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ABSTRACT
PREVALENCE OF PRIMARY HEADACHE DISORDERS IN UNIVERSITY
STUDENTS AND ASSOCIATION OF METHYLENETETRAHYDROFOLATE
REDUCTASE (MTHFR) A1298C POLYMORPHISMS (rs1801131) VARIANT
IS ASSOCIATED TO MIGRAINE HEADACHES
REBEKAH GEORGE
Headache is a medico-social, as well as an economic burden worldwide that
afflicts nearly half of the world’s adult population. Yet, primary headaches and its
debilitating effects remain widely underestimated. An important part of this
research sought to classify the primary headaches from the responses given in the
questionnaires distributed (n=255) using the International Classification of
Headaches disorders, 3rd edition (ICH-3). From the responses, 222 participants
(87%) were found to have primary headaches. Females made up the larger
percentage, albeit without statistical significance (52.7% vs 47.3%; p=0.651).
Tension-type headaches are the most frequent headache subtype at 12.5%. This
study also determined the prevalence of the common MTHFR polymorphism
A1298C by employing PCR and RFLP techniques. Statistical analyses using chi
square analysis and descriptive statistic modes were performed using Statistical
Package for Social Sciences Software (SPSS) 16.0 for windows. The frequency of
the Heterozygous (A/C) genotype was the highest at 65.9%, the wild type
genotype at 33.3% and mutant (C/C) at 0.8%. A significant association between
the A1298C polymorphism and migraine with aura and without aura was found
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(2=7.608 and 25.864 respectively; p≤0.001). This study also determined
exogenous factors that precipitate the occurrence of primary headaches. Certain
odors, too much or too little caffeine and stress were reported to significantly
precipitate migraine with aura. Tension-type headaches were significantly
reported to be triggered by stress, bright lights, and too much caffeine. There were
no significant precipitating factors for migraine without aura or cluster headaches.
In conclusion, the data of this study has supported the hypothesis that the A1298C
polymorphisms of MTHFR (rs1801131) gene represents a genetic risk factor for
migraine headaches.
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CHAPTER 1
INTRODUCTION

Headaches are characterized as debilitating pain in the head. There are two
categories of headaches; the secondary headaches are the more sinister ones,
caused by an underlying disease that manifests itself in the form of headaches.
Primary headaches on the other hand are the prime focus of this research. They
are “idiopathic” head pain, associated with interplay of genetic and environmental
trigger factors. There are three kinds of primary headaches, as classified by the 3rd,
and latest edition of the International Classification of Headache disorders. They
are: Tension-type headaches, migraines, cluster headaches; now considered a
subtype of trigeminal autonomic (International Headache Society, 2013).

Approximately 47% of the global adult population suffers from primary headache
(Leikin,

2015).

Yet,

headaches

remain

widely

unacknowledged

and

underestimated in its true magnitude and effect. This is largely because, when it
comes to keeping in a healthful state, the focus and fuss is largely on the “bigger”
diseases. More attention is given to reducing heart diseases, to eradicating
tuberculosis, battling cancers and combating deadly viruses (Philips, 2015).
Headaches are not contagious diseases and do not cause deaths, hence why they

are trivialized as “just headaches” (World Health Organization, 2011).
However, these “just headaches” have cost the United States a staggering 13
billion dollars in losses in productivity levels (Stovner, 2007); placing
headaches as an immense burden that greatly reduces quality of life (Mbewe,
et al., 2015).

More relevant to this study, is the fact that primary headache disorders impose
a profound impact on university students. Kurt and Kaplan (2008) conducted a
research, gathering a population of 2168 university students in Tokat, Turkey.
This study was particularly thorough, employing both a questionnaire and a
neurological examination of the participants. The study revealed that 22.64%
of students suffered from tension-type headaches, while 17.89% experience
migraine headaches. Cluster headaches were found in 0.2% of the population
studied. Their study also substantiated a gender dispensation; more females
suffered from primary headache disorders than males in the population studied.

A more recent study on dentistry students in North India found primary
headaches to be at 63.9%, with a higher female prevalence. Migraine
prevalence among this cohort of students was recorded at 13.44%. The authors
reported that stress and irregular sleep patterns were cited by a sizeable portion
of the student population as trigger factors for their headaches (Nandha and
Chabra, 2012). Migraine headaches have also been shown to more profoundly
influence academic productivity than tension-type headaches (Bigal, et al.,
2001). University students, in their academic life are more prone to headache
2

triggers in the forms of stress, sleep deprivation and poor dietary choices
(Ghorbani, et al., 2013; Nandha and Chabra, 2012). This lends support to the
fact that studying headache among university students is crucial (Ferri-deBarros, et al., 2011).

Despite being the most common symptom disclosed by patients in the doctor’s
examination room, 50% of headaches in the United States alone escape
diagnosis. Considering that headaches are neurological disorders, only 10% of
headache sufferers seek help from neurologists (WHO, 2011).

A good

handful of people who suffer from headaches do not consult their doctors,
inevitably sustaining barriers to effective treatment. Approximately two thirds
of those who suffer from primary headaches do not see a physician for their
pain (Albers, et al., 2015).

Both environmental and genetic factors have been found to play an important
role in primary headache pathogenesis (Rainero, et al., 2013). The
Methylenetetrahydrofolate Reductase (MTHFR) gene, which happens to be the
most thoroughly studied gene, has been reported by a growing body of
scientific literature to show significant association to primary headaches
(Stuart, et al., 2012; Azimova, et al., 2013; Rainero, et al., 2013).

3

1.1.1 Objectives of the study
Awareness of the implications and burdens of headaches is central to
combating these debilitating disorders worldwide. Research that focuses on
linking genetic variations that may be responsible for headache pathogenesis
susceptibility in global populations are as essential as finding the etiology of
any other deadly infectious disease. Yet, molecular studies that seek to
uncover the genetics behind headache science are still scarce (Azimova, et al.,
2013). The need to have more people in full awareness that their disorder is
real and not just an escape route from responsibility (WHO, 2011) is largely
present, as is the need for more research to clearly unravel the science behind
primary headaches. Indeed, headache science will surely transplant into
effective preventive and therapeutic measures of headaches.
Thus, the objectives of this study are as follows:
i.

To determine the prevalence of primary headaches among
undergraduates from Universiti Tunku Abdul Rahman (UTAR),
Perak campus.

ii.

To identify the MTHFR A1298C polymorphism among the cohort
of university students

iii.

To find if there is any association between the MTHFR gene
A1298C polymorphism and primary headaches among the studied
population

iv.

To identify likely exogenous variables that may play a significant
impact in triggering primary headaches.

4

CHAPTER 2
LITERATURE REVIEW

2.1 Primary Headaches
There are three types of primary headaches; the major ones are migraines,
tension-type headaches and trigeminal autonomic cephalalgias which include
the cluster headaches (International Headache Society, 2013). The complexity
of diagnosing primary headache subtypes is attributed to the heterogeneity of
each headache subtype as well as the absence of diagnostic “gold standards”
that underpin the accurate and precise diagnosis of most other diseases
(Winner, et al., 2008). With criteria of headache diagnoses set by the 3rd
edition of the ICHD, diagnosis precision has improved tremendously and sets
the basis of most headache research work worldwide (Jensen and Stovner,
2008). However, efforts for the “gold standard” diagnostic tool, free from
patient recall bias and subjectivity of the researcher is still present.

2.1.1 Migraine headaches
Affecting approximately 14.7% of the global adult population, migraine
headaches give weighty contribution to decreased productivity worldwide
(Vos, et al.,

2012). Migraine headaches can be defined as benign

neurovascular diseases that present with pulsating head pain, nausea and
vomiting, photophobia, phonophobia and in some cases; visual sensory
disturbances (International Headache Society, 2013). Migraine pain is
5

debilitating; as debilitating as quadriplegia (Menken, Munstat and Toole, 2000)
and it has been ranked number seven on the list of diseases that take a toll on
quality of life and the society (Vos, et al., 2012).

Migraine onset triggers range from dietary, environmental, hormonal to
physical stress. Interplay of genetic factors also contributes to migraine
headache pathogenesis. This has been confirmed by twin studies. Also, half of
those affected with migraine have a ﬁrst-degree relative who also experience
migraines (Schurks, 2012). There is a female preponderance to migraines,
whereby migraines occur in 18% of females and 6% of males (Persico, et al.,
2014).

There are various types of migraines, e.g.; menstrual migraine, hemiplegic
migraine, abdominal migraines etc. (Goadsby, 2006), but the two primary ones
include the general migraines without aura, and the migraines that present with
aura. The only difference between the two is that the latter type allows for prewarning signs in the form of visual or speech distortions (International
Headache Society, 2013). The difference between migraines and tension-type
headaches on the other hand, stems from the associated features of pain that
migraine has, which is absent in tension-type headaches (Goadsby, 2006).
Moreover, migraine headaches are more debilitating and have a more
profound impact on effectiveness in daily routines than the other primary
headaches (Philips, 2015).
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A staggering figure of 37 million people in the United States suffers from
migraines, and 50% of them do not seek medical attention (Migraine.com,
2012). This is mostly because, once the incapacitating pain is over, the person
shrugs the migraine away, until the next attack strikes. In 2011, millions of
viewers of a broadcasted event, witnessed a commentator for the 53rd
Grammy Awards ceremony, Serene Branson’s pre-migraine attack live.
Paramedics at the scene initially feared she was experiencing a stroke attack,
but Serene later explained that she suffers from migraines and that her slurred
and incoherent speech during the event was the pre-warning ‘aura’ of the
attack (Philips, 2015).

Such disturbing aura symptoms of migraines described suggest that migraines
are far more serious an illness than we perceive it to be, as it involves the
neurology itself of the individual and thus, should not be taken lightly. More
evidence that suggest migraines are symptoms of neurologic diseases come
from Harvard’s Medical School which found that migraine subjects have
thicker pain sensory fibres and somatosensory cortexes. Employing an MRI
scan for migraine patients and control subjects, the results show the
somatosensory cortex of the brain was significantly thicker in migraineurs
(Hadjikhani, 2008). It is for this very reason that Peter Goadsby of King’s
College London asserts the need to see migraines as a threatening
“neurological disorder” and not merely a “pain condition” (Goadsby, 2012).

7

2.1.2 Tension-Type Headaches (TTH)
People who suffer from tension-type headache often describe the pain as a
squeezing band of pressure, usually bilateral around the head; somewhat like
that of a cap too tightly turned around a bottle neck (Millea and Brodie, 2002).
Emotional and physically tensed muscles of the neck or head due to poor
posture can trigger the occurrence of tension-type headaches. Episodic
Tension-Type Headaches (ETTH) and Chronic Tension-Type Headaches
(CTTH) are included as subtypes of tension-type headaches (International
Headache Society, 2013). The episodic form usually induces mild to moderate
pain; lasting for anything between half an hour, to several days. When the
band of pain begins and lasts for more days than not, then the diagnosis is
more likely CTTH.

Moreover, the pain of tension-type headaches are not as incapacitating as
migraines or cluster headaches and subjects usually report mild to moderate
pain. However, pain can be more severe and chronic for subjects of CTTH
(Millea and Brodie, 2002). When taking into account absenteeism rates at
work, Schwartz et al. (1998) in the largest American headache study reported
that CTTH subjects missed on average 27.4 days of work; three times more
than ETTH subjects. As CTTH is less common than the milder ETTH, it is
justified to say that it imposes ill-effects on individual performances, rather
than the entire population.
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Across a great dimension of literature relating to the primary headaches,
tension-type headaches nearly always takes the place of most frequent (Russel,
2007; Vos, et al.,

2012; Mei-Ling, et al.,

2012). Its prevalence across

different studies ranges from 4% to 93%. This big range is attributed to
different case definitions, methodologies used and sample populations
(Robbins, 2010). Because of its high prevalence, tension-type headaches,
though less intense and debilitating pose a heavier burden to society, than do
migraines and cluster headaches (Jankovic, 2007). It has also been widely
established that women are more likely to experience tension-type headaches,
as demonstrated by studies from Russel, (2007) and Mei-Ling et al. (2012).
Furthermore, it has been found that individuals with a higher education status
were more prone to tension-type headache, as were Caucasians (Russel, 2007).

Unlike migraine and cluster headaches, tension-type headaches do not exhibit
a familial aggregation (Robbins, 2010). Russel, (2007) conducted the unique
study that contradicts this line of thought. The study found that genetic factors
do in fact, play an important role, alongside environmental factors for CTTH
headaches and TTH headaches only. From interview sessions, it was found
that first degree relatives and not spouses of probands of both CTTH and TTH,
were found to have a profound increased risk of these subtypes of tension-type
headaches. Thus, this confers reliable support to a possible genetic link for
tension-type headaches.

9

2.1.3 Cluster Headaches
Before the term “cluster headache” was coined, more mouth-full terms like
erythroprosopalgia of Bing, histaminic cephalalgia and petrosal neuralgia of
Gardner were used to describe the boring and excruciating recurring pain that
debilitates sufferers for approximately 15-80 minutes (Sjostrand, et al., 2010).
Cluster headaches, which are the least common primary headache subtype,
bore unilaterally and are usually periorbital in nature. A characteristic feature
that eases diagnosis of this primary headache subtype is the obvious
presentation of “ipsilateral autonomic symptoms” (International Headache
Society, 2013). Among these, include the presentation of nasal congestion,
ptosis, miosis, lacrimation, droopy eyelids, as well as red and itchy eyes
(Nesbitt and Goadsby, 2012). Another interesting feature of cluster headaches
is the timely “circadian periodicity” that allows sufferers to predict the onset
of an attack (Leroux and Ducros, 2008).

