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Introduction 
 

Migraine is a disabling neurovascular disease affecting more than 10% of the worldwide adult 
population. 1 It is characterized by attacks of moderate to severe unilateral headache pain, usually 
accompanied by nausea, vomiting, photophobia or phonophobia. 2 In most sufferers attacks recur 
episodically (episodic migraine, EM), however a significant minority of patients evolve into chronic 
migraine (CM), with more than 15 days of headache per month. 3 Pain intolerance induced by 
increasingly more frequent migraine attacks commonly results in a greater tendency to 
inappropriately and excessively use symptomatic medications routinely administered for 
headache pain relief. Nevertheless, it has been paradoxically proven that the overuse of painkillers 
per se is one of the major leading factor for CM aggravation in a susceptible patient. 4 According to 
the International Classification of Headache Disorder (ICHD-IIIb), if some degree of acute 
medications’ overuse co-occurs in CM, patients are specifically diagnosed with “medication-
overuse headache” (MOH). 2 Even if the pathophysiology of MOH is still not completely 
understood, MOH shares biological features of drug addiction, with evidences of central 
sensitization induced by repeated drug(s) exposure. 5 The population-based prevalence of MOH is 
reported as 1-2% but, due to its high social and economic burden, it has become one of the major 
challenges in headache treatment. 6  Withdrawal from overused drug(s) currently represents the 
first choice treatment for MOH. However, no internationally accepted guideline for the clinical 
management of MOH is currently available and detoxification protocols broadly vary among 
specialized centers (i.e. home treatment with simple advice of withdrawal, hospitalization or day 
hospital). 7 In most patients undergoing drug(s) detoxification, CM improves significantly or is 
reverted to its previous episodic pattern within 2 months after drug withdrawal. 8 Nonetheless, 
30-45% of MOH patients with successful withdrawal therapy relapse into medication overuse, the 
majority of them within the first year of follow-up. 9 Given the poor prognosis, there’s the urgent 
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need of identifying relevant predictors of MOH susceptibility and individual response to 
detoxification treatment. Major efforts have been directed toward identifying clinical risk factors 
for MOH. 10,11 Conversely, much less attention has been paid to unravel the genetic basis of MOH. 
12 

Recent evidences support a major role of endocannabinoid system (ECS) in migraine 
pathophysiology. 13 Endocannabinoids (ECs) are known to interact with serotonergic neurons in 
the brainstem dorsal raphe to modulate headache pain mechanisms. 14 Besides being involved in 
different cognitive and physiological processes, ECs also participate in the common 
neurobiological mechanisms underlying drug addiction. 15 Reduced blood concentration of ECs 
were reported in women affected by EM compared to healthy controls 16, and, more interestingly, 
biochemical mechanisms degrading ECs have emerged to be altered in MOH patients compared to 
EM subjects or healthy controls. 17 On this basis, we can speculate that different genetic 
backgrounds in ECS-related genes might play a role in modulating MOH risk and patients’ 
prognosis after withdrawal treatment.  
 

Objectives 

In this study, we will explore the role single nucleotide polymorphisms (SNPs) in ECS-related 
genes as potential predictors of: 

1. EM transformation into MOH; 
2. Detoxification outcome for MOH patients underwent withdrawal therapy. 

Methods 

Patients. A case-control genetic association study with an exploratory/validation design is 
conducted in order to evaluate the role of endocannabinoid system genetic variants as modulators 
of the risk of MOH onset and prognosis of MOH patients following withdrawal treatment. This 
study was approved by the local ethics committees of the Institutions involved in patients’ 
recruitment (National Neurological Institute C. Mondino, Pavia and Azienda Ospedaliero 
Universitaria "Maggiore della Carità", Novara), and it met the requirements of the Declaration of 
Helsinki. Written informed consent was obtained from all patients before participation in the 
study. All migraineurs and MOH patients were diagnosed by neurologists on the basis of the ICHD-
II diagnostic criteria, respectively, for migraine with/without aura or medication overuse 
headache. 18 All MOH patients underwent a standard inpatient withdrawal protocol. Briefly, during 
hospitalization, lasting around 10 days, the patients abruptly discontinued the overused drug(s) 
and underwent a daily intravenous detoxification therapy based on saline solution, delorazepam 
(gradually stopped after 4 days), metoclopramide (stopped after 2 days), cyanocobalamine, folic 
acid, nicotinamide, ascorbic acid  and glutathione. A preventive therapy was started after 4-5 days 
from hospitalization and ketoprophen was allowed as a rescue medicine for severe migraine 
attacks only. Upon discharge, a symptomatic drug, of a different pharmacological class from that 
overused, was prescribed to be administered for no more than 5 days per month. Patients were 
given a diary on which recording the number of days with headache and the use of symptomatic 
drugs. At the 2-month follow-up visit, the neurologists evaluated the pattern of the headache on 
the basis of the information recorded on the diary. Withdrawal therapy was considered 
“successful” if, after 2 months, the patients reverted to an episodic pattern of headache, stopped 
their overuse of symptomatic drugs, and did not overuse another symptomatic medication. 
Conversely, response to withdrawal therapy was labeled “unsuccessful” if medication overuse had 
ceased within the last 2 months, but headache had not resolved or reverted to its previous pattern 
or if overuse medication has not yet been withdrawn or if there was an overuse of another 
symptomatic medication. 19 

