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Abstract 

Psychological stress triggers headaches, but how this happens is unclear. To explore 

this, 38 episodic migraine sufferers, 28 with tension-type headache (T-TH) and 20 controls 

rated nausea, negative affect, task-expectancies and headache at 5-minute intervals during 

an unpredictable and uncontrollable 25-minute mental arithmetic task with a non-

contingent failure rate. Blood pressure and pulse rate were measured every 3 minutes and 

salivary cortisol was sampled before and after the task. Trigeminal activation was measured 

by nociceptive blink reflex measures during each of the three experimental phases.  

Multiple regression analyses indicated that negative affect (NA) was the strongest 

predictor of headache intensity during the task. Increases in stress-headache were unrelated 

to consistent changes in cardiovascular activity but were related to declines in cortisol and 

increased post-task trigeminal activity. In repeated measures ANOVAs, participants who 

developed headache had higher nausea, NA and self-efficacy expectancies than those with 

no-or-low headache (p <.05 to p <.001). In further multiple regression analyses to identify 

which aspects of the stress process contributed to the high NA preceding headache, 

discouragement, anxiety, irritation and tension mediated the relationship between headache 

intensity during the stressful task and primary and secondary appraisal processes (stressor 

exposure and stressor reactivity). Avoidant coping, perceived inability to decrease pain, 

and outcome expectancy independently predicted headache intensity during the stressful 

task. Anxiety mediated the relationship between headache intensity and the coping tactics 

of wishful thinking, self-criticism, pain catastrophizing and praying/hoping. Attachment 

anxiety and the personality traits of openness, agreeableness and conscientiousness 

moderated the relationship between stress appraisals and headache. Results were discussed 

using the model of stress-headache as allostatic load.  

Findings suggest that headache developed when participants overextended themselves 

during a stressful task, adopting an information processing style which impeded emotional 

adjustment to changing situational demands. Learning to modify perceptions of threat and 

adopting a more flexible, less outcome-dependent processing style which avoids response 

conflict might help to prevent headache from spiralling upward.  
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1.1 Background, terminology and rationale 

Sensitivity to psychosocial stress represents a possible psychobiological vulnerability 

for the ubiquitous primary headaches of migraine and tension-type headache or T-TH (1; 

2), where primary headaches are those without structural abnormalities (3).  

Migraine is a common headache disorder of neurovascular origin (4), occurring in 

18% of women and 6% of men (5; 6). It is characterised by recurrent and disabling 

episodes of moderate to severe headache associated with nausea, vomiting, phono- and/or 

photophobia. Its most prominent feature is throbbing, often unilateral headache, which can 

last from 4-24 hours and is aggravated by activity (7). The migraine experience may 

comprise four stages: the prodrome (e.g. fatigue and irritability), the aura, the headache 

phase and the postdrome (e.g. thirst, somnolence, visual disturbances, food craving, 

parasthesias and ocular pain) (8; 9). Neurological aura symptoms occur in approximately 

one third of migraineurs (10).  

Fewer than 15 headaches per month represents an episodic rather than a chronic 

headache condition. Median attack frequency is around one attack per month, median 

duration around 24 hours, although women report a longer migraine attack duration, 

increased risk of headache recurrence, greater disability and a longer period of time 

required to recover (11).  

In contrast to migraine, T-TH is a featureless headache in which migrainous focal 

neurological symptoms are absent. The pain is bilateral with a pressing, tightening quality, 

often described as aching or cramping, with diffuse localisation (7). T-TH affects some 

two-thirds of adult males and over 80% of females (12).  

Links between stress and headache 

Clinical, prospective and laboratory studies confirm the link between stress and 

primary headache. Psychosocial stress or tension – as distinguished from environmental 

and physical stress such as the bodily reactions to extremes of temperature, noxious fumes, 

flickering lights or strong and unpleasant odours – was retrospectively endorsed as a 

significant ‘trigger’ of primary headache across different cultures by 60-90% of male and 

female, child as well as adult, headache patients, ahead of fasting, sleep deprivation and 

alcohol (13-21). From prospective headache diary studies, self-reported ‘stress’ precedes 

a migraine attack by some 3-4 days (22; 23) and a greater-than-normal frequency of 

subjectively stressful events precedes a migraine attack (24-26).  
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In laboratory studies, both stress and negative affect (NA) have been implicated as 

significant headache precipitants that exacerbate the painful component of migraine and 

T-TH (27-33). Headache developed in 91% of patients with chronic tension-type headache 

(T-TH) during an hour-long stressful mental arithmetic task compared with only 4% of 

healthy controls (28), and headache was observed to develop more frequently in patients 

with T-TH than in controls or migraine sufferers during stressful mental arithmetic (33). 

Neurological studies have demonstrated greater stress sensitivity in migraineurs, 

showing reduced habituation to stimulation between attacks (and thus greater excitability), 

as measured by increased amplitude and reduced or delayed habituation of cortical evoked 

potentials (34; 35). Hypersensitivity in the visual and auditory systems of migraineurs has 

been demonstrated during and between attacks (36; 37). Also, in migraineurs, hypo-

excitability in the thalamocortical circuits which process sensory experience has been 

associated with attack initiation and sensory hypersensitivity (38). A lack of habituation 

has also been described in migraineurs for a brainstem reflex, the nociceptive blink reflex 

(nBR), interictally (39; 40) and a global amplitude increase was reported during attacks 

(41). Migraineurs are thought, therefore, to have an inherited central neuronal sensitivity 

or hyper-excitability to stress (2; 3; 42). Taken together, this research suggests that 

migraineurs (and possibly also T-TH sufferers) are generally more sensitive to stress than 

those who do not suffer recurrent headaches (1; 2).  

However, how and at what points the components of the stress process are linked with 

migraine and T-TH are relatively understudied and therefore poorly understood (43). 

1.1.1 Difficulties and directions in research 

A widely-used definition of psychological stress is of the processes occurring when 

environmental demands tax or exceed one’s perceived coping resources (44). 

Nevertheless, ‘stress’ is a ‘slippery’ construct (45), and there is a “serious lack of 

agreement” regarding how best to define its psychological aspects (46, p.113). The three 

main branches of stress science – environmental, physiological, psychological – have 

different ‘languages’, research foci and discipline-specific definitions (45), and none 

offer a linguistic equivalent of the nociception-pain distinction. In lay circles, ‘stress’ is 

an overused term, denoting NA or any stimulus with the capacity to elicit NA (45)1. This 

stimulus-response confusion complicates stress measurement by self-report, especially as 

 
1  Vingerhoets (2004, p. 114) cites the pithy comment of a journalist that “stress, in addition to being itself, 

and the result of itself, is also the cause of itself”.  
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there is no ‘gold standard’ for determining when a person is in a state of ‘stress’. There 

is also poor correspondence between its physiological, cognitive, emotional and 

behavioural aspects (46).  

Thus, it is frequently unclear which aspect or aspects of the stress process, singly or 

in combination, may predict headache in migraine and T-TH, especially if pain is 

conceptualised from the narrow viewpoint of nociceptive processing. Do headache 

sufferers experience more frequent stressors, appraise them differently, cope differently 

and less effectively, have stronger physiological reactions to a stressor or perhaps 

experience more intense (or different) negative affects than those who seldom suffer 

from headaches? And how might distal psychological factors such as personality or 

attachment style impact stress-related headache? Fortunately, recent advances have 

provided clarification of some otherwise ‘muddy’ areas in stress research, which will be 

reviewed later.  

1.1.2 Value of study 

Both migraine and T-TH carry a heavy burden of suffering and disability (47). 

Repeated headache attacks and often the constant fear of the next one can damage 

employment, social and family life (48; 49). In a 2010 Global Burden of Disease survey, 

T-TH and migraine were the second and third most prevalent disorders in the world, 

respectively, and migraine was the seventh highest cause of disability in the world, 

particularly in women (50). Clearly, it is imperative to find ways to reduce this burden. 

In this respect, of all headache precipitants or ‘triggers’, psychological stress is one 

of the most modifiable (51), even of a genetically-influenced condition such as migraine 

(52). This is evidenced by the efficacy of non-pharmacological approaches including 

stress management in the treatment of primary headache (53-55). Better knowledge of 

how stress induces headache may assist headache treatment and management in other 

ways, for example patients seeking non-pharmacological options and physicians aiming 

to avoid medication side-effects, including rebound headache (56-58). Furthermore, such 

knowledge may illuminate the role of psychosocial stress on disease outcome or 

progression in other disorders similarly affected — including episodic neuromuscular 

disorders such as fibromyalgia with which the migraines share similar clinical 

characteristics, and with which migraine may be comorbid (52; 59-61).  

For these reasons, this research aimed to investigate how psychological stress induces 

headache in those with a history of (episodic) migraine or T-TH. 
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In the sections to follow, the neural correlates of headache will be reviewed, and 

research on relevant perspectives of the stress construct will be described. This will be 

followed by discussion as to how stress impacts pain processing in headache. Finally, a 

biopsychosocial model of headache is presented.  

1.2 Nociception and pain in headache  

Nociception refers to the transduction, transmission and spinal cord modulation of a 

noxious stimulus (62; 63), while its psychological counterpart, pain – the perception of 

unpleasant or aversive bodily sensations – results from the activation patterns of a wide 

range of cortical structures, the pain ‘neuromatrix’ (64; 65), within which nociceptive 

stimuli are screened and edited. Nociceptors may be active at low levels in humans without 

the perception of pain (66-68). Conversely, after an injury and in chronic pain conditions, 

benign activity from non-nociceptive receptors may be interpreted as pain (69).Thus, pain 

is not the end result of nociceptive signals arriving at the threshold of consciousness, but 

an individual and subjective construction of the brain from numerous inputs, including 

sensory input, appraisals, attention, memory, coping and expectations based on 

environmental context (64; 70; 71). This nociceptive input is transmitted to the brain via 

first, second and third order neurons, culminating in the perception of headache. 

1.2.1 First order neurons 

Headache is thought to begin with the stimulation of small diameter Aδ or C-fibre 

meningeal nociceptors which transmit impulses to cell bodies in the trigeminal ganglia. 

The antidromic release of inflammatory and vasoactive neurotransmitters, including the 

key excitatory transmitter glutamate, activates sensory receptors, including those in small 

blood vessels branching from the middle cerebral (pial) and middle meningeal (dural) 

arteries (72-76), which swell. Extracranial dilatation adds nociceptive input in some 

migraineurs (77) as does myofascial tension in T-TH (78) and occipital nerve compression 

(79). This sensory information is conveyed to the trigeminal (sub)nucleus caudalis (TNC) 

in the spinal cord via the trigeminal nerve fibres which innervate the cerebral arteries.  

Since many of these nociceptive signals are short-lived, peripheral signals must be 

prolonged and amplified for headache to occur (80). Signals are prolonged through the 

process of windup, wherein repetitive stimulation causes a cumulative increase or 

summation in pain rating (temporal summation) which does not return to baseline between 

stimulations (81; 82). They are amplified through the process of sensitisation, in which 

nociceptive neurons become over-responsive to normal afferent input (83-88), reducing 
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the firing threshold and enhancing excitatory efficiency at the synapse (89-92). This 

change may provide the cellular basis for learning and memory in brain neuronal circuits 

(93). The sum of windup and sensitisation processes can be the fatiguing and possibly the 

death of inhibitory interneurons from excess glutamate so that the area is rendered 

increasingly sensitive to incoming nociceptive stimuli (hyperalgesia). The scalp, for 

example, can become tender even to low-level stimulation (94). Previously neutral stimuli 

are then perceived as painful (allodynia), and this sensitisation can last for months or 

longer (95; 96). 

1.2.2 Second order neurons 

Nociceptive and other impulses synapse in the TNC, the first site at which head pain 

processing occurs (92; 97). The TNC represents the first of the spinal ‘gates’ – i.e. lamina 

II of the dorsal horn, which consists of mostly inhibitory interneurons (65). Here 

neurotransmitters and neuromodulators in the endogenous pain control system can alter 

signal transmission to the somatosensory cortices. The release of opiates or endorphins for 

example can cancel or reduce the perception of pain (98), although endogenous µ-opioid 

transmission is impaired in chronic migraineurs (99). 

