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Background: A reliable, migraine-specific biomarker has not been identified so far. 
Calcitonin Gene-Related Peptide (CGRP) and Apolipoprotein E (ApoE) might serve as 
migraine biomarkers due to their roles in migraine pathophysiology. However, their diag-
nostic usefulness has not been explored yet. Present study explored the diagnostic accuracy 
of CGRP and ApoE in migraine.
Methods: A cross-sectional, case–control study was conducted from November 2019 to 
April 2020 at Physiology department of our university. Fourteen female migraine patients, 
18–25 years old, with confirmed “Migraine” diagnosis by a neurologist, were recruited. 
Control group consisted of 14 age-matched healthy females with no personal/family history 
of migraine. Blood was drawn once from control subjects and twice from migraine patients 
(ictal and interictal phase). Serum CGRP and ApoE levels were assessed by ELISA. 
Statistical analysis involved paired t-test, one-way ANOVA, Receiver operating character-
istic (ROC) curves and cross-tabs.
Results: ApoE (mg/dl) was higher significantly in interictal (1.90±0.50) and ictal (1.97±0.65) 
phases of migraine compared to control (1.07±0.26) (p ≤ 0.001). ROC curves for ApoE were 
significant in migraine ictal vs control (AUC= 0.91, AUC 95% CI: 0.78–1.0) and migraine 
interictal vs control (AUC=0.92, AUC 95% CI: 0.8–1.0) subjects. ROC curve for CGRP (pg/mL) 
was significant in migraine ictal vs control subjects only (AUC=0.79, AUC 95% CI: 0.6–0.97).
Conclusion: Serum ApoE has “excellent” accuracy to diagnose migraine patients whether 
in ictal or interictal phase, from healthy subjects. ApoE levels of patients in these two phases 
of migraine are raised significantly than healthy subjects. CGRP has “fair” diagnostic 
accuracy to discriminate between migraine ictal phase and healthy subjects. Its levels do 
not differ significantly among migraine ictal, interictal phase and healthy controls.
Keywords: apolipoprotein E, calcitonin gene-related peptide, migraine, receiver operating 
curve, biomarkers

Introduction
Migraine is a complex neurovascular illness characterized by frequent headache 
attacks of severe intensity.1 It adversely affects the life quality of affected indivi-
duals and increases the economic burden on society in terms of lost workdays.2 

Migraine is diagnosed clinically, based on patients’ symptoms and the diagnostic 
criteria proposed by the International Headache Society (IHS).3 However, IHS 
diagnostic criteria are not recommended in patients with impaired cognition or 
deafness. Since it is a self-reported questionnaire, recall bias also decreases its 
sensitivity.
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The discovery of “disease-specific” biomarkers has 
increased diagnostic accuracy and therapeutic efficacy in 
various diseases. However, there are no reliable biomar-
kers for migraine yet. This absence of migraine-specific 
biomarkers is a hindrance in developing more effective 
therapeutic/preventive measures. A variety of potential 
serum biomarkers has been proposed for migraine, includ-
ing MicroRNAs,4 Calcitonin Gene-Related Peptide 
(CGRP),5 Apolipoprotein E (ApoE),6 Adiponectin,7,8 

proinflammatory cytokines like IL-1, IL-6, TNF-α, and 
anti-inflammatory cytokines like IL-10,9,10 Melatonin11 

and Prostaglandins,12 etc. However, none of these biomar-
kers has received consensus or confirmation so far.

Among these biomarkers, CGRP seems to be the most 
likely candidate. CGRP levels were significantly raised in 
chronic migraine patients as compared to healthy 
controls.13 CGRP receptor antagonists can successfully 
treat acute migraine attacks.14 Monoclonal antibodies 
against CGRP are being used in migraine.15

ApoE is well known for its role in neurological and 
vascular disorders,16,17 headache18 and migraine. A meta- 
analysis of four studies (involving 649 migraineurs, 229 
tension-type headache patients, and 975 healthy controls) 
concluded that ApoE4 (one of the alleles of the ApoE 
gene) is positively associated with headache and increases 
the relative risk of headache by 1.48 (95% CI 1.16–1.90; 
P = 0.002), compared to controls.19 In a recent study, 
increased ApoE levels were observed in migraineurs 
(interictal phase) when compared to controls.6