The pathophysiology of cluster headache remains somewhat elusive, but the
circadian fashion of cluster headache occurrence led to the hypothesis of
hypothalamus involvement. There also exists a genetic and environmental
component (Russel, 2007; Sjostrand, et al., 2010). Cluster headaches have
been found to have a familial aggregation in nearly 10% of cases (Nesbitt and
Goadsby 2012), and the one gene that has already been implicated with the
pathogenesis of this headache subtype is the hypocretin receptor gene (Leroux
and Ducros, 2008).
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As for exogenous trigger factors, alcohol consumption has been the only
dietary factor for cluster headaches (Rozen and Fishman, 2012). Besides
alcohol, a tobacco lifestyle has been identified as a factor capable of
intensifying cluster headache attacks. In a pilot survey conducted by Ferrari et
al. (2013), 60% of 200 cluster headache patients studied were active smokers,
21% had just quit smoking while 19% had only just started. The results
revealed that cluster headaches elevated in intensity, frequency and duration
for active smokers, as compared to those who had just quit the harmful
lifestyle. However, a causal relationship between smoking and cluster
headaches cannot be relevantly established because the subjects, who quit
smoking, still experienced cluster headaches, albeit with a milder severity
(Ferrari, et al., 2013).

2.2 Prevalence of primary headaches
Epidemiology and statistics that relate to the societal impact of headache
represents only 18% globally. This is especially true for poorer income regions
of the globe (World Health Organization, 2011). Epidemiological studies,
scant as they may be, have documented that primary headaches prevail in
nearly half of the world’s adult population (Stovner, et al., 2007). To the best
of our knowledge, statistical records for primary headache prevalence among
the adult population in Malaysia can solely be recalled from a study by Alders,
Hentzen and Tan, (1996).
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In China, Yu, et al. (2012) employed translated and culturally adapted versions
of the questionnaires developed by the Lifting the Burden organization. The
results obtained correspond to the world average statistics: from the 5041
respondents, 23.8% of them suffered from a primary headache disorder.
Migraine headaches were recorded at 9.3%, tension-type headaches at 10.8%
and cluster headaches at 1.0%. In the horn of Africa, Ethiopia, the prevalence
of headaches stand at 21.6%, with the most frequent headache being tensiontype headache again (10.4%), migraineurs made up 10% while cluster
headache subjects made up the minority of 1.3%. (Mengistu and Alemayehu,
2013). The epidemiology of primary headaches as documented by researchers
by geographic area has been illustrated in Figure 2.1.
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GERMANY
Yoon, et al., 2012:
55.5%
RUSSIA
Ayzenberg, et al., 2012:
62.9%

USA
Rhee, 2001:
91%

IRAN
Bahrami, et al., 2012:
78.2%

CUBA
Quesada-Va’zquez, et al.,
2009:
44.72%

BRAZIL
Bigal, Bordini and
Speciali, 2001:
62.9%

CHINA
Liu, et al., 2013:
47.09%

NIGERIA
Adikaibe, et al., 2014:
66.7%

MALAYSIA
Alders, et al., 1997:
79.9%

ETHIOPIA
Mengistu and
Alamayehu, 2013:
21.6%

Figure 2.1: Epidemiology of primary headaches as documented by researchers in different geographical regions.
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2.3 Methylenetetrahydrofolate Reductase (MTHFR) Gene
2.3.1 MTHFR Gene and its Polymorphisms
Before considering the consequences of MTHFR polymorphisms, it is perhaps
necessary to first describe the MTHFR gene. Located on the p-arm of the first
chromosome, in region thirty-six, band three (1p36.3), this gene has 11 exons
(Todt, et al.,

2006). It has many functions, the most important one being its

enzymatic role in catalyzing the reduction of 5,10-methylenetetrahydrofolate to 5methyltetrahydrofolate (5-methyl-THF) (Azimova, et al.,

2013). This pathway

also relies on folate resources that can be obtained in the diet. Being a carbon
donor, the reduced 5-methyl-THF is able to aid in the re-methylation of
homocysteine to methionine (Kara, et al., 2003). Indeed, it was the observation
of high homocysteine levels in 1971 that first suggested the involvement of the
MTHFR gene in diseases (Mudd, et al., 1972).

The MTHFR polymorphisms are today, linked to a multitude of diseases
(Gasparini, et al.,

2013). The MTHFR gene has two polymorphisms: C677T

(AlanineValine) and A1298C (GlutamineAlanine), both of which and
together, result in the diminished activity of the MTHFR enzyme produced
(Krajinovic, et al.,

2004). The C677T mutation is a missense one, with

conversion of alanine to valine at codon 222 (Butto and Yang, 2000). On exon 7,
the A1298C variation is a point mutation on codon 429 (Leclerc, Sibani and
Rozen,

2004), resulting in substitution of glutamate with alanine (Al-Azzawie
14

and Sabri, 2014). The A1298C variant exerts less effect to the decrease of
MTHFR enzyme activity, as compared to the C677T variant (Liu, et al., 2013).
The C/C genotype of the A1298C variant is still able to perform 60% enzyme
activity (Leclerc, Sibani and Rozen, 2004); which is not a dramatic decrease as
compare to the T677T genotype which renders the enzyme activity at 30% only
(Liu, et al., 2013).

The C677T variant is more common than the A1298C polymorphism, and is thus
a bigger concern with regard to its contribution to disease. The homozygous
mutant genotype of the C677T variant is more prevalent in Hispanics;
approximately 21% and less prevalent in African Blacks outside the African
continent (Ogino and Wilson 2004). As for the A1298C polymorphism, more
Europeans (4-12%) carry the homozygous mutant genotype, although the serum
homocysteine levels of these populations are not as adversely affected to
increment as carriers of the C677T homozygous mutation (Robien and Ulrich,
2003).

2.3.2 MTHFR gene has been implicated with Migraine Headaches
Scientific literature has created a substantial connection between these MTHFR
variants to migraine headaches as demonstrated by works from Kara et al (2003),
Oterino, et al. (2004), Rubine, et al. (2007), Azimova, et al. (2013). Studies
concerning the A1298C independently, and in relation to migraine pathogenesis
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are limited. Instead, this variant has been more strongly associated to its role in
cardiovascular diseases and neural tube defects (Stuart, et al., 2012). As for the
C677T polymorphism, more scientific evidence than not (Todt, et al., 2006), has
implicated a relationship between this variant and migraine headaches.

In a Spanish study focusing on the C677T variant conducted by Oterino, et al
(2004), which also took into account concentration of blood plasma homocysteine
levels of participants, the T/T genotype of the polymorphism was found to be
significantly associated to migraine with aura. They concur that the higher
homocysteine levels placed these subjects at a greater risk of vascular disease and
stroke. In another study similar to this one, migraineurs who carried the
homozygous mutation of the C677T polymorphism accounted for more severe
symptoms and reported to be more susceptible to exogenous trigger factors of
migraine (Azimova, et al., 2013).

Studying the two variants of the MTHFR together, Kara, et al. (2003), that both
the homozygous recessive genotypes (T/T and C/C) greatly increased propensity
of the subject to migraine attacks. Besides this, the C/C genotype of the A1298C
variant was found to increase predisposition to tension-type headache. The
electrophysiological characteristics that present during a migraine attack are
linked to the MTFHR gene polymorphism, report Azimova et al. (2013). In their
report, they concur that subjects with migraine with aura were more likely to be
16

carriers of the T-allele of the C677T variant. Their findings are similar to an
earlier population based study, in Russia; which also records a higher prevalence
of the T-allele in migraine patients (Azimova, et al., 2010).

2.3.3 The MTHFR Gene and Pathogenesis of Migraine
The pathogenesis of migraine in relation to MTHFR polymorphism involves a
simple cascade of events and a vascular basis (Munjal, et al.,

2011).

Polymorphisms on this gene lead to decreased enzymatic activity, which in turn
results in increased levels of homocysteine in the blood plasma. Homocysteine is
a chemical that is present naturally in individuals, though its pathologic elevation
or hyperhomocystenemia can cause adverse effects to blood vessels (Parsons and
Strijbos, 2003).

High plasma homocysteine levels; above 15 μmol/L (Ganguly and Alam, 2015)
are detrimental to vascular integrity. Among other effects, they induce endothelial
cell injury. Endothelial dysfunction ensues because of the decrease in Nitric
Oxide synthase production and this also progresses to the release of inflammatory
mediators (Munjal, et al., 2011). Further, high homocysteine levels in the plasma
are capable of elevating spontaneous trigeminal cell firing (Todt, et al., 2006).
These stimulate hyper-excitability of cortical neurons in the brain. The
inflammation of the meninges and cerebral vessels that arise because of this will
result in the debilitating pain suffered by migraineurs (Parsons and Strijbos, 2003).
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2.4. Other Genes Implicated with Migraine Headaches
The advancement of migraine genetics belongs to the last two decades (Kojić and
Stojanović, 2013). Animal models progressed to potential therapeutic and
prophylactic treatments for migraines (Eikermann-Haeter and Moskowitz, 2008).
Nonetheless, migraine genetics is still an area that warrants a great deal of
research. The list of candidate gene studies has been thrust into the central focus
of a good number of researches around the globe (Persico, et al,

2014).

Candidate genes have been established and they hail from four functional gene
groups that have been hypothesized to play a role in migraine headaches. These
include the vascular, neurological, hormonal and inflammatory genes (Maher and
Griffiths, 2011).

2.5 Precipitating factors of Primary Headaches
The conception that primary headaches can be precipitated by exogenous or
endogenous factors stem from the understanding that primary headaches manifest
because of the way the human body reacts to an external or physiological
alteration (Coppola, et al., 2013). Identification of the factors that trigger the onset
of headache attacks can be utilized in managing and treating the headache attacks
effectively (Milde-Busch, et al., 2011).
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Given the fact that nearly anything can become a headache trigger for different
people (Wober-Bingol, 2010), exogenous factors expressed by one patient may
not necessarily be experienced by another patient. Certain triggers factors may not
be consistent or universal for the majority of headache sufferers, thus contributing
to variable results produced from different studies (Milde-Busch, et al., 2011).
Moreover, when studying trigger factors for primary headaches, more research
has been directed to migraine headaches, rather than tension-type headaches or
cluster headaches (Zivadinov, et al., 2003), possibly due to the more intense and
debilitating pain experienced by migraineurs.
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CHAPTER 3
MATERIALS AND METHODS

3.1 Materials
3.1.1 Specimen and sample population
The specimen for DNA testing used in this study is extracted from buccal cells.
This was collected from consenting participants by means of a simple mouth wash
for extraction of genomic DNA. The list of chemicals and materials used in the
extraction procedure, as well as the proceeding Polymerase Chain Reaction (PCR)
and Restriction Fragment Length Polymorphism (RFLP) steps are summarized in
Table 3.1 and Table 3.2 respectively.

The population gathered in this research comprise of undergraduates of Universiti
Tunku Abdul Rahman (UTAR), Perak campus. A total of 255 individuals kindly
consented to participating in this research by filling in the distributed
questionnaire and donating their buccal cells for DNA extractions. The sample
population comprised of 122 males (48.6%), and 133 females (51.4%). The
population majority is from the Chinese ethnic group at 246 students (96.5%),
eight Indians (3.1%) and one Malay student (0.4%).
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The figure for the sample population was obtained by calculation, and a ten per
cent drop out rate (250 samples) was allowed to prevent uncertainty. The final
number of individuals that were pooled together for this research project was 255
individuals.

The margin of error, E was calculated as follows:
𝑍 2 𝛼/2 𝑝𝑞

n=

∴𝐸=

𝐸2

(1.96)2 (0.08)(0.92)
(0.035)2

≈ 𝟐𝟓𝟎 𝒔𝒂𝒎𝒑𝒍𝒆𝒔 𝒘𝒊𝒕𝒉 𝟏𝟎% 𝒎𝒂𝒓𝒈𝒊𝒏 𝒐𝒇 𝒆𝒓𝒓𝒐𝒓
E=Margin of error
Zα/2b=1.96
p=probability of migraine headaches in Asia: 8% (Mengistu and Alemayehu,
2013).
q=1-p
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Table 3.1: List of Chemicals used
Chemicals

Manufacturer

PCR Green master mix

Promega, Malaysia

Pair wise primers

First Base, Malaysia

Agarose powder

Choice-Care, Malaysia

6× loading dye

Thermo Scientific, Malaysia

Tris-Base Boric Acid EDTA

Norgen-Biotek, Canada

Lambda Hind III Ladder

Vivantis, Malaysia

100 bp DNA Ladder

ThermoScientific, Malaysia

50 bp DNA Ladder

Norgen, Malaysia

MboII enzyme and buffer

Vivantis, Malaysia

Cold absolute ethanol

MERCK, New Jersey

Ethidium Bromide

Bio Basic, Canada

Saline solution (0.9% NaCl)

Pharmsafe, Malaysia

Proteinase K

Novagen, Germany

RNAase A

PureLink, Malaysia

Chloroform Isoamyl alcohol

Biotech, Malaysia

Chloroform

MERCK, New Jersey

SDS Solution

Prepared in-house
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Table 3.2: List of Consumables Used
Instruments/Consumables

Brand, Manufacturing country

Pipettes

Watson Nexty, Japan

Pipette tips

Axygen Scientific, USA

Falcon tubes

Axygen Scientific, USA

PCR Tubes

Axygen Scientific, USA

Fume hood

Esco, USA

Measuring cylinder, 100mL

Favorit, Malaysia

Conical flask, 50 mL

Favorit, Malaysia

Schott bottle, 1000mL

Duran, Germany

Weighing machine

Adventurer, New Jersey, USA.