In the case of T-TH, the upper cervical nerves innervate the infratentorial dura mater, 

and impulses from dorsal root ganglia of the upper cervical segments arrive at the 

brainstem, particularly via the greater occipital nerve (80). Hence the TNC, which is 

functionally an extension of the dorsal horn into the lower brainstem, also receives 

synaptic input from the cervical (C2) spinal afferents (100-102). As a result, neck pain can 

spread into the head and headaches can involve soreness in the neck. This may be one 

reason why many migraineurs report episodes of T-TH (103). 

Thus the essential substrate for primary headache is the trigeminovascular system – 

which, by definition, consists of the trigeminal nerve, extracranial and intracranial arteries 

and the TNC in the brainstem (104-107). 

Meanwhile, the perception of headache can be facilitated or enhanced by descending 

pathways that converge in the periaqueductal gray (PAG) (108; 109) and project through 

the rostroventral medulla (RVM). Neurons from the RVM project to the face area of the 

somatosensory cortex on the inferior portion of the postcentral gyrus where initial cortical 

processing takes place (110). For example, the spinoparabrachial pathway transmits 

impulses to the amygdala and hypothalamus via brain stem nuclei responsible for arousal 

and preparation for threat (the parabrachial nucleus). A circuit comprising the PAG, 5-
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hydroytryptamine (5-HT) neurons of the RVM and norepinephrine (NE) neurons of the 

dorsolateral pontomesencephalic tegmentum (DLPT) is particularly important in pain 

modulation (97). It has been hypothesised that anxious/stressful feelings may trigger 

activation in the PAG and paraventricular hypothalamic nucleus, activating a series of 

events in the superior salivatory nucleus and trigeminovascular system that results in 

migraine pain (111). While a reverberant loop of activation from the parabrachial nucleus 

to the TNC can prolong nociceptive stimulation (112), a functional connection between 

the parabrachial nucleus and pain modulation areas of the RVM also allows this pathway 

to access descending control systems as part of a recurrent circuit (113). Thus, by 

modulating the activity of TNC neurons that process and relay peripheral nociceptive input 

(114-116), variables such as emotion and memories can influence whether the pain ‘gate’ 

is ‘open’(117), and allow stress to modulate nociceptive processes (118). 

1.2.3 Third order neurons 

From the TNC, input from the trigeminovascular system is conveyed to third-order 

trigeminal neurons in the ventral posteromedial (VPM) nucleus of the thalamus (113; 119). 

At the thalamic level, the spinothalamic tract bifurcates into a lateral pathway which 

encodes the sensory dimension of pain and a medial pathway which encodes its affective-

motivational qualities (120), both of which end up in Brodmann Area 24 of the anterior 

cingulate cortex. Area 24 is involved in softening pain distress while leaving its sensory 

features intact. It is also deactivated by pleasant emotions and a decrease in pain 

unpleasantness (121).  

Via ascending spinothalamic and spinoparabrachial nociceptive pathways, impulses 

are further transmitted to the PAG, hypothalamus and lateral thalamic nuclei – areas of the 

CNS involved in sensory, emotional, autonomic and motor processing (122). Burstein & 

Jakubowski (111) maintain that headache is only perceived once the nociceptive signals 

originating in the meninges reach the somatosensory cortex, after being conveyed through 

the trigeminal ganglion, medullary dorsal horn (TNC) and thalamus.  

1.3 Perspectives on stress 

Modern stress theory has emerged as a confluence of biomedical, neuro-affective and 

psychological research, beginning with the biomedical tradition which borrowed the terms 

stress and strain from 17th century engineering: stress was the amount of force applied to 

an object, strain the resultant wear-and-tear. 
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1.3.1 Biomedical stress research 

Harvard physiologist Walter Cannon (123) first described the primary sympathetic-

adrenal-medullary (SAM) stress response. Within seconds of a stressor, the sympathetic 

nervous system (SNS) is activated, with corresponding suppression of the parasympathetic 

nervous system (PNS). Via a neural pathway arising from the hypothalamus and 

descending to the spinal cord, sympathetic efferents activate the release of the 

catecholamines epinephrine and norepinephrine from the adrenal medulla. These 

hormones prepare the organism for fight or flight, by increasing respiration, elevating heart 

rate and blood pressure, redistributing blood from the extremities and internal organs to 

the muscles, increasing sweating, dilating the pupils and causing changes in immune 

functioning. The catecholamines also help to break down liver glycogen rapidly and make 

abundant blood sugar available for the stressed organism. 

The second ‘arm’ of the stress response, arising from the slower-acting hypothalamic-

pituitary-adrenal (HPA) axis, was identified by Hans Selye – considered the ‘father’ of 

modern stress theory (124). The HPA response is activated within 10 minutes from the 

paraventricular nucleus (PVN) of the hypothalamus, releasing the stress hormone CRF 

(corticotrophin releasing factor) which, in turn, triggers the release of ACTH 

(adrenocorticotrophic hormone) from the anterior pituitary, which then releases cortisol 

(17α-hydroxy-corticosterone) from the adrenal cortex (125). Cortisol acts to increase blood 

glucose levels, enhance metabolism and reduce inflammatory and immune responses. 

These pituitary-adrenal changes constitute the background effect of stress and cannot be 

detected by the individual (126). They are considered the (biological) hallmark of the stress 

response, since everything that is typically considered to be a stressor in humans generates 

this response and the SAM response is not specific to stress (127). As the end result of the 

cascade of hormones through the HPA axis and as the primary peripheral stress hormone, 

the glucocorticoid cortisol is considered a good indicator of HPA axis activity and a vital 

link between stress and its health consequences (125; 128).  

The arms of the stress response emanate from a cluster of brain structures including 

the locus coeruleus at the top of the brain stem, the midbrain and limbic system structures 

of thalamus, hypothalamus, hippocampus and amygdala, and adjacent structures such as 

anterior cingulate cortex (129). They communicate with the rest of the body about how to 

respond to the stressor. Each system alters the functioning of other systems, stimulating 

the cardiovascular and respiratory systems and inhibiting the digestive and immune 
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systems (124). Hence, stress in the biomedical tradition is a body-brain response, since 

practically all visceral organs and immune responses are also recruited during stress. 

Homeostasis and allostasis 

In the 19th century, the French physiologist Claude Bernard described the bodily 

response to stress as an homeostatic process, in which body states are actively stabilised 

against outside disturbances though negative feedback mechanisms (130). The concept of 

homeostasis followed a long tradition which recognised that disease states could result 

from alterations in the ability of an organism to maintain bodily homeostasis when 

stressors or responses exceeded a certain magnitude, or where responses were inadequate 

in duration (130; 131).  

For Selye, stress was the non-specific response of the body to any demand placed 

upon it; a ‘General Adaptation Syndrome’ with three phases – alarm, resistance and 

exhaustion – although his non-specificity theory has since been discredited (132). Each 

phase was designed to achieve homeostatic balance and caused distinctly different 

physiological changes (124). Sterling & Eyer’s concept of allostasis – stability through 

change (133) – challenged Selye’s homeostatic concept of stress, arguing that biological 

stress responses were not just negative feedback loops associated with disrupted 

homeostasis, but a response to a prediction (134). For example, when rats are forced to 

swim against a current for 15 minutes, repeated exposures result in a decline in HPA 

response (135). Since a laboratory-bred rat has never previously been exposed to a 

swimming pool, the stimulus can be considered as unpredictable and uncontrollable. With 

repeated experience, the magnitude of the SAM and HPA response, particularly its speed 

of recovery (136), alters to become more attuned to the metabolic demands of a 15-minute 

swim. A better prediction of the demands shifts the integrated response.  

Since the situation has now become controllable and predictable it may no longer be 

perceived as a stressor – “a stimulus or environmental condition in which the response 

demands exceed the adaptive capacity of the organism” (134, p.1298), i.e. its capacity to 

adapt behaviourally and physiologically to a situation. A stressor is perceived as 

uncontrollable if it exceeds one’s adaptive capacity (as when one’s personal or social 

resources are inadequate), and as unpredictable if it exceeds the organism’s regulatory 

range – the range of environmental conditions within which regulatory processes operate 

adequately without requiring adaptive changes (137). Physiologically speaking, 
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perceptions of unpredictability are characterised by the absence of an anticipatory response; 

uncontrollability by a reduced recovery of the neuroendocrine reaction (134).  

Thus, from an allostatic perspective, stress involves the biopsychosocial processes 

occurring when response demands exceed either the organism’s adaptive capacity or 

natural regulatory range (137). An individual is in a state of stress when environmental 

demands exceed one’s natural regulatory capacity. As will be seen, this view of stress 

brings biomedical and psychological conceptions of stress into greater alignment. 

1.3.2 Neuroaffective research 

Affective neuroscience (126) offers a further and profound perspective on the nature 

of stress. This body of research has illuminated the hallmark changes in the cognitive 

processing of affective information and subcortical emotional circuits that underpin the 

phenomenological experience of stress. 

1.3.2.1 Cognitive processing in stress 

Phenomenologically, stress is characterised by disrupted cognitive processing of 

affective information (126). When our lives are calm, there is a reciprocal control between 

cognitive and emotional processes, so that the spontaneous behavioural and affective 

dictates of the more primitive brain control systems are kept in check.  During stress, 

however, the upward influence of subcortical emotional circuits on the higher reaches of 

the brain is stronger than top-down controls. Sympathetic and HPA axis responses are 

running ‘at full tilt’ (126), and the ‘disorganizing aspects of emotion’ prevail. Thought and 

action are fragmented as a result of a temporary ‘disconnect’ from those higher appraisal 

processes which help us make sense of what is happening, plan, decide our options and 

regulate our emotions. The functioning of pre-frontal cortical centres involved in 

regulating emotions and defining our sense of self is impeded (126), including the 

infralimbic region of the medial prefrontal cortex that plays a role in stress controllability 

(138) and exerts an inhibitory influence on emotional responsiveness (139). Although the 

specific cognitions associated with stress-related NA are seldom reported (and difficult to 

verbalise), they may reflect awareness of emotional and physical dysregulation and 

difficulty ‘thinking straight’. They parallel the primary stress appraisal processes 

identified by Lazarus – the emotional impact, subjective ‘stressfulness’, goal salience and 

perceived controllability of the stressor (140).  
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1.3.2.2 Affective reactivity to stress 

Therefore, although NA is an integral part of the stress response, psychological stress 

is strictly a state distinct from its affective components (141). NA accompanies activation 

of the threat-defence system – subjectively experienced distress which comprises 

emotions, feelings and action tendencies (142). NA arises initially as an emotion, a rapid, 

hardwired, minimally processed pre-cognitive ‘affective computation’ regarding the 

significance of the stimulus (143), and a sense of immediate unpleasantness related to 

threat triggered by the arousal of hierarchically arranged emotional circuits in the limbic 

system (126). This emotion is followed by feelings, or ‘cognitive computations’ about the 

relations between such stimuli (143), which are derived from meanings arising from 

higher-level deliberations that characterise the conscious contents of a human mind 

dwelling on how to deal with personally significant situations (126; 144). Ultimately, 

feelings arise from the interaction of the various emotion systems with the fundamental 

brain substrates of “the Self” – neurally-based self-representation systems, possibly 

centred in the PAG (126; 145), the site of the purported ‘migraine generator’ (146). 

While emotions follow the ‘low road’ to the amygdala – a ‘quick and dirty route’, 

feelings follow the slower ‘high road’ to the auditory, somatosensory, gustatory and 

olfactory cortices (143). The perceptual information connected with feeling states and 

projections from the cortices to the amygdala allow responses to stimuli in a single sensory 

modality (143; 147). The amygdala finally receives inputs from brain regions associated 

with full-blown, polymodal, perceptual representations of the stimulus situation and with 

memory, allowing the emotional response to be triggered by complex, contextual features 

of the stimulus (143; 147). Feelings can thus be modified by visceral activity (148) and 

neurocognitive processes (142). Affect is the overt expression of emotions and feelings 

(142), which are usually aversive in the case of stress and pain. Investigations of the 

relationship between NA and headache are the subject of Chapter 6 of this thesis. 

