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Abstract 
Study Objectives: Migraine is a complex neurovascular disease and is be-
lieved to be due to a mixture of genetic and environmental factors. Study de-
sign: This was a cross-sectional observational prospective hospital based study 
conducted on 100 participants. They were divided into two groups; Group A: 
50 migrainous patients according to the criteria of the International Classifi-
cation of Headache Disorders and Group B: 50 healthy subjects both groups 
were age and sex matched. All subjects underwent a full neurological and 
psychiatric examination. Full headache evaluation sheet used in headache 
outpatient clinic in Ain Shams University Hospitals and HIT-6™ Headache 
Impact Test was used. Assay of serum level of N-acetyl-aspartate (NAA) as 
mitochondrial function marker was done. Results: There was no significant 
difference between both groups regarding gender, age or age group, marital 
state, education, residence and special habits. However, there was a statistical 
significant difference as regards family history of migraine more in patient 
group. In this study, serum NAA levels in migraine patients were significantly 
lower than in healthy controls. Decreased NAA level is generally believed to 
be a sign of reduced neuronal and glial mitochondrial function. Also, mi-
graine with aura patients showed lower NAA levels when compared to mi-
graine without aura subtypes. However, there was no significant correlation 
was found between NAA serum levels, and gender, age at onset, age group, 
type of aura, duration of the illness, type of onset of pain, frequent site of 
pain, time to max severity, severity of attack, and daily functions (social life, 
work, psychological wellbeing, sleep and cognition). Conclusions: Findings 
of this study indicate that NAA in serum may be a marker for neuronal dys-
function predisposing to migraine, probably related to the reduced mitochon-
dria function. 
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Marker, N-Acetyl-Aspartate (NAA), Magnetic Resonance Spectroscopy (MRS) 
and Liquid Chromatography-Mass Spectrometry (LC/MS) 

 

1. Introduction 

Migraine is a common, disabling, primary headache disorder, with episodic ma-
nifestations that affect women three times more than men [1]. Migraine is cha-
racterized by recurrent and often unilateral, vascular throbbing head pain and 
additional symptoms which can include nausea, emesis, photophobia, phono-
phobia. Other symptoms may include visual and sensory disturbances [2]. Life-
time prevalence of migraine is 3.38/100 in upper Egypt [3]. Subcortical struc-
tures; brainstem, hypothalamus and thalamus, are involved in the generation of 
migraine attacks. Neuronal hyperexcitability and trigemino-vascular activation 
are regarded to play an important role in migraine pathogenesis. The brainstem 
activates the trigemino-vascular system, which then stimulates perivascular tri-
geminal sensory afferent nerves with release of vasoactive neuropeptides, result-
ing in vasodilation and transduction of central nociceptive information [2]. 

The pathophysiology is largely unidentified despite excessive research and in-
tense of interest because of the high prevalence and socioeconomic impact [1]. 
Many factors such as genetic background, nitric oxide hypersensitivity, lack of 
cortical habituation, and a disturbed energy metabolism may determine the mi-
graine threshold [4]. The primary function of mitochondria is to produce ATP 
via the electron transport chain. Patients with migraine may have variants in 
nuclear genes involved in mitochondrial function or have particular haplotypes, 
polymorphisms, or mitochondrial double stranded deoxyribonucleic acid muta-
tions [5]. Alteration in the brain excitability in migraine has been hypothesized, 
based on genetic mutations and/or polymorphisms of chromosomes [6]. A mi-
tochondrial defect may reduce the threshold for migraine attacks by several me-
chanisms. Many magnetic resonance spectroscopy (MRS) studies have been 
performed in migraine patients and showed an interictal energy disturbance in 
the brain of migraine patients [7]. This may be due to dysfunction of metabolism 
of neurons. Neurons are the only source of N-acetyl-aspartate (NAA). This mo-
lecule, which assesses neuronal integrity, leaves central nervous system through 
astrocytes and then it is reversed into circulation and excreted by kidney in urine 
samples [8]. The NAA is considered a marker of axonal integrity. It is synthe-
sized and located prevalently in mitochondria of neurons and in fact it has been 
taken as a marker of mitochondrial functioning [9]. Prophylactic pharmacothe-
rapy for migraine headaches is less than satisfactory, due to the lack of pathoge-
nesis, the poor efficacy and debilitating adverse effects [10]. Identification of al-
terations of mitochondrial functions holds promise for better understanding of 
migraine pathogenesis, and may help in developing new strategies for preven-
tion and treatment of migraine. In the current study, the aim is to explore the 
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alterations of mitochondrial functions in migraine. 