A precise biomarker is one that reflects pathophysiolo-
gical process, has diagnostic and prognostic values, and 
guides in the therapeutic approach. Thus, by reflecting the 
pathophysiology and therapeutic response, CGRP pro-
mises to be superior to the rest of the biomarkers. 
However, diagnostic sensitivity and specificity of CGRP, 
as well as ApoE in migraine, has not been explored. 
Recognizing the value and importance of this knowledge 
gap, we conducted the present study to explore the diag-
nostic accuracy of CGRP and ApoE in two phases of 
migraine (ictal, interictal).

Patients and Methods
The study protocol was approved by the Institution 
Review Board of Imam Abdulrahman Bin Faisal 
University (IRB number IRB-UGS-2019-01- 295). It was 
a cross-sectional case–control study, conducted from 
November 2019 to April 2020. The sample size was cal-
culated by an online calculator.20 Setting power (1-β) as 

95% and α (type 1 error) as 5%, a sample size of 13 was 
finalized after putting the CGRP values of migraine cases 
(74.90±28.29 ng/mL) and healthy controls (33.74±16.10 
ng/mL) from a previous study.13 To control for potential 
drop-outs and the inability of some migraine patients to 
come for blood extraction in ictal phase due to severe pain, 
we recruited 28 migraineurs in the beginning (more than 
double the calculated sample size).

Our inclusion criteria for migraine cases were female 
gender, 18–25 years of age, with confirmed “Migraine” 
diagnosis by a neurologist since at-least one year, fulfilling 
International Headache Society (IHS) criteria for migraine 
and willing for blood extraction at two times; ictal and 
interictal phase. The control group consisted of age- 
matched healthy females with no personal or family his-
tory of migraine or subjective headache of any type. Our 
exclusion criteria were pregnancy, lactation, use of hormo-
nal contraceptives, and serious active somatic/psychiatric 
illness.

A convenience sampling technique was used. All 
potential participants underwent an interview with the 
researchers during which inclusion/exclusion criteria 
were confirmed. If the conditions were fulfilled, subjects 
were recruited for the study. Written informed consent was 
signed by all participants.

Migraine phases were defined as following:21

1. The “Ictal” phase consisted of a typical throbbing 
headache lasting for 4–72 hours.

2. The “Interictal” phase was the period between two 
consecutive migraine attacks when the patient was 
without headache or other migraine symptoms.

Blood samples were obtained from an antecubital vein into 
EDTA-coated tubes, while subjects rested in sitting posi-
tion. The blood was then allowed to clot and then centri-
fuged for 10 minutes at 2000g to separate serum. 
Eppendorf tubes containing serum were labeled with 
numerical codes and stored at −80°C until analyzed.

For enzyme-linked immunosorbent assay, commercial 
ELISA kits were used following manufacturers’ instruc-
tions. Human apolipoprotein E ELISA Kit (EKC40681) 
Biomatik, having a detection range of 15.62 ng/mL-1000 
ng/mL, high sensitivity (3.9 ng/mL) was used to measure 
ApoE levels. Human Calcitonin Gene-Related Peptide 
ELISA Kit (EKC32941) Biomatik, having a detection 
range of 1.56 pg/mL-100 pg/mL, high sensitivity (<0.39 
pg/mL), specificity and precision (intra and inter-assay 
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precision <8% and <10%, respectively) was used to detect 
CGRP levels.

Biochemical assays were performed by investigators 
who were blind to the identity, diagnosis, and attack status 
of study participants. All blood samples were run in dupli-
cate in 96-well plates for both assays. Later, the mean was 
calculated and considered for statistical analysis. This 
study was conducted in accordance with the Declaration 
of Helsinki.