Genotyping. To date, we have selected 5 SNPs in ECs-related genes (FAAH rs324420, CNR1 
rs806380, CNR1 rs1049353, TRPV1 rs8065080, TRPV1 rs222747) and we have tested their 
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correlation with the risk of MOH onset and detoxification outcome within the exploratory set. For 
the genetic analysis, germinal DNA was extracted from whole blood samples using the QiaAmp 
DNA Mini Kit (Qiagen, Valencia, CA). SNPs genotyping was performed by Real-time PCR using 
Applied Biosystems TaqMan Pre-Designed SNP genotyping assays (Assay ID: FAAH rs324420: 
C___1897306_10; CNR1 rs806380: C__1652583_10; CNR1 rs1049353: C__1652590_10; TRPV1 
rs8065080: C__11679656_10; TRPV1 rs222747: C___1093688_20). 

Statistical analysis. Association with SNPs was performed using univariate logistic regression 
analysis and corresponding ORs and 95% Cl were calculated for each candidate SNP. For all the 
selected polymorphisms, we considered log-additive, dominant and recessive mode of 
inheritance. Statistical significance was set at P<0.05.  

 
Ad interim results 

WORK PACKAGE 1 (WP1). Analysis of the role of polymorphisms in ECS-related genes as potential 
predictors of the risk of EM transformation into MOH  

A total of 200 patients affected by episodic migraine (controls) and 185 affected by MOH 
(cases) were included in the exploratory set. All the polymorphisms analyzed were in Hardy–
Weinberg equilibrium, both in MOH patients (FAAH rs324420: p=1.0; CNR1 rs806380: p=0.74; 
CNR1 rs1049353: p=0.84; TRPV1 rs8065080: p=0.09; TRPV1 rs222747: p=0.06) and EM patients 
(FAAH rs324420: HWE p=0.55; CNR1 rs806380: HWE p=1.0; CNR1 rs1049353: p=0.82; TRPV1 
rs8065080: p=0.89; TRPV1 rs222747: p=0.19). None of the polymorphisms herein investigated was 
found nominally associated with the risk of MOH with a P value <0.05 (Table 1). However, a trend 
of correlation was found for TRPV1 rs222747, with C/C patients showing a lower risk of developing 
MOH compared to carriers of G allele (C/C vs G/G+G/C: OR 0.49, IC 95% 0.20-1.16, P=0.093).  
 

Tab 1: Association of SNPs in CNR1, FAAH and TRPV1 genes with the risk of migraine 
transformation into MOH. 

SNP Migraineurs 

N=200 (%) 

MOH 

N=185 (%) 

OR (95% CI)* P value 

 

CNR1 rs806380     

   A/A 

   A/G 

   G/G 

96 (48.5) 

84 (42.4) 

18 (9.1) 

86 (46.7) 

78 (42.4) 

20 (10.9) 

A: 1.08 (0.80-1.47) 

D: 1.07 (0.72-1.60) 

R: 1.22 (0.62-2.39) 

0.6 

0.73 

0.56 

CNR1 rs1049353 

   C/C 

   C/T 

   T/T 

 

131 (65.5) 

61 (30.5) 

8 (4.0) 

 

109 (58.9) 

67 (36.2) 

9 (4.9) 

 

A: 1.25 (0.88-1.77) 

D: 1.32 (0.88-2.00) 

R: 1.23 (0.46-3.25) 

 

0.21 

0.18 

0.68 

TRPV1 rs8065080     

   T/T 

   T/C 

   C/C 

60 (30.0) 

101 (50.5) 

39 (19.5) 

70 (37.8) 

78 (42.2) 

37 (20.0) 

A: 0.87 (0.66-1.15) 

D: 0.70 (0.46-1.08) 

R: 1.03 (0.62-1.71) 

0.32 

0.1 

0.9 

TRPV1 rs222747     

   G/G 

   G/C 

   C/C 

114 (57.0) 

69 (34.5) 

17 (8.5) 

94 (50.8) 

83 (44.9) 

8 (4.3) 

A: 1.05 (0.76-1.46) 

D:1.28 (0.86-1.92) 

R: 0.49 (0.20-1.16) 

0.75 

0.22 

0.093 

FAAH rs324420    

   C/C 

   C/A 

   A/A 

149 (74.5) 

46 (23.0) 

5 (2.5) 

125 (67.6) 

55 (29.7) 

5 (2.7) 

A: 1.31 (0.89-1.93) 

D: 1.40 (0.90-2.18) 

R: 1.08 (0.31-3.80) 