Water bath

Memmert, Germany

Microwave

Sharp, Malaysia

4° Freezer

Pensonic, Malaysia

Electrophoresis sets

Major Science, Taiwan

MutliDoc-It,

Bench-top

UV- VWR International LLC, USA.

Transiluminator
PCR Machine

Eppendorf, Germany
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3.2 Overview of Methodology

Questionnaires distribution & buccal cell collection from
255 participants.

Genomic DNA extraction using simple Proteinase K
digestion and ethanol precipitation. Extracted DNA was
quantified, qualified and standardized to 60 ng/µL

DNA was amplified using Polymerase Chain Reaction, and
then subjected to Restriction Fragment Length
Polymorphism (RFLP)

Classification of primary headache subtypes from responses
in questionnaires using criteria from the International
Classification of Headache Disorders 3rd beta edition.

Statistical analysis using SPSS software-16th edition

Figure 3.1: Overview of methodology
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3.3 Methodology
3.3.1 Consent forms and survey on primary headaches
Prior to collecting DNA samples from the buccal cells of research participants,
consent forms were distributed to enlighten each participant about the procedure,
risks involved and their confidentiality rights. Upon approval, a signature was
penned down as consent that the participant is aware of the risks and is consenting
to the extraction of genomic DNA from the collected buccal cells.
The questionnaire was also attached to the consent form. The questionnaires were
distributed to willing buccal cell donors. Besides obtaining objective and
subjective responses from participants to diagnose if they have primary headaches,
the questionnaire also sought to gauge the health history, headache management,
stress levels, as well as physical activity of each individual participant.

3.3.2. Buccal Cell Collection
Upon consent, the 255 donors that allowed the extraction of their buccal cells,
donors were advised to avoid consuming food or drink half an hour before the
time of sample collection. Donors were given falcon tubes each, which contained
15 mL of sterile saline (0.9% NaCl) solution. After a brief rinse of the mouth to
remove any food particles that may interfere with DNA purity, donors were
advised to contain and gargle the saline solution in their mouths for at least 2
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minutes before spitting the wash back into the falcon tube. The sample was then
utilized for the subsequent extraction of DNA.

3.3.3. Genomic Deoxyribonucleic Acid (DNA) Extraction
From the buccal cells, genomic DNA of each participant was extracted by
employing simple proteinase K digestion and precipitation of DNA molecules
with salt and ethanol. Prior to the first extraction step, a water bath was
maintained at 37ºC. The sample was taken out of storage from a 4ºC refrigerator,
allowed to thaw for a few minutes, and then centrifuged at 10,000 rpm for 20
minutes. The supernatant yielded in the tube was discarded. Re-suspension of the
pellet was carried out, using 460 µL of Tris-EDTA (TE) buffer, 30 µL of 10%
SDS and 10µL of Proteinase K. The concentration of the Proteinase K was fixed
at 4 mg/mL. This mixture was mixed well, and then put into the vortex, before
1.5mL of this solution was pipetted into a new micro-centrifuge tube. This was
allowed to incubate for an hour, at 37ºC. After incubation, 500 µL of PhenolChloroform-Isoamyl (PCI) alcohol in the ratios of 25:24:1 was added into the tube
and the tube was inverted a few times to ensure even mixing. The solution was
then subjected to centrifugation at a higher speed of 14,000 rpm for 10 minutes,
after which, the supernatant on the top of the tube was carefully transferred to a
new micro-centrifuge tube. The tissue debris at the interface was carefully
maintained.
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Consecutively, 20 µL of four mg/mL RNAseA was added into the tube to remove
other cellular contaminants and this was allowed to incubate for five minutes.
After five minutes, the tube was centrifuged, this time at 13,000 rpm for 10
minutes, which yielded two layers. The top level of the solution was transferred to
a new micro-centrifuge tube and 500 µL of chloroform was added into this tube.
The tube was centrifuged at 14,000 rpm for 10 minutes. Again, the top layer that
results after centrifugation was transferred into a new micro-centrifuge tube,
where 2× volume of cold absolute ethanol and 40 µL of NaCl salt solution
concentrated at 5M were added into the new tube. The solution was centrifuged
at 14,000 rpm for 15 minutes, and the supernatant discarded. Using 70% ethanol
solution, the pellet yielded from the centrifugation was washed and then air-dried
at room temperature for approximately 20 minutes before the DNA pellet was
dissolved in 50 µL of TE buffer. The DNA sample was stored at −20ºC.

3.3.4 Quantification of genomic DNA
The quantification of the genomic DNA extracted was performed with the use of
the NanoPhotometer (Implen). At the wavelengths of 260 nm and 280 nm, the
DNA samples were measured for their purity and concentration. Firstly, the
instrument was calibrated to ensure accuracy and validity of the results obtained.
The Submicroliter Cell, with the cell windows facing the direction of the light
beam was inserted into the cell holder of the instrument.
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Carefully, two micro litre of genomic DNA from the sample tube was pipetted
and transferred to the measurement window. The window was immediately
covered with a one mm path length cover, and the measurement of the
concentration and purity of DNA was started. The absorbance at OD260nm and
OD280nm, as well as the ratio obtained for the two readings were recorded and the
measurement window was gently wiped with a clean piece of Kimwipe paper
again before starting measurements for the next DNA sample.

The absorbance at 260nm corresponds to a concentration of 50 µg/mL of double
stranded DNA. The lid factor was also taken into account, at a value of 10. The
dilution factor for genomic DNA was set at 1.0. Thus, the concentration of the
genomic DNA was calculated by using the formula:
Genomic DNA Concentration = OD260nm × 50 × 10 × dilution factor
This formula was also used to derive the concentration of DNA at the 280
absorbance. Conclusively, all DNA samples were standardized to a final
concentration of 60 ng/µL. This standardized genomic DNA was used as the
template in the following Polymerase Chain Reaction (PCR) step.
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3.3.5. Qualification of Genomic DNA by Electrophoresis
Before proceeding to PCR amplification, the genomic DNA was qualified by
electrophoresis, using 1×Tris Boric acid EDTA (TBE) as the buffer and 1% of
agaorse gel. Prior to Genomic DNA qualification, 1× TBE buffer was prepared by
10µL of stock 100× TBE buffer with 90mL of sterile distilled water in a conical
flask. The solution was then transferred into a 100mL Schott bottle, ready to be
used.

The preparation of a 1% agarose gel to be run in a 30 mL tank included mixing
0.25 g of agarose powder, with 30 mL of 1× TBE buffer. This mixture was boiled
in a microwave to dissolve the agarose powder completely. This was then allowed
to cool down to approximately 50-60˚C before being evenly and gently poured
into the casting tray. The 0.75 mm comb was then carefully set and the gel were
allowed to solidify for approximately 30 minutes. After this period, the comb was
carefully removed with both hands firmly on the ends of the comb and the casting
tray, together with the gel was placed into the electrophoresis tank. The tank was
topped up with one per cent TBE buffer to cover the agarose gel at a minimum
level of five mm above the agarose gel.

On a clean piece of parafilm, one micro litre of 6× loading dye was mixed with
the genomic samples and then loaded into the wells of the gel. The far right well
was exclusively loaded with two µL of the Lambda Hind III ladder. Once the tank
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had been set up, electrophoresis was allowed to run at 100 V for 45 minutes.
Upon completion of the running time, the agarose gel was allowed to stain in
ethidium bromide for a minimum of 10 minutes (depending on how new the
ethidium bromide is) and then for two minutes, de-stained with distilled water.
The gel was then viewed under a UV Trans-illuminator and the image captured.

3.3.6 MTHFR 1298C Genotyping
The forward primer sequence was 5’- CTT TGG GGA GCT GAA GGA CTA
CTAC-3’ and the reverse primer used were 5’-CAC TTT GTG ACC ATT CCG
GTT TG-3’ (Matsuo, et al., 2004). Each PCR tube in which the reaction took
place contained one unit of TAQ Master Mix, 0.8 µM of primers, 6.56 µL of
nuclease free water and 60 ng of Genomic DNA. The PCR components are
summarized in Table 3.3 and Table 3.4.

The thermal cycling parameters used in this amplification (Table 3.5) began with
1 cycle, of a 2 minute pre-denaturation at 92° C. Consecutively, 35 cycles of
denaturation at 92° C for 1 minute, 60° C and 1 minute for annealing and 30
seconds at 72° C for elongation. The final extension of the sequence was carried
out for 7 minutes at 72° C. The process in entirety took 1.5 hours to complete.
The PCR products were ejected from the machine, loaded onto a two per cent
agarose gel and thence electrophoresed at 80 volts for approximately 30 minutes
to qualify the presence of the amplicon at the desired size; 163 base pairs.
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Table 3.3: Primers for the A1298C gene variant
Pair wise Primer

A1298C

Forward

Primer
(5’ to 3’)

Annealing Length
of
temp (˚C) PCR amplicon
(bp)
CTT TGG GGA GCT GAA GGA 60
163 bp
CTA CTA C

Reverse

CAC TTT GTG ACC ATT CCG
GTT TG

Table 3.4: PCR components in a reaction
PCR components
2X Taq Master Mix
Forward Primer
Reverse Primer
DNA Template
Sterile
dH2O/
nuclease free water
Total

Stock
concentration
2X
10µM
10µM

Final
concentration
1X
0.4µM
0.4µM

Volume (µL)
9.00
0.72
0.72
1.00
6.56
18.00

Table 3.5: Conditions used in each PCR reaction
Stage
Pre-denaturation
Denaturation
Annealing
Elongation
Final extension
Hold

Temperature
92° C
92° C
60° C
72° C
72° C
10° C

Duration
2 minutes
1 minute
1 minute
30 seconds
7 minutes
∞

Cycle
1

35
1
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Consecutively, the amplified PCR products were digested with MboII enzyme,
which was extracted from Moraxella bovis from Vivantis. A stock solution of
this enzyme with its commercially ready buffer was prepared beforehand. For
each individual sample to be digested, 8.2 µL of sterile distilled water was
added to 1.5 µL of 10× MboII buffer and 0.3 µL of the enzyme. Five micro
liter of the amplified PCR product was then added to the mixture prepared.
The samples were incubated in a water bath, for five hours at 37°C. Then, the
samples were loaded into 4% agarose gel and electrophoresed for 30 minutes
at 70 volts. The wild type (A/A) genotype showed two bands: 56bp and
28/30/31bp. For the heterozygous genotype (A/C), three bands were visualized:
84bp and 28/30/31bp. The homozygous mutant (C/C) genotype showed two
bands: 84bp and 28/30/31bp. The 28/30/31bp cannot be separated properly on
the agarose gel. The cutting sites of the restriction enzyme have been
illustrated in Figure 3.2.
Wild-type sequence (56 bp, 31 bp, 30 bp, 28 bp, 18 bp):
5’ctttggggagctgaagga↓ctactaccTCTTCTACCTGAAGAGCAAGTCC↓CCCAAG
GAGGAGCTGCTGAAGATGTGGGGG↓GAGGAGCTGACCAGTGAAGAA
AGTGTCT↓TTGAAGTCTTCGTTCTTTACCTCTCGGGAGAACcaaaccggaa
tggtcacaaagtg -3’
Mutant sequence (84 bp, 31 bp, 30 bp, 18 bp):
5’ctttggggagctgaagga↓ctactaccTCTTCTACCTGAAGAGCAAGTCC↓CCCAAG
GAGGAGCTGCTGAAGATGTGGGGG↓GAGGAGCTGACCAGTGAAGCA
AGTGTCTTTGAAGTCTTCGTTCTTTACCTCTCGGGAGAACcaaaccggaat
ggtcacaaagtg-3’

Figure 3.2: Cutting sites of the MboII enzyme and the expected fragment
sizes Remark: A downward “↓” indicates the recognition site of the MboII.
The red bold letter highlighted in green represents the SNP for the mutant
sequence. Primer sequences appear in red italicized font.
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3.3.7 Classification of primary headaches
The diagnosis for the primary headache subtype (i.e., migraine, tension-type
and cluster headaches) for each positive response was made, in accordance to
the International Headache Society’s third edition of the International
Classification of Headache Disorders (ICHD-3 beta). The complete set of
criteria employed for the diagnoses carried out in this research is detailed in
appendix A.

3.3.8 Statistical Analysis
Prevalence of primary headache, frequency of each subtypes as well as
demographic data obtained from the survey was expressed as percentages,
alongside 95% confidence intervals (CIs). This was done with the aid of the
16th version of the SPSS software’s frequency and descriptive statistics modes.
The hypothesis that the C-allele is associated with increased risk of primary
headache in the positive group and not in the control cases was tested by using
the Hardy-Weinberg equilibrium. The allelic frequencies and genotypic
frequencies were calculated. The SPSS software’s crosstab functions, the
Pearson’s chi-square test were also employed to identify significant
association between the genotypes and polymorphism with primary headaches.
Statistical significance for all analyses performed in this study was set at p <
0.05.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Epidemiology of Primary Headache among UTAR Students
Statistical analysis of the population being studied revealed that there were
122 males (48.6%), and 133 females (51.4%). Thus, the ratio of the genders in
this study is 1:1.1. Of these, the prevailing ethnic group is Chinese students,
making up 96.5% of the population. Indians make up 3.1%, while Malays
make up a minute 0.4% of this population. The high number of Chinese
participants is essentially attributed to the fact that the general student body on
campus in UTAR is widely students of Chinese ethnicity. Further, the
population comprise of university students in the range of 18-28 years of age.
Table 4.1 summarizes the epidemiology of primary headache among the
UTAR students.