2. Subject and Methods 
2.1. Study Subject 

This was a cross sectional observational prospective hospital based study (simple 
random sampling) conducted on 100 participants from the outpatient clinics of 
Neurology, and Psychiatry in Ain Shams University Hospitals. They were se-
lected from June 2018 till December 2018. The inclusion criteria were a diagno-
sis of migraine according to the criteria of the International Classification of 
Headache Disorders [11] with age18 years old and above. Exclusion criteria for 
patients and controls were the presence of general medical or neurological and 
psychiatric disorders, or history of medications that may cause headache as ni-
trates drugs. They were divided into two groups; Group A: 50 migrainous pa-
tients and Group B: 50 healthy subjects and are age and sex matched with the 
study group. 

All subjects underwent a full neurological and psychiatric examination for 
each subject as migraine is a clinical diagnosis. All the patients were kept on 
their prophylactic therapy. The following was done; Full headache evaluation 
sheet used in headache outpatient clinic in Ain Shams University Hospitals, and 
HIT-6™ Headache Impact Test. HIT is a tool used to measure the impact of 
headaches on patient ability to function on the job, at school, at home and in so-
cial situations [12]. 

Mitochondrial functions markers; serum level of NAA may be considered a 
useful marker of neuronal functioning. Venous blood samples were drawn from 
the antecubital vein in the morning hours one week after the last migraine at-
tack. Plasma was separated from blood samples into plain biochemistry tubes by 
centrifugation at 3000 rpm for 5 min at 4˚C. Plasma samples were stored at 
−80˚C. Quantification of NAA was achieved by the standard addition approach 
and analysis was performed with Liquid chromatography-mass spectrometry 
(LC/MS) technique [13]. Liquid Chromatography with tandem mass spectrome-
try (LC-MS/MS) system and operating conditions NAA detection and analysis 
was performed on Agilent 1100 Series LC coupled to a mass selective detector 
(MSD) Ion Trap XCT mass spectrometer. A Shim-pack VP-ODS C18 (150 × 2.1 
mm i.d., 5 μm) was used for analyzing NAA from other compounds in the sam-
ple. The mobile phase was a mixture of acetonitrile (HPLC grade, 100%) and 
water (1:9 v/v) containing 0.1% formic acid at a flow rate of 0.20 ml/min. The 
Ion Trap was operated with an orthogonal electrospray source in negative ion 
mode using a selective ion monitoring. For NAA, the ion transitions as 174Y88, 
174Y58 and 174Y130 were monitored, with the CDL and heater block tempera-
ture was 250˚C and 200˚C, the CDL and detection voltage was 25 V and 185 kV, 
atomizing gas and drying gas flow rate was 1.5 L/min and 2.0 L/min [14]. Expe-
rimental procedures were previously approved by the Ethical Committee for 
Human Research at the faculty of medicine Ain Shams University. 
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2.2. Statistical Analysis 

Recorded data were analyzed using the statistical package for social sciences, ver-
sion 20.0 (SPSS Inc., Chicago, Illinois, USA). Quantitative data were expressed as 
mean ± standard deviation (SD). Qualitative data were expressed as frequency 
and percentage. The following tests were done: 

A one-way analysis of variance (ANOVA) when comparing between more 
than two means; Post Hoc test: Least Significant Difference (LSD) was used for 
multiple comparisons between different variables; Chi-square (χ2) test of signi-
ficance was used in order to compare proportions between qualitative parame-
ters. The confidence interval was set to 95% and the margin of error accepted 
was set to 5%. So, the p-value was considered significant if p-value < 0.05. 

3. Results 
3.1. Demographic Features in the Studied Groups 

Migraineurs and control group showed similar demographic profiles, with no 
statistically significant difference as regards gender, age or age group, marital 
state, education, residence and special habits between both groups. However, 
there was statistically significant difference as regards family history of migraine 
more in group A as (p = 0.009) (Table 1). 