Statistical Analysis
Data analysis was done by using SPSS version 20. The 
distribution of the biochemical variables was found to be 
“normal” by the Shapiro–Wilk test, therefore parametric 
tests were used for all the analyses. Data were presented 
as “mean ± standard deviation”. Serum CGRP and ApoE 
levels were compared among ictal, interictal phases of 
migraineurs and controls by ANOVA; and within-the- 
group comparison was done by paired t-test. A receiver 
operating characteristic (ROC) analysis was conducted to 
explore diagnostic sensitivity and specificity of CGRP and 
ApoE in three different combinations a) Migraine ictal vs 
interictal, b) Migraine interictal vs control, c) Migraine ictal 
vs control. Co-ordinate points of the ROC curve were used 
to identify cut-off values. Positive predictive value (PPV) 
and negative predictive value (NPV) were calculated from 
the cross-tab function of SPSS. For all the performed tests, 
the level of significance was set at p ≤ 0.05.

Results
We assessed peripheral CGRP and ApoE levels; twice in 
migraine patients (ictal and interictal phase) (mean age: 
20.29±1.68 years) and once in age-matched healthy con-
trols (mean age: 21.43±1.83 years). Within-the-group 
comparison by paired t-test revealed insignificant differ-
ences in both CGRP and ApoE in the interictal vs ictal 
phase of migraine (Table 1). ANOVA test (followed by 

Post Hoc Tukey’s test) compared serum values in migraine 
ictal phase, interictal phase, and healthy controls and 
revealed significantly raised ApoE in migraine interictal 
and ictal phases compared to control (p ≤ 0.001) (Table 2).

ROC curve of migraine ictal vs interictal phase was 
insignificant for CGRP and ApoE both (Figure 1). ROC 
curve of migraine interictal vs control was significant for 
ApoE only (Figure 2). The area under the curve (AUC) 
was 0.920 (excellent accuracy) and AUC 95% confidence 
interval (CI) was 0.8–1.0, indicating that if ROC curve 
was repeated for 100 subjects, then 95% of subjects will 
have AUC in the range of 0.8 to 1.0, still in the range of 
good-excellent AUC (Table 3). PPV and NPV of ApoE 
were 68.8% and 90% respectively, meaning that 68.8% of 
the participants assessed as “Migraine interictal phase” 
based on ApoE levels were actually in that category; and 
90% of the participants assessed as “Control” based on 
ApoE levels were actually in that category.

ROC curve of migraine ictal vs control was significant 
for CGRP and ApoE both (Figure 3). AUC for CGRP and 
ApoE was 0.786 and 0.908, respectively, indicating 
“excellent” usefulness/accuracy of ApoE and a “fair” 
accuracy of CGRP (Table 3). 95% CI for ApoE and 
CGRP was 0.8–1.0 and 0.6–0.97, respectively. PPV and 
NPV of ApoE were 83.3% and 85.7% respectively, mean-
ing that 83.3% of the participants assessed as “Migraine 
ictal phase” based on ApoE levels were actually in that 
category; and 85.7% of the participants assessed as 

Table 1 Comparison of Apolipoprotein E and Calcitonin Gene-Related Peptide Levels in Migraine Cases and Controls

Variables Migraine Interictal 
(Mean ± SD) N=14

Migraine Ictal 
(Mean ± SD) N=14

Control (Mean ± SD) 
N=14

P value 
(ANOVA)

CGRP (pg/mL) 3.19±3.36 3.69±2.14 2.02±1.07 0.182

P value (paired t-test) 0.686

Apolipoprotein E (mg/dl) 1.90±0.50 1.97±0.65 1.07±0.26 0.000

P value (paired t-test) 0.772

Abbreviation: CGRP, calcitonin gene-related peptide.

Table 2 Post Hoc Tukey HSD Test of Apolipoprotein E (mg/dl) 
Levels

Groups P value

Migraine ictal vs interictal phase 0.922

Migraine interictal phase vs control 0.000

Migraine ictal phase vs control 0.000
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“Control” based on ApoE levels were actually in that 
category.

Discussion
To the best of the authors’ knowledge, the present study 
is the first one to explore diagnostic accuracy of serum 
ApoE and CGRP with ROC curve. According to our 
ROC analysis results, ApoE might be an “excellent 
biomarker” for diagnosis of migraine ictal vs control 
(AUC= 0.91, AUC 95% CI: 0.78–1.0) and migraine 
interictal vs control (AUC=0.92, AUC 95% CI: 
0.8–1.0). We found significantly raised ApoE levels in 
migraine ictal and interictal phases as compared to 
healthy controls, a finding similar to Yuasa et al.6 

ApoE increases the production of Nitric Oxide (NO) in 
human monocyte-derived macrophages.22 Because of the 
role of NO in migraine pathophysiology,23 and evidence 
of the higher prevalence of ApoE2 allele in 
migraineurs,24 ApoE levels in the blood may act as 
migraine biomarker.