1.3.2.3 Subcortical emotional command systems in the stress process 

The affective ‘drivers’ of the stress process arise from subcortical ‘emotional 

command centres’ (126). These systems orchestrate and coordinate perceptual behavioural 

and physiological changes that promote survival in the face of danger: to approach when 

Seeking, to escape from Fear, to attack when in Rage, to seek social support and 

nurturance when in Panic from the threat of social loss, to enjoy Play and Lust and 
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dominance. The four most salient systems involved in the stress process are detailed in 

Table 1.1 and are described as follows: 

1. Activation of the FEAR circuit may accompany all forms of stress and creates the 

phenomenological experience of anxiety. This genetically ingrained function of the 

nervous system is generated by pain or the threat of destruction and experientially is an 

aversive state, characterised by apprehensive worry and tension which tells creatures 

that their safety is threatened. Depending on the type of fear, i.e. whether or not 

punishment is involved and whether or not the fear is learned or spontaneous, activation 

of the FEAR circuit prompts animals to hide (freeze) or flee (126). Neuro-chemistries 

in the FEAR emotional system include glutamate2 (important for the mediation of 

memory and cognitive processes) and a variety of neuropeptides, including 

corticotrophin-releasing factor (CRF). CRF controls the pituitary-adrenal stress 

response that accompanies virtually all emotions, including depression (149-151). 

2. The PANIC circuit is activated by interpersonal stressors which threaten the loss of 

those with whom we have social bonds and mediates negative feelings such as sorrow, 

grief and, at high levels of intensity, panic. It is neurochemically related to the 

processes that create social attachments and dependencies – processes that tonically 

sustain emotional equilibrium and promote mental and physical health throughout our 

lifetime. The system is so termed because panic can emerge from precipitous arousal 

of the separation-distress system (126). CRF is a common neurochemistry in both 

FEAR and PANIC circuits, which overlap. However, separation anxiety differs from 

the fearful anxiety of the FEAR system in being accompanied by feelings of weakness 

and depressive lassitude, with autonomic symptoms of a parasympathetic nature, such 

as strong urges to cry and seeking the company of special loved ones. 

3. The RAGE circuit is thought to arise from the neural circuits that orchestrate affective 

attack (129) and has close anatomical and neurophysiological linkages to the 

SEEKING system, with which it is complementary. The RAGE circuit is aroused by 

a rapid suppression of activity within the SEEKING system, when rewarding brain 

stimulation is terminated (152).  

 
2 When secreted in excessive amounts, glutamate damages receptive neurons, although underactivity in 

this system may also be neurotoxic (Olney & Farber, 1995). 
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4. The mesolimbic/cortical dopamine circuits at the heart of the SEEKING or 

exploratory system can inhibit stress (and pain). During stimulation of the lateral 

hypothalamic circuits of this system, people report feeling challenged and invigorated 

(153; 154) as these anticipatory-appetitive arousal dopamine circuits tend to energise 

and coordinate the functions of many higher brain areas that mediate planning and 

foresight. Underactivity of this system results in a form of depression, a feeling of 

sluggishness (155). Over-arousal can also occur, a response to the uncertainty when 

an expected reward is not forthcoming. This system also appears to respond to the 

anticipation of aversive events – emotional challenges where solutions must be sought 

(156; 157), so that deactivation may result when circumstances are ambiguous or 

important life goals are thwarted. Depending on secondary appraisals, feelings of 

disappointment or sluggishness may follow. Long-term stress can sensitise the 

SEEKING system and reduce stress tolerance (126).  

Therefore, stressor unpredictability/uncontrollability may activate the RAGE circuit 

if the stressor is appraised as signifying an attack on self or significant others, the FEAR 

circuit if the stressor involves pain or threat of destruction or the PANIC circuit if a 

survival-relevant emotional tie to significant others is threatened (126).  
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Table 1.1 Four emotional command systems potentially activated during pain and stress  Adapted from Panksepp (126). 

Neural circuit 

(affective experience) Function Neural pathway Activators Behaviours Neuro-transmitters 

FEAR 

(Anxiety, terror, 

anticipatory anxiety) 

Generate a major form of 

trepidation leading to 

freezing and flight; reduce 

pain and possibility of 

destruction 

Central amygdala to periaqueductal 

gray (PAG) of midbrain 

Pain; 

Threat of destruction (e.g. 

predator) or to 

sustainability of our way of 

life (45). 

Freeze if danger distant or 

inescapable; flee when 

danger close but can be 

avoided 

Glutamate and a variety of 

neuropeptides (e.g. CRF, 

ACTH, CCK, DBI, α-MSH), 

each of which may instigate 

slightly different anxieties 

PANIC 

(Interpersonal: 

loneliness, sadness, 

psychic pain, 

separation distress) 

Maintain important social 

bonds which are survival-

relevant 

Midbrain PAG, very close to where 

physical pain responses are 

generated; medial diencephalon, 

esp. dorsomedial thalamus, ventral 

septal area, preoptic area, stria 

terminalis, amygdala, 

hypothalamus. Emerged from pre-

existing pain & thermo-regulatory 

circuits in course of evolution)  

Threat of separation or social 

loss (of those with whom 

we have social bonds); 

Stimulus-bound attachment 

behaviours; distress 

vocalisations  

CRF, β-endorphins; 

Endogenous opioids, oxytocin 

and prolactin suppress this 

system 

SEEKING 

(Invigoration, 

interest, excitement, 

anticipation, 

curiosity; eagerness; 

depression and 

sluggishness if 

underactive) 

Appetitive motivational; 

promotes exploration and 

foraging, survival abilities, 

facilitates learning 

Specific two-way circuits between 

midbrain and frontal cortex; 

involves lateral hypothalamus. 

System more active in response to 

cues that predict reward than to the 

reward itself. 

Smells, sights, novel 

environmental cues, 

anticipation of rewards or 

pleasurable activity, 

emotional challenge where 

organism must seek 

solutions 

Searching, foraging, 

investigating, sniffing, 

discriminative learning, 

anticipatory behaviour 

Dopamine, norepinephrine 

(NE) and epinephrine (E) 

play modest facilitatory roles 

while serotonin generally 

inhibits (except at some sites 

in mesencephalon) 

RAGE 

(anger, frustration at 

attempts to curtain 

freedom of action) 

Energises body to angrily 

defend its territory and 

resources 

Medial areas of the amygdala 

through discrete zones of the 

hypothalamus and down into the 

PAG of the midbrain; 

Linked with reward systems of 

cortex 

Body surface irritation, 

restraint, frustration, 

concern about distribution of 

resources 

Invigoration of musculature; 

increases in heart rate, blood 

pressure, muscular blood flow; 

Tendency to strike at offending 

object; 

Threatening behaviour/ 

aggression – 3 distinct circuits 

exist: predatory, ‘internale’ 

and affective attack 

Enkephalin 

Substance P 

Norepinephrine (NE) 

Serotonin (5-HT) suppresses 

anger 

Abbreviations: CRF = corticotrophin releasing factor; ACTH = adrenocorticotropic hormone; CCK=cholecystokinin; DBI= diazepam-binding inhibitor; MSH=melanocyte-stimulating hormone  
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1.3.3 Psychological stress research 

Psychological stress research focuses on the role of cognitions, affect and behaviours 

in the stress response. 

1.3.3.1 Stress-related cognitions, affect and behaviour 

By profoundly challenging the behaviourist view of stress as a property of the events 

and situations we face (e.g.158), Richard Lazarus’ influential transactional model of stress 

represented a watershed in stress science. He argued that stress depends on a transaction, 

a goodness-of-fit, between the individual and the environmental demands (159). Stress 

was described as a ‘distressing, goal-incongruent condition’, arising when important 

personal goals are threatened (160).   

At the core of the cognitive model of stress is the notion that for an event to be 

stressful it must first be appraised as such (159). Primary appraisals: “What is at stake 

here?” evaluate whether a potential stressor is irrelevant, benign-positive or stressful-

negative, based on the personal goal relevance of the stressor to self or significant other, 

type of ego involvement, its likely impact, controllability and subjective ‘stressfulness’ 

(161; 162). Secondary appraisals consider whether the stressor requires a problem or an 

emotion focus and how readily one can successfully implement and move flexibly 

between them (163). 

Appraisals affect physiological activation, both the SAM and HPA systems and NA. 

An event congruent with an individual’s goals is evaluated as positive (164). If not, then 

NA is generated (165). For example, depression may arise from making no progress 

toward the realisation of a goal, anger from a demeaning offense against ‘me and mine’, 

anxiety from facing uncertain, existential threat and fear from facing an immediate, 

concrete and overwhelming physical danger (166). Such feelings may also arise when 

overuse of the threat and drive systems, absent self-soothing, lead to exhaustion, anxiety, 

shame or helplessness, resulting in persistent low moods (167). Ongoing NA can itself 

generate threat appraisals (168). 

The appraisal process is constantly changing as the individual updates perceptions of 

stressor controllability and of success or failure in meeting a challenge or threat (outcome 

appraisal) (159). Stress and headache vulnerability may increase or decrease depending 

on the reappraisal, for example if secondary appraisals of coping options result in the 

adoption of more active or more confrontational strategies.  
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The more recent affective psychology perspective extends this argument: stress arises 

from a pre-cognitive appraisal of a future threat to our wellbeing and is any process which 

increases uncertainty about the sustainability of our way of life. In the stress process, 

normally separate positive and negative emotion systems ‘collapse’, nullifying positive 

emotions. The degree of threat depends on the salience and perceived level of uncertainty 

the stressor may pose (45).  

Also important in the stress process are behavioural coping responses – constantly 

changing cognitive and behavioural efforts to manage specific external and/or internal 

demands that are appraised as taxing or exceeding the resources of the person’ 

(159,p.141). Optimal stress coping involves confronting the problem and/or managing its 

emotional impact; non-optimal coping involves avoidance of either or both (159). Non-

optimal coping increases headache risk and is greater in headache sufferers than controls 

(169; 170), possibly because such coping methods fail to regulate or mis-regulate (have 

adverse outcomes) (171).  

1.3.3.2 Personality and the stress process 

Personality dispositions – individual differences in characteristic patterns of thinking, 

feeling and behaving (172) – have long been viewed as distal vulnerability factors for 

migraine and T-TH. The experience of being ‘at the mercy’ of unbridled emotions whilst 

bereft of our usual top-down controls can be experienced as threat to the ‘self’ (126) or 

‘ego’, is likely to elicit habitual responses or behaviours designed to manage this threat 

(166), thereby increasing stress sensitivity in headache sufferers.  

Historically speaking, personality research in headache has focused on trait rather 

than process conceptualisations of personality (173; 174). Examples of the latter are 

‘middle-level’ constructs such as locus of control (175), self-efficacy (176), hardiness 

(177) or dispositional optimism (178). At least two difficulties can however be identified 

in personality-headache research to date. Firstly, global trait perspectives such as the Five 

Factor Model (FFM) have been criticised for being descriptive rather than explanatory 

(179). Secondly, inter-relationships between traits and those personality processes which 

may impact on headache are frequently unclear. Research which links both global and 

‘middle-level’ personality constructs with the headache experience is needed (180). 

 Nevertheless, a small body of research has established that stable personality traits 

such as neuroticism (negative affectivity) and extraversion (positive affectivity) reliably 

relate to the frequency and/or intensity of short-term mood states, to emotional information 
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processing across different cognitive tasks and how well emotions are regulated (181-

183). In relation to stress, personality expression has been linked to stressor exposure, the 

likelihood of making threat appraisals of an event, and to stressor reactivity, the emotional 

and physiological reactivity to a stressor (184). In this thesis therefore, the inter-

relationship between headache, stress, global traits and the possible moderating effects of 

appraisal processes and coping behaviours on both stress and headache (184; 185) is 

explored. The relationship between trait conceptualizations of personality, headache and 

stress are investigated in Chapter 3, and their putative relationship to these particular 

‘middle-level’ personality processes in Chapters 7 and 8.  

1.3.3.3 Attachment style and the stress process 

The temporary loss of top-down cognitive controls characteristic of the stress 

experience may prompt appeals to our significant others for regulatory assistance, as 

without social support we are forced to ‘ride the whirlwind alone – usually with less rather 

than more skill’ (126). Thus, attachment style – one’s characteristic way of behaving in 

close relationships – is a second potential distal influence on the stress process, and may 

also reflect one’s level of perceived as well as received social support, which are known 

to buffer the effects of stress on health (186). The influence of an anxious and avoidant 

attachment style in headache is investigated in Chapter 4 of this thesis. 