0.18 

0.13 

0.9 

*Univariate logistic regression analysis 

A: additive model of inheritance; D: dominant model of inheritance; R: recessive model of inheritance. 
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WORK PACKAGE 2 (WP2). Analysis of the role of polymorphisms in ECS-related genes as potential 
predictors of the detoxification outcome for MOH patients underwent withdrawal treatment  

Medical charts of 185 MOH patients undergoing inpatient drug withdrawal therapy were 
retrospectively evaluated. Outcome data was available for 138 MOH patients, of which 84 (60.9%) 
were MOH patients with effective drug withdrawal therapy and 54 (39.1%) were MOH patients 
with unsuccessful detoxification. We tested herein the role of the aforementioned selected 
polymorphisms in ECs-related genes (rs324420, rs806380, rs1049353, rs8065080, rs222747) as 
potential predictors of detoxification outcome in MOH patients following withdrawal therapy.  

All the polymorphisms analyzed were in Hardy–Weinberg equilibrium in MOH patients (all 
p>0.05). Interestingly, among MOH patients, carriers of TRPV1 rs8065080 CC were found at lower 
risk of unsuccessful detoxification compared to carriers of T allele (CC vs TT+TC, OR 0.23, 95% CI 
0.07-0.71, P=0.004; C vs T, OR 0.53, 95% CI 0.32-0.87, P=0.010). Conversely, none of the other 
polymorphisms investigated was found nominally related to withdrawal outcome with a P value 
<0.05 (Table 2). 
 

 
Tab 2: Association of SNPs in CNR1, FAAH and TRPV1 genes with the risk of MOH patients for 
unsuccessful detoxification.   
 

SNP 

Successful withdrawal therapy 

OR (95% CI)* P value YES 

N=84 (%) 

NO 

N=54 (%) 
 

CNR1 rs806380     

   A/A 

   A/G 

   G/G 

39 (46.4) 

38 (45.2) 

7 (8.3) 

24 (44.4) 

21 (38.9) 

9 (16.7) 

A: 1.25 (0.76-2.07) 

D: 1.08 (0.54-2.15) 

R: 2.20 (0.77-6.31) 

0.38 

0.82 

0.14 

CNR1 rs1049353 

   C/C 

   C/T 

   T/T 

 

54 (63.5) 

25 (29.4) 

6 (7.1) 

 

31 (57.4) 

21 (38.9) 

2 (3.7) 

 

A: 1.08 (0.61-1.90) 

D: 1.29 (0.64-2.60) 

R: 0.51 (0.10-2.61) 

 

0.79 

0.47 

0.39 

TRPV1 rs8065080     

   T/T 

   T/C 

   C/C 

29 (34.1) 

34 (40.0) 

22 (25.9) 

26 (48.1) 

24 (44.4) 

4 (7.4) 

A: 0.53 (0.32-0.87) 

D: 0.56 (0.28-1.12) 

R: 0.23 (0.07-0.71) 

0.010 

0.1 

0.004 

TRPV1 rs222747     

   G/G 

   G/C 

   C/C 

45 (52.9) 

37 (43.5) 

3 (3.5) 

29 (53.7) 

23 (42.6) 

2 (3.7) 

A: 0.98 (0.54-1.79) 

D: 0.97 (0.49-1.92) 

R: 1.05 (0.17-6.51) 

0.95 

0.93 

0.96 

FAAH rs324420    

   C/C 

   C/A 

   A/A 

55 (64.7) 

27 (31.8) 

3 (3.5) 

39 (72.2) 

15 (27.8) 

0 (0.0) 

A: 0.65 (0.33-1.30) 

D: 0.71 (0.34-1.48) 

R: NC 

0.22 

0.35 

NC 

*Univariate logistic regression analysis 

A: additive model of inheritance; D: dominant model of inheritance; NC: not calculable; R: recessive model of inheritance. 
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Ad interim conclusions  

Our preliminary results suggest that none of the analyzed SNPs may predict the risk of migraine 
chronification into MOH. Conversely, TRPV1 rs8065080 has emerged to be a genetic predictor of 
detoxification outcome in the exploratory set of MOH patients underwent inpatient withdrawal 
therapy. However, this result should be interpreted with caution since its replication in the 
confirmatory set is needed.  

 

Future analyses 

In the next three months, we will test a number of new SNPs in ECs – related genes (including 
TRPA1) as possible genetic modulators of both MOH risk and MOH patients’ prognosis after 
withdrawal therapy within the exploratory set. SNPs emerging as nominally significant (p<0.05) in 
the exploratory dataset will be replicated in the independent confirmatory set of patients made up 
of 200 EM patients and 190 MOH subjects. In order to reduce the likelihood of false-negative 
results, patients included in the replication set will be additionally genotyped for SNPs showing a 
trend of association in the exploratory set (p<0.1). Lastly (if possible), we will combine SNPs 
showing the strongest association (P<0.05) with the studied outcomes in the validation set into a 
weighted genetic risk score (GRS) and we will test the association between their joint effects and i) 
MOH susceptibility and ii) detoxification outcome. 
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