-9.3) 0.126

IL4 5.4 (2. 8-9.7) 7.8 (4. 1-10.0) 5.0 (2. 6-9.0) 0.126

IL5 4.9 (1. 3-18.5) 7.6 (3.0–25.2) 5.0 (2. 6-8.9) 0.126

IL6 12.6 (5. 6-29.7) 19.6 (7. 2-35.1) 10.0 (4. 6-24.3) 0.049

IL7 1.6 (0. 6-3.6) 1.7 (0. 8-3.4) 1.4 (0. 6-4.1) 0.827

IL8 1.9 (0. 6-4.3) 1.8 (1. 1-2.8) 2.0 (0. 5-5.4) 0.827

IL9 2.1 (1.0–4.2) 2.9 (1. 7-4.9) 1.7 (0. 9-3.9) 0.126

IP1b 48.6 (32. 5-77.6) 51.2 (33. 6-90.4) 48 (29. 7-71.1) 0.827

IP10 46.2 (29. 7-71.5) 49.8 (35. 4-68.9) 45.3 (27. 4-71.7) 0.126

LIF 14.9 (7. 8-25.1) 17.5 (10. 1-25.6) 14.6 (6. 8-25.3) 0.437

MCP1 38.1 (24. 1-56.2) 34.3 (25. 3-48.8) 42.0 (23. 8-57.1) 0.126

MIP1a 3.2 (1. 4-13.1) 3.9 (2. 2-11.0) 3.1 (1. 3-13.9) 0.512

NGFb 4.1 (2. 7-5.9) 4.6 (3. 5-6.0) 3.7 (2. 5-5.7) 0.274

PDGFBB 303.4 (89. 7-771) 286 (77. 6-777.3) 331.3 (106–782) 0.827

PIGF1 5.0 (0. 7-65.0) 4.4 (0. 9-72.3) 5.4 (0. 6-60.1) 0.827

RANTES 22.5 (16. 8-36.3) 19.6 (15. 4-31.3) 24.2 (17. 8-36.7) 0.126

SCF 6.5 (3. 4-10.9) 6.9 (2. 3-10.1) 6.2 (3. 5-11.9) 0.274

SDF1a 677.7 (485–1094.8) 786 (476–1735) 628.5 (48 4-1019) 0.126

TNFa 5.9 (3. 4-14.3) 8.0 (4.4–14.8) 5.7 (3. 2-12.9) 0.274

TNFb 3.2 (1. 7-5.9) 4.2 (2. 6-6.5) 2.6 (1. 5-5.4) 0.126

VEGFA 124.1 (69.0–286.4) 124.5 (85. 4-333) 123.8 (64. 6-251) 0.827

VEGFD 12.6 (7. 2-20.6) 12.6 (5. 4-19.7) 12.6 (7. 4-20.6) 0.827
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Table 3 Comparison of cytokines and interleukins by MWU test
Variable Entire study sample Headache patients Non-headache patients P value