The study population was gathered from various faculties, including the
Faculty of Science (FSc), Faculty of Engineering and Green Technology
(FEGT), Faculty of Business and Finance (FBF), Faculty of Information,
Communication and Technology (FICT) and Center for Foundation Studies
(CFS). As for levels of study, the majority of the population studied is
currently in their undergraduate years (71.4%), while 26.7% of them were just
beginning their tertiary education at foundation level in either the Arts or
Science stream. There were also five postgraduate students who participated in
this study, accounting for 2% of the population at this postgraduate level of
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study. In addition, 58% of the studied population is students reading in the
Science stream while 42% of them are reading in the Arts stream.
Table 4.1: A summary of the cohort of university students taking into account
age, stream of study and education level.
Variable

Subjects (n=255)
Males
Females

Age
18-20
21-23
24-28

51 (41.8%)
60 (49.2%)
11 (9.0%)

51 (38.3%)
75 (56.4%)
7 (5.3%)

Stream of study
Science
Art

63 (42.6%)
59 (55.1%)

85 (57.4%)
48 (44.9%)

Education level
Foundation
Undergraduate
Postgraduate

24 (35.3%)
87 (47.8%)
2 (40.0%)

44 (64.7%)
95 (52.2%)
3 (60.0%)

Race
Chinese
Indian
Malay

117 (47.6%)
4 (50.0%)
1 (100.0%)

129 (52.4%)
5 (50%)
0 (0.0%)

The responses yielded from the survey establish that 87% (222 students) said
that they do suffer from headaches, while only 13% responded that they do not
suffer from any kind of headache (Figure 4.1). When taking into account
gender distribution for the positive responses to primary headaches, it was
found that 47.3% of them were males, and 52.7% females; females made up
the larger percentage, albeit without statistical significance (p= 0.651). This
data is illustrated in Figure 4.2.
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These figures of headache prevalence among university students of UTAR that
are documented here concur with results from other researchers who direct
their study of primary headaches toward university students. In 2010, a study
recorded that 75.9% of university students majoring in the Allied Health
Sciences suffered from primary headaches (Prangley, 2010). In a another
study, conducted in a Brazilian University, 73.8% of students from the Health
Science and Engineering faculties suffered from primary headaches (Falavigna,
et al., 2013).

100
90

87%

80
Frequency (%)

70
60
50

Positive Response

40

Negative Response

30

20

13%

10
0
Positive Response

Negative Response

Figure 4.1: Responses of participants to primary headaches: Positive response
(primary headache patients), and negative responses (no headaches).
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54

52.7%

53
52

Frequency (%)

51
50
Males

49
48

Females
47.3%

p=0.651

47

46
45
44
Males

Females

Figure 4.2: Percentage of male and female that are diagnosed with primary
headaches

The age group of the population studied comprised of students aged 18-28.
The age group included in this study is a limited age span, thus estimating the
incidence rates in younger or older groups is not possible.

4.1.1 Primary headache subtypes among UTAR students
From the 222 positive responses to primary headaches, the definition of each
headache subtype was carried out using the criteria that has been set by the
International Headache Society’s International Classification of Headache
Disorders (ICHD-3) beta version. After the completion of defining primary
headache subtypes, the results showed that tension-type headaches were the
most frequent primary headache disorder for both definite and probable
headache subtypes (12.5% and 18% respectively). This was followed by
definite migraine with aura at 3.1%, and then migraine without aura at 2% of
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the positive responses. Probable migraine without aura stands at 8.6% and
probable migraine with aura at 5.1%, each being more frequent than the
definite subtype of its kind. Cluster headaches are the least frequent primary
headache subtype for both definite and probable types, affecting only 1.6% of
students each. These findings have been summarized for simplicity in Figure
4.3 below.
20

18%

18
16

Frequency (%)

14

12.5%

12
10

Definite

8.6%

Probable

8

5.1%

6
4

3.1%

2

2%

1.6% 1.6%

0
MA

MO

TTH

CH

Figure 4.3: Percentage of each primary headache subtype, showing definite
and probable headache percentages among the UTAR students.
Our results are similar to research conducted in the general population that
nearly always puts tension-type headaches as the most frequent primary
headache disorder. In a 2012 study conducted in China, tension-type
headaches were reported as the most frequent headache subtype at 10.8% (Yu,
et al., 2012). In another study conducted in South Korea, tension type
headaches prevailed at 30.8% (Byung-Kun, et al., 2012). It is interesting to
note, however that the percentage of this primary headache subtype varies
greatly from one region to another. The prevalence of tension-type headaches
ranges from four per cent to 93 per cent (Robbins, 2010).
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In the present study, definite tension-type headaches stand at 12.5%. Among
medical students in Iran; tension-type headaches prevailed in almost half of
the positive responses for primary headaches at 44.2%. This study also reports
that tension-type headaches were highest in medical students in their final
clinical year (Ghorbani, et al., 2013). In a different study conducted among
students from various faculties in a Turkish university, tension-type headaches
prevailed at 22.6%, which is higher than 17.9% of those diagnosed with
migraine headaches (Kurt and Kaplan, 2008). On the other hand, a study
conducted in a Brazilian university by Souza-e-Silva, et al. (2011) found that
tension-type headaches prevailed in 42.4%. This is less frequent than the
prevalence of migraine at 48.5% in the studied population.

Azimova, et al. (2013) reasons that the differences in methodology, as well as
lifestyle and education levels of the population studied can contribute to the
wide range in prevalence results obtained (Deleu, et al., 2001). For instance,
the Iranian study by Ghorbani, et al (2013) diagnosed headaches using criteria
set out by the ICHD-II by means of questionnaire responses. The study carried
out by Kurt and Kaplan (2008) in Turkey used randomized stratified sampling
and employed the ICHD-II to classify headaches by means of interview
responses. The latter study by Souza-e-Silva, et al. (2011) used a semistructured interview in accordance to the Headache Impact Test (HIT-6) and
the Hospital Anxiety and Depression Scale to diagnose the population studied.
The studies were also completed in different faculties of study, which can
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account for the very large difference in tension-type headache frequencies
produced.

4.1.2 Evaluating Gender Differences in Primary Headache Subtypes
The distribution of gender differences was assessed for both definite and
probable headache subtypes. This analysis showed no statistical significance
that can link gender to specific definite primary headache subtypes. However,
it was found that for probable migraine with aura and probable tension-type
headaches, more males than females accounted for the significantly higher
percentage in these groups (p=0.039 and p≤ 0.001 respectively). The summary
of these findings have been illustrated in Figure 4.4 and Figure 4.5.

These results are unlike results from other studies that report significantly
more females suffer from migraines than males. Al-Hashel, et al. (2014)
reported in their study that focused on medical undergraduates in Kuwait, that
migraines affect more females than males. The sex hormones are a plausible
explanation for this. It has been established that once the sexes hit puberty,
more females than males suffer from migraine (Sacco, et al., 2012; Gasparini,
Sutherland and Griffiths, 2013).
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Definite headache subtypes
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Figure 4.4: Gender distribution for definite type primary headache subtypes.
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Figure 4.5: Gender distribution for probable type primary headache subtypes.
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Definite tension-type headaches affected males and females at almost equal
rates: 12.3% and 12.8% respectively. Other studies however, like that of a
Croatian epidemiological study conducted by Cvetković, et al. (2013)
recorded that significantly more females than males were affected by tensiontype headache headaches. The American Psychological Association purported
that more women than men experience higher stress levels; reasons that this is
likely due to the emotional stress that females are more vulnerable to, as
compared to males. Thus, this external factor may predispose more females
than males to the development of tension-type headaches.

A study by Bickel (2001) substantiated that more female medical students
reported anxiety, and feeling stressed during their medical internships than
males. These findings are similar to a more recent report by Bleakley (2013)
and Houkes (2011). Since it has been established that patients of tension-type
headaches are more prone to stress (Gazieva, Prokhorova and Rashidova,
2014), being the gender that is more vulnerable to stressors may be the reason
why women are more likely to suffer from tension-type headaches (Goadsby,
2012).
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4.2 Socio-demographic analysis
The questionnaire distributed also included components to investigate
sociological and demographic factors that could play a role in understanding
primary headache disorders. These components sought to find out the health
history of the patient and primary headache symptoms that participants may
suffer from, and the methods they take to manage the headache pain. The
questionnaire also asked about the physical activities and stress levels of the
participants. The findings, expressed in frequency and percentages, alongside
confidence intervals (CI=95%) are summarized in Table 4.2.
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Table 4.2 Socio-demographic components included in the questionnaire
distributed
Variable

Subjects (n=255)
Yes
No

Unsure

Confidence
interval

19 (7.5%)
1 (0.3%)
14 (5.5%)

226 (88.6%)
247 (84%)
229 (89.8%)

10 (3.4%)
7 (2.4%)
12 (4.7%)

4.3-10.7
2.7-8.3

16 (6.3%)

234 (91.8%)

5 (2.0%)

3.3-9.3

9 (3.6%)
4 (1.6%)
88 (34%)

232 (91.7%)
237 (92.9%)
130 (50.2%)

12 (4.7%)
14 (5.5%)
41 (15.8%)

1.3-5.9
28.2-39.8

8 (3.1%)

215 (84.3%)

32 (12.5%)

0.9-5.2

36 (12.2%)
9 (3.6%)
6 (2.3%)
2 (0.8%)

218 (74.1%)
244 (96.4%)
253 (97.7%)
257 (99.2%)

NA
NA
NA
NA

8.2-16.2
1.3-5.9
0.1-4.1
-

76 (34.2%)
18 (8.1%)
7 (3.2%)
77 (34.8%)
167 (74.9%)
54 (24.3%)

146 (65.8%)
204 (91.9%)
214 (96.8%)
144 (65.2%)
56 (25.1%)
164 (73.9%)

NA
NA
NA
NA
NA
2 (0.9%)

28.4-40.0
4.8-11.5
1.0-5.4
29.0-40.6
69.6-80.2
19.0-29.6

Part C: Physical
activity
Physical activity
133 (53.5%)

119 (46.5%)

NA

47.4-59.6

Part
D:
Stress
Management
None
4 (1.6%)
Mild
63 (23.9%)
Moderate
136 (54.2%)
High
51 (20.0%)

NA
NA
NA
NA

NA
NA
NA
NA

18.7-29.1
48.0-60.3
15.1-24.9

Part
A:
Health
History
Vascular disorders
Intracranial disorders
Intra/extra-cranial
infection
Homeostatic
disorders
Facial pain
Psychiatric disorders
Family
recurrent
headache
Family neurological
diseases
Alcohol used
Smoking
Alcohol withdrawal
Smoking withdrawal
Part B: Headache
Management
Home medication
Pharmacy medication
Visit a physician
Take herbal remedies
Do nothing
Affects
academic
performance
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Table 4.2: (Continued)
Variable

Subjects (n=255)
Yes
No
of 200 (78.4%) 55 (21.6%)

Had
times
depression
Had
mood 151 (59.2%)
swings/increased
irritability or loss of
concentration
Worry excessively
145 (56.9%)
Felt nervous/anxious 94 (36.9%)
with
physical
symptoms

Unsure
NA

Confidence
interval
73.5-83.5

104 (40.8%)

NA

53.2-65.2

110 (43.1%)
161 (63.1%)

NA
NA

50.8-60.0
31.0-41.9

4.2.1 Evaluating Health History of Participants
From the demographic analysis conducted, Part A (Table 4.2) which relates
the health history of the participants demonstrated that only a small minority
answered “yes” to having history of head injury (7.5%), vascular disorders
(0.3%), and intracranial disorders (1.6%), homeostatic disorders (6.3%) or
facial pain (3.6%). This part of the questionnaire aims to establish that the
participant is not suffering from secondary headaches. Secondary headaches
are the sinister kind of headache, which is attributed to an underlying disorder,
rather than the pain itself as a disorder. Thus, before defining cases for
primary headache subtypes, it is pivotal to exclude the likelihood of a
participant with secondary headaches or any other primary headache subtype.
This population did not record any participant presenting with symptoms that
fit the description of secondary headaches as set up by the ICHD-3 beta
version.
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From the total samples of this study, 27.5% reported having at least one family
member with recurrent headache. From the 222 positive responses, 27.9% (pvalue=0.120) reported having at least one family member with recurrent
headache. This implies that there is insufficient statistical significance to
affirm that headache sufferers have at least one relative who also present with
recurrent headache disorders. The limitation of this study is in the fact that it
did not interview the affected family members of the probands. An interview
could perhaps gauge the characteristics of the primary headaches that the
family member may suffer from.

Knezevic-Pogancev, et al. (2010) has produced contrary findings, which
suggest that headache sufferers have first degree relatives who also suffer
from recurrent headache disorders. In their study, they establish that 64.7% of
children with primary headaches had parents who also report recurrent
primary headaches. Further, the contingency quotient was found to be more
significant between the proband and first degree relatives, rather than with the
wider family members. Such findings indicate that genetics play a role in
determining the risks of developing primary headaches. This is also further
substantiated by twin studies in the past (Russel, 2007; Svensson, et al., 2003).
Also, a shared environment by the family members may contribute to
precipitating risk of primary headache (Russel, 2007).
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4.2.2 Evaluating Headache Management in Participants
When considering headache management measures taken by the 222 positive
responses, 167 students (74.9%) of the students do not do anything about their
headaches, making this the most frequent management choice (Table 4.2). This
could be due to the fact that the pain is dismissed as “just a headache” that doesn’t
require serious attention. Only 3.2% of students seek medical attention during a
headache attack. This finding is similar to an older study conducted in Lagos,
Nigeria among medical students, whereby only 4.6% of students visited a
physician to manage their headaches (Ojini, Okubadejo and Danesi, 2009).