We found insignificant changes in CGRP levels within- 
the-group (migraine ictal vs interictal). In agreement with 
our results, Tvedskov et al25 found no increase in ictal vs 
interictal levels of CGRP in migraine patients; neither in 
external jugular vein blood samples nor in cubital vein 
samples. They even went to patients’ residence/workplace 
to obtain blood samples within first 40 minutes of attack 
onset. In Tvedskov’s study, a prolonged time delay 
between sampling and centrifugation might be considered 
a reason for little CGRP left in samples, considering the 
rather short half-life of CGRP. However, there was no such 
delay in our study. On the other hand, Gallai et al26 

reported significantly raised CGRP in the ictal period 
compared to the interictal period in peripheral blood sam-
ples, a finding contrary to our study.

Between-the-groups comparison of interictal migraine 
phase vs healthy controls revealed insignificant differences 
in CGRP levels, a finding in agreement with Gallai et al,26 

and Goadsby et al,27 In contrast, Cernuda-Morollón et al13 

reported significantly raised CGRP levels in migraine 
interictal phase as compared to healthy controls; whereas 
Han5 reported higher CGRP levels in Migraine ictal phase 
than Controls. In the study conducted by Han,5 blood 
samples were taken from Jugular vein (vs antecubital 
vein in our study). Their migraine patients’ mean age 
was 35.2±9.3 years in contrast to 20.29±1.68 years of 
mean age in our study. These variations in study metho-
dology (i.e. differences in participants’ mean age, source 

Figure 1 A receiver operating characteristic (ROC) curve analysis for serum 
apolipoprotein E (ApoE) and calcitonin gene-related peptide (CGRP) in ictal vs 
interictal migraine phases.

Figure 2 A receiver operating characteristic (ROC) curve analysis for serum apolipo-
protein E (ApoE) and calcitonin gene-related peptide (CGRP) in migraine interictal phase 
vs control.

Figure 3 A receiver operating characteristic (ROC) curve analysis for serum apolipo-
protein E (ApoE) and calcitonin gene-related peptide (CGRP) in migraine ictal phase vs 
control.
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of blood sample, etc.) may have contributed to results 
heterogeneity. ROC curve for CGRP (pg/mL) in our 
study was significant in migraine ictal vs control only 
(AUC=0.79, AUC 95% CI: 0.6–0.97). Although CGRP 
did not emerge as significant biomarker as ApoE in our 
study, CGRP’s role in migraine pathogenesis cannot be 
denied.

Limitations
Our study might be limited by a small sample size. 
Although we recruited 28 migraine subjects, in the 
beginning, we could get blood samples of 14 migrai-
neurs only (in ictal and interictal phases) before nation-
wide COVID-19 strict lockdown and precautionary 
measures. All our subjects were females, so study find-
ings may not be generalized. Some important informa-
tion regarding migraine subjects were not recorded (e.g. 
duration of attack and intensity of pain at the time of 
ictal phase blood sampling, number of years since 
migraine diagnosis, family history of migraine, presence 
of possible pain comorbidities such as fibromyalgia, 
chronic pelvic pain, myofascial pain syndromes,28 

etc.). In future studies, more migraineurs should be 
recruited. Differences in the biomarkers in various 
migraine subgroups such as migraineurs with and with-
out pain comorbidities or migraineurs with or without 
aura should also be explored.

Conclusion
ApoE levels are raised significantly in migraine ictal and 
interictal phases than in healthy controls. ApoE has 
“excellent” accuracy to diagnose these two phases of 
migraine from healthy controls. CGRP levels do 
not differ significantly among Migraine ictal, 
interictal phase, and healthy controls. CGRP has “fair” 
accuracy to diagnose migraine ictal phase from healthy 
controls.
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