BDNF 56.5 (35. 1-160.9) 54.3 (35. 4-154) 60.5 (33. 9-184.5) 0.928

EGF 2.1 (0. 7-8.3) 2.7 (1. 2-11.2) 1.7 (0. 5-7.3) 0.191

Eotaxin 13.8 (9. 6-19.2) 12.8 (9. 1-20.6) 13.9 (10. 3-19.1) 0.460

FGF2 0.9 (0. 3-2.7) 1.5 (0. 6-3.0) 0.6 (0. 2-2.2) 0.064

GMCSF 11.3 (5. 4-29.7) 13.3 (7. 9-40.7) 10.5 (4. 3-28.1) 0.085

GROa 3.0 (1. 3-5.6) 3.8 (2. 4-7.1) 2.7 (1. 2-4.5) 0.046

HGF 162 (104. 4-322) 167 (87. 2-281.5) 161 (104. 9-384-5) 0.625

IFNa 0.5 (0. 1-1.8) 0.5 (0. 2-1.2) 0.5 (0. 1-2.1) 0.997

IFNg 8.8 (5. 6-12.3) 10.4 (7. 5-15.1) 7.9 (5. 2-11.7) 0.073

IL1a 2.3 (0. 4-8.5) 3.0 (0. 7-13.9) 2.2 (0. 4-8.1) 0.402

IL1b 6.3 (2. 7-13.1) 7.6 (4. 1-15.0) 5.5 (2. 6-13.8) 0.120

IL10 1.7 (1. 1-3.8) 2.5 (1. 6-4.3) 1.4 (1.0–3.3) 0.008

IL12p70 3.5 (2. 3-5.3) 4.3 (3.0–5.6) 3.1 (2. 1-5) 0.061

IL13 1.9 (0. 9-3.7) 2.7 (1. 5-4.7) 1.7 (0. 8-3.3) 0.101

IL15 13.2 (6. 6-24.5) 16 (10.0–24.3) 12.6 (5. 8-26.4) 0.295

IL17a 7.0 (3. 1-18.7) 11.8 (4. 5-19.6) 5.3 (2. 7-17.6) 0.139

IL18 46.4 (24. 2-77.8) 25.6 (29. 6-84.5) 49 (23. 5-75.9) 0.968

IL1RA 579 (230. 6-1293.7) 986.5 (409. 6-1895) 466 (165–981) 0.03

IL2 13.0 (6. 9-26.6) 13.3 (7. 5-30.7) 12.6 (6. 6-26.2) 0.550

IL21 3.3 (0. 6-11.5) 7.5 (2. 6-16.7) 1.8 (0. 5-8.8) 0.022

IL22 3.6 (0. 3-22.8) 12.9 (1. 8-57.6) 2.1 (0. 2-15.2) 0.027

IL23 7.6 (3. 8-12.4) 10.0 (6. 3-13.5) 6.8 (3. 4-11.5) 0.065

IL27 15.8 (4. 9-38.8) 28.1 (10. 7-90.1) 12.7 (4. 5-32.6) 0.067

IL31 5.2 (2. 3-9.7) 7.2 (4. 3-10.7) 3.9 (2. 1-9.3) 0.068

IL4 5.4 (2. 8-9.7) 7.8 (4. 1-10.0) 5.0 (2. 6-9.0) 0.135

IL5 4.9 (1. 3-18.5) 7.6 (3.0–25.2) 5.0 (2. 6-8.9) 0.105

IL6 12.6 (5. 6-29.7) 19.6 (7. 2-35.1) 10.0 (4. 6-24.3) 0.099

IL7 1.6 (0. 6-3.6) 1.7 (0. 8-3.4) 1.4 (0. 6-4.1) 0.934

IL8 1.9 (0. 6-4.3) 1.8 (1. 1-2.8) 2.0 (0. 5-5.4) 0.991

IL9 2.1 (1.0–4.2) 2.9 (1. 7-4.9) 1.7 (0. 9-3.9) 0.064

IP1b 48.6 (32. 5-77.6) 51.2 (33. 6-90.4) 48 (29. 7-71.1) 0.295

IP10 46.2 (29. 7-71.5) 49.8 (35. 4-68.9) 45.3 (27. 4-71.7) 0.547

LIF 14.9 (7. 8-25.1) 17.5 (10. 1-25.6) 14.6 (6. 8-25.3) 0.449

MCP1 38.1 (24. 1-56.2) 34.3 (25. 3-48.8) 42.0 (23. 8-57.1) 0.396

MIP1a 3.2 (1. 4-13.1) 3.9 (2. 2-11.0) 3.1 (1. 3-13.9) 0.423

NGFb 4.1 (2. 7-5.9) 4.6 (3. 5-6.0) 3.7 (2. 5-5.7) 0.193

PDGFBB 303.4 (89. 7-771) 286 (77. 6-777.3) 331.3 (106–782) 0.888

PIGF1 5.0 (0. 7-65.0) 4.4 (0. 9-72.3) 5.4 (0. 6-60.1) 0.825

RANTES 22.5 (16. 8-36.3) 19.6 (15. 4-31.3) 24.2 (17. 8-36.7) 0.110

SCF 6.5 (3. 4-10.9) 6.9 (2. 3-10.1) 6.2 (3. 5-11.9) 0.599

SDF1a 677.7 (485–1094.8) 786 (476–1735) 628.5 (48 4-1019) 0.335

TNFa 5.9 (3. 4-14.3) 8.0 (4.4–14.8) 5.7 (3. 2-12.9) 0.333

TNFb 3.2 (1. 7-5.9) 4.2 (2. 6-6.5) 2.6 (1. 5-5.4) 0.055

VEGFA 124.1 (69.0–286.4) 124.5 (85. 4-333) 123.8 (64. 6-251) 0.555

VEGFD 12.6 (7. 2-20.6) 12.6 (5. 4-19.7) 12.6 (7. 4-20.6) 0.432
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headache and other accompanied symptoms, as fatigue,
anorexia or nausea [11, 26].
Several studies have suggested a main role of the cyto-

kine storm in the evolution of COVID-19 illness [9, 10,
27]. This supports the idea of this mechanism as the
cause of headache, compared to other suggested hypoth-
eses such as direct viral invasion of the central nervous
system, hypoxia or dehydration [13]. In addition, the
clinical similarities between COVID-19 and headache as-
sociated to viral systemic infections are in this line [7].