A synthesis of these perspectives conceptualises stress as a biopsychosocial process 

where the elements: stressor—appraisal—coping—stress response—strain (46), may 

interact to activate the physiological, cognitive, affective and behavioural changes that 

promote headache. (Figure 1.1). Distal influences (personality, attachment status, prior 

experience) can interact at any point with these elements. Of course, lifestyle factors such 

as sleep quality (187; 188), diet/eating patterns (189), exercise (135) and one’s general 

state of health may moderate the relationship between stress and headache. However, since 

the aim of this study was to examine psychological influences in stress and headache, 

while as far as possible separating out stressors which may equally result from, as well as 

cause, stress, lifestyle factors were excluded from analysis in this study.   
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Figure 1.1 Stages of the stress process in psychological stress theory (cf 46). Stressor-appraisal-
coping strategies and tactics, stress reactions (physiological, information processing, affective and 
behavioural)-strain. 

1.4 Stress sensitivity and pain processing in headache 

We are now well placed to consider the effects of stress on headache, using the 

synthesis of perspectives diagrammed in Figure 1.1. In this section, the components of the 

stress process will be considered in relation to each stage of pain processing in headache, 

i.e. sensory-discriminative (pain intensity), affective-motivational (pain affect and 

unpleasantness), cognitive-evaluative (pain cognitions and beliefs) and pain behaviour 

stages (190; 191). Specifically, it will be argued that stress sensitivity may increase 

headache pain perception by increasing (i) stressor exposure, (ii) activity in peripheral pain 

producing mechanisms, (iii) pain affect/unpleasantness, (iv) negative pain cognitions, (v) 

pain behaviours. The end result can be long-term wear-and-tear on the organism, i.e. strain, 

as migraine attacks are stressful events in their own right, and attacks with recurrent episodes 

of pain, central sensitisation, and concomitant hormonal and inflammatory changes may 

alter brain structure and function (192). 

1.4.1 Increased stressor exposure 

Prior experiences of headache and perhaps predisposing psychobiological factors 

such as neuroticism may mean that headache sufferers are exposed to more, or more 

frequent, stressors (184), are more likely to appraise a stressor (including headache) as 

threatening (185), and to have greater expectancies of goal disruption (193). 

Greater headache frequency and intensity has been associated with major life events 

(such as death, divorce, job loss) and ‘daily hassles’ (187; 194-196) – the short-lived 

‘irritating, frustrating, distressing demands that to some degree characterise everyday 

transactions with the environment’ (197; 198). Examples are environmental events (e.g. 
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noisy gatherings, crowded rooms), work issues (e.g. deadlines, tension with co-workers) 

or interpersonal problems, e.g. an argument with a relative or close friend (199).  

Major environmental stressors (e.g. an earthquake) may increase allostatic load (the 

burden of stress adaptation) (200) by exceeding the individual’s regulatory range (194; 

201), whereas the cumulative effect of daily hassles may exceed the individual’s adaptive 

capacity. Ambiguous stressors – those lacking clear indications of situational 

contingencies or likely outcomes which can aid coping choices – also increase allostatic 

load (202-206). The more stressors and the greater their salience to the individual, the 

greater the allostatic load. 

1.4.2 Increased activity in peripheral pain-producing mechanisms  

Both arms of the stress response (negative affect and physiological arousal) are 

activated as part of the pain response (207) and communicate with the rest of the body 

about how to respond to the stressor. Each system alters the functioning of other systems, 

stimulating the cardiovascular and respiratory systems and inhibiting the digestive and 

immune systems (124). Cortisol levels also increase.  

The net effect of the activation of these systems can be to increase pain intensity – the 

location, quality, duration and intensity of pain (208). Although multiple brain regions are 

activated and modulated by nociceptive stimuli (209), the insula, a limbic-related cortex, is 

associated with general interoceptive awareness of body states and is where the sensation 

of pain is judged as to its degree (118). It is believed to play a role in mapping visceral 

states that are associated with emotional experience, giving rise to conscious feelings (144). 

Stress-related changes in cardiovascular and cortisol activity can intensify these responses. 

Persistence or fatigue of these responses may alter the brainstem excitation-inhibition 

balance, increasing trigeminal activation and cortical hyperarousal. This interplay means 

that headache and nausea can potentiate each other (210), autonomic arousal by itself can 

produce emotional experiences (211) and neurocognitive processes such as expectancies 

and reappraisal (212) can influence headache more than NA alone (213).  

Thus, at the sensory-discriminative stage of pain processing, stress-headache may be 

caused by:  

1. Increased activity in peripheral pain producing mechanisms, including: 

a) Increased pre-synaptic nociceptive input or increased peripheral or central 

sensitisation. These may be greater in headache sufferers than controls. 
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b) Greater cardiovascular activity which may increase vascular distension and/or 

responsiveness in cranial arteries, causing regional blood flow changes and 

greater blood flow through distended scalp arteries. Such changes may be greater 

in headache sufferers than controls. 

c) Increased (or decreased) cortisol secretion. Greater cortisol secretion may act to 

sensitise nociceptors; although results are inconsistent as to whether hyper- or 

hypo-cortisolism is exaggerated during stress (214) and whether cortisol might 

act on the pain-producing mechanisms of headache to a greater extent in 

headache sufferers than controls (215).  

2. Persistence or fatigue of autonomic or neuroendocrine responses activated to restore 

homeostasis after a stressful event. Prolonged stress may result in either exhaustion 

of pain modulation processes or an excess of inflammatory substances implicated in 

trigeminal sensitisation, contributing to recurrent headache.  

1.4.3 Affective-motivational factors in headache pain processing 

Nociception is a triggering mechanism for massive, parallel, distributed, preconscious 

processing in the limbic brain (64), and prolonged nociception may itself cause a 

sustained, maladaptive stress response (216). For example, the spinohypothalamic and 

spinopontoamygdaloid nociceptive pathways pass through the medial temporal lobe 

(which contains the amygdala and hippocampus) and activate the emotional response to 

pain and the fight-flight reflex (217). Therefore, nociception, pain and negative moods 

may be considered to exist on a single continuum of aversion (118).  

Subcortical emotion circuits 

Affective pain processing is linked in different ways with the subcortical ‘emotional 

command centres’ (Section 1.3.2):  

1. The FEAR circuit is generated by pain or the threat of destruction, and influences 

pain sensitivity. Nevertheless, pain and fear can be dissociated (218). For example, 

animals and humans do not focus on their bodily injuries when they are frightened 

(219) and fear-induced analgesia emerges, at least in part, from arousal of pain-

inhibition pathways that employ neurotransmitters such as serotonin and endogenous 

opioids (220; 221).  
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2. Since the PANIC or separation-distress circuit appears to have evolved, in part, from 

pre-existing pain circuits, opioid systems can modulate the intensity of both 

physical pain and separation distress (126). CRF is a common neurochemistry in 

both FEAR and PANIC circuits, so that the anticipatory anxiety of pain (part of the 

FEAR circuit) and the threat of social loss may show considerable overlap and 

interaction in pain processing. 

3. The RAGE circuit has close anatomical and neurophysiological linkages to the 

SEEKING system, to which it is complementary. It is aroused by a rapid suppression 

of activity within the SEEKING system, when rewarding brain stimulation is 

terminated (152). Animals then show an elevated tendency to bite (222) while humans 

in comparable situations tend to clench their jaws and swear epithets (126). This may 

relate to the jaw clenching associated with T-TH and migraine (223).  

4. Activation of the mesolimbic/cortical dopamine circuits at the heart of the SEEKING 

or exploratory system can inhibit stress and pain. Underactivity of this system results 

in sluggishness, a form of depression (155), frequently reported in the migraine 

prodrome and ‘let down migraine’ (Section 1.4.6). 

Therefore, headache may result from the interaction of emotions and feelings 

connected with activation of the FEAR, PANIC or RAGE circuits. Consistent with this, 

increases in tension, irritability, annoyance, depression and fatigue have been reported 

during the migraine prodromal period (27; 224). Headache may also be inhibited by 

activation of the SEEKING circuit (e.g. when attention is diverted to something 

interesting) and by the interaction of the FEAR/PANIC and RAGE/SEEKING circuits 

which govern fight-flight reactions and are mutually inhibitory at low levels of arousal 

(126). These circuits also govern behaviourally nonspecific chemistries of the brain such 

as norepinephrine and serotonin (220; 221), which are implicated in headache (33; 225) 

and are targeted by certain migraine medications. 

Pain affect and unpleasantness 

Stress can increase pain unpleasantness, the drive to seek relief from uncomfortable 

sensations, by increasing the negative valence of pain stimuli. Conversely, positive 

emotional valence (pleasant rather than unpleasant ratings) of a stimulus contributes to 

decreased pain intensity and even analgesia, particularly if the stimulus is associated with 

the relief of pain (226; 227).  
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Stress also increases pain affect, the degree of emotional arousal or changes in 

action readiness caused by the sensory experience of pain (208). The ‘triumvirate’ of 

pain affects – anxiety, anger, depression – are central to the experience and expression 

of pain (228). Anxiety results from an inability to predict pain and may exacerbate it (229), 

perhaps due to sensitisation of peripheral nociceptors through the release of noradrenaline 

(230). Depression or feelings of hopelessness may likewise enhance the release of 

noradrenaline, increasing nociceptor excitation and pain intensity (231), and may arise when 

one is unable to prevent or terminate pain (232). Anger has been found to precipitate 

headache in laboratory studies (29), although whether this is due to associated effects (e.g. 

cardiovascular activation) or the possible effect of noradrenaline is not known. Unlike pain 

intensity, pain affect ratings are highly susceptible to contextual and psychological factors 

(e.g. social or work situations, a history of prior injury), so show large inter-individual 

differences (233). As with any pain experience, a headache attack gives rise to new 

peripheral and spinal cord nociceptive learning/sensitisation  and emotional learning that is 

potentiated by its salience and perceived value (118). As a result, pain affect may be more 

intense in headache sufferers than controls. 

In addition, the affective response to pain is moderated by personality and social 

support from attachment figures (234). Neuroticism has been reliably identified in 

epidemiological studies as a headache vulnerability factor (235; 236). Although results are 

not always consistent, studies of clinical populations have also identified low extraversion 

(sociability) (237-239), low openness to experience (conservatism) (240), aggression–

hostility (241) and impulsivity or ‘sensation seeking’ (242) as relevant to headache, via 

their associations with emotional regulation capacity (181). An insecure attachment style 

was postulated to influence headache since associations have been reported between 

insecure attachment and headache in clinical populations (243; 244). (Chapters 3,4 & 7). 

In sum, during stress, the capacity of the fronto-cortical system to effectively regulate 

meso-limbic system activity is compromised (126; 245), and both limbs of the stress 

response – negative affect and physiological arousal – may, by different mechanisms, 

disrupt inhibitory pain control. The sum of multiple aspects of pain processing can thus 

increase headache intensity by exacerbating the affective response to pain, altering 

functional connectivity between cortico-thalamic pain modulating circuitry (246), the 

PAG (247), amygdala and visceroceptive cortex (248). 

In migraine patients, disruptions in limbic functional connectivity to pain-related 

regions of the modulatory and encoding cortices are reported, such as decreased functional 
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connectivity between the right amygdala and contralateral orbitofrontal cortex and 

significant functional connectivity consolidation between the bilateral hippocampus and 

cerebellum (249). Hence, migraineurs may be more susceptible to the characteristically 

disrupted emotional processing during stress (126).  

1.4.4 Pain suffering: Cognitive-evaluative pain processing 

The old saying “pain is inevitable, but suffering is optional” (apparently mis-attributed 

to Buddha) refers to the reciprocal relationship between the pain experience and 

neurocognitive processes such as attention, reappraisal and expectancies (212). Stress can 

increase ‘negative’ self-talk/beliefs, focusing attention on the affective qualities of pain 

(121; 250; 251), altering threat appraisal (212; 250) and amplifying pain signals – leading 

to more negative self-talk, pain affect and suffering (252). The degree of suffering will also 

depend on current as well as future goals (253), the extent of perceived goal interference, 

the desire for and perceived likelihood of success and whether the goal requires approach 

or avoidance. All determine the meaning and implications of the stressor (254).  

Thus, pain perception is influenced by meanings and beliefs. Famously, recuperating 

soldiers told they were returning to the battlefield had higher pain report than soldiers with 

more severe injuries who were being discharged home (255). Pain self-efficacy, the belief 

that one can effectively control or decrease pain or headache (176; 256) can moderate both 

headache and the impact of stressful events on headache (176; 257). Expectancies can also 

increase pain perception, as occurred for example with the aversive labelling of cold 

pressor stimuli (258). Likewise, by predisposing to threatening interpretations of 

ambiguous stimuli, pain perception is increased by rumination and pain-catastrophizing – 

an exaggerated negative orientation towards noxious stimuli (259). These cognitive 

processes are more common in headache sufferers than controls (169; 260-263).  