Most students in the present study (73.9%) feel that the headaches do not
specifically affect their academic performance. This could be a plausible
explanation why 96.8% of the headache respondents deem it unnecessary to seek
medical attention. In other studies however, it has been made evident that primary
headaches profoundly influence ability to study. For instance, migraine headaches
has been found to more seriously impair academic performance than tension-type
headaches, as demonstrated in a Brazilian study by Bigal, et al. (2001).

Besides enduring the pain, some students also resort to home medication (34.2%)
or herbal remedies (34.8%). The medication of choice for 35.1% of the students is
Acetaminophen, or better known by its generic name: Paracetamol. Imai, et al
(2007) purported that 85.1% of their study population comprising of 47 primary
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headache patients reported overusing a combination of analgesics to manage their
headaches. The overuse of analgesics which include Paracetamol, without
adhering to credible prescription may lead to medication overuse headaches
(MOH). The Headache Classification Committee took into account these
headache subtypes and have included it as a headache subtype in the third and
latest edition of the ICHD (2013). Suffering from either tension-type headaches or
migraines increases risk of developing MOH. In fact, it has been shown that
MOH develops in 50-80% of patients who initially suffer from migraine
headaches (Bigal, et al., 2004; Evers and Jensen, 2011).

4.2.3 Relating Stress Levels to Primary Headaches
In relation to primary headaches, this study can report that 55.9% and 23.0% from
the positive response group experienced moderate and high levels of stress
respectively (Table 4.3). These figures are significantly higher than the control
group (p≤ 0.001), implying that those who suffer from primary headache
experience higher stress levels than those who do not suffer from any primary
headache subtype.

When assessing stress levels between the two genders, it was found that females
experience high levels of stress (26.7%) more than males (13.3%), with statistical
significance (p=0.043). These results have been summarized in Table 4.3. It has
been often established that more females than males are likely to express
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experiencing a greater deal of stress than males (Pilar, 2004; American
Psychological Association, 2010).

Table 4.3: Summarizes stress levels with respect to response group and gender in
the population.
Variable

Stress level
None

Mild

Moderate

High

p-value

Response group
Positive
3 (1.4%) 44 (19.8%) 124 (55.9%) 41 (23.0%)
Control
1 (3.4)
16 (55.2%) 12 (41.4%) 0 (0.0%)
≤ 0.001*
Gender
Male
Female

1 (0.8%) 31(25.8%) 72 (60.0%)
3 (2.3%) 29 (22.1%) 64 (48.9%)

16 (13.3)
35 (26.7%) 0.043*

*p<0.05 shows significant difference

In this study, 85% of female respondents were more prone to having times of
depression or feeling down than males (71.3%); p-value=0.008. Also with a good
degree of statistical significance (p-value=0.009), more females than males (66.9%
females and 50.8% of males) reported having had mood swings and episodes of
irritability. The stress variables have been summarized in Table 4.4. Studies have
established that from autoimmune diseases to chronic pain, females have been
named as the more susceptible sex, owing to the effects of the sex hormones that
fluctuate with age and distinct them from the males (Lundberg, 2005). Assessing
stress is pivotal, as it is an important risk factor for many gender specific diseases
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(Verma, Balhara and Gupta, 2011). Furthermore, both genders manage and
perceive their stress differently (American Psychological Association, 2010). The
measures taken by both genders in this population are summarized in Table 4.5.

In addition to this, participants with tension-type headache were found to
experience higher levels of stress. Indeed, 65.6% of those who suffer from
tension-type headache report being in the high category of stress, and the
remaining 34.4% are in the moderate category of stress. As for migraine with aura
and without aura, stress levels range from mild to moderate only. Only one
individual with cluster headache expressed high levels of stress while the
remaining three persons (75%) with cluster headache report only mild levels of
stress. These findings are illustrated for simplicity in Figure 4.6.

It has been established that those with tension-type headaches are more prone to
stress and anxiety. Tension-type headache patients are more vulnerable to stress
(Gazieva, Prokhorova and Rashidova, 2014). Further, tension-type headache
sufferers have a higher psychiatric comorbidity. In the study by Eskin, et al.
(2013), 55.4% of those with tension-type headache displayed psychiatric
comorbidity; which is more than those presenting with migraine headaches
(45.5%).
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Figure 4.6: Stress level percentages with respect to primary headache subtypes.

Table 4.4: Stress variables with respect to gender. Participants are allowed to pick
more than one answer.
Stress variables

Had times of
depression
or
feeling down
Less interested in
doing things
Worry excessively
Nervous
or
anxious,
with
physical
symptoms
Had mood swings,
irritability
Fear of losing
oneself
Concerned about
academic
performance
Pre-occupied
about food and
weight

Gender
Male (n=122)

Female (n=133)

p-value

87 (71.3%)

113 (85.0%)

0.008

72 (59.5%)

86 (64.7%)

0.397

65 (53.3%)
44 (36.1%)

80 (60.2%)
50 (37.6%)

0.268
0.800

62 (50.8%)

89 (66.95%)

0.009

29 (23.8%)

32 (24.1%)

0.957

86 (70.5%)

96 (72.2%)

0.436

41 (33.6%)

57 (42.9%)

0.082
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Table 4.5: Stress management methods within the cohort. Students are allowed to
pick more than one answer.
Stress
management
method
Exercise
Prayer or spiritual
activities
Family
relationships
Hobbies
Social
relationships

Gender
Male

p-value
Female

40 (32.8%)
35(28.7%)

35 (26.5%)
48 (36.5%)

0.235
0.193

38 (31.1%)

51 (38.6%)

0.211

56 (45.9%)
67 (54.9%)

69 (53.2%)
60 (45.5%)

0.310
0.132

4.2.4 Relating Stream of Study and Education Level to Primary Headaches
among Participants.

When assessing how stream of study and education level affects positive response
to primary headaches, this study found that more students from the Science
stream; 124 students (55.9%) suffer from primary headaches than 44.1% of those
in the Arts stream. With statistical significance (Fisher’s Exact Test; p=0.048), it
stands to reason that more students in the Science stream suffer from primary
headaches than those in the Arts stream. This data has been summarized in Table
4.6.

The findings in this study are similar to other studies. An interesting point to note
from other research that directed their study of primary headaches to different
university faculties is that; the more challenging and academically demanding
courses like medicine make up the larger percentage of positive responses to
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headache (Falavigna, et al., 2013; Ferri-Barros, et al., 2011). Furthermore, health
science students; especially medical students are more prone to experiencing
several headache triggers like sleep deprivation, a heavier load of reading tasks
and stress than students of other faculties (Al-Hashel, et al., 2014). The
organizational culture during clinical internships are rigorous, which makes
medicine a more challenging discipline (Houkes, et al., 2011). This has been
supported by results from Ferri-Barros, et al. (2011). Students reading medicine at
the Taubate University in Brazil accounted for 70.8% of primary headaches. This
is much larger a percentage, when compared to students reading Psychology in
the same university (29.2%), or students studying English at Kent University,
Turkey. In this Turkish study, only 60% of the population studied reported
suffering from primary headaches (Tüzün, et al., 2003).
Table 4.6: Stream and level of study of the participants with respect to their
responses to primary headaches.
Variable

Positive response (n=222)

p-value

Stream
Science

124 (55.9%)

Arts

98 (44.1%)

0.048*

Level of study
Foundation

62 (28.0%)

Undergraduate

155 (69.8%)

Postgraduate

5 (2.3%)

0.461

*p<0.05 shows statistical significance.
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4.3 The MTHFR A1298C Polymorphism and its association to Primary
Headache Subtypes

4.3.1 Evaluating Genomic DNA
Genomic DNA was extracted from buccal cells. This method, in contrast to
collecting peripheral blood is non-invasive, conveniently accessible, inexpensive
and still able to yield a substantial quantity of nucleic acid (Nedel, et al., 2009).
The nucleic acid extracted from the buccal cells in the present study is of good
purity (Mean=1.75±0.23 ng/µL). Generally, pure DNA has A260/280 between
1.75~1.8 (Held, 2009). The A260/280 ratio possesses high sensitivity to detecting
protein contamination in the genomic DNA extracted. Thus, values lower than
1.75 indicates existing contamination with proteins that are present in the samples
collected. Values larger than this range may indicate RNA contamination (Held,
2009).

The DNA extracted from buccal cells was qualified prior to amplification and the
subsequent restriction enzyme digestion steps. This was carried out to ensure that
DNA was successfully extracted from the buccal cell samples collected. The
DNA for all the samples was electrophoresed on a 1% agarose gel for
approximately 30 minutes at 100V. The mean concentration of the 255
unstandardized DNA samples was 68.31±53.84 ng/µL). One such gel image has
been included in this report in Figure 4.6.
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The presence of bands on the gel indicates that genomic DNA has been extracted
from the buccal cells. The DNA samples were run after standardization to 60
ng/µL and thus, appear to be more uniformly distributed in all the wells, as
demonstrated in Figure 4.7.
1
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Figure 4.7: Unstandardized genomic DNA extracted from buccal cells,
electrophoresed on 1% agarose gel. The Lambda Hind III ladder is loaded into
lane 1; subsequent lanes are loaded with genomic DNA samples. Mean
concentration=68.31ng/µL (s.d.±53.84).
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Figure 4.8: Standardized Genomic DNA, electrophoresed on 1% agarose gel. The
Lambda Hind III ladder is loaded into lane 1; subsequent lanes are loaded with
genomic DNA samples.

4.32 MTHFR 1298C Genotyping
The PCR was employed in this study to amplify a specific region of the MTHFR
gene for the subsequent RFLP step. The target DNA sequence is the 3’ translated
region of exon 7 of the MTHFR gene, measuring 163 base pairs. Upon completion
of the PCR amplification process, the amplicon was electrophoresed, this time on
a 2% agarose gel for 30 minutes at 90 V (Figure 4.8). The 2% agarose gel
concentration is sufficient to separate the 163bp DNA molecules.

Once the fragment size was confirmed, the proceeding step, RFLP was carried out.
This is a common molecular technique used to identify genotypes. The digested
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fragments can be run on an electrophoresis gel, which separates different
fragments cut by the enzyme based on their respective sizes. This in turn,
translates to the genotype profile for each sample being electrophoresed.
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4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Amplicon size 163bp

Figure 4.9: The amplified PCR products run on a 2% agarose gel. The 100bp
ladder is loaded into lane 1. The subsequent lanes 2-24 are wells loaded with the
PCR product. The amplicon size is 163bp.
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The restriction enzyme used in this research project is the MboII enzyme, which
recognizes the 5’-GAAGAN8 -3’ sequence, before cutting the DNA strand. The
bands produced on the agarose gel do not correspond to the expected results
(Figure 4.9). Only one band at 56 base pairs was observed for the wild type
genotype (A/A), instead of the expected five bands. For the heterozygous
genotype, only three bands were clearly visualized: 84bp, 56bp and 28/30/31 bp.
Meanwhile, the homozygous mutant genotype (C/C) showed two bands: 85bp and
28/30/31 bp. The band 28/30/31 bp could not be separated well using an agarose
gel.
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Figure 4.10: The three genotypes of MTHFR A1298C gene variant. Lane 1 has
been loaded with 50bp ladder. Lane 2 is designated to the negative control. The
subsequent lanes are loaded with samples. A single wild type genotype (A/A) is
observed in lane 10. The mutant genotype (C/C) is seen in lane 9. The remaining
lanes are heterozygous genotypes.
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Figure 4.11: Inverted image of the three genotypes of MTHFR A1298C.
Lane 1 has been loaded with 50bp ladder. Lane 2 is designated to the
negative control. The subsequent lanes are loaded with samples. A single
wild type genotype (A/A) is observed in lane 10. The mutant genotype
(C/C) is seen in lane 9. The remaining lanes are heterozygous genotypes
(A/C).

Troubleshooting to improve gel resolution requires using a Polyacrylamide gel
(PAGE) in place of the agarose gel. However, this method is highly carcinogenic.
In this study, the ability to translate fragment sizes to the sample genotype was
sufficient and reliable enough with the use of an agarose gel, making PAGE
unnecessary.

The gel image produced faint bands for the heterozygous genotype at 84 base
pairs for a few lanes. For instance, lanes 4,5,7,8 and 22 have a fainter 84 bp
fragment as compared to the other heterozygous genotypes with sharper and
better-defined fragments of this size. This could be due to insufficient amplicon
concentration after the PCR cycles. There was 35 amplification cycles in total and
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this should generate 3.4×1010 copies of DNA for all the samples. This amount
should, in theory be sufficient for the following digestion with restriction enzyme
step. It is likely that since the DNA template concentration in the PCR reaction
was of modest size, the risk of losing DNA during the PCR step due to adsorption,
contamination, chemical or enzymatic degradation was higher, and may have
occurred for some of the samples only (Kenedy and Oswald, 2006).

Pairwise alignment using the bioinformatics tool, CLUSTALW2 was carried out
as well to illustrate the single nucleotide polymorphism (SNP) that is present on
the mutant (C/C) allele. The results generated by the software are shown in Figure
4.12.