Pain secondary to cytokine is thought to be secondary
to the activation of nociceptive sensory neurons and the
nerve inflammation by proinflammatory cytokines indu-
cing central sensitization [28]. IL-23 and PIGF1 are both
pro-inflammatory cytokines [29, 30] so the finding of a
trend to significant higher levels in our sample is in this
line. On the other hand, in our study we found elevated
levels of IL-10, an anti-inflammatory cytokine with a
major role in mitigating inflammation through the abil-
ity to inhibit synthesis of non-specific proinflammatory

Fig. 1 Comparison of median IL-10 levels between COVID-19 patients with and without headache by ANCOVA test, adjusting for age, sex,
baseline disability and COVID-19 severity

Fig. 2 Comparison of median IL-23 levels between COVID-19 patients with and without headache by ANCOVA test, adjusting for age, sex,
baseline disability and COVID-19 severity
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cytokines such as IL-1, IL-6, TNF [31], In view of its
anti-inflammatory properties, the IL-10 elevated levels in
our sample may represent a homeostatic response to
counteract the effects of other cytokines released during
acute COVID-19, reflecting a more intense immunologic
response to the virus in patients who develop headache.
This hypothesis could explain the better outcome in
COVID-19 patients with headache, compared with those
patients without headache, observed in previous studies
[4, 14]. The role of many interleukins and cytokines in
COVID-19 infection is still unknown, some of them
could be different depending on the presence of comor-
bidities, while others could be more related with the
clinical presentation and severity of the disease. The role
of a pre-existing headache in the cytokine profile also
needs to be clarified.
Finally, if our findings are confirmed by further stud-

ies, they might have relevant implications. The attribu-
tion of a central role to the cytokine storm in COVID-
19 pathophysiology led to different therapeutic ap-
proaches targeting the pro-inflammatory body state [32]
or different cytokines [33, 34]. In the same way, knowing
the physiopathology of COVID-19 headache and which
inflammatory factors are implicated, could be helpful in
the search of targeting therapies for persistent or treat-
ment resistant headache in COVID-19 patients.
Another striking finding in our study was the associ-

ation of headache and anosmia in patients with COVID-
19. This finding was also described in other previous
studies [35, 36]. The possible underling mechanism of
anosmia still remains unknown on the one hand, clinical
studies suggested that it could be related with the bind-
ing of the virus to the angiotensin converting enzyme

type 2 receptors in the respiratory mucosae [37] which
could explain the frontal topography of the headache.
On the other hand, other authors suggest an inflamma-
tory underlying mechanism of anosmia, and in this line
a previous study found that a proinflammatory cytokine
-TNF alpha- was higher in the olfactory mucosa in pa-
tients with COVID-19 [38].
Despite both osmophobia and anosmia might be re-

lated with the olfactory nerve, this symptom may be hid-
den due to the presence of anosmia. The frequency of
anosmia in the general population before the pandemic
was almost testimonial and mainly related with other
viral infection or Parkinson disease [39], while osmopho-
bia is one of the most specific symptoms of migraine
[40]. Some authors suggest that COVID-19 might un-
ravel a personal “migrainous biology” in some cases [41],
but this is also still to be disentangled.
This study has important limitations. As previously

mentioned, the analytic parameters were obtained in the
same first day of hospitalization, but in different mo-
ments of the disease, which may reflect different inflam-
matory stages. On the other hand, the sample size was
small, which limited the power of the study. The sample
only included hospitalized patients, which could imply a
selection bias. Finally, there are some statistical issues, as
the large number of parameters that were compared
which could increase false positive results. Despite these
limitations, we consider that this pilot study may be
helpful for the design of future validation studies.

Conclusions
Selected cytokine levels are increased in COVID-19 pa-
tients with headache in comparison to COVID-19

Fig. 3 Comparison of median PIGF1 levels between COVID-19 patients with and without headache by ANCOVA test, adjusting for age, sex,
baseline disability and COVID-19 severity
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patients without headache. The cross-sectional nature of
our study impedes to draw any conclusions about causal
relationship between cytokine levels and the headache.
However, the higher levels of the anti-inflammatory

cytokine IL10 found in our sample in patients with
headache may be interpreted as a response to proinflam-
matory cytokine storm, reflecting a more efficient im-
mune response in these patients.

Table 4 Comparison of cytokines and interleukins by ANCOVA test, adjusting for age sex, baseline disability and COVID-19 severity
Variable Entire study sample (n = 104) Headache patients (n = 29) Non-headache patients (n = 75) P value

BDNF 159.9 (230.1) 167.6 (242.6) 156.8 (226.7) 0.912

EGF 8.6 (18.4) 7.6 (10.2) 8.9 (20.7) 0.766

Eotaxin 16.2 (9.4) 15.6 (10.0) 16.5 (9.2) 0.878

FGF2 2.7 (6.6) 3.1 (5.6) 2.5 (6.9) 0.799

GMCSF 25.1 (33.3) 27.4 (29.1) 24.2 (34.9) 0.476

GROa 4.4 (4.5) 4.9 (3.3) 4.2 (4.9) 0.218

HGF 348.5 (622.3) 237.2 (273.3) 392.1 (711.1) 0.374

IFNa 2.36 (6.4) 2.1 (4.5) 2.5 (7.0) 0.952

IFNg 11.4 (9.4) 12.8 (9.7) 10.8 (9.3) 0.246

IL1a 64.2 (287.0) 130.9 (440.1) 38.1 (195.9) 0.238

IL1b 9.7 (10.2) 10.3 (8.0) 9.5 (10.9) 0.627

IL10 2.5 (2.1) 3.3 (2.7) 2.2 (1.8) 0.042

IL12p70 3.9 (2.3) 4.4 (2.0) 3.8 (2.4) 0.319

IL13 4.5 (7.9) 4.3 (4.7) 4.6 (8.8) 0.680

IL15 18.9 (18.5) 18.3 (12.0) 19.1 (20.6) 0.940

IL17a 12.9 (15.4) 13.3 (10.5) 12.7 (17.0) 0.823

IL18 61.9 (60.5) 64.6 (69.5) 60.9 (57.0) 0.455

IL1RA 1401.4 (3269.6) 2066.2 (4889.3) 1140.8 (2350.3) 0.146

IL2 18.3 (14.8) 19.3 (14.8) 17.9 (14.9) 0.551

IL21 219.0 (1819.0) 726.5 (3416.2) 20.1 (68.0) 0.111

IL22 1044.7 (9286.5) 3580.6 (17,458.7) 51.0 (175.8) 0.210

IL23 9.5 (9.6) 11.9 (10.8) 8.6 (8.9) 0.082

IL27 84.3 (210.0) 66.6 (98.5) 91.2 (240.3) 0.963

IL31 7.5 (9.8) 8.5 (7.3) 7.1 (10.7) 0.338

IL4 8.2 (8.6) 8.3 (6.0) 8.1 (9.4) 0.741

IL5 31.3 (91.2) 26.3 (43.0) 33.3 (104.4) 0.765

IL6 23.7 (40.7) 24.8 (24.4) 23.3 (45.7) 0.839

IL7 2.5 (2.5) 2.2 (1.8) 2.7 (2.7) 0.589

IL8 4.7 (9.2) 5.5 (13.9) 4.4 (6.7) 0.825

IL9 2.7 (2.2) 3.3 (2.2) 2.5 (2.1) 0.356

IP1b 91.3 (194.8) 147.9 (330.6) 69.2 (96.4) 0.116

IP10 60.9 (61.6) 56.6 (37.5) 62.6 (69.0) 0.877

LIF 20.2 (18.4) 19.6 (13.1) 20.4 (20.2) 0.935

MCP1 53.9 (71.8) 44.1 (35.6) 57.8 (81.7) 0.494

MIP1a 12.1 (28.2) 12.7 (23.9) 11.8 (29.9) 0.725

NGFb 4.6 (3.5) 4.6 (1.7) 4.6 (4.0) 0.873

PDGFBB 754.2 (1228.7) 763.1 (1352.3) 750.7 (1186.5) 0.778

PIGF1 536.1 (3583.6) 1621.8 (6694.7) 110.6 (317.9) 0.071

RANTES 21.2 (92.7) 38.7 (71.1) 43.5 (100.4) 0.849

SCF 8.7 (8.3) 7.1 (4.6) 9.3 (9.3) 0.676

SDF1a 35,867.8 (277,576.6) 95,765.4 (507,463.6) 12,394.4 (83,059.0) 0.093

TNFa 12.1 (15.5) 11.4 (10.6) 12.4 (17.1) 0.981

TNFb 3.8 (2.6) 4.6 (2.6) 3.5 (2.5) 0.278

VEGFA 604.6 (2735.0) 1394.5 (5059.8) 295.2 (535.9) 0.101

VEGFD 16.2 (17.3) 12.9 (8.2) 17.5 (19.7) 0.600
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