Stress disrupts cognitive processing including self-efficacy because, bereft of the 

usual top-down processes which strengthen and empower us and give us a sense of self-

mastery, we may experience loss of the “ineffable feeling of experiencing oneself as an 

active agent in the perceived events of the world” (126,p.310). Events are perceived as no 

longer within our control – a shift associated with increased NA and subjective stress, 

increased autonomic arousal (256), physiological changes such as norepinephrine (NE) 

depletion and increased serotonin (5-HT) sensitisation (225; 264). Appraisals of noxious 

stimuli involving harm, threat, or loss were associated with dependent coping, higher pain 

intensity and greater levels of depression (265). Headache self-efficacy can be reduced by 
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prior experiences of recurrent and uncontrollable headache, particularly if social supports 

are lacking (266; 267). The result can be a ‘learned helplessness’ response (268) to 

headache, which may generalise to other stressors perceived as uncontrollable. This 

possibility is investigated in Chapter 8 of this thesis. 

In sum, stress-related cognitive processes may exacerbate headache by:  

1. Reducing perceived control over pain 

2. Lowering headache self-efficacy 

3. Interfering with important goals or the capacity to manage such interference. 

Each of these factors is itself threatening, increasing NA and the use of threat-based 

coping strategies which may only increase pain sensitivity.   

1.4.5 Pain coping & pain behaviours 

The disruption of cognitive processing of affective information associated with stress 

reduces the frequency of active coping behaviours (232; 269; 270) and of proactive pain 

coping methods such as positive self-statements, reinterpreting or ignoring pain 

sensations. Migraine-without-aura patients also showed significantly reduced use of the 

“turning to religion” approach, an emotion-focused coping strategy (271). Stress also 

reduces the effectiveness of distraction, since distraction can reduce pain-related distress 

and pain intensity (272) if the task leading to distraction results in a positive emotional 

outcome (273) and when the level of pain intensity is relatively mild and has risen 

gradually (274). Instead, stress may increase the use of passive methods of pain 

management such as analgesic medication, worrying, resting, hoping/wishing and 

dependence on others for coping, which predict a decrease in functional status and greater 

levels of disability (275). Stress also increases ruminations about pain (“Why me?”), 

which are usually associated with depressed mood, cognitive deficits and the use of 

maladaptive coping strategies such as praying/hoping for a cure or pain relief and 

catastrophising (265). An unwillingness to accept one’s pain is related to greater 

depression, disability, anxiety and poorer adjustment (276).  

The fear-avoidance model (Figure 1.2) is commonly used in explaining the inter-

relationship between coping and (chronic) pain.   
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Figure 1.2 The Fear Avoidance model of chronic pain  Adapted from Eccleston (277).  

In this model, an individual’s coping response to pain occurs on a spectrum from 

confrontation to avoidance, depending on their fear of pain. Those with low fear or who 

confront their pain display behaviours that promote optimal functioning. Contrastingly, 

individuals who have high levels of pain-related fear avoid activities or experiences they 

perceive to contribute to pain. In the long term, continued avoidance or escape behaviours 

lead to chronicity of pain, disuse or disability, which perpetuates the negative cycle of 

pain-related cognitions and behaviours (277; 278). 

In headache patients, dysfunctional coping, characterised by fear and avoidance, was 

frequent and was not confined to chronic forms of headache (279). Social avoidance 

behaviour and pain-related disability in migraine were also associated (280).  

In addition, depending on the interpersonal context and one’s attachment style, 

headache pain report may represent a pain behaviour, signalling to significant others the 

desire to be left alone or perhaps to receive supportive care (281). 

1.4.6 Strain  

Long-term wear and tear on the organism – Selye’s third and final phase of the General 

Adaptation Syndrome – may increase headache frequency or chronicity. The response 

system becomes fatigued, the pituitary-adrenal axis fails to respond, lymphatic structures 

become dysfunctional or enlarged, hormones such as cortisol increase and adaptive 

hormones are depleted (124). Since gluco-corticoids have anti-inflammatory and anti-
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nociceptive effects, “let down” migraine may result from glucocorticoid withdrawal and 

reduced HPA activation when acute stress ends (282). Thus, a decline in stress from one 

evening diary to the next was associated with increased migraine onset over the subsequent 

6, 12 and 18 hours (283).  

This loss of restorative bodily functions may, however, be temporary (284). In this 

respect, “let-down migraine” may be part of a bodily signalling system to (in effect) “take 

it easy” – a signal motivating adaptive behaviour (285). Functional-evolutionary models 

of emotion posit that pain and negative affects which increase pain perception, such as 

anxiety, discouragement and irritation/anger (229; 286), or affective states which 

influence motivation (sluggishness, confusion, tension) may induce recuperative ‘sickness 

behaviours’ (287) until headache subsides.  

1.5 A biopsychosocial model of headache 

To guide investigations, a biopsychosocial model of headache was developed from 

perceptual and pain processing models (288-290), as diagrammed in Figure 1.3. It is 

consistent with the paradigm of biopsychosocial synergism, which encourages 

investigation of the activity and relationship among the multiple regulatory loops that 

influence the value of regulated variables (291), such as the multiple and reciprocal 

relationships between biological (neurophysiological), psychological (affective, 

cognitive, behavioural) and socio-cultural (environmental) factors in headache activity 

during a stressful episode. The model also fits with the notion that stress-headache may 

relate to allostatic load, the burden of stress adaptation (192).  

Specifically, the model postulates that within a specific context, stress-headache 

results from interactions between distal tonic processes (e.g. headache history, personality 

and attachment anxiety) and proximal phasic responses such as the emotional-

physiological responses evoked by a stressful stimulus.  
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Figure 1.3 A biopsychosocial model of stress-headache adapted from perceptual and pain processing models  The model posits 
that in a given context, stress-headache results from interactions between distal, tonic processes including headache history, personality 
or attachment anxiety, and proximal, phasic responses including the physical-emotional responses to a stressful stimulus. Inter-
relationships between headache and other physical sensations, physiological arousal, appraisals, negative affect, self-efficacy and coping 
were examined in this research. Arrows indicate links but do not necessarily imply direction. 
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1.6 Summary of aims 

The present study aimed to test some hypothesised aspects of a biopsychosocial 

model of headache during a 25-minute laboratory stressor designed to induce headache in 

episodic migraine and T-TH samples. The physiological aspects of the stress-headache 

interaction were salivary cortisol and cardiovascular (blood pressure, pulse rate) changes 

in response to the stressor. The psychological aspects of the stress-headache interaction 

were: stressor appraisal processes, personality traits, attachment style, NA, self-efficacy 

beliefs and stress/pain coping strategies. The aim was to determine which of these 

variables (if any) predicted stress-induced headache in headache sufferers compared with 

controls and whether and in what way these variables differentiated between migraine and 

T-TH participants. Specifically, we expected that migraine and T-TH participants would 

exhibit different processes at (i) the neurobiological level – cardiovascular, cortisol, 

trigeminal, and (ii) the psychological level: greater stressor exposure, more threat 

appraisals, reduced self-efficacy, greater NA and dysfunctional coping which either fails 

to regulate or ‘misregulates’ (has adverse outcomes) (171). 

The following chapter structure was adopted. 

• Chapter 2: Methodological considerations and methodology  

• Chapter 3: Distal influence #1. Personality traits and headache 

a. Study 1: Personality and ‘usual’ headache severity: life stressor 

b. Study 2: Personality and headache intensity: laboratory stressor 

• Chapter 4: Distal influence #2. Attachment style and headache (paper published in 

the Journal of Psychosomatic Research) 

• Chapter 5: Proximal influence #1. Somatic and physiological responding in headache  

• Chapter 6: Proximal influences #2. Negative affect and self-efficacy (paper published 

in the Journal of Behavioral Medicine) 

• Chapter 7: Proximal influences #3: Primary and secondary appraisal: stressor 

exposure and reactivity, and the moderating effects of personality traits 

• Chapter 8: Proximal influence #4. Coping choice, effectiveness and headache.  

• Chapter 9: General discussion and conclusions. 
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2.1 Methodological Issues 

The aim of this chapter is to report the rationale for, and design of, the study and the 

selection of measurement instruments. As outlined in Chapter 1, research investigating the 

inter-relationship of stress responses and headache should: 

• Involve multidimensional assessment: stressor, appraisal, coping and the four different 

levels of reactions to a stressor, i.e. physiological, cognitive, affective and behavioural 

• Be ‘cross analytic’, i.e. involve simultaneous measurement at both physiological and 

psychological levels of analysis (292) 

• Assess the impact of distal as well as proximal factors in headache  

• Use the paradigm of biopsychosocial synergism which encourages the study of 

multiple interactions between variables (mediation and moderation effects).  

2.1.1 Choosing a stressor 

In line with critiques of the concept and measurement of stress (293), an established 

cognitive laboratory stressor (cf 28; 33) was modified to maximise the essential 

dimensions of uncontrollability and unpredictability. Unbeknown to participants, the task 

had an arbitrary and predetermined failure rate (uncontrollability component), was 

markedly time-pressured and accompanied by extraneous noises and head shocks 

(uncontrollability and unpredictability component). Consistent with a previous study in 

our laboratory by Frew & Drummond (286), in which a stressful arithmetic task increased 

distress, altered participant mood in a predictable way and initiated activity in opiate 

systems resulting in stress-induced analgesia, we postulated that such modifications could 

provoke headache by reducing both adaptive and regulatory capacities (28; 33; 294). 

Attempts at salience were made by promoting the experiment to participants as a 

potentially useful contribution to medical research. 

2.1.2 Participant recruitment 

A university undergraduate sample of 88 women and 18 men aged between 17 and 

52 years were recruited by a general campus advertisement to participate in “a study of 

the relationship between stress and head pain”. Two groups were recruited separately – 

those who “regularly or frequently suffered from headaches”, and those who “seldom 

experienced headaches”. The total sample consisted of undergraduates and alumni 

(n=101) and others from the wider community (n=6). This sample size was chosen to 

ensure that sufficient power was available to detect a large effect. Type 1 error was set at 
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the conventional alpha of p<.05 (295). A large effect size was chosen based on the results 

of related studies (296; 297). 

In sampling for migraine, an attempt was made to replicate the 1:4 migraine gender 

ratio. Only episodic sufferers were selected: over months or years, episodic headaches can 

increase in frequency in susceptible individuals, becoming less intense but more disabling 

and less responsive to treatment (3). However, the clinical status for chronic headache is 

considerably more complex than for episodic sufferers (188; 298), with a higher incidence 

of comorbid psychopathology in chronic migraine (299-301) and T-TH (302), and greater 

subjective perception of headache pain (303). Hence episodic sufferers were selected to 

avoid the confounding effects of pain chronicity. 

2.1.3 Headache Questionnaire 

A standard clinical interview that addressed International Headache Society (I.H.S.) 

criteria (7) was used to assign people to the different diagnostic groups. Appendix A shows 

the interview questions. Headache type, frequency, severity and history were assessed by 

means of this interview. Where appropriate a medical opinion was sought. 

Debate exists as to whether T-TH is a separate disorder or on a continuum with 

migraine, particularly as over half of those with a definite migraine diagnosis report having 

both T-TH and migraine at separate times (103; 304) and some 70% of those with definite 

T-TH have reported migraine-type symptoms (103). Regardless, the IHS definition of T-

TH is exclusionary, sidestepping debate: T-TH is, broadly, everything that migraine is not. 

Thus, while there is evidence to suggest that the migraines and T-TH may be on a 

continuum, particularly as the chronification of migraine leads to a decrease in symptoms 

such as nausea, photophobia and phonophobia, it is worth considering them as two 

different categories according to the IHS criteria – the approach taken in this thesis. 

A research-relevant factor in the interview is that headache diagnosis requires 

accurate self-report and some patient introspection. In our interview, we noted that some 

56% of migraineurs with and without aura were initially unaware that they met criteria for 

migraine. Logic would suggest that it is unlikely for such patients to visit their GP with an 

adequately detailed headache diary, and migraine is often managed in the primary care 

setting where the major resource that is lacking is time (305). Thus, particularly when non-

clinical samples are used, a headache interview must be both generous with time and 

carefully structured to allow for this lack of awareness.  
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2.1.4 Participants 

Eligible participants were scheduled for two appointments, approximately a week 

apart. 86 of the 106 participants completed both testing sessions. Details of all 106 

participants are listed in Table 2.1. 

2.1.4.1 Participant group #1: Whole sample (n = 106) 

In the initial sample of 41 female and 8 male migraineurs, 24 met criteria for migraine 

without aura. All but three of the migraineurs reported concurrent episodic T-TH. The T-

TH sample consisted of 28 females and 4 males who met IHS criteria for episodic T-TH 

(<15 days per month) and one participant who at 16 headache days per month just met the 

criterion for chronic T-TH. The 25 healthy controls reported less than six mild headaches 

per year, lasting on average an hour. Headache history data are included in Table 2.1 below. 

Table 2.1 Participant and headache history data 

 Migraine  T-TH Control Total N 

N 49 32 25 106 

Gender:     

Female  41 28 19 89 (83%) 

Male 8 4 6 18 (17%) 

Mean age years (± SE) 24.96 ±1.9  

(18 – 52)  

21.74 ± 0.76  

(18 –40)  

23.44 ± 5.3  

(17 – 36) 

23.6 ± 6.8  

(17 – 52)  

Aura or ‘warning’  24 3*  0 27 

Nausea  31  3 1 35 (33%) 

Strictly unilateral 21 (43%) 8 (25.2%) 8 (32%) 37 

One-sided, but alternating sides 13 (26.5%) 4 (12.5%) nil 17  

Frequency per month 4.19 ±.57 2.28 ±.35 0.29±.05 2.81±.33 

Headache duration (hours) ± SE 16.5 ± 3.25 5.6 ± 2.1 1 ±.16 9.8 ± 1.8 

Family members with migraine 28 (57%) 16 (50%) 11 (44%) 55 (52%) 

GP visits re headache 22 (39%) 11 (34%) 2 (8%) 35 (33%) 

* “Warning”, e.g. dizziness 

2.1.4.2 Participant group #2: Experimental subgroup (n = 86) 

Of the 106 initial participants, 7 completed the initial interview and psychological 

testing but did not participate in the experiment a week later, citing work and other 

commitments. A further 13 participants were excluded from further testing because they 

were taking headache or psychiatric medication, had a chronic medical or psychological 

condition or had used mood-altering drugs including alcohol in the previous 24 hours. 

Table 2.2 details these reasons for exclusion.  
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Table 2.2 Excluded participants 

Reason for exclusion Migraine T-TH Control Total* (n=13) 

Chronic medical condition 5 Nil nil 5 

Headache or other medication 

(including psychotropic) 

2 Nil nil 2 

Co-morbid psychopathology     

a) Depression 2 Nil nil 2 

b) Anxiety/Panic 1 2 1 4 

c) Adult ADHD nil 1 nil 1 

* Note: One participant fitted into more than one category. 

Of the final experimental sub-sample of 72 women and 14 men, 38 met diagnostic 

criteria for episodic migraine  and 28 for episodic T-TH (7). Another 20 with no more than 

6 mild headaches per year, maximum duration 2 h, formed a control group.  Participant 

details are shown in Table 2.3.  

Table 2.3 Participant and headache history data (means and standard deviations) 
for experimental sample. 

 Migraine T-TH Controls Total/Mean 

Females 31 24 17 72 (83.7%) 

Males 7 4 3 14 (16.3%) 

Mean age (years) 24.6 ± 7.9 22.1 ± 5.0 23.7 ± 5.8 23.6 ± 6.6 

Age range 18 – 52 18 – 40 17 – 36 17 – 52 

Headache onset (year)  13.5 ±8.5 10.8 ±3.7 n/a  

Aura or warning, e.g. dizziness 24 (aura) 3 (warning) 0 27 

Nauseaa 24 2 0 26 

Headache days per monthb 4.6 ± 4.2 2.4 ± 2.2 0.3 ± 0.2 – 

Headache duration (hours)c 14.7 ± 18.1 5.8 ± 13.7 1.0 ± 0.8 – 

High school education 2 0 0 2 

University education 36 28 20 84 

a Nausea was reported more frequently by migraine than T–TH sufferers or controls, χ2 (2) = 35.3, p <.001. 
b,c Headache days/month and duration of headaches were greater in migraine than T–TH sufferers; headache 
days/month t(58.6) = 2.74, p < .01, and headache duration t(64) = 2.17, p < .05. 

Most participants were altruistically motivated, understanding that the study findings 

could potentially reduce the burden of headache. Each participant provided informed 

consent for the procedures, all of which were approved by the Murdoch University 

Human Research Ethics Committee. Participants were reimbursed AUD $30 for 

participating and awarded course credits if appropriate. Participants were debriefed at the 

end of the experiment.  
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2.2 Experimental procedures 

Testing was conducted in two sessions, a week apart. In the first session, participants 

completed a structured headache interview and psychological questionnaires. They were 

told that the following session would comprise a computer-scored “moderately stressful 

mental arithmetic task” designed to measure their “ability to handle mental stress”. They 

were also informed that as part of the procedure they would receive “a series of mild 

electrical stimuli to the forehead akin to a series of pinpricks”, but that this would have no 

lasting effects. To ensure their continued participation, their attention was drawn to a 

newspaper article on the use of shocks in headache treatment (306). Participants were 

invited to ask questions, after which they signed the informed consent form.  

In the second session, prior to the experiment, a series of questions was asked 

regarding food and intake of alcohol or other drugs, and, for females, their menstrual cycle. 

Participants who were not initially headache-free on that day or females in days 22-28 of 

their menstrual cycle were rescheduled for testing. 

The experiment comprised three phases, each of 25 min duration— (i) preliminary 

(pre-stressor), (ii) stressful task and (iii) post-stressor. Throughout the three phases of the 

experiment, pain processing was measured by recording nociceptive blink reflexes, and 

stress response levels were monitored via measures of autonomic activity – systolic and 

diastolic blood pressure, pulse rate, facial blood flow (temporal pulse amplitude, TPA) 

and immunological response (salivary cortisol levels). During the recording session, the 

participants were seated in a desk chair without armrests in a Faraday cage. The room was 

quiet, the lighting muted, the room air conditioned and kept at 23° ± 2ºC. 

In the preliminary phase, the experimenter interacted with participants in a friendly 

manner, offering encouragement and engaging them in conversation about themselves 

and their work or studies. During the pre- and post-stressor phases, participants verbally 

rated headache, nausea and distress after each series of shocks using a 10 cm visual 

analogue scale, where 0 corresponded to no sensation or distress, 1 to awareness of 

sensation or distress, 2–3 to mild, 4–6 to moderate, 7–8 to somewhat severe, 9 to severe, 

and 10 to extremely severe. Participants also rated electrically-evoked pain for each of 

the ten trials of the 30 s shock series (a mean pain rating was later computed). In addition, 

an overall pain rating was obtained following the series of 20 shocks delivered at 2 s 

intervals. At the end of each set of shocks, to ensure that we were measuring headache 

and not simply pain from the electrode prick, participants were asked to rate their 
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headache, nausea and distress “right now”. At the end of phase 1, the experimenter 

checked in with each participant, ensuring that equipment was correctly attached, that 

they understood the purpose of the shocks, were not experiencing undue discomfort, and 

were answering relevant questions appropriately. 

The second experimental phase, the stressful task, consisted of 25 min of difficult 

mental arithmetic. After two practise trials, participants were asked to rate headache and 

nausea on an electronic visual analogue scale by moving a cursor along a 10 cm line, with 

descriptors as above. Participants were told that their final test score would be compared 

with those of others but were given no further information about the nature of the task, 

particularly its pre-determined 50% maximum success rate. At no point during the 

arithmetic task did the experimenter interact with participants. 

Mental arithmetic problems were delivered by a purpose-written computer program 

(shown in Appendix E) consisting of four five-minute sets of addition and subtraction 

exercises at three levels of difficulty, with each level corresponding to an extra digit (e.g. 

Level 1 = 6 + 8 – 2; Level 2: 27 − 19 + 3; Level 3 = 116 + 118 – 12). Participants were 

required to type answers within a designated time – 8, 12 and 15 seconds for each level of 

difficulty respectively. Incorrect answers or delay beyond the allotted time elicited a 

continuing loud and unpleasant beeping noise. Correct answers within the time frame 

earned a softer, more musical sound and terminated the beeping. Following three 

successful responses, subsequent arithmetic questions were automatically raised to the 

next difficulty level, or dropped a level following three incorrect answers. To maintain an 

overall 50% success rate, those participants who consistently scored correct responses 

within the time frame at the highest difficulty level were informed on screen that their 

responses were “too slow” and were subjected to aversive beeping regardless of their 

actual success. 

To add to the stressfulness of the task, an audio recording of a crying baby was played, 

which steadily increased in volume and intensity.  

In all three phases, participants received three series of 2 milliamp electric shocks, 10 

at 30 second intervals, 20 shocks at 2 second intervals and a further 10 at 30 second 

intervals, giving a total of 120 shocks throughout the entire procedure. (The 30s inter-

stimulus interval was designed to minimise opportunity for habituation.)  

Prior to testing, face makeup was removed, then using an alcohol wipe, the 

experimenter cleaned the temple area and the eye and neck area on the side to be 
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stimulated. To ensure skin penetration of the 2 mA electric shock, an electrode preparation 

pad was used to exfoliate skin on the forehead on the side to be stimulated. A concentric 

electrode was attached to one side of the forehead above the supra-orbital notch with a 

double adhesive ring, placed on the usual side of headache for migraineurs, alternate left 

or right side for other participants. The electrode consisted of a copper wire cathode (0.5 

mm diameter) centered within a stainless steel annular anode (internal diameter 10 mm 

and external diameter 20 mm), set to deliver monopolar square-wave pulses (pulse width 

0.3 ms, current intensity 2 mA). (At this intensity R1 of the blink reflex is absent, and R2 

is mediated by superficial (Aδ and C) nociceptive fibres rather than Aβ fibres (307). 

The 2 mA shocks were delivered during each 5-min arithmetic set, as follows: first 

set—no shocks; second set—ten shocks at 30 s intervals; third set—20 shocks at 2 s 

intervals 2 min into the set; and fourth set—ten shocks at 30 s intervals. The recordings and 

procedures were performed by the same researcher throughout the study using standardised 

methodology and were similar during the pre- and post-stressor phases. Blood pressure 

readings were taken throughout the three phases, as shown in 2.3.1, and salivary samples 

(Section 2.3.3) at four points during the experiment: after a 15-minute relaxation period 

after entry, then after a ten-minute rest period at the end of each phase. Care was taken to 

ensure that participants did not receive a blood pressure reading during a shock. 

Following each of the four arithmetic sets, using a centrally-positioned cursor to move 

along an (on-screen) 10cm Visual Analogue Scale, participants rated themselves along 

dimensions of head pain, nausea, anxiety, confusion, discouragement, irritation, 

sluggishness, tension and self-efficacy (see Section 2.4.1). To avoid interrupting the task, 

participants did not rate electrically evoked pain. No shocks were delivered during this 

ratings period. In the third (post-stressor) phase of the experiment, participants again rated 

headache, nausea and distress after each series of electric shocks. They were debriefed 

about the nature of the experiment, offered pain relief as needed and encouraged to ask 

questions. A timeline of the experiment is illustrated in Figure 2.1. The data collection 

sheet is shown in Appendix B.  
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Figure 2.1 Timeline of Experiment 
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2.3 Biological measures 

2.3.1 Blood pressure and pulse rate 

Blood pressure and pulse rate were measured at approximately 3 min intervals via a 

cuff on the non-dominant arm attached to an Omron M4 digital blood pressure monitor. 

Three measures were displayed: systolic and diastolic blood pressure in mmHg and pulse 

rate/minute. A total of 25 readings were taken throughout the procedure at baseline then 

at approximately one and four minutes during each shock series (Table 2.4). Time of 

measure is expressed as minutes from the beginning of the experiment. 

Table 2.4 Time of measure for blood pressure and pulse rate readings across the three phases of 
the experiment. 

Phase 1 (Baseline) Phase 2 (Stressful Task) Phase 3 (Recovery phase) 

 

Time Context Time Context Time Context 

3min Upon arrival 43min 1 min prior to stressful 

task 

70min 1 min after completion 

of task 

15min Following application of 

electrodes 

46min One min into first math 

set  

73 min Four minutes after 

completion of task 

  49min Four minutes into first 

math set 

  

18min 1 min after start of 30-

second inster-stimulus -

interval stimuli 

(30second- ISI) 

52min 1 min into 2nd math set 

(30-second- ISI 

stimuli) 

83 min 1 minute after start of 

30-second-ISI stimuli  

21min 4 min after start of 30 

second- ISI stimuli 
55 min 4 minutes into 2nd math 

set (30second- ISI 

stimuli) 

86 min 4 min after start of 30s 

ISI stimuli 

24min 1 min following 30s-ISI 

stimuli 

58 min 1 min into 3rd math set 

(2second-ISI stimuli) 

89 min 1 min following 

30second-ISI stimuli 

27min 1 min following 2 second-

ISI stimuli 

61 min 4 min into 3rd math set 

(2second-ISI stimuli) 

92 min During the 2 min period 

following 2 second-ISI 

stimuli 

30min 1 min after start of 2nd set 

of 30sec ISI stimuli 
64 min 1  min into 4th  math set 

(30second-ISI stimuli) 
95 min 1 min after start of 2nd 

set of 30-second-ISI 

stimuli 

33min 4 min after start of 2nd set 

of 30second- ISI  stimuli 

67 min 4  min into 4th math set 

(30second-ISI stimuli) 

98 min 4 min after start of 2nd lot 

of 30-second-ISI 

stimuli 

Note:  ISI = inter-stimulus interval 

2.3.2 Temporal pulse amplitude (TPA)  

This was measured by means of pulse transducers (photo-plethysmographs, Grass 

Instruments Company) attached with double-sided adhesive rings to the forehead, 1 cm 

above the eyebrows and 3 cm from the midline. To prevent room lighting from interfering 
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with photo-electric signals, the pulse transducers were covered with a black cloth band 

which was secured lightly at the back of the participant’s head with Velcro tape. Pulse 

waveforms were displayed on the computer monitor in separate channels of the 

AcqKnowledge software program referred to below. Where movement artefacts due to 

electric shocks and facial movements interfered with recordings, the better of the two 

measures was used. 

2.3.3 Salivary cortisol 

Saliva samples were collected at four intervals: (i) upon arrival; (ii) prior to the mental 

arithmetic following the first complete shock series; (iii) 10 minutes after the completion 

of the mental arithmetic task and modified Ways of Coping Scale, and (iv) upon 

completion of the whole procedure. These time intervals were chosen because the cortisol 

response takes place over a much longer time course than other physiological systems, and 

a change in cortisol levels may not be detected until 10-30 minutes after completion of a 

stressful task (308). Initial measures were taken immediately upon arrival to allow for both 

time of day (cortisol response has its own circadian rhythm) and to offer a baseline 

measure for hyper- or hypo-cortisolism resulting from chronic long-term stress. 

2.3.4 Measuring trigeminal transmission: Nociceptive blink reflexes 

Many cranial nerves have some general somatic afferent fibres and these nerve fibres 

will terminate in the trigeminal spinal nucleus regardless of the nerve that they follow in 

the head (110). Thus, measurement of activity at brainstem level offers a way of 

ascertaining neuronal activity in deeper cranial structures. The spinal trigeminal nucleus 

is also important on the sensory side of many cranial reflex pathways. One trigeminofacial 

brainstem reflex, the blink reflex, offers a non-invasive measure of trigeminal nerve 

transmission in humans. It is usually elicited by electrical stimulation of the supraorbital 

nerve. The efferent arm of the reflex is the facial nerve, so recording from the orbicularis 

oculi muscle enables study of the trigeminal nerve and its brainstem connections. 

Quantitative analysis for functions that involve the dorsolateral pons, lateral medulla and 

the fifth and seventh cranial nerves can be provided (309).  

The blink reflex has three components: an early ipsilateral, pontine R1, with an onset 

latency of 11 ms, and two bilateral medullary components, the R2 and the R3, with onset 

latencies of 33 and 84 ms, respectively (310; 311). R1 is mediated by pontine inter-neurons 

located in the principal sensory nucleus of the spinal trigeminal nucleus and R2 is probably 
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mediated by inter-neurons in the caudal part of the spinal trigeminal nucleus (312; 313). 

R2 latency is particularly useful in detecting differences in reactivity to noxious stimuli as 

well as length of time to return to baseline. The neuronal origin of R3 is uncertain, but it 

is possibly part of the startle reaction (314). 

Methods for studying the nociceptive system are based on the employment of stimuli 

which activate preferentially the Aδ and C afferents. In contrast to the bipolar surface 

electrode used in early blink reflex (BR) studies, which depolarised the Aδ fibres but also 

reached the deeper layers containing Aβ fibres, the nociceptive Blink Reflex (nBR), 

utilises a concentric electrode with high current density that rather selectively activates Aδ 

fibres, eliciting the R2 component (41; 315). Although this stimulation modality lacks the 

selectivity to evoke reliable pain-related cortical responses (316), it may be efficaciously 

employed for the elicitation of a muscle response under trigeminal nociceptive activation 

(307; 315). Hence the nBR is touted as a more accurate and nociception-specific reading 

of trigeminal activity than the standard BR (317; 318) and represents a sensitive marker 

for the functional state of the trigeminal nociceptive system (41; 319; 320). It has thus been 

used to test for the role of peripheral and central sensitisation in migraine and T-TH (320; 

321). A pivotal study on migraine pathophysiology described amplitude and habituation 

abnormalities of the nBR in asymptomatic subjects with first-degree inheritance for 

migraine; these were similar to the abnormalities found interictally in subjects with active 

disease, indicating nBR dis-habituation as a genetic predisposing trait (40).  

The nociceptive electrical stimuli were delivered using a Grass SD9 stimulator. The 

custom-built planar concentric electrode assembly comprised a central metal cathode 

(Diameter: 10.5 mm), an isolation insert (Diameter: 5 mm), and an external anode ring 

(Diameter: 6 mm) providing a stimulation area of 19.6 mm2). It provided a high current 

density at low intensities to stimulate the supra-orbital region. Adhesive surrounds of 

disposable “Cleartrode” EMG electrodes were trimmed to fit over the orbicularis oculi 

muscle below the lower eyelid and outer canthus of the eye on the stimulated side, and a 

ground electrode was attached to the side of the neck below the hairline on that side.  

Monopolar square pulses of 0.3 ms duration and 2 mA intensity were delivered with 

pseudo-randomised interstimulus intervals (ISIs) of either 2 s or 30s. By means of surface 

electrodes, 2x10 blocks of EMG responses per phase with an interstimulus interval (ISI) 

of 30s with one block of 20 with an ISI of 2 s in between these were recorded over the 

orbicularis oculi muscle. Electromyograph signals were amplified with a Grass 

Instruments biopotential preamplifier (Quincy, MA, USA), digitised by an MP100 Biopac 
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Systems Analogue/ Digital Channel receptor (Goleta, CA, USA), sample rate 2000 Hz, 

and displayed on a computer monitor using AcqKnowledge software (Biopac Systems). 

Detailed procedures for calculation of the nBR are described in Appendix D. 

2.4 Psychological measures 

2.4.1 Self reports 

Ten-point visual analogue scales (VAS) were employed for all self-reports during the 

stressful task as below. According to Price (322), VAS of sensory intensity and affective 

magnitude are valid ratio measures of sensation and affect, permitting comparison 

between (for example) chronic pain and experimental heat pain and between ratings by 

pain patients and volunteers. 

2.4.1.1 Headache, nausea, distress, negative affect (NA) 

To determine the time course of headache, during Phases 1 and 3 of the experiment, 

participants were asked to verbally rate their level of headache, nausea and distress on a 

ten-point VAS at three points: during and immediately following the first set of 10 shocks, 

following the second set of 20 shocks and following the third set of 10 shocks (Figure 2.1).  

Pain intensity ratings were taken during Phases 1 and 3 of the experiment during and 

immediately following each set of shocks, where 0 = no sensation, 1 = awareness of pain, 

2-3 = mild pain, 4-6 = moderate pain, 7-8 = somewhat severe pain, 9 = severe pain, 10 = 

extremely severe pain. 

In Phase 2, after the practice trials and each mental arithmetic set, participants rated 

headache, anxiety, discouragement, irritation, confusion, tension and sluggishness/alertness 

by moving a cursor along a 10 cm electronic visual analogue scale. These affects were 

chosen to best represent the neuro-affective correlates of the stress experience (126). Zero 

corresponded to ‘‘no’’ or ‘‘none’’ and 10 to ‘‘extremely’’. Questions included: ‘‘How 

painful is your headache right now?’’, ‘‘How nauseated/anxious/confused (etc) do you feel 

right now?’’  

At task-conclusion, participants rated the level of controllability, importance, 

emotional impact and stressfulness of the task on a seven-point scale, with ‘‘not at all 

(stressful/controllable)’’ at one end and ‘‘extremely stressful’’ at the other. Scoring was 

reversed for controllability. 
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2.4.1.2 Task self-efficacy 

For self-efficacy, following two practice questions (addition and subtraction at the 

first and second levels of difficulty as above) participants were asked to “Please rate your 

ability to avoid mistakes for the remainder of the task” using a ten-point VAS rating scale 

as above. The initial rating corresponded to task expectancy whereas subsequent ratings 

reflected a reappraisal of the capacity to succeed in the face of failure feedback, distracting 

noises and intermittent electric shocks.  

Since perceived control may trigger reappraisal processes that can change the pain 

experience (272), increasingly non-contingent failure feedback was provided as the 

stressful task progressed. Also, where initial expectations of success are followed by 

negative outcomes, stress levels may rise, whereas the converse ought to be true where 

subsequent feedback appears to confirm initial positive expectations of success. Therefore, 

we expected that as efficacy expectations fell, stress-headache and both pain and stress-

related NA would increase. We also expected that low task and pain self-efficacy would 

be associated with higher headache intensity in those acquiring a headache during the 

laboratory stressor and in headache sufferers compared with controls. 

2.4.2 Assessment instruments 

The psychometric tests were filled out in the first week of testing following the 

administration of the Headache Questionnaire (2.1.3). 

2.4.2.1 Personality traits: NEO-PI-R 

The NEO Personality Inventory Revised (NEO-PI-R) (323), a U.S.-normed 240-item 

test, was developed from personality theory to operationalise the five factor model (FFM) 

of personality, “the most basic dimensions underlying the traits identified in both natural 

languages and psychological questionnaires” (Manual, p. 14). The scales have good 

construct, convergent and discriminant validity and test-retest reliabilities of between 

0.75 and 0.83.  

Items are scored along a five-point scale: Strongly Agree, Agree, Neutral, Disagree 

or Strongly Disagree. The NEO-PI-R scale represents continuous dimensions but is often 

summarised in terms of five levels: very low, low, average, high and very high.  
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The five factors of this “Big Five” model are: neuroticism-emotional stability, 

extraversion-introversion, openness to experience–conservatism, agreeableness-

antagonism, conscientiousness-impulsivity.  

2.4.2.2 Attachment style: Experiences in Close Relationships 

The Experiences in Close Relationships (ECR) scale (324) was chosen over the Adult 

Attachment Interview (AAI) (325) for pragmatic and theoretical reasons.  The ECR can 

be completed and computer scored in under 30 minutes, whereas the AAI takes 

considerable time (at least a one-hour face-to-face interview) and expertise in scoring. 

More importantly, each represents one of the two main lines of attachment research, and 

while the AAI is often considered the ‘gold standard’ in attachment research, the questions 

motivating research in each tradition are different – “the intergenerational transmission of 

attachment patterns versus social-cognitive dynamics affecting feelings and behaviour in 

close, especially romantic/marital, relationships” (326,p.18). For the purposes of this 

research, a measure of current adult attachment patterns as assessed by the ECR was 

considered more apposite.  

The ECR has adequate validity and reliability (326) and offers four nominal and two 

continuous measures – a four-quadrant measure of attachment status: Secure, Dismissive, 

Preoccupied, Fearful-Avoidant, and measures of Attachment Anxiety (fear of separation 

and abandonment) and Attachment Avoidance (e.g. discomfort with intimacy and 

dependency). Participants complete statements such as “I often worry that my partner will 

not want to stay with me” along a 7-point scale of 1 = Disagree strongly, 4 = 

Neutral/mixed, 7 = Agree strongly. 

Online scoring was available at www.authentichappiness.sas.upenn.edu/results 

2.4.2.3 Stress coping during the laboratory stressor 

Coping with the laboratory stressor was assessed by a modified version of the Ways 

of Coping Questionnaire-Revised (WCQ-R) (140) (Questions shown in Appendix C). The 

original 66-item empirically-based measure was designed to assess coping processes in a 

nominated stressful encounter. Still widely used, it was the first empirically-derived 

measure of coping devised and tested by Folkman & Lazarus (140).  

The participant describes “the most stressful experience or event” they have 

encountered in the past month. On a 7-point scale, where 0 = not at all; 7 = maximum 

possible, participants rate each of the following: 

http://www.authentichappiness.sas.upenn.edu/results
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• ability to control the event and/or its resolution (reversed scoring) 

• importance of resolving situation (salience of stressor) 

• emotional impact of event  

• subjective stressfulness of event  

Thereafter, the participant responds to a series of statements (e.g. “Just concentrated 

on what I had to do next – the next step”) on a four-point Likert scale, where scale anchors 

were: 0 = does not apply and/or not used; 1=used somewhat, 2 = used quite a bit, 3 = used 

a great deal) on a four-point scale. 

Unlike other coping scales, users of the WCQ-R are encouraged to add or drop items 

to suit the population under study (140).While it is acknowledged that this will affect the 

number of factors and the reliability of the measure, which is moderate at best (140), coping 

theory suggests that this is to be expected with a stressor-specific coping measure, and other, 

supposedly more theoretically-derived scales of intra-individual coping may not offer much 

improvement (327). Hence, the ‘Adapted’ WCQ-R was scored as for the original (140), only 

excluding items which could not apply in the laboratory situation, e.g. Item 66 “I jogged or 

exercised”. The ‘Seek Social Support’ scale was also excluded (see Chapter 8). This 36-item 

test was administered 10 minutes after completion of the arithmetic task.  

2.4.2.4 Pain Coping: Coping Strategies Questionnaire-Rervised (CSQ-R)  

Pain coping refers to conscious, goal-directed and self-initiated actions, cognitive or 

behavioural, through which individuals attempt to control or tolerate pain. Although many 

pain coping strategies are idiosyncratic and differentiating between ‘good’ and ‘bad’ 

coping strategies is difficult (328), Rosenstiel & Keefe (329) designed the 50-item Coping 

Strategies Questionnaire (CSQ) which has been extensively explored in both its internal 

structure and its external correlates, and has accumulated a considerable amount of clinical 

data (330). It comprises six cognitive and two behavioural coping strategies including 

diverting attention, reinterpreting painful sensations, coping self-statements, ignoring 

painful sensations, praying or hoping, catastrophizing, increasing activity level and 

increasing pain behaviours. Two additional items tap perceived control over pain and the 

ability to decrease pain. Subsequent factor analysis has led to the removal of the two 

behavioural coping strategies scales (e.g. 330). 
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Background 

Personality dispositions – individual differences in characteristic patterns of thinking, 

feeling and behaving (331) – have long been viewed as contributing directly to the primary 

headaches of migraine and T-TH and, historically speaking, formed the starting place for 

investigations into the ways in which stress may induce headache. Also, discussed earlier 

(section 1.3.3.2, page 17), historically speaking, personality has primarily been conceptualized 

in trait rather than process terms (332), with psychogenic explanations being the norm, i.e. 

where personality is viewed as having a direct relationship with headache. However, since 

traits tend to be descriptive rather than explanatory (179), few a priori explanations exist.  

Thus, early psychoanalytic thinking maintained that headache resulted from a neurotic 

disorder characterised by internal conflict between dependency needs and the high negative 

affectivity, defensiveness, submissiveness and inhibition of anger expression induced by this 

conflict (333). The headache pioneer Harold Wolff commented: 

The migraine headache represents a collapse of a way of dealing with life 

situations which are stressful to the individual. Up to a certain point the patient is 

able to cope with the accumulating tension and hostility resulting from the stress 

which he faces. Beyond this he cannot continue, and there ensues a period of 

disabling pain during which he is forced to halt. (131,p.430).  

Subsequent observations of headache sufferers in sub-specialty clinics characterized 

migraineurs as tense, driven, obsessional perfectionists with an inflexible personality and 

difficulties in dealing with, and expressing hostility and aggression (334; 335). T-TH patients 

were characterised as worrisome, depressed, anxious, chronically tense, hostile, dependent 

and psychosexually conflicted (336). The implication that headache patients had difficulties 

in stress management was clear and, from this psychogenic perspective, research focused on 

finding the ‘migraine (or headache) personality’. 

These research efforts were buttressed by studies using the psychoanalytically-oriented 

Minnesota Multifactorial Personality Inventory (MMPI) or its revised version, the MMPI-R 

(337; 338). Correlations between chronic migraine and the ‘neurotic triad’ – high scores on 

the MMPI hypochondriasis, depression and hysteria scales (e.g. 339) – were reported. 

However, apart from the obvious confound of referral bias in such samples (340; 341), the 

MMPI is of doubtful validity in assessing headache sufferers (342-344). Furthermore, the 

neurotic triad may fundamentally measure depression (345), with which migraine has a shared 
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aetiology (26; 340; 341; 346-348). The upshot of numerous investigations was that the better 

controlled studies offered little evidence of a clearly differentiated ‘headache personality’ 

(349). 

Later prospective community surveys used a variety of measures, including the factorially-

based Eysenck Personality Questionnaire (EPQ) with its two factors of neuroticism (N) and 

extroversion (E). As discussed further below, high-N scores were related to headache in 

community samples (350), although investigators warned that the EPQ structure was such that 

high-N scores may reflect general symptom-affirming (351). The revised version, the EPQ-R 

(352-355) improved the scoring process and included a third factor, that of psychoticism, which 

has however received little attention in relation to headache.  

Subsequently, a consensus has developed around the Five Factor Model (FFM) 

framework – the “Big Five” – as providing a comprehensive account of major personality 

traits (356). Building on Eysenck’s (353-355) research, the NEO-PI-R describes personality 

in terms of five broad dispositions, labelled: (i) neuroticism-emotional stability, (ii) 

extraversion-introversion, (iii) openness to experience-conservatism, (iv) agreeableness-

antagonism and (v) conscientiousness-impulsivity. In an otherwise fragmented field with 

numerous single-factor constructs (357) – such as optimism, hardiness, Type A (178; 358; 

359) – consistent use of the NEO has been called for to provide “commonalities, integration 

and a common language” (357, p.412). Nevertheless, this call has largely gone unheeded and 

research on the relationship of the Big Five to headache, particularly in community samples, 

is limited. Where associations between migraine and neuroticism, introversion, conservatism, 

antagonism and conscientiousness are reported in clinical populations (240; 360-363), the 

confounding effects of comorbid anxiety, depression or the effects of intractable headache 

itself (298; 364; 365) cannot be discounted. 

In addition, research addressing the influence of personality on headache during stress is 

scarce. Stress disrupts the cognitive processing of affective information, increasing the 

strength of the upward influence of subcortical emotional circuits on the higher reaches of the 

brain relative to top-down controls (126). Hence, individual differences in personality traits 

may predispose to headache by influencing the strength and duration of responses to a stressor 

and/or by impeding regulatory processes during the stressor – thereby impacting the degree 

(or type) of affective, cognitive or physiological reactivity (184; 353; 366; 367) or the speed 

of post-stress adaptation (356). For example, a personality trait such as neuroticism can 
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positively predict subjective stress levels (184; 366), while extraversion and conscientiousness 

are negatively related to stress (368). 

If, as part of headache treatment, sufferer and clinician are to identify processes by which 

personality traits may influence headache during stress, then a logical starting place is to 

assess relationships between traits, headache severity and intensity in a non-clinical sample 

during both a life stressor and a laboratory stressor. This was the aim of this chapter.  

The ‘Big Five’ and headache  

The following section reviews existing research on the relationship of headache in normal 

populations to the Five Factor Model (FFM) or “Big Five”. 

Neuroticism – Emotional stability 

“Normal” neuroticism (N) – susceptibility to negative affect – concerns how easily and 

often an individual is distressed, with higher moodiness directly proportional to the degree of 

emotional instability. Neuroticism in the NEO-PI-R expanded conceptually on Eysenck’s 

formulation to include facets of anxiety, angry hostility, depression, self-consciousness, 

impulsiveness and vulnerability (323).  

Numerous studies using the EPQ, EPQ-R and various non-FFM measures have linked 

headache and neuroticism (negative affectivity) especially in clinical populations (339; 369; 

370). Neuroticism (negative affectivity) as measured by the EPQ was predictive of migraine, 

especially in persons with migraine-with-aura (350; 351; 369; 371) and chronic T-TH (369; 

371; 372) (235; 350; 351; 369; 371) – but only when chronicity and depression were 

controlled for. Similar results were reported using the Freiburg Personality Inventory (FPI) 

and Symptom Checklist 90 (SCL-90), although persons with migraine-with aura exhibited 

greater impairment than any of the other headache subtypes or controls on both measures 

(350). In an effort to separate out the issue of chronicity in T-TH, and using an alternative 

FFM questionnaire, the Zuckerman-Kuhlmann Personality Questionnaire (ZKPQ) (373), 

researchers compared episodic T-TH, chronic T-TH and migraine-without-aura with healthy 

controls (241). These researchers reported that greater ‘neurotic anxiety’ and depression 

appeared to be a defining factor of headache (241). Other researchers using trait measures of 

anxiety such as the State-Trait Anxiety Inventory (STAI) have likewise reported that anxiety 

relates to headache – albeit to headache frequency rather than headache type (372). 
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Thus, while neuroticism or some measure that heightens neuroticism – such as 

anxiety/distress – appears to contribute to headache, the diversity of measures of neuroticism 

potentially ‘muddies’ investigations. Nor is the extent to which neuroticism may contribute 

differentially to migraine rather than T-TH established. From prior research, it was expected 

that neuroticism scores would be higher in headache sufferers than controls and in those with 

than without an experimentally induced headache.  

Extraversion- Introversion 

This personality trait reflects social tendencies, encompassing characteristics such as 

sociability, assertiveness, high activity level, positive emotions, and impulsivity. For Eysenck 

(352), extroverts were more outgoing, uninhibited and socially active than introverts, whereas 

for Costa and McCrae (323), extraversion is somewhat broader and includes warmth, 

gregariousness, assertiveness, excitement-seeking and positive emotions.  

Psychobiological mechanisms purportedly underlying extroversion include individual 

differences in condition-ability, arousal level, and sensitivity to rewarding stimuli. Thus, in 

Eysenck’s cortical arousal theory (374; 375), introverts operate at higher tonic levels of cortical 

arousal, so require less external stimulation and are more responsive to ‘internal’ stimulation 

such as pain (342; 374; 375). In general, these hypotheses have been supported: introverts have 

lower pain thresholds and pain tolerance than extroverts, tend to rate stimuli of equal intensity 

as being more painful compared to extroverts and require greater analgesia (342; 376) – 

although if the pain is discrete rather than continuous, neuroticism rather than introversion was 

predictive of low pain tolerance (377). Hence, extraversion is thought to reduce headache 

vulnerability directly through decreasing pain sensitivity (353). 

Sociability may also relate to headache (378). Thus, MMPI measures of introversion in 

clinical headache samples describe migraineurs as having a tendency toward social isolation 

and anxiety, while T-TH was associated with psychological distress including social 

discomfort and withdrawal (379-382). However, the direction of causation in these studies is 

unclear. Conceivably, introverted individuals may experience stress-related T-TH from 

pushing themselves to interact with others beyond their energy and comfort level (383) – as 

for example when a lack of desire to be sociable conflicts with the requirements of one’s 

personal or occupational context (384; 385).   
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Despite these predictions, epidemiological studies report no relationship between 

migraine or T-TH and introversion, even when accepted factorial measures are used (235; 

360; 386). It was expected therefore that extraversion would be unrelated to migraine and T-

TH but would be linked with greater stress reactivity and higher pain report in experimentally 

induced headache.  

Openness to experience – Conservatism 

Openness (O) reflects intrapersonal tendencies, including active imagination, aesthetic 

sensitivity, attentiveness to inner feelings, preference for variety, intellectual curiosity and 

independence of judgment. Subscales are: