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Abstract

Background: Several inflammatory and vascular molecules, and neurotrophins have been suggested to have a
possible role in the development of migraine. However, pathophysiological events leading to migraine onset and
transformation of episodic migraine (EM) to chronic migraine (CM) are not fully understood. Thus, we aimed to
assess peripheral levels of nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), vascular endothelial
growth factor (VEGF), and prostaglandin E2 (PGE2) in EM and CM patients, and controls.

Methods: From September 2017 to June 2020, 89 subjects were enrolled in a case-control study; 23 and 36 EM
and CM patients, respectively, and 30 age and sex-matched controls. Demographic data and medical history were
obtained from all patients. Headache characteristics were recorded at baseline visit and ensuing 30 days for persons
with migraine disease. Serum levels of NGF, BDNF, VEGF, and PGE2 were measured once for controls and EM and
CM patients, and adjusted for age, sex, and body mass index.

Results: Serum levels of NGF were significantly lower in EM patients compared to controls and CM patients (P-
value=0.003 and 0.042, respectively). Serum levels of BDNF were significantly lower in EM and CM patients as
opposed to controls (P-value<0.001), but comparable between EM and CM patients (P-value=0.715). Peripheral
blood levels of VEGF were significantly higher in EM and CM patients as opposed to controls (P-value<0.001), but
not different between EM and CM patients (P-value=0.859). Serum levels of PGE2 were significantly lower in EM
patients compared to controls (P-value=0.011), however similar between EM and CM patients (P-value=0.086). In
migraine patients, serum levels of NGF and PGE2 positively correlated with headache frequency (NGF: ρ = 0.476 and
P-value<0.001; PGE2: ρ = 0.286 and P-value=0.028), while corresponding levels of BDNF and VEGF did not correlate
with headache frequency (BDNF: ρ = 0.037 and P-value=0.778; VEGF: ρ= -0.025 and P-value=0.850).
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Conclusions: Our findings suggest that NGF, BDNF, PGE2, and VEGF may play a significant role in migraine
pathogenesis and/or chronification, and therefore might bear potential value for novel targeted abortive and
prophylactic migraine therapy. Further prospective cohort studies with larger sample sizes can more robustly
evaluate the implications of these findings.

Keywords: Headache, Migraine, Biomarker, Nerve growth factor, Brain-derived neurotrophic factor, Vascular
endothelial growth factor, Prostaglandin E2

Background
Migraine headache is a disabling neurological disorder
that carries with it a significant burden which crosses
over multiple domains on both personal and societal
levels, including the negative impact on work productiv-
ity, family life, mental health, leisure activities, and the
economy [1–3]. The yearly prevalence of migraine is
close to 15% in the general public. A systematic analysis
of the 2016 global burden disease (GBD) study estimated
that just above one billion people in the world had mi-
graine in 2016 [4]. Based on the latest GBD study in
2019, migraine headache is the second most frequent
cause of global disability in all age groups combined (re-
gardless of sex), and first most frequent cause of global
disability in 15-49 year-old women, specifically [5]. Per-
sons with migraine disease suffer from either episodic
migraine (EM), defined as recurrent headache disorder
manifesting in at least five attacks lasting 4–72 h with
typical characteristics, or chronic migraine (CM), diag-
nosed when the individual has headache occurring on 15
or more days/ month for more than three months,
which, on at least eight days/month, has the features of
migraine headache [6–8].
Both environmental and genetic factors have been im-

plicated in the development of migraine [6, 9]. The
pathophysiology of migraine is not fully understood, and
multiple theories have been propounded to explain this
pathogenesis including trigeminovascular pathway acti-
vation, vascular dysfunction, cortical spreading depres-
sion (CSD), and neuroinflammation [6, 10, 11]. Migraine
attacks have been suggested to have either a peripheral
origin, in which first order trigeminovascular neurons
are activated, or a central origin, where CSD and hypo-
thalamic/brainstem activation play a major role [9]. Pre-
clinical data have suggested that during a migraine at-
tack, neuropeptides such as calcitonin gene-related pep-
tide (CGRP) and pituitary adenylate cyclase-activating
peptide (PACAP) are increasingly released from afferent
nociceptive fibers and act on vascular smooth muscle
cells of meningeal arteries to trigger a cascade of intra-
cellular signaling events mediated by cyclic adenosine
monophosphate and cyclic guanosine monophosphate
that ultimately lead to opening of potassium channels
and vasodilation [7, 9]. In addition, the release of CGRP
and PACAP can lead to degranulation of meningeal

mast cells, which in turn can increase levels of proin-
flammatory mediators such as prostaglandin E2 (PGE2)
[12, 13]. It has also been proposed that CSD can trigger
mast cells to excrete such proinflammatory molecules
[14]. PGE2 enhances inflammatory pain and possibly
nociceptor sensitization, and can itself increase the re-
lease of CGRP in preclinical models [13, 15]. Moreover,
the endothelial cells of the meningeal arteries can also
release vascular endothelial growth factor (VEGF) that
increases vascular leakage, nitric oxide (NO) synthesis,
and mobilizes more macrophages and neutrophils to ad-
jacent tissues [16, 17]. These immune cells excrete cyto-
kines that promote neuronal sensitization [16]. In
clinical models of migraine, infusion of CGRP, PACAP,
PGE2, or glyceryl trinitrate appeared to provoke head-
ache attacks [7, 9, 13]. Also, studies have indicated that
neurotrophins such as nerve growth factor (NGF) and
brain-derived neurotrophic factor (BDNF) may have a
role in modulating nociceptive pathways [18]. To be spe-
cific, inflammation could give rise to increased produc-
tion of NGF which can in turn increase the expression
of pain receptors such as transient receptor potential
vanilloid receptor 1 (TRPV1) on peripheral nociceptive
fibers and the excretion of CGRP and BDNF [18]. Other
mechanisms that have been implicated in migraine are
increased sensitivity to NO, serotonin secretion from
platelets, increased levels of homocysteine, decreased
vitamin D levels, and oxidative stress [6, 11, 19–23]. Al-
though the effectiveness of various prescribed medica-
tions in dampening migraine symptoms is generally
acceptable, adverse effects such as gaining or losing
weight, drop in blood pressure, decreased awareness,
and sleepiness/lethargy restrict the use of such treat-
ments. Moreover, suboptimal treatment of EM in per-
sons with migraine disease can facilitate the
transformation of EM to CM, which is a more burden-
some state [6]. Therefore, identifying more tolerable and
efficacious options is indispensable [24–26]. On the
other hand, probing for biomarkers such as neurotrans-
mitters, receptors, and inflammatory factors can poten-
tially reveal mechanisms involved in development of
migraine, provoking the attacks, and evolution of CM,
and promote the development of novel and more effect-
ive anti-migraine medications. Taking this into account,
we aimed to investigate potential biomarkers associated
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with migraine in EM and CM patients with a special
focus on PGE2, VEGF, NGF and BDNF.

Methods
Study population
From September 2017 to June 2020, we recruited study
participants for a case-control study in Tehran, Iran
through an advertisement (posters mainly placed in
headache clinic and the immediate vicinity but also all
over the hospital) to evaluate the role of several bio-
markers in migraine. Cases were EM and CM patients
who were selected from a tertiary headache clinic at Sina
Hospital (affiliated to Tehran University of Medical Sci-
ences), and age and sex-matched healthy controls (i.e.,
not suffering from headaches in general) were enrolled
from the general population (hospital staff and patient
companions). All potential participants underwent a
medical evaluation by a clinical neurologist sub-
specialized in headache disorders to confirm the diagno-
sis of EM and CM as per diagnostic criteria outlined in
the third edition of the international classification of
headache disorders [8]. Cases were included if their pri-
mary diagnosis of EM/CM was made at least six months
prior to study commencement. To be eligible for the
study, participants had to have been aged between 18
and 65 years, have a body mass index (BMI) between
18.5 and 35 kg/m2, have not been diagnosed simultan-
eously with medication overuse headache (MOH), and
not have a medical history positive for any of the fol-
lowing: infectious, cardiovascular, or endocrinological
diseases, allergic, immunological, renal and hepatic dis-
orders, and other chronic neurological diseases such as
Parkinson’s disease, multiple sclerosis, epilepsy, or Alzhei-
mer’s disease. Subjects were excluded if they were preg-
nant or breastfeeding. Following an adequate explanation
of study rationale, procedures, and goals, all study partici-
pants provided written informed consent before the start
of the study. The ethical committee of National Institute
for Medical Research Development (NIMAD) approved
this study (ID: IR.NIMAD.REC.1396.054).

Data collection
During the initial study visit, study participants were
interviewed to collect relevant demographic data, and
capture past medical history and best possible medica-
tion history. Weight and height of all study participants
were measured via Seca Clara 803 digital scale (accuracy
of 0.01 g; Seca GmbH & Co. KG., Hamburg, Germany)
and Seca 216 wall-mount stadiometer (accurate to
0.1 cm without shoes; Seca GmbH & Co. KG., Hamburg,
Germany), and BMI was calculated as weight (in kg)/
(height (in metre))2. Peripheral venous blood samples
were collected from controls at this timepoint. Partici-
pants in the case arm of the study underwent a medical

evaluation conducted by the study neurologist/headache
sub-specialist (M.T.) to confirm their initial migraine
diagnosis. Then, cases were given a daily headache diary
(designed by M.T. [27]) and instructed on how to use
the diary to record the characteristics of any headaches
they experienced in the ensuing 30 days. The study staff
also followed up with the participants via telephone on a
weekly basis over this month. Data captured through
this diary included the intensity, duration (time elapsed
from headache onset to cease of headache by itself or
through abortive medications, whichever is sooner) and
frequency (i.e., number of headache days per month) of
headaches, type of abortive/analgesic medications taken,
and number of days for which an abortive medication
was consumed throughout the month following the first
study visit. The visual analogue scale (VAS) was used to
reliably measure the severity of each headache attack.
VAS is a Likert-type 10 cm scale, on which 0 (right side
of the scale) represents no pain and 10 (left side) shows
maximal pain. Mild, moderate, and severe pain indicate
a VAS score of 1-3, 4-7, and 8-10, respectively. At the
second study visit (30 days after first study visit), head-
ache diaries were retrieved from participants and blood
samples were drawn from cases. For the purpose of this
study, blood samples were collected from EM cases at
least 72 h after their most recent attack to be more rep-
resentative of the inter-ictal phase of migraine. For CM
cases, it was not feasible to collect this blood sample be-
tween attacks.

Blood collection and biochemical tests for assessment of
biomarkers
A total volume of 10 mL of peripheral blood (serum)
was collected from each participant on abovementioned
dates and subsequently divided in 10 microtubes that
were stored in -20 °C freezers, and 18 microtubes that
were kept in -80 °C freezers. Samples were not stored in
freezers for more than 1 year. A part of the blood sam-
ple was also isolated as dried blood spots on What-
manTM 903 protein saver cards (Global Life Sciences
Solutions USA LLC, Marlborough, MA). The cards were
transiently kept at room temperature in the dark for
three hours and then stored in a 4 °C fridge. At the time
of sampling, participants were asked if they are currently
experiencing a headache or not.
All serum samples were sent to the biochemistry la-

boratory of Sina Hospital, Tehran, Iran. Specimens were
analyzed for PGE2 (standard curve range: 2-600 ng/L;
sensitivity: 1.28 ng/L), VEGF (standard curve range: 20-
6000 ng/L; sensitivity: 10.42 ng/L), NGF (standard curve
range: 7-1500 pg/mL; sensitivity: 3.48 pg/mL), and
BDNF (standard curve range: 0.05-10 ng/mL; sensitivity:
0.01 ng/mL) using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits from Bioassay Technology
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Laboratory (Shanghai Korain Biotech Co., Ltd, Shanghai,
China) and Crystal day Biotech (Shanghai Crystal day
Biotech Co., Ltd., Shanghai, China). Serum levels of
these biomarkers were measured as per instructions of
the manufacturers of the ELISA kits. Serum samples
were tested in batches at different timepoints during the
study. All assays were carried out in triplicate. The intra-
assay and inter-assay coefficients of variation were <8%
and <10%, respectively, which are within generally ac-
cepted ranges determined by regulatory bodies [28].

Sample size and statistical analysis
We did not attempt to calculate the sample size a priori
and therefore current study sample size was of conveni-
ence. Normality was assessed using the Shapiro-Wilk
test. Based on the distribution, continuous data were
presented as either mean±standard deviation (SD) or
median and interquartile range (IQR). Categorical data
were presented as frequency and percentages. For cat-
egorical variables, inter-group comparisons (EM vs. CM
vs. control) were conducted via Chi-square test. The
mean or median values of continuous variables (e.g.,
serum levels of PGE2, VEGF, NGF, and BDNF) were
compared between groups through ANOVA or Kruskal-
Wallis test, respectively, and the Dunn-Bonferroni post
hoc test was conducted for pairwise comparisons. To ad-
just for potential confounders, multivariable regression
analyses were carried out to model peripheral levels of
NGF, BDNF, PGE2, and VEGF as outcome variables.
Diagnosis of migraine (EM or CM) or control was the
main predictor variable in the model (categorical vari-
able). Age, sex, and BMI were entered as covariates in
the model. For EM vs. CM models, headache frequency
was dropped from model as it was collinear with the
EM/CM diagnosis (variance inflation factor>5). We did
not have data on other potential confounders such as
comorbidities not designated in the exclusion criteria.
Outcome variables were transformed accordingly to
minimize non-normal distribution of residuals. Due to
persistent heteroscedasticity in linear regression models
for all biomarkers, quantile regression was used to
model median (quantile=0.5) levels of biomarkers, as op-
posed to mean levels in linear regression [29, 30]. As a
sensitivity analysis, we assessed the effect of prophylac-
tic/abortive drug usage (yes/no to usage of each drug
class; categorical variable) if median levels of the bio-
marker differed significantly in EM vs. CM models ad-
justed for age, sex, and BMI. Drug classes that had been
consumed by at least 10 migraine patients and were sig-
nificantly associated with levels of biomarkers in bivari-
able analysis (Mann-Whitney U test) were entered in
model(s) for sensitivity analysis. Correlations between
serum levels of biomarkers and frequency of headaches
was assessed by Pearson or Spearman correlation tests,

and correlation coefficients (r and ρ for Pearson and
Spearman, respectively) were also calculated. Analyses
were all carried out in SPSS 26 (IBM Armonk, NW, US).
In all analyses, the level of statistical significance was set
at α = 0.05.

Results
Baseline characteristics
Eighty-nine subjects (20% males) were enrolled in our
study. Thirty-six patients were classified as CM and 23
patients were labeled as EM. Also, 30 healthy controls
were evaluated. Table 1 presents the demographics and
baseline characteristics of the subjects. Of note, 75% of
the migraine patients and 85% of the control subjects
were married. Approximately 45% and 55% of the
migraineurs and the controls had completed high school,
respectively. In addition, about half of the non-headache
individuals and 40% of migraine patients had university
education (majority not having post-graduate education).
Among men, the majority (>80%) were either self-
employed or an employee, and most of the women
(>75%) were housewives.

Headache characteristics
As expected, in CM group, headache was present in
25.74±5.03 days of month while in the EM group, this
rate was 8.78±3.26 days (p<0.001). The duration of head-
ache during attacks was 19.33±12.30 and 15.48±15.65 h
in CM and EM groups, respectively. The VAS scores for
severity of headache were also 7.42±2.41 and 7.37±1.82
in CM and EM groups, respectively. No significant dif-
ference was observed between the two groups in terms
of attack duration and severity (p-values: 0.296 and
0.936, respectively). On the other hand, CM patients
were found to consume abortive medications more fre-
quently than EM patients; 14.42±10.25 days/month vs.
6.00±4.17 days/month, respectively (p<0.001). Of note,
study subjects were consuming abortive (including trip-
tans, ergotamine derivative, and nonsteroidal anti-
inflammatory drugs (NSAIDs)) and/or prophylactic
medications (including propranolol, tricyclic antidepres-
sants (TCAs), selective serotonin reuptake inhibitors
(SSRIs), and serotonin-norepinephrine reuptake inhibi-
tors (SNRIs)) at baseline, and continued to consume
these medications after the intervention. Supplementary
Table 1 presents a list of types of abortive and prophy-
lactic medications consumed by study patients, and the
number and percentage of EM and CM patients taking
these medications. A significantly higher percentage of
EM patients consumed NSAIDs compared to CM pa-
tients (16/23 (69.6%) vs. 14/36 (38.9%); p=0.022). Pro-
portions of EM and CM patients consuming other drug
classes were not significantly different.
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Comparison of biomarkers between patients with chronic
migraine and episodic migraine and controls
Distribution of measured serum levels of NGF, BDNF,
VEGF and PGE2 in EM, CM, and control subjects are
visualized in Fig. 1(A-D). Comparisons of the aforemen-
tioned biomarkers between the three groups of study
participants are presented in Table 2. NGF values were
significantly lower among EM patients as opposed to
CM patients and controls (63.11±24.56 vs. 75.88±31.89
and 90.58±70.25, respectively). Despite NGF levels being
lower in CM patients than in controls, the difference
was not statistically significant. BDNF levels were signifi-
cantly lower in CM and EM patients compared to con-
trols (CM vs. control: 0.49±0.14 vs. 1.05±0.96; EM vs.
control: 0.49±0.13 vs. 1.05±0.96) but almost identical be-
tween CM and EM patients. PGE2 levels were lower in
EM and CM patients as opposed to controls (120.71±
19.47 and 134.16±38.57 for EM and CM, respectively,
and 153.50±55.69 for control group). However, the

difference was only statistically significant for the EM vs.
control comparison. In addition, although levels of PGE2
were higher in CM patients compared to EM subjects
(134.16±38.57 vs. 120.71±19.47), the difference failed to
reach statistical significance. Conversely, VEGF levels
corresponding to CM and EM patients were revealed to
be higher than that of controls; 932.56±301.35 and
937.41±230.23, respectively, vs. 646.50±292.50. Despite
the significant difference among groups in this regard,
adjusted pairwise comparisons failed to confirm the sig-
nificant difference between EM, CM and control-specific
serum VEGF levels.
In multivariable regression analysis (quantile regres-

sion; Table 3), an EM diagnosis independently predicted
significantly lower median levels of NGF compared to
being in the control group (P-value= 0.003) or having a
CM diagnosis (P-value= 0.042). NGF levels were not sig-
nificantly different in CM vs. control regression analysis
(P-value= 0.156). Moreover, an EM or CM diagnosis

Table 1 Demographics and baseline characteristics of patients

Variable Episodic migraine (n=23) Chronic migraine (n=36) Controls (n=30) p-value

Gender *

- Female 22 (95.65%) 27 (75%) 22 (73.33%) 0.087

- Male 1 (4.34%) 9 (25%) 8 (26.66%)

Age** 38±9 39±8 41±8 0.509

BMI** 25.24±4.38 26.65±4.37 24.88±3.70 0.178

* Presented as number (%). **Presented as mean±SD

Fig. 1 Serum levels of NGF, BDNF, VEGF and PGE2 in EM and CM patients, and controls. A NGF (B) BDNF (C) VEGF (D) PGE2; NGF: nerve growth
factor; BDNF: brain-derived neurotrophic factor (BDNF); VEGF: vascular endothelial growth factor; PGE2: prostaglandin E2; EM: episodic migraine;
CM: chronic migraine
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(versus control) independently predicted significantly
lower median levels of BDNF compared to being a con-
trol (P-value= <0.001). However, BDNF levels were not
different between EM and CM patients when adjusted
for age, sex, and BMI (P-value=0.715). In addition, an
EM diagnosis (versus control) significantly predicted me-
dian levels of PGE2 (P-value= 0.011). Although PGE2
levels were lower in EM patients compared to CM pa-
tients, and lower in CM patients compared to controls,
the differences failed to reach statistical significance in
adjusted regression models (P-value= 0.086 and 0.163,
respectively). Also, an EM or CM diagnosis (versus con-
trol) independently predicted significantly higher median
levels of VEGF (P<0.001 for both comparisons). Median
levels of VEGF were not different between EM and CM
patients in adjusted regression models (P-value= 0.859).
In sensitivity analysis, having an CM diagnosis (as op-
posed to EM) independently predicted significantly
higher median levels of NGF, when adjusted for age, sex,

BMI, NSAID usage, and beta blocker usage (P-value=
0.017).
Correlations between serum levels of NGF, BDNF,

VEGF, and PGE2 in persons with migraine disease
(combined EM and CM patients) and frequency of their
headaches (i.e., number of headache days in each month)
are illustrated in Fig. 2(A-D). A higher frequency of
headache days correlated positively with higher levels of
serum NGF (ρ = 0.476; p-value<0.001) and PGE2 (ρ =
0.286; p-value=0.028), while serum VEGF and BDNF
levels did not correlate significantly with number of
headache days/month in migraine patients (BDNF: ρ =
0.037 and p-value=0.778; VEGF: ρ= -0.025 and p-value=
0.850).

Discussion
With the aim to improve our understanding of the
underlying mechanisms of migraine as a highly prevalent
condition around the world, we sought to identify

Table 2 Serum levels of NGF, BDNF, VEGF and PGE2 biomarkers in study groups

Biomarker Episodic migraine (n=23) Chronic migraine (n=36) Controls (n=30) P-value¶

Median (IQR) Median (IQR) Median (IQR)

NGF 63.11 (24.56) *, # 75.88 (31.89) * 90.58 (70.25) # 0.009

BDNF 0.49 (0.13) * 0.49 (0.14) # 1.05 (0.96) *, # <0.001

VEGF 937.41 (230.23) 932.56 (301.35) 646.50 (292.50) 0.046

PGE2 120.71 (19.47)* 134.16 (38.57) 153.50 (55.69)* 0.001

¶: Across group comparison (Kruskal-Wallis); *, #: significant adjusted P-value for pairwise-comparison (Dunn-Bonferroni); NGF: nerve growth factor; BDNF: brain-
derived neurotrophic factor; VEGF: vascular endothelial growth factor; PGE2: prostaglandin E2

Table 3 Parameter estimates in multivariable analysis of factors associated with peripheral levels of NGF, BDNF, PGE2, and VEGF

Characteristic Coefficient P-value 95% CI for coefficient

Lower bound Upper Bound

NGF model: EM diagnosis (vs. control) -31.360 0.003 -51.683 -11.038

NGF model: EM diagnosis (vs. CM) -17.148 0.042 -33.618 -0.678

NGF model: CM diagnosis (vs. control) -12.994 0.156 -31.052 5.064

BDNF model: EM diagnosis (vs. control) -0.583 <0.001 -0.715 -0.450

BDNF model: CM diagnosis (vs. control) -0.572 <0.001 -0.690 -0.454

BDNF model: CM diagnosis (vs. EM) 0.017 0.715 -0.077 0.111

PGE2 model: EM diagnosis (vs. control) -29.284 0.011 -51.781 -6.788

PGE2 model: CM diagnosis (vs. EM) 15.324 0.086 -2.251 32.899

PGE2 model: CM diagnosis (vs. control) -14.163 0.163 -34.152 5.827

VEGF model: EM diagnosis (vs. control) 258.626 <0.001 168.119 349.132

VEGF model: CM diagnosis (vs. control) 261.613 <0.001 181.191 342.035

VEGF model: CM diagnosis (vs. EM) 13.837 0.859 -141.643 169.318

Sensitivity NGF model: CM diagnosis (vs. EM) 18.855 0.017 3.455 34.256

*Quantile regression (quantile= 0.5 [median]). All models adjusted for age (continuous), sex (binary), and BMI (continuous). EM/CM/control diagnosis as
categorical variable
**NGF: nerve growth factor; BDNF: brain-derived neurotrophic factor; PGE2: prostaglandin E2; VEGF: vascular endothelial growth factor; CI: confidence interval; EM:
episodic migraine; CM: chronic migraine
*** Sensitivity model also adjusted for non-steroidal anti-inflammatory drug usage (binary) and beta blocker drug usage (binary)
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potential biomarkers involved in the pathogenesis of
migraine. In line with this aim, we focused on the
serum levels of PGE2, VEGF, NGF and BDNF in pa-
tients suffering from CM or EM. In addition to the
detected lower levels of NGF, BDNF and PGE2
among EM patients compared to controls, NGF was
the only biomarker in our study that showed signifi-
cantly different (i.e., lower) serum levels in EM pa-
tients than that of CM patients, while none of the
remaining three biomarkers investigated in our case
control study were able to discern between CM and
EM (although difference in PGE2 levels between EM
and CM patients trended towards significance). More-
over, our results indicated that higher NGF and PGE2
serum levels have a moderate and weak positive cor-
relation with headache frequency in migraine patients,
respectively, while no significant correlation was repli-
cated for BDNF and VEGF.
NGF is a neurotrophin mainly found in the limbic sys-

tem [31]. It is recognized to be involved in cognition,
mood, protection of neurons, neuroplasticity and re-
sponse to stress mechanisms [32, 33]. Peripheral

expression of NGF has also been associated with noci-
ceptive sensitization; pain is conveyed from trigeminal
ganglion to trigeminal nucleus caudalis through TRPV1
[34, 35]. Our study demonstrated that peripheral blood
NGF levels are significantly lower in EM patients com-
pared to healthy controls and CM subjects. A study by
Blandini et al. evaluating migraine patients, cluster head-
ache patients, and controls corroborated our findings, as
they showed a reduction in plasma and platelet levels of
NGF in migraine patients in comparison to controls
[36]. In contrast, a study by Jang et al. on patients with
CM and controls revealed that levels of NGF and other
neuropeptides such as CGRP and substance P showed
elevations in persons with migraine disease, a positive
correlation was noted between NGF and these other
neuropeptides, and levels of NGF and the aforemen-
tioned neuropeptides significantly correlated with inten-
sity of pain [37]. In a study conducted by Sarchielli et al.
on patients with chronic daily headache with history of
migraine and controls, elevated cerebrospinal fluid (CSF)
levels of NGF were observed in patients with migraine
[38]. The same research group also demonstrated that

Fig. 2 Correlation between headache frequency and Serum levels of NGF, BDNF, VEGF and PGE2. A NGF (B) BDNF (C) VEGF (D) PGE2; NGF: nerve
growth factor; BDNF: brain-derived neurotrophic factor (BDNF); VEGF: vascular endothelial growth factor; PGE2: prostaglandin E2
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CSF levels of NGF positively correlate with headache fre-
quency, in line with our current study findings, but do
not correlate with VAS scores representative of head-
ache severity [38, 39]. Another study by Sarchielli et al.
also showed that CSF levels of NGF and glutamate are
significantly higher in migraine patients compared to
controls [35]. Of note, a study by Martins et al. also
showed no difference between migraine patients and
controls in terms of plasma levels of NGF [18]. Never-
theless, the inconsistencies in the literature regarding
the levels of NGF in patients with migraine warrants the
need for further investigations to reach a more definite
conclusion.
BDNF is the most abundant neurotrophin found in

different compartments of the nervous system [40].
BDNF is involved in pain signaling and regulation, in
addition to the roles in neuronal development and dif-
ferentiation [36, 41, 42]. With regards to pain, BDNF ex-
erts a paradoxical, dose-dependent effect where low
doses lead to hyperalgesia, while high doses result in an-
algesia [43]. Its expression is associated with CGRP in
trigeminal ganglion neurons. Researchers have suggested
that these associations of BDNF may play a significant
role in modulating susceptibility of patients to migraine
[44]. Our study showed that EM and CM patients have
significantly lower levels of BDNF compared to healthy
controls. We postulate that this finding might be ex-
plained by the hyperalgesic effect of BDNF in lower
doses. Martins et al. and Blandini et al. have confirmed
our BDNF findings in CM patients (compared to con-
trols) [18, 36]. However, most other studies in the litera-
ture have indicated the opposite. For example, Sarchielli
et al. have indicated that CSF levels of BDNF are signifi-
cantly higher in persons with migraine disease, CSF
levels of NGF and BDNF positively correlate with each
other, and BDNF levels in the CSF correlate with num-
ber of headache days in each month (although correl-
ation was weaker compared to NGF and headache
frequency) but not with headache severity [35, 39]. Re-
garding their latter finding, our current study did not
find a significant correlation between headache fre-
quency and serum BDNF levels. In 2010, Tanure and
colleagues demonstrated that BDNF serum levels are
significantly elevated during migraine attacks [42]. An-
other study also revealed higher levels of BDNF in mi-
graine attacks compared to headache-free period and
tension-type headaches [45]. Regarding our finding of
similar BDNF levels between CM and EM patients, we
were not able to identify studies that have reached a
similar conclusion as no study to our knowledge has re-
ported on findings regarding direct comparison of BDNF
levels between EM and CM patients. Regardless of the
inverse or direct relationship between BDNF levels and
propensity for migraine, these various levels of evidence

emphasize the role of BDNF in nociceptive pathways.
One explanation for the reduced levels of both neurotro-
phins (NGF and BDNF) in our study could be that a
subgroup of the EM and CM patients had concomitant
undiagnosed depression and therefore were not receiving
antidepressants. It has been previously propounded that
patients suffering from depression may have decreased
levels of NGF and BDNF, and fluoxetine might increase
those levels [46].
In pathophysiology of migraine, release of vasoactive

substances by meningeal and brain mast cells may pos-
sibly play a pivotal role because this can trigger trigemi-
novascular mechanisms leading to development of pain
[47]. VEGF is one of these substances which comprises
an array of glycoproteins that contribute significantly to-
wards cellular protection and angiogenesis. Additionally,
these glycoproteins are regarded as potential proinflam-
matory cytokines [48, 49]. Our study revealed higher
peripheral levels of VEGF in both EM and CM patients
compared to healthy controls. Rodriguez-Osorio X et al.
[50] have also reported that VEGF levels are significantly
higher in patients with episodic migraines compared to
controls. One proposed rationale for the increased VEGF
levels in persons with migraine disease could be that this
response is of a compensatory manner.[50] Moreover, it
could herald the onset of chronic endothelial dysfunc-
tion in apparently healthy individuals. In addition, SSRIs
have been suggested to increase levels of VEGF both
centrally (i.e., in the hippocampus and dentate gyrus)
and peripherally in the blood, [51, 52] and this could
have been the case for our participants who were taking
SSRIs or even SNRIs and TCAs. On the other hand, sig-
nificant reductions in VEGF levels during the interictal
period have been reported by Michalak et al. [17] It is
important to further investigate the association between
VEGF and migraine in future studies. The importance of
this association could be due to higher rates of cardio-
vascular accidents in patients suffering from migraine;
increased risk of ischemic stroke in women and in-
creased risk of myocardial infarction in men with mi-
graine have been reported in the literature [53, 54].
Some authors have speculated that this relationship is
due to endothelial changes reflected in alterations of fac-
tors such as VEGF.
PGE2, as a member of the prostaglandin family, has

been reported to be involved in underlying mechanisms
of pain in migraine [13]. The pain induced by PGE2
might possibly stem from the activation of TRPV1 re-
ceptors [55]. Some studies have shown that infusion of
PGE2 leads to headache in 83-100% of patients while
this rate after prostaglandin F2-alpha infusion has been
only 17% [56–58]. However, our study showed that
serum PGE2 levels are significantly lower in EM patients
compared to controls, and while they are also lower in
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CM patients in contrast to controls, the difference is not
statistically significant. Sarchielli et al. showed that in-
ternal jugular venous blood levels of PGE2 maximize
within two hours of headache onset, plateau until hours
4-6 post-headache onset, and then decline [59]. Moham-
madian and colleagues showed that PGE2 levels in saliva
and nasal lavage samples of migraine patients during the
inter-ictal phase are comparable to that of controls [60]
Tuca et al. showed when saliva is collected during a
headache attack from migraine patients, PGE2 levels are
significantly higher than that of samples corresponding
to the period between attacks [61]. They also showed
that PGE2 saliva levels declined in persons with migraine
disease who consumed calcium channel blockers (CCBs)
for two months, as opposed to those migraine patients
who were given placebo, and this could explain the
lower levels of PGE2 in our migraine study subjects who
were taking CCBs at baseline. Similarly, Li et al. demon-
strated that in migraine patients, cyclooxygenase-2
(COX-2; enzyme that gives rise to PGE2) levels are sig-
nificantly higher in the attack period as opposed to the
headache-free period, and comparable between controls
and migraine patients during the inter-ictal phase [62].
As close to 40% and 70% of our study participants in the
CM and EM groups were taking NSAIDS, this could
have affected PGE2 levels, especially if they consumed a
selective COX-2 inhibitor in close proximity to the
blood draw.
In our study, NGF and PGE2 serum levels positively

correlated with headache frequency in migraine patients,
while serum levels for BDNF and VEGF did not show
such significant correlations. We were not able to find
any study in the literature assessing the correlation be-
tween headache frequency and levels of in vivo PGE2
and VEGF, and we found only two studies that evaluated
the correlation between CSF levels (not serum) of NGF
and BDNF and number of headache days [38, 39].
Therefore, it is difficult to draw any meaningful conclu-
sion. Nevertheless, based on our current findings and
Sarchielli et al.’s studies, [38, 39] there might be a possi-
bility that higher levels of NGF and PGE2 could herald
the “transformation” of EM to CM. If this is true, one
could possibly consider a more prominent role of in-
flammation in migraine evolution/”chronification”. In
2018, we showed that serum levels of CRP and tumor
necrosis factor alpha (TNF-α) did not correlate with fre-
quency of migraine attacks [63]. Most recently, however,
we showed that serum levels of proinflammatory bio-
markers including CRP, TNF-α, interleukin-6, NO, and
malondialdehyde positively correlated with number of
migraine headache days per month [11, 12]. These re-
cent findings of our research group and the postulated
role for inflammation in CM support the role of inflam-
mation in migraine evolution [64].

For biomarkers in our study with significantly lower
levels in EM and/or CM patients compared to controls
(NGF, BDNF, and PGE2), one common possible explan-
ation, at least for EM patients perhaps, could be that the
minimum 72-hour lag between headache onset and
blood collection may have been too long, and resulted in
sizeable drops from peak levels during attacks. This may
have also explained the comparability of serum levels of
BDNF, VEGF, and PGE2 between EM and CM patients.
One other explanation could be that although migraine
patients and controls were age and sex-matched, they
may not have been matched for silent proinflammatory
states (for example, conditions with heightened levels of
C-reactive protein (CRP) and other proinflammatory cy-
tokines) that might influence NGF, BDNF, VEGF, and
PGE2 levels. A combination of timing of blood draw in
reference to most recent headache attack and confound-
ing non-diagnosed proinflammatory comorbidities might
possibly explain the significant difference of serum levels
of NGF between EM and CM patients in our study. Fi-
nally, difference in study populations and laboratory as-
says used for measuring the biomarkers could have
biased our results towards the opposite direction of
some of the previously mentioned findings in the
literature.
We believe that our study has several strengths; first,

classification errors for EM and CM were at the mini-
mum as diagnosis of eligible participants was con-
firmed by a neurologist specialized in headaches.
Second, patients previously diagnosed with MOH were
not included, hence decreasing confounding bias of
medication effects on biomarker levels. Third, the
one-month length of follow up for documenting head-
ache characteristics of migraine patients was relatively
robust. We also acknowledge that our study faced sev-
eral limitations; the case-control nature of the study
prohibited us from drawing conclusions about causal-
ity and directionality between migraine and NGF,
BDNF, VEGF, and PGE2 peripheral blood levels. Our
study was not powered to detect pre-defined differ-
ences between levels of biomarkers in EM and CM pa-
tients, and healthy controls as no formal sample size
calculation was conducted. As mentioned above, we
were not able to control for multiple confounding fac-
tors that might have influenced levels of biomarkers.
It was not feasible for us to measure the concurrent
CSF levels of our investigated biomarkers, so it should
be clarified that peripheral levels of biomarkers in our
study participants might not reflect changes in their
central nervous systems. Distribution of females was
different between EM and CM patients, although the
difference was not statistically significant, and this
may have masked any possible gender effect modifica-
tion on serum biomarker levels.
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Conclusions
Our study showed that peripheral blood levels of NGF,
BDNF, VEGF, and PGE2 are significantly different in
EM and/or CM patients compared to healthy controls,
and peripheral NGF levels, and to a lesser degree serum
PGE2 levels, may be able to differentiate between EM
and CM patients. Further prospective cohort studies
with larger sample sizes can advance our knowledge of
the role of these biomarkers and other candidates in mi-
graine pathophysiology, and possibly facilitate the use of
these biomarkers for modification of current diagnostic,
prognostic, and therapeutic approaches towards mi-
graine headaches. Specifically, more work is needed in
the area of differentiating EM and CM patients via can-
didate biomarkers to identify individuals who could pos-
sibly benefit from earlier therapeutic interventions.
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