Table 4.12: Pairwise alignment of the wild type allele and mutant allele using
CLUSTALW2. Remark: The red box represents the SNP that is present on the Callele.
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4.3.3 Genotypic and Allelic Frequencies of the Population

Upon completion of the molecular part of this study, the genotypes were
determined from the agarose gel images. The results have been summarized in
Table 4.7. The prevailing genotype is the AC genotype at 65.9%. There were only
two mutants (0.8%) yielded from this study, both of which are male subjects. We
also cannot record a statistical significance between gender and genotype
distribution.

The aim of the present study was to investigate whether the A1298C gene variant
confer risk of primary headaches. Therefore, it was hypothesized that the C-allele
is a genetic risk factor to develop primary headaches. In our population, it was
found that 75.2% of those with positive response carry the heterozygous A/C
genotype with statistical significance of p≤ 0.001. Further, 32 students (97.0%)
from the control group carry the wild type genotype (p≤ 0.001). There were no
mutant genotypes found to be carried by any student in the control group. This
data can be found in Table 4.8.

The allelic frequency was calculated to be 0.66 for the A-allele, making it the
dominant allele, as compared to the C-allele which has its frequency in the
population at 0.34. The calculation is shown below and the results have been
tabulated in Table 4.9.
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Table 4.7: Genotype and gender distribution
Genotype

Gender
Male
42 (34.4%)
78 (63.9%)
2 (1.6%)

Wild type (AA)
Heterozygous (AC)
Mutant (CC)

Female
43 (32.3%)
90 (67.7%)
0 (0.0%)

Total
85 (33.3%)
168 (65.9%)
2 (0.8%)

Table 4.8: Frequency of genotypes for positive response and control group.
Genotype

Positive response

Control group

p-value

AA

53 (23.9%)

32 (97%)

≤ 0.001

AC

167 (75.2%)

1 (3.0%)

≤ 0.001

CC

2 (0.9%)

0 (0.0%)

0.584

Calculation to obtain allelic frequencies:

𝐴 − 𝑎𝑙𝑙𝑒𝑙𝑒 =

(2 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑙𝑑 𝑡𝑦𝑝𝑒 ) + 𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓 ℎ𝑒𝑡𝑒𝑟𝑜𝑧𝑦𝑔𝑜𝑢𝑠
𝑛×2
(2 × 85 ) + 168
=
510

=0.66
𝐶 − 𝑎𝑙𝑙𝑒𝑙𝑒 =

(2 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑢𝑡𝑎𝑛𝑡 ) + 𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓 ℎ𝑒𝑡𝑒𝑟𝑜𝑧𝑦𝑔𝑜𝑢𝑠
𝑛×2
(2 × 2 ) + 168
=
510

=0.34
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Table 4.9: Allelic Frequency of positive response and control group

Allele

Frequency

A-Allele

Positive response
0.615

Control group
0.985

C-Allele

0.385

0.015

Total

1.00

1.00

4.3.4 The Mutant Genotype Confers Risk to Migraine
The Mathematical concept created by Godfrey Hardy and Wilhem Weinberg has
been used to effectively predict how alleles will be inherited in a population. This
mathematical relationship has become the foundation for determining population
genetics (Becker and Media, 2015). For a population to be in equilibrium, it is
assumed that the population does not experience genetic drifts and is allowed
random matting patterns. The population is a closed one, which is not exposed to
genetic flow by either emigration or immigration. Further, the population is
assumed free of mutations that usually occur when DNA is copied and natural
selection, which favors a stronger allele, does not occur (Andrews, 2010).
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When this mathematical relationship was applied to this study, it was found that
the C-allele is a genetic risk factor that confers risk to primary headaches.
The hypotheses were established as follows:

H0: No mutation occurs in the population; the C-allele is not a genetic risk factor
H1: Mutation occurs in the population; the C-allele is a genetic risk factor

The calculations preceding this conclusion are shown in Table 4.10 and 4.11.
These results are similar to what was established in a study by Kara, et al. (2003).
Their research studied both the key MTHFR polymorphisms; the C677T and
A1298C polymorphisms. They also purport that both the recessive alleles are at
higher frequencies in migraineurs than in control groups and this confers a higher
risk of developing migraine headaches (Kara, et al., 2003). Interestingly also, both
the mutant genotypes belong to students with migraine with and without aura.
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Table 4.10: HWE calculation for the control group. Since the calculated χ2 is
less than tabulated value (3.84), H0 is accepted. The C-Allele does not confer
a genetic risk to migraine headaches for this group.
Genotype

Observed

Expected

(O-E)

AA
AC
CC
TOTAL

32
1
0
33

32
1
0
33

0
0
0

2

χ=

2

(O – E) /E
0
0
0
0
(p=0.05)

Table 4.11: HWE calculation for the positive response group Since the
calculated χ2 is more than tabulated value (3.84), H0 is rejected. Thus, the CAllele confers a genetic risk to migraine headaches for this group.
Genotype

Observed

Expected

(O-E)

AA
AC

53
167

84
105

-31
62

CC
TOTAL

2
222

33
222

-31
2

χ=

2

(O – E) /E
11.44
36.61
29.12
77.2
(p=0.05)
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4.3.5 MTHFR A1298C (rs1801131) Variant is Associated to Migraine
Headaches

The MTHFR A1298C variant was assessed to investigate if there is an association
to primary headache subtypes. The SPSS software was employed and using the
cross tabulation mode, the polymorphism was identified to be significantly
associated to the definite migraine headaches (p≤ 001). As for probable headache
subtypes, the polymorphism was found to be significantly associated to migraine
without aura as well as tension-type headaches (p=0.039 and p≤ 0.001
respectively). In this study, tension-type headaches and cluster headaches show no
association with the gene variant (rs1801131). Table 4.12 and Table 4.13
summarize these results.

Although the literature regarding MTHFR A1298C polymorphisms and migraine
headaches are limited and not universal (Lorenz, et al., 2014), the present study
can still find support from other researchers that direct their study toward
assessing a relationship between the rs1801131 variant and primary headaches.
Pizza, et al. (2010) conducted a study and found that there was significant
association between the A1298C polymorphism and risk of migraine headaches.
An earlier study by Kara, et al. (2003) also produced the same findings as the
present study. The A1298C variant has however, been more thoroughly
implicated with increased risk of cardiovascular disease and recurrent
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spontaneous abortion in women (Weisberg, et al., 2001; Levine, et al., 2010).
Contrary to findings from this study, Lorenz, et al. (2014) could not find an
association between the MTHFR 1298C polymorphisms and migraine headaches.
They can however, report that more females than males carry the rs1801131
variant and these variants are higher in subjects diagnosed with migraine
headaches. Thus, the role of the A1298C polymorphism in migraine headaches
needs to be further investigated.

It has been hypothesized that higher levels of homocysteine can increase the risk
of developing migraines (Azimova, et al., 2013; Lorenz, et al., 2014). When
studying the MTHFR A1298C polymorphisms in infants, Bottini, et al., (2006)
established that the homocysteine concentration for carriers of the mutant
genotype of the rs1801131 variant was significantly higher than the wild type
genotype of the variant. They also reported lower folate levels with a good degree
of statistical significance, thus increasing risk of migraine headaches in this group
of subjects.

Because homocysteine levels can be alternatively metabolized by a pathway that
is independent of the MTHFR enzyme, vitamin supplementation to lower
homocysteine levels has proven effective in reducing migraine attacks (Lea, et al.,
2004). No study thus far, to the best of our knowledge has successfully
established a link between homocysteine plasma levels and migraine severity. It
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has, however been made evident that excess homocysteic acid because of
hyperhomocysteinemia can sensitize the cerebral vessels, thus allowing activation
of the trigeminovascular system (Pizza, et al., 2012). This activation increases risk
of migraine attacks.
Table 4.12: Association between the MTHFR 1298C variant and definite primary
headache subtypes
2

Headache Homozygote Heterozygote Homozygote Total
subtypes
Wildtype
Mutant

χ,
pvalue

Migraine with Aura
Yes

0 (0%)

7 (4.2 %)

1 (50%)

8 (54.2 %)

No

85(100%)

161 (95.8 %)

1 (50 %)

247
%)

17.793

(45.8 ≤
0.001*

Migraine without Aura
Yes

0 (0%)

4 (2.4 %)

1 (0.3 %)

5 (2.7 %)

No

85 (97.6%)

164 (97.6 %)

1 (0.3%)

250
%)

25.864

(97.3 ≤
0.001*

Tension-type headache
Yes

8 (9.4 %)

24 (14.3 %)

0 (0 %)

32 (23.7%)

1.511

No

77 (90.6 %)

144 (85.7 %)

2(100%)

196 (76.3)

0.474
0.517

Cluster headache
Yes

2 (2.4 %)

2 (1.2 %)

0 (0.0 %)

4 (3.6 %)

No

83 (97.6 %)

165 (98.8%)

2 (100 %)

255
%)

(96.4 0.772

*p>0.05 shows statistical significance
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Table 4.13: Association between the MTHFR 1298C variant and probable
primary headaches subtypes.
Headache
subtypes

Homozygote Heterozygote Homozygote Total

χ2,

Wildtype

p-value

Mutant

P. Migraine with Aura
Yes

1 (1.2 %)

No

100 (78.7 %) 65 (74.7 %)

P. Migraine
Aura

12 (7.1 %)

0 (0 %)

13 (8.3 %)

4.267

9 (64.3 %)

174
(91.7 %)

0.119

without

Yes

4 (4.7 %)

17 (10.1 %)

1 (50 %)

22
(64.8 %)

6.475

No

81 (95.3%)

151 (89.9 %)

1 (50%)

233
(35.2 %)

0.039*

P.
headache

Tension-type

Yes

29 (34.1 %)

17 (10.1 %)

0 (0 %)

46
(44.2 %)

22.430

No

56 (65.9 %)

151 (89.9 %)

2 (100 %)

209
(55.8 %)

≤
0.001*

4 (3.6)

0.526

251
(96.4 %)

0.769

P. Cluster headache
Yes

2 (2.4 %)

2 (1.2 %)

No

83 (97.6 %)

166 (98.8 %)

0 (0 %)
2 (100 %)
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4.4 Evaluating the exogenous factors that precipitate primary headaches

Primary headaches are known to be caused by interplay of genetics and
environment. This study also sought to identify the likely exogenous factors that
may precipitate the occurrence of primary headaches in the population of
university students. For migraine with aura, certain odors, too much or too little
caffeine and stress were reported to be the most frequent precipitating factors,
with statistical significance. This study could not significantly relate any
exogenous factor to the occurrence of migraine without aura, although 80% of
subjects from this primary headache subtype report noise and sleep deprivation as
a precipitating factor for their headache attacks. As for tension-type headaches,
fatigue, stress and weather changes were named the most frequent precipitating
factors with a statistical relevance. These findings have been expressed in Table
4.14 for simplicity.

Stress and fatigue are exogenous factors commonly cited across different study
populations. The effects of caffeine on migraine have been rather controversial.
The American Headache Society purports that an occasional cup of coffee does
provide some measure of headache relief, while daily caffeine intake could lead to
increase tolerance and a likely dependence. Dependence can lead to withdrawal
which includes headache symptoms (Shapiro, 2008).
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Other studies have also yielded various results that are different from what has
been produced in this study as exogenous triggers reported by one individual is
not necessary constant in every other individual (Milde-Busch, et al., 2011).
Further, studies directed toward identifying trigger factors for headaches in
students have cited factors like exposure to electronic devices, physical exercise
and processed food. These factors should be considered and investigated.
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Table 4.14: List of exogenous factors and their association to primary headaches
Exogen
ous
Factor

MA
Number Χ2 ,
,%
pvalu
e
During 8(100%) 9.58
stress
8,
0.00
2
After
0 (0%)
1.66
stress
0,
0.19
8
Noise
6 (75%) 2.38
8,
0.12
2
Not
4
8.97
enough (50.0%) 0,
caffeine
0.00
3
Too
7
10.4
much
(87.5%) 58,
caffeine
0.00
1
Fatigue 1
0.84
(12.5%) 3,
0.35
9
Bright
2 (25%) 0.00
lights
0,
0.98
8
Certain 6 (75%) 15.9
odors
01,
0.00
0

MO
Number Χ2 ,
,%
pval
ue
0
5.91
(0%)
0,
0.01
5
0 (0%)
1.02
3,
0.31
2
4 (80%) 2.07
2,
0.15
0
1 (20%) 0.15
5,
0.30
1
0 (0.0%) 2.66
3,
0.10
3
3 (60%) 2.92
8,
0.08
7
1 (20%) 0.07
4,
0.78
6
0 (0%)
1.26
4,
0.26
1

TTH
Number Χ2 ,
,%
pvalu
e
26
18.2
(81.2%) 63,
0.00
0
0 (0%)
7.47
8,
0.00
6
15
0.02
(46.9%) 6,
0.87
1
2 (6.2%) 1.85
2,
0.13
6
29
52.8
(90.6%) 09,
0.00
0
3
5.67
(9.4%)* 0,
0.01
7
3
4.98
(9.4%)* 0,
0.02
6
1 (3.1%) 6.55
8,
0.10
0

CH
Number Χ2 ,
,%
pvalu
e
0
3.49
(0%)
2,
0.06
2
0 (0%)
0.81
9,
0.36
5
3
1.15
(75.0%) 3,
0.28
3
4
0.66
(100%)
5,
0.41
5
0 (0.0%) 2.09
3,
0.14
8
1 (25%) 0.00
3,
0.95
4
2 (50%) 1.37
4,
0.24
11
0 (0%)
1.01
3,
0.31
4

72

Table 4.14:Continued
Exogen
ous
Factor

Weather
changes

Substant
ial
reading
Fasting

Normal
sleep

Too
little
sleep
Too
much
sleep
Too
much
TV

MA
Number, Χ2 ,
%
pvalu
e
6 (75%) 1.09
6,
0.29
5
1 (12.5) 0.60
3,
0.42
7
1
0.28
(12.5%) 6,
0.59
3
2 (255)
0.93
7,
0.33
3
4 (50%) 0.08
2,
0.77
4
4 (50%) 2.45
1,
0.11
7
4 (50%) 0.19
9,
0.65
5

MO
Number, Χ2 ,
%
pvalu
e
3 (60%) 0.01
9,
0.89
1
2 (40%) 0.68
3,
0.40
9
2 (40%) 1.29
5,
0.25
5
0 (0%)
0.79
9,
0.37
1
4 (80%) 2.52
5,
0.11
2
1 (20%) 0.09
9,
0.75
2
2 (40%) 0.01
1,
0.91
5

TTH
CH
2
,
Number, Χ
Number, Χ2 ,
%
p%
pvalue
valu
e
29
17.24 2 (50%) 0.08
(90.6%) 8,
8,
0.000
0.76
7
8 (25%) 0.009 0 (0%)
1.28
,
5,
0.923
0.25
7
10
3.018 0 (0%)
1.01
(31.2%) ,
9,
0.082
0.31
3
5
0.143 1 (25%) 0.45
(15.6%) ,
3,
0.706
0.50
1
11
1.720 1 (25%) 0.64
(34.3%) ,
6,
0.190
0.42
2
8 (255)
0.025 0 (0%)
1.45
,
0,
0.875
0.22
9
16
0.898 2 (50%) 0.10
(50%)
,
5,
0.343
0.74
6
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4.5 Future Studies

Progressing from the present study, cross-sectional studies can be carried out,
which are able to increase reliability and relevance of primary headache
epidemiology data among Malaysian university students. In addition to this, using
standardized tests to measure stress and depression levels may be more useful in
determining how stress and primary headaches are related. In the present study,
the participants subjectively reported stress levels. Thus, the accuracy of the
actual levels of stress is not well defined. Participants may over-rate or under-rate
their stress levels.

In attempts to understand the science behind primary headaches, a greater depth
of molecular studies is necessary. Hence, it will be useful to carry out gene
expression studies, using real-time PCR to quantify the expression of enzyme for
each genotype among participants. Further, in order to study the extent of the
A1298C polymorphisms on MTHFR enzyme activity, measuring homocysteine
levels in plasma can be carried out. In future, it may be useful to analyze whether
the genotype of each individual is associated to elevated or normal homocysteine
levels. In doing this, it can also be possible to link homocysteine levels to the
occurrence of primary headache subtypes among the diagnosed participants.
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CHAPTER 5
CONCLUSION

The present study can concur that primary headaches are prevalent among the
university students of Universiti Tunku Abdul Rahman (UTAR) at 87%. From
the 222 positive responses, more females (52.7%) than males (47.3%) suffer from
primary headaches, albeit without statistical significance (p-value=0.651).

The prevailing primary headache in the population was found to be tension-type
headaches at 12.5%. Migraine headaches with aura and without aura were less
frequent at 3.1% and 2% respectively. Cluster headache, on the other hand were
the least frequent primary headache subtype at 1.6%. There is no association
between gender and definite primary headache subtypes. However, it was found
that significantly more males than females suffer from probable migraine without
aura and probable tension-type headaches.

Demographic analysis of the cohort of university students revealed that the vast
majority of students (96.8%) who suffer from primary headaches do not seek
medical attention from a physician. Self-medication was prevalent among 34.2%
of students, whereby the medication of choice is the analgesic Paracetamol for
35.1% of students who take self-prescribed medication to manage headaches.
Further, most students do not feel that their primary headaches affect their
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academic performance. Nevertheless, significantly more students (p≤ 0.001) with
positive responses to headaches report experience higher levels than those in the
control group with no headaches.

In the cohort of students, the heterozygous genotype (A/C) held the highest
frequency at 65.9%. The wild type genotype was found to be at 33.3%. There
were only two mutants yielded in the present study, both of which were found to
be male subjects. The MTHFR A1298C polymorphism was found to be
significantly associated to both migraines with aura as well as migraine without
aura (p≤ 0.001). The C-allele was hypothesized to confer risk to primary
headaches. When the HWE mathematical concept was applied to this population,
the C-allele was made evident as a genetic risk factor for primary headaches.

In this population, certain odors, too much or too little caffeine and stress are
reported to significantly precipitate occurrence of migraines with aura. Fatigue,
stress and weather changes have been found to significantly precipitate the
occurrence of tension-type headaches. There are no precipitating factors for
migraine without aura or cluster headaches. In conclusion, the data of this study
supports the hypothesis that A1298C polymorphisms of the MTHFR (rs1801131)
gene represent a genetic susceptibility factor for migraine headaches.
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Appendix A

UNIVERSITI TUNKU ABDUL RAHMAN
DEPARTMENT OF BIOMEDICAL SCIENCE
FINAL YEAR PROJECT JANUARY 2015
YEAR 3 TRIMESTER 2
CONSENT FORM
Name of Researcher

: REBEKAH GEORGE

ID no.: 1206256
Project Title:
Association of Methylenetetrahydrofolate Reductase (MTFHR) A1298C polymorphism and
primary headache disorders.
Aim / Purpose of the Research:
You are participating in a research study to detect the polymorphisms in
methylenetetrahydrofolate reductase (MTFHR) gene in a cohort of students in UTAR. The
objectives are:
a)

To identify the common types of primary headache disorders among UTAR students.

b) To study the association between the A1298C polymorphism in the MTFHR gene and its
relatedness to primary headaches in young-adult UTAR students.
c)

To identify likely exogenous factors that may precipitate the occurrence of primary
headaches

Procedure, Risk and Discomfort:
[Donors are advised not to consume any food or drink 30 min prior to sample collection.]
Firstly, you are required to rinse your mouth with mineral water to cleanse the mouth from food
particles. After cleaning, you are required to rinse again with saline solution provided. This mouth
rinse will be collected in a disposable paper cup as sample. This sample which contain your
Buccal cells or cheek cells will be used for genomic extraction for subsequent genotyping work.
Buccal cell collection poses minimal risk and discomfort to donor as it is a non-invasive method to
collect sample from donor.
Confidentiality:
Serial number will be assigned as to protect your personal information and the result obtained. The
info is used for research purpose only and would not be revealed to any other parties.

87

Consent and Signature:
Questionnaire:
Please fill in the following information and answer the questions provided.
Name

: _________________________________________

Contact number

: _________________________________________

E-mail

: _________________________________________

Faculty

: _________________________________________

Programme

: _________________________________________

Age:______ [Please state]
Race:
a)
b)
c)
d)

Malay
Chinese
Indian
Others

Gender:
a) Male
b) Female
Educational level:
a) Foundation
b) Degree study
c) Postgraduate program
Answer the following questions and “circle” your choice:
Part A: Health History
1.

Do you have/had any form of head/neck injuries?
a) Yes

b) No

c)

Unsure

If yes, please state the type of injury and when does it occur?
_______________________________________________________________________________

2.

Do you have/had any form of vascular disorders? (e.g., Heart attack, stroke, thrombosis, etc.)
a) Yes

b) No

c)

Unsure

If yes, please state the disorder and when does it occur?
_______________________________________________________________________________

88

3.
Do you have/had any form of intracranial disorders? (e.g., Seizures, low cerebrospinal fluid
(CFS),
intracranial neoplasm, etc.)
* CFS- Clear colorless bodily fluid found in the brain and spine
* Intracranial neoplasm- Tumor of the brain
a) Yes

b) No

c)

Unsure

If yes, please state the disorder and when does it occur?
_____________________________________________________________________________

4.

Do you have/had any form of intracranial/ extracranial infections in the last 3 months? (eg.
HIV, meningitis, encephalitis, etc.) [*Intracranial/ extracranial infections- Infections of the
brain]
a) Yes

b) No

c)

Unsure

If yes, please state the type of infection and when does it occur?
_______________________________________________________________
5. Do you have/had any form of homeostatic disorders? (eg. Hypoxia, hypertension, dialysis,
etc.)
a) Yes

b) No

c)

Unsure

If yes, please state the disorder and when does it occur?
____________________________________________________________________________
6. Do you have/had any form of disease that causes facial pain? (eg. Sinus infections, glaucoma,
teeth, mouth,
eyes, ears, nose, etc.) [* Glaucoma- eye disease]
a) Yes

7.

b) No

c)

Unsure

If yes, please state the disorder and when does it occur?
_____________________________________________________________________
Do you have/had any form of psychiatric disorders? (eg. Depression, anxiety, OCD, etc.)
a) Yes

b) No

c)

Unsure

If yes, please state the disorder and when does it occur?
______________________________________________________________________
8. Do you have any other health problem? If yes, please state:
______________________________________________________________________

9. Does any of your family members have recurrent headache episodes?
a) Yes

b) No

c)

Unsure

89

If yes, please state who(s), what age:
__________________________________________________________
10.

Does anybody in your family have a history of Heart disease (heart attack, stroke, heart
failure, high blood pressure, etc.)?
a) Yes

b) No

c)

Unsure

If yes, please state who(s), type of disease and what age:
_______________________________________________________________________________

11. Does anybody in your family have a history of Neurologic disease (seizures, brain tumors,
epilepsy, etc.)
a) Yes

b) No

c)

Unsure

If yes, please state who(s), type of disease and what age:
___________________________________________________________________________

12.

Do you have/had any form of substance use or withdrawal in the last 3 months?
I am currently taking:
I. Alcohol
(If yes, how much do you drink?) :
_____ per day /
_____ per week /
_____ per month
II. Smoking
(If yes, how much do you smoke?) : ________________

Yes

No

Yes

No

I have withdrawn from:
I. Alcohol
(If yes, when did you quit?)
____________________

Yes

No

II. Smoking
(If yes, when did you quit?)
____________________

Yes

No
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Part B. Classification of Primary headaches ( Circle your choice).
1.

Do you experience headache?
a) Yes

b) No

c)

Unsure

If
Yes,
what
type
of
headaches
do
________________________________________________

you

think

you

have?

[If yes, please answer Nos 2 – 18]
2.(Frequency of headache) How many headache attacks do you get in your entire lifetime?
a) At least 2

b) At least 5

c)

At least 10 episodes (circle your
choice):
I.
< 1day/month
II.
1-14 days/month
III.
≥ 15 days/month

d) Unsure

3.(Duration of the headaches) How long was your duration of headache attack?
a) 5 – 60
mins

b) 15 – 180 mins
(1-8 times per
day)

c)

4 – 72 hrs
occurring
on
<15
days/
month

d) 30 min – 7
days

e)

Unsure

4.(Location of headaches) Where do you feel the pain during your headaches? (You may circle
more than one).
a)

b) Right side of the head
(unilateral)

c) May be either
side

d) Both side of the
head
(bilateral)

e) Forehead

f) Temple

g) Back of head

h) Pain on one side
of
the
eye
(unilateral
orbital)

i)

j) Other:_____________

5.

Left side of the
head
(unilateral)

Pain above eye
sockets
(supraorbital)

(Associated Symptoms) Do you experience any of these symptoms during your headaches?
(You may circle more than one).
a) Seeing flickering lights, spots and lines

i)

Temporal pain

b) Loss of vision

j)

Red swollen eyes or tears

c)

k) Nose block or running nose

Feeling pins and needles on one side
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d) Feeling numb on one side

l)

e)

Pulsating quality

m) Forehead and facial sweating

f)

Moderate/severe pain intensity

n) Drooping eyes (miosis or ptosis)

g) Pain worsen
activities

when

doing

routine

Swollen eyelids (Edema)

o) Feeling restless
p) Pressing or tightening of the head

h) Pain worsen causing you not to perform
routine activities

q) Mild/moderate pain intensity
r) Pain do not worsen when performing
routine activities

6.

If you had visual symptoms (flickering lights etc.) during a headache attack, do you recover
from it after headache ends?
a) Yes
b) No
c) Sometimes
d) Unsure

7. If you had sensory symptoms (numbness etc.), during a headache attack, do you recover from
it after headache ends?
a) Yes

8.

Sometimes

d) Unsure

b) No

c)

Sometimes

d) Unsure

When you have a headache, are you sensitive to light or feel pain in the eye in the presence
of light?
a) Yes

10.

c)

Do you experience nausea or vomiting during headache?
a) Yes

9.

b) No

b) No

c)

Sometimes

d) Unsure

When you have a headache, are you sensitive or irritated to loud sounds?
a) Yes

b) No

c)

Sometimes

d) Unsure

11. Are there any signs that a headache is going to start?
a) Yes

b) No

c)

Unsure

If yes, please state:
______________________________________________________________

12.Do you have to stop whatever you are doing (playing, working, studying) when you get a
headache?
a) Yes

b) No

c)

Unsure
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13.Do any of the following bring on / trigger your headaches?
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
q.
r.
s.
t.

Suddenly even when not doing anything
When you have lots of assignments
When it is exam period substantial reading
Watch too much television
Long hours staring at the computer or laptop
Too much sleep (more than 8 hours)
Normal sleep (6 - 8 hours)
Too little sleep (less than 6 hours)
Fasting (hunger / skipping meals)
Substantial reading
Weather changes (hot)
Before menstrual/period
During menstrual/period
Certain odors
Bright lights/sun
During stress
After stress (first day of vacation, weekend, after a
test/assignment)
Fatigue (tiredness)
Too much caffeine
Not getting enough caffeine

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes

No

Yes
Yes
Yes

No
No
No

14.What do you do when you get a headache?
a.
b.
c.
d.
e.
f.

Take medication available at home
Take medication from pharmacy
Go to the physician/doctor
Take herbal remedies at home
Do not take anything, just lie down/rest
Other (Specify:_______________________________________)

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No

15.What type medicine do you take when you are having headache? (Circle or state if there is any)
a)
b)
c)
d)

Panadol (Acetaminophen)
Aspirin
Advil
If others, please state:__________________________________________

16. Does headache affect your academic performance?
a)

Yes

b) No

c)

Unsure

17.Please indicate the number of days over the past 3 months that your headaches affected the
following activities:
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Questions
How many days in the last 3 months did you miss lecture/ tutorial/ practical
because of your headaches?
How many days in the last 3 months was your productivity at university
reduced by headaches?

Number of Days

How many days in the last 3 months did you not submit report/ assignment /
homework because of your headaches?
How many days in the last 3 months was your homework productivity
reduced by 50% or more because of your headaches?
How many days in the last 3 months did you miss family, social, or leisure
activities because of your headaches?

Part C: Physical Activity
1.Do you engage in regular physical activity?
a)

Yes (Please state the activities:

b) No

2.How many minutes per day?
a)

10
20

-

b) 20
30

-

c)

30
40

-

d) 40
60

-

e)

>60

3.How many times per week?
a)
e)

1
5

b) 2
f) 6

c) 3
g) 7

d) 4
h) More
(please
state :____________)

Part D: Stress Management
1.How would you rate your stress level?
a)

None

b) Mild

c)

Moderate

d) High

e)

Very
high

2.Do you manage stress well?
a)

Yes

b) No

3.How do you manage stress? (Check all that apply)
a) Exercise

b) Social
relationships

c)
es

Hobbi

d) Prayer/
Spiritual

e) Family
relationships
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activities
4.In the past month have you:
Had periods of time when you feel down or depressed?

Yes

No

Felt less interested in doing things you normally like to do?
Mood swings, increased irritability and/or loss of concentration?
Been worrying excessively about a number of things?
Felt very nervous or anxious or suddenly experienced a lot of physical
symptoms (e.g., heat racing, sweating?
Had a fear of losing control of yourself?

Avoided social situations for fear of what others may think or say about
you?
Been afraid of being alone?
Had repeated thoughts or images in your head that are difficult to
dismiss?
Felt compelled to complete certain behaviors repeatedly (e.g., checking
to make sure you locked the doors, washing your hands again and etc.)
Thought a lot about an upsetting event from the past?
Found yourself preoccupied with food, weight or body image?
Been concerned about your academic performance?

5.

Have you been in therapy before or received any prior professional assistance for emotional,
psychological relationship issues?
a)

6.

Yes

b) No

Have you ever been diagnosed with a psychological condition (eg: clinical depression)?

a) Yes
b) No
Thank you for taking the time to complete this form. Your responses will be treated as private and
confidential.
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Appendix B

Diagnostic Criteria for Primary Headaches
Migraine with Aura
A. At least two attacks fulfilling criteria B and C
B. One or more of the following fully reversible aura symptoms:
1. Visual
2. Sensory
3. Speech and/or language
4. Motor
5. Brainstem
6. Retinal
C. At least two of the following four characteristics:
1. At least one aura symptom spreads gradually
Over 5 minutes, and/or two or more symptoms occur in succession
2. Each individual aura symptom lasts 5-60 minutes
3. At least one aura symptom is unilateral
4. The aura is accompanied, or followed within 60 minutes
D. Not better accounted for by another ICHD-3 diagnosis, and transient ischaemic attack has been
excluded.
Probable Migraine with Aura
A. Headache attacks fulfilling all but one of criteria A-D Migraine with Aura
B. Not fulfilling ICHD-3 criteria for any other headache disorder
C. Not better accounted for by another ICHD-3 diagnosis.
Migraine without Aura
A. At least five attacks1 fulfilling criteria B–D
B. Headache attacks lasting 4-72 hours (untreated or unsuccessfully treated)
C. Headache has at least two of the following four characteristics:
1. Unilateral location
2. Pulsating quality
3. Moderate or severe pain intensity
4. Aggravation by or causing avoidance of routine physical activity
D. During headache at least one of the following:
1. Nausea and/or vomiting
2. Photophobia and phonophobia
E. Not better accounted for by another ICHD-3diagnosis.
Probable Migraine without Aura
A. Headache attacks fulfilling all but one of criteria A-D for Migraine without Aura
B. Not fulfilling ICHD-3 criteria for any other headache disorder
C. Not better accounted for by another ICHD-3 diagnosis.
Tension-type Headaches
A. At least 10 episodes of headache occurring on 1- 14 days per month on average for >3 months
(≥12 and <180 days per year) and fulfilling criteria B-D
B. Lasting from 30 minutes to 7 days
C. At least two of the following four characteristics:
1. Bilateral location
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2. Pressing or tightening (non-pulsating) quality
3. Mild or moderate intensity
4. Not aggravated by routine physical activity such as walking or climbing stairs
D. Both of the following:
1. No nausea or vomiting
2. No more than one of photophobia or phonophobia
E. Not better accounted for by another ICHD-3 diagnosis.
Probable Tension-type Headaches:
A. One or more episodes of headache fulfilling all but one of criteria A-D
B. Not fulfilling ICHD-3 criteria for any other headache disorder
Cluster Headaches
A. At least five attacks fulfilling criteria B–D
B. Severe or very severe unilateral orbital, supraorbital and/or temporal pain lasting 15–180
minutes (when untreated)
C. Either or both of the following:
1. At least one of the following symptoms or signs, ipsilateral to the headache:
a) Conjunctival injection and/or lacrimation
b) Nasal congestion and/or rhinorrhoea
c) Eyelid oedema
d) Forehead and facial sweating
e) Forehead and facial flushing
f) Sensation of fullness in the ear
g) Miosis and/or ptosis
2. A sense of restlessness or agitation
D. Attacks have a frequency between one every other day and eight per day for more than half of
the time when the disorder is active
E. Not better accounted for by another ICHD-3 headache
Probable Cluster Headaches
A. Headache attacks fulfilling all but one of criteria A-D for Cluster headache,
B. Not fulfilling ICHD-3 criteria for any other headache disorder
C. Not better accounted for by another ICHD-3 diagnosis.
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Appendix C

Buffer preparation
10×TBE Buffer
This was prepared by mixing 108g of TRIS-Base, 55 g boric acid and 9.3g of EDTA into a 1L
Schott bottle already filled with 800 mL of sterile distilled water (dH20). This mixture was stirred
well with a magnetic stirrer. Using a pH meter, the mixture’s pH was made to settle at a pH of 8
with the help of HCL or NaOH. The buffer was stored at room temperature.
1×TBE Buffer
For a final volume of 1L, 100mL of the already prepared 10×TBE Buffer was mixed with 900mL
of distilled water and stored at room temperature.
Ethanol
The M1V1 = M2V2 formula was used to calculate the amount of absolute ethanol needed to make
70% ethanol. For a final volume of 200mL of 70% ethanol, 148mL of absolute ethanol (95%
ethanol) was filled into a 500mL Schott bottle.
5M NaCl
To prepare the NaCl solution, 146.1g of NaCl in solid state was dissolved into 350 mL of sterile
distilled water. then, more sterile distilled water was added to the mixture for a final volume of
500mL.
10% SDS
For the preparation of SDS, 180mL of sterile distilled water was added to 20g of SDS. The
mixture was thoroughly stirred with a magnetic stirrer before its pH was adjusted to settle at pH
7.2
Ethidium Bromide
To prepare 1µg/mL of EtBr, 50µl of 10 mg/mL EtBr was carefully added into a Schott bottle,
already filled with 500mL of sterile distilled water. The bottle was capped and the solution mixed
thoroughly. This was wrapped in aluminum foil and stored in a cool dark place.
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Appendix D
DNA Concentration and Purity
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Concentration (ng/µL)

68.8
119
86.3
86.3
67.5
64.5
36.8
43.8
56.5
252.0
65.0
62.0
6.0
23.3
54.0
30.0
61.3
38.8
131.5
82.5
95.0
56.3
46.0
112.5
96.3
76.3
63
39.3
95.0
72.3
83.75
156.5
62.5
13.3
73.8
21.8
46.0
28.8
86.3
67.5
72.5

Purity A260/A280

1.333
1.371
1.417
1.545
1.688
1.746
1.571
1.709
1.765
1.579
1.659
1.688
1.000
1.583
1.721
1.714
1.316
1.250
1.529
1.571
1.810
1.571
1.500
1.378
1.500
1.897
1.740
1.660
1.776
1.811
1.953
1.761
1.882
1.238
1.959
1.200
2.022
1.871
1.522
1.647
1.526
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Sample
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Concentration (ng/µL)

72.5
11.3
102.5
73.8
83.8
63.8
83.8
85.0
82.3
96.0
46.0
120.0
59.3
106.5
60.0
283.0
40.3
62.0
125.0
60.0
55.0
55.8
77.3
39.3
52.3
142.5
53.8
65.0
82.5
51.3
80.0
70.0
65.0
57.5
96.3
112.5
57.5
97.5
58.8
748
42.5
71.3
116.5
76.3
63.8
83.8
86.5

Purity A260/A280

1.526
1.250
1.538
1.526
1.435
1.381
1.500
1.400
1.440
1.627
2.044
1.712
1.587
1.819
1.888
1.799
1.940
1.760
1.542
1.777
1.700
1.762
1.79
1.717
1.615
1.776
2.000
2.000
1.797
2.500
1.722
2.400
2.000
1.769
1.379
1.643
1.412
1.625
1.471
1.672
1.455
1.588
1.704
1.667
1.529
1.650
1.750
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Sample
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

Concentration (ng/µL)

40.0
90.0
50.5
55.0
87.3
73.8
95.0
60.0
47.5
58.8
110
87.5
97.5
60.0
110
95.0
43.8
30.0
67.5
77.5
55.0
50.0
75.0
65.0
35.0
56.4
75.3
32.5
74.8
40.0
55.0
120.8
85.0
47.5
30.0
63.3
155
47.5
42.8
60.0
40.0
40.0
55.0
55.0
50.5
40.0

Purity A260/A280

1.800
2.038
1.800
1.900
1.800
1.938
1.729
1.777
1.727
2.100
2.000
2.059
2.053
1.999
1.913
1.900
2.800
1.400
2.400
2.150
1.787
1.818
1.765
1.733
1.75
1.725
1.655
1.444
1.701
1.900
1.672
1.768
2.267
1.900
1.500
1.662
1.712
1.462
1.735
1.668
1.850
1.900
1.670
1.833
1.545
1.443
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Sample
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

Concentration (ng/µL)

50.5
50.5
87.5
70
65
92.5
42.5
56.3
65
51.3
55
58
59
71
65
60
57.5
110
133
120
65
70
22
63.5
63.3
113.3
88.8
32.5
63.5
44.8
73.5
46
55
55
60
60
50.5
40
50.5
50.5
55
55
40
50.5

Purity A260/A280

1.777
1.75
1.944
2.333
2.167
2.056
1.462
1.885
1.857
1.667
1.643
1.81
1.79
1.7
1.72
1.7
2.3
2
1.828
1.928
2.167
1.75
1.758
1.894
1.847
1.671
1.686
1.97
1.707
1.894
1.591
1.88
1.7
1.9
1.777
1.71
1.999
1.888
1.8
1.7
1.9
1.7
1.7
1.8
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Sample
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

Concentration (ng/µL)

37.5
95.5
115.5
102
101.5
111.5
73.3
60
40
69.8
65.3
75.5
34
87.5
52.5
62.5
60
66
62
67.5
20.3
63.8
20.8
76
150.5
103
46.3
93.3
47.7
103.5
41.7
62.3
61
16
115.5
69.3
48.8
67.5
39.6
25
57.8
37
77
117
62.3
60
35.5

Purity A260/A280

1.875
1.856
1.719
1.763
1.664
1.836
1.678
1.888
1.7
1.722
1.862
1.718
1.767
1.842
1.909
2.083
1.7
1.73
1.73
1.8
1.771
1.662
1.49
1.719
1.657
1.737
1.682
1.64
1.76
1.404
1.643
1.624
1.72
1.719
1.689
1.683
1.909
1.68
1.754
1.665
1.737
1.785
1.719
1.681
1.796
1.7
1.762
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Sample
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

Concentration (ng/µL)

61.3
34.5
31.3
34.8
44
18.8
18.3
60
71.8
48
83
61
60
53
31.8
23
40.3
44.3
25
26.5
28
61
33
29.8
33.5
35.3
37
35.8
60
25.5

Purity A260/A280

1.738
1.703
1.703
1.732
1.63
1.727
1.636
1.888
1.88
1.667
1.47
1.7
1.7
1.943
1.938
1.958
1.95
1.636
1.724
1.793
1.75
1.71
1.861
1.903
1.512
1.892
1.827
2.04
1.777
1.444
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Appendix E

This research project was oral presented in the 6th Malaysian Biomedical
Symposium conducted in Universiti Tunku Abdul Rahman (UTAR). The
presentation was awarded the best oral presentation for the Community Health
category. The abstract of the study, as published in the symposium abstract book
is shown below.
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