3.2. Clinical Characteristic of Headache 

As regards clinical features of the patients group; migraine with aura was found 
in 7 (14%) and migraine without aura was found in 43 (86%). Duration of illness 
of 0 - 5 years was found in 18 (36%), 5 - 10 years was found in 16 (32%), 10 - 15 
years was found in 9 (18%) and more than 15 years was found in 7 (14%). Un-
ilateral headache was present in 12 (24%), bilateral in 22 (44%) and diffuse in 16 
(32%). The most frequent location of headache was frontal in 33 (66%), tempor-
al in 32 (64%), occipital in 7 (14%), vertex in 21 (42%) and orbital or retro orbit-
al in 8 (16%). Sudden onset of pain was present in 12 (24 %) but gradual onset 
was present in 38 (76%). Time to reach maximum intensity was in seconds in 3 
(6%), minutes in 5 (10%) and in hours in 42 (84%). Character of headache was 
Throbbing in 38 (76%), Band-like tightening in 6 (12%), Exploding in 15 (30%), 
Stabbing in 2 (4%), Lancinating in 15 (30) and Burning in 11 (22%). Frequency 
of headache: per day in 15 (30%), per week in 23 (46%) and per month in 12 
(24%). Attack duration without treatment was <2 hrs in 4 (8%), 2 - 4 hrs in 13 
(26%), >4 hrs in 28 (56%) and days in 6 (12%). Severity of headache attack was 
mild in 5 (10%), moderate in 27 (54%) and severe in 18 (36%). Associated symp-
toms were photophobia and phonophobia in 29 (58%), nausea and vomiting 
in13 (26%), vertigo in 25 (50%), paresthesia in 3 (6%) and lacrimation and con-
junctival injection in 1 (2%) (Table 2). 

Migraine with aura was present in 3 males and 4 females. Migraine without 
aura was present in 17 males and 26 females (Table 3). 
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3.3. Comparison between Mean Values of Serum Level of  
NAA in the Two Groups 

As regards serum level of NAA in the two groups, there was statistically signifi-
cant difference with low serum level of NAA in the migraine group as p = 0.001 
(Table 4). 

 
Table 1. Demographic features in the studied groups. 

 
Group A patients 

(n = 50) 
Group B control 

(n = 50) 
p-value 

Gender 

Male 
Female 

 

20 (40%) 
30 (60%) 

 

21 (42%) 
29 (58%) 

0.839 

Age 
Range; years 

Mean ± (SD); years 

 
19 - 61 

34.54 ± 8.94 

 
19 - 60 

33.38 ± 8.23 

0.501 

Age Group 

18 - 30 years 
30 - 40 years 

>40 years 

 

17 (34.0%) 
22 (44.0%) 

11 (22.0%) 

 

20 (40.0%) 
19 (38.0%) 

11 (22.0%) 

0.793 

Age at onset 

<20 years 
≥20 - ≤40 years 

>40 years 

 

11 (22.0%) 
36 (72.0%) 

3 (6.0%) 

  

Marital State 

Married 

Single 
Widow 

Divorced 

 

32 (64.0%) 

14 (28.0%) 
1 (2.0%) 

3 (6.0%) 

 

35 (70.0%) 

12 (24.0%) 
1 (2.0%) 

2 (4.0%) 

0.921 

Education 

Illiterate 
Reads and writes 

Graduated 

 

7 (14.0%) 
6 (12.0%) 

37 (74.0%) 

 

9 (18.0%) 
6 (12.0%) 

35 (70.0%) 

0.858 

Residence 

Urban 
Rural 

 

37 (74.0%) 
13 (26.0%) 

 

36 (72.0%) 
14 (28.0%) 

 

0.822 

Special habits 
1-Smoking 

2-Illicit drugs 
3-No 

 
18 (36.0%) 

6 (12.0%) 
26 (52.0%) 

 
26 (52.0%) 

2 (4.0%) 
22 (44.0%) 

0.150 

Family history of similar condition 
Yes 

No 

 
34 (68.0%) 

16 (32.0%) 

 
21 (42.0%) 

29 (58.0%) 

0.009* 

*p ≤ 0.05 = significant. 

https://doi.org/10.4236/nm.2019.104025


R. Alloush et al. 
 

 

DOI: 10.4236/nm.2019.104025 344 Neuroscience & Medicine 
 

Table 2. Clinical characteristic of headache. 

 N. % 

Types of migraine 

With aura 
Without aura 

 

7 
43 

 

14 
86 

Duration of illness 
0 - 5 years 

5 - 10 years 

10 - 15 years 
More than 15 years 

 
18 

16 

9 
7 

 
36 

32 

18 
14 

Most frequent site 

Unilateral 

Bilateral 
Diffuse 

 

12 

22 
16 

 

24 

44 
32 

Most frequent location 
Frontal 

Temporal 
Occipital 

Vertex 

Orbital or retro-orbital 

 
33 

32 
7 

21 

8 

 
66 

64 
14 

42 

16 

Type of pain onset 
Sudden 

Gradual 

 
12 

38 

 
24 

76 

Time to reach maximum intensity: 

Seconds 
Mints 

Hours 

 

3 
5 

42 

 

6 
10 

84 

Character 

Throbbing 

Band-like tightening 
Exploding 

Stabbing 

Lancinating 
Burning 

 

38 

6 
15 

2 

15 
11 

 

76 

12 
30 

4 

30 
22 

Frequency 

Per day 

Per week 
Per month 

 

15 

23 
12 

 

30 

46 
24 

Attack duration without treatment: 

<2 hrs 

2 - 4 hrs 
>4 hrs 

Days 

 

4 

13 
28 

6 

 

8 

26 
56 

12 
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Continued 

Severity: 

Mild 
Moderate 

Severe 

 

5 
27 

18 

 

10 
54 

36 

Associated symptoms: 

Photophobia & Phonophobia 
Nausea & Vomiting 

Vertigo 

Paresthesia 
Lacrimation/conjunctival injection 

 

29 
13 

25 

3 
1 

 

58 
26 

50 

6 
2 

 
Table 3. Frequency of migraine subtypes among the studied population. 

 Male Female Total % 

Migraine with aura 3 4 7 14 

Migraine without aura 17 26 43 86 

 
Table 4. Comparison between mean values of serum level of NAA in the two studied 
groups. 

 
Group A 

Patients (n = 50) 
Group B 

Control (n = 50) 
p-value 

NAA 0.030 ± 0.008 0.066 ± 0.029 0.001* 

*p ≤ 0.05 = significant. 

3.4. Correlation between Values of NAA Serum Level  
and Clinical Characteristic of Patient Group 

There was no statistical significant difference As regards serum level of NAA in 
relation to age and age groups (18 - 30 yrs., 30 - 40 yrs. and >40 yrs.) as p = 0.256 
& p = 0.235 (Table 5). 

There was no statistically significant difference as regards serum level of NAA 
in relation to gender of patients as p-value = 0.403 and to age of onset of head-
ache: (<20 yrs., >20 - 40 yrs. and >40 yrs.) as p = 0.555 (Table 6). 

There were statistically significant differences as regards serum level of NAA 
in relation to type of migraine with low NAA serum level in migraine with aura 
as (p = 0.009). However, there were no statistically significant differences as re-
gards serum level of NAA in relation to type of migraine aura, as p = 0.437 
(Table 7). 

There were no statistically significant differences as regards serum level of 
NAA in relation to migraine duration groups, as (p = 0.441). Also, there were no 
statistically significant differences as regards serum level of NAA in relation to 
frequent site of migraine attack (p = 0.945) (Table 8). 

There were no statistically significant differences as regards serum level of 
NAA in relation to onset of pain of the migrainous attack, (p = 0.295) and time 
to max severity of the migraine attack (p = 0.535) (Table 9). 
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Table 5. Correlation between values of NAA serum level in relation to age and age groups. 

 No. (%) Mean ± SD Test of sig. p-value 

Age  34.54 ± 8.94 r = 0.171 0.236 

Age group     

18 - 30 yrs. 17 (34%) 0.028 ± 0.009 χ2 = 2.726 0.256 

30 - 40 yrs. 22 (44%) 0.032 ± 0.008 - - 

>40 yrs. 11 (22%) 0.032 ± 0.008 - - 

 
Table 6. Correlation between values of NAA serum level in relation to gender and age of 
onset of headache. 

 No. (%) Mean ± SD Test of sig. p-value 

Gender     

Female 30 (60%) 0.030 ± 0.009 t = 0.843 0.403 

Male 20 (40%) 0.032 ± 0.007   

Age of onset     

<20 yrs. 11 (22%) 0.030 ± 0.008 χ2 = 1.176 0.555 

≥20 - 40 yrs. 36 (72%) 0.030 ± 0.009   

>40 yrs. 3 (6%) 0.036 ± 0.011   

 
Table 7. Correlation between values of NAA serum level in relation to type of migraine 
and type of aura. 

 No. (%) Mean ± SD Test of sig. p-value 

Type of migraine     

With aura 7 (14%) 0.022 ± 0.009 Z = −2.604 0.009* 

Without aura 43 (86%) 0.032 ± 0.008   

Type of aura     

Visual 6 (12%) 0.008 ± 0.003 Z = −0.778 0.437 

Sensory 3 (6%) 0.006 ± 0.003   

*p ≤ 0.05 = significant. 
 

Table 8. Correlation between values of NAA serum level in relation to migraine duration 
and frequent site of migraine attack. 

 No. (%) Mean ± SD Test of sig. p-value 

Migraine duration     

0 - 5 years 18 (36%) 0.028 ± 0.007 χ2 = 2.693 0.441 

5 - 10 years 16 (32%) 0.033 ± 0.010   

10 - 15 years 9 (18%) 0.030 ± 0.009   

More than 15 years 7 (14%) 0.032 ± 0.008   

Frequent site     

Unilateral 12 (24%) 0.030 ± 0.006 χ2 = 0.113 0.945 

Bilateral 22 (44%) 0.031 ± 0.009   

Diffuse 16 (32%) 0.030 ± 0.010   
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There were no statistically significant differences as regards serum level of 
NAA in relation to severity of the migrainous attack; mild, moderate or severe, 
(p = 0.716). Also, There were no statistically significant differences as regards 
serum level of NAA in relation to daily functions (Your social life, Your work, 
Psychological wellbeing, Sleep and Cognition (memory & concentration) with 
increased functional disability with low NAA (p = 0.528) (Table 10). 

4. Discussion 

Migraine is a complex neurovascular disorder, involving complex genetics, mul-
tiple neurotransmitter systems, and multiple cortical and subcortical structures 
of the brain [15]. Migraine is a disorder of neurovascular origin, which causes 
remain partly unknown. Altered brain excitability has been supposed, based on 
genetic mutations and/or polymorphisms of chromosomes, yet to be determined, 
which regulate the metabolism of neuronal mitochondrial energy, neurotrans-
mitters and ion canals of the CNS [16]. The aim of this study was to explore 
the alterations of mitochondrial functions in migraine by assay of serum level of 
NAA. 

 
Table 9. Correlation between values of NAA serum level in relation to onset of pain of 
and time to max severity of the migraine attack. 

 No. (%) Mean ± SD Test of sig. p-value 

Pain onset     

Sudden 12 (24%) 0.033 ± 0.009 Z = −1.046 0.295 

Gradual 38 (76%) 0.030 ± 0.008   

Time to max severity     

Seconds 3 (6%) 0.036 ± 0.020 χ2 = 1.252 0.535 

Minutes 42 (84%) 0.030 ± 0.008   

Hours 5 (10%) 0.033 ± 0.007   

 
Table 10. Correlation between values of NAA serum level in relation to severity of the 
migraine attack (pain). 

 No. (%) Mean ± SD Test of sig. p-value 

Severity of attack     

Mild 5 (10%) 0.035 ± 0.013 χ2 = 0.669 0.716 

Moderate 27 (54%) 0.030 ± 0.008   

Severe 18 (36%) 0.029 ± 0.007   

Functions affected     

Mild 2 (4%) 0.038 ± 0.014 χ2 = 0.252 0.528 

Moderate 16 (32%) 0.033 ± 0.009   

Severe 16 (52%) 0.031 ± 0.007   

Extreme 8 (16%) 0.034 ± 0.006   
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In this study there was no significant difference between the two groups regard-
ing as regards gender, age or age group, marital state, education, residence and 
special habits between both groups. However there was statistical significant dif-
ference as regards family history of migraine more in migrainous group. Similar 
findings were reported by Pelzer et al. (2019) as there are stronger family histo-
ries of migraine in migrainous patients [17]. 

As regards clinical features of the patients group; migraine without aura was 
found in (86%). Unilateral headache was present in (24%), bilateral in (44%) and 
diffuse in (32%). The most frequent location of headache was frontal in (66%). 
Character of headache was throbbing in (76%). Severity of headache attack was 
mild in (10%), moderate in (54%) and severe in (36%). Associated symptoms 
were photophobia and phonophobia in (58%), nausea and vomiting in (26%) 
and vertigo in (50%). Similar findings were reported by De Rijk et al. (2018) in 
their study [18]. As, they found 13.8% of patients had migraine with aura. Un-
ilateral pain location was reported by 58.6% of patients and the throbbing type of 
pain was present in 50.2% of their group. Photo- and phonophobia were ob-
served in 77.4% and 79.5% of patients. 

In this study, serum NAA levels in migraine patients were significantly lower 
than in healthy controls. This result seems to confirm previous findings by De 
Tommaso et al. (2012) founded that the NAA levels were significantly decreased 
in migraine group (0.065 ± 0.019 mol/L), compared with both tension-type 
headache patients (0.078 ± 0.016 mol/L) and controls (0.085 ± 0.013 mol/L) [19]. 
Also, Sarchielli et al. (2005), described reduced brain NAA signal in migraine 
patients examining 1H-MRS during cortical activation induced by photic stimu-
lation [20]. The main result of photic stimulation in patients with migraine with 
aura was the more consistent decrease (−14.61%) of the NAA signal, which is 
significantly greater than that found in migraine patients without aura and con-
trol subjects. In addition to that, many studies reported decreased NAA in the 
occipital lobe and thalamus in migraine with and without aura and in the cere-
bellum of sporadic and familiar hemiplegic migraine detected by 1H-MRS [7] 
[21] [22] [23]. 

Decreased NAA level is generally believed to indicate a neuronal loss [9]. Mi-
tochondrial dysfunction has been identified as one potential cause of epileptic 
seizures and altered brain excitability, and in this sense the measure of serum 
NAA in epileptic patients and more specifically in mitochondrial encephalo-
myopathy, lactic acidosis, and stroke-like episodes (MELAS) and myoclonic epi-
lepsy with ragged red fibers (MERFF) syndromes would confirm the origin of 
the low NAA levels [24]. However, based on these studies reporting reversibility 
of the NAA levels in many diseases, it has been proposed that the NAA decrease 
might indicate a subsided mitochondrial dysfunction, if accepted that the syn-
thesis is mitochondrial, thus contributing to the abnormal energy metabolism 
[25]. The NAA serum reduction may be nonspecific finding; however, following 
the reason that it may be a sign of reduced neuronal and glial mitochondria 
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function, the hypothesis of deficient energy metabolism may be supposed for 
both types of migraine [8] [26]. As energy failure in neurons and astrocytes, may 
triggering migraine mechanisms [27]. 

Moreover, cerebral mitochondrial injury seems to be related to cortical spread-
ing depression, so assuming that this neuronal phenomenon may precede any 
form of migraine, independently from the perception of aura symptoms, the 
NAA reduction may be the consequence of the migraine episodes repetition 
[28]. 

In this study migraine with aura patients showed lower NAA levels when 
compared to migraine without aura subtypes. This result confirms previous 
findings by De Tommaso et al. (2012) who described reduced brain NAA signal 
in migraine with aura patients when compared to all the other headache sub-
types, including migraine without aura and chronic migraine [19]. Also, Sar-
chielli et al. (2005) reported that the NAA reduction detected by 1H-MRS was 
specially observed in migraine with aura patients under the cortical activation 
induced by photic stimulation, while the NAA reduction observed in migraine 
without aura was only slightly more evident than in controls [20]. The presence 
of less efficient mitochondrial functioning in migraine with aura patients com-
pared with migraine without aura patients and controls and that the reversible 
loss of NAA during visual stimulation may be due to a redistribution of NAA 
from the intra to the extracellular space, which would result in a variation in chem-
ical environment that may alter its magnetic resonance visibility [29]. Also, the low 
serum NAA is a sign of neuronal dysfunction predisposing to migraine, with a 
more evident phenotypic expression in patients experiencing aura symptoms. 

In this study, in the migraine group, no significant correlation was found be-
tween NAA serum levels, and type of onset of pain, frequent site of pain, time to 
max severity, severity of attack, duration of migraine attack and daily functions 
(social life, work, psychological wellbeing, sleep and cognition). Similar findings 
were reported by De Tommaso et al. (2012) as they found in their migraine 
group patients; no significant correlation was found between NAA serum levels, 
and frequency, allodynia and interval from the last and the next attack [19]. The 
low NAA in the serum may be a sign of neuronal dysfunction predisposing to 
migraine, probably based on reduced mitochondria function. 

In this study, in the migraine group, no significant correlation was found be-
tween NAA serum levels, and age at onset, age group, sex, type of aura and du-
ration of the illness. In agreement with previous results of De Tommaso et al. 
(2012) whom found that the low NAA serum levels were independent of possible 
confounding factors such as age and sex [19]. This decrease could be a conse-
quence of an energetic problem linked to mitochondria, perhaps based on an 
enzyme deficit, so the molecule is unable to exit from mitochondria to serum 
without relation to age or sex. However Shannon et al. (2016) in their study, 
found an age-related decline of NAA serum levels in healthy subjects [30]. As, 
they demonstrated that NAA serum levels did not differ between genders, whe-
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reas they were significantly lower in older subjects (>60 years) than those in 
younger groups. This can be considered as a physiological event, as with aging, 
the reduced serum NAA might be a result of a reduced NAA synthesis, excretion 
and protein binding secondary to age-related neuronal energetic impairment 
[31]. This discrepancy can be attributed to both small number of the sample in 
this study and/or the variable clinical inclusion criteria used and the variation in 
applied methodology. 

However, the lack of correlation between NAA levels, and frequency of mi-
graine, site of pain, onset of pain, and pain severity detected in migraine group 
in present study could indicate that low serum NAA is not related to central 
mechanisms of pain processing, but to neuronal abnormalities which may spe-
cifically predispose to migraine [32]. 

Reduced levels of NAA could be associated with an increased risk of stroke 
and migraine progression [33]. The finding of a cerebral protective effect of ace-
tylsalicylic acid (in terms of a reduction of the risk of ischemic stroke, in the dose 
of 100 mg and the long-term risk of cardiovascular and cerebrovascular events 
associated with migraine headache, raise some doubts about the complete be-
nignity of migraine [22] [34]. A migraineur subject, even with a low absolute 
cardiovascular risk; female, age under 45 years, may in fact, be at a higher rela-
tive risk due to the presence of other factors, such as aura component, smoking 
and the use of oral contraceptives [35]. The evaluation of serum levels of NAA is 
crucial in the control of the conventional risk factors. In addition, the therapeu-
tic metabolite monitoring of NAA may be helpful in the assessment of the chro-
nicization process [36]. 

This study can speculate that a biomarker in serum cannot actually localize 
the specific affected brain region, but it generally reflects damage, most probably 
to neuronal mitochondria. 

5. Limitations and Strengths 

This study has some limitations which have to be taken into consideration. First, 
the sample size was relatively small, resulting in low statistical power for detect-
ing significant differences between subgroups. Second this study was unable to 
detect NAA Cerebrospinal fluid (CSF) levels for ethical problem, so it is possible 
to postulate its lower levels in CSF too. 

However, the strengths of this study was the correlation between the so-
cio-demographic and clinical characteristic of migraine and NAA serum level 
and this study can recommend the use serum NAA as a biomarker for migraine 
patients. 

6. Conclusions 

In this study, serum NAA levels in migraine patients were significantly lower 
than in healthy controls. The NAA levels were reduced in both types of mi-
graine, though patients experiencing aura symptoms were characterized by the 
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lowest serum NAA. 
The NAA reduction in the serum is a quite unspecific finding; however, fol-

lowing the reason that it may be a sign of reduced neuronal and glial mitochon-
dria function, the hypothesis of deficient energy metabolism may be supposed 
for both subtypes of migraine. 

Serum NAA can be used as a simple biomarker for migraine. Furthermore, 
new techniques are crucial for clinicians in order to further elucidate pathophy-
siological mechanisms underlying this complex and often disabling disease and 
to provide new therapeutical approaches for migraine patients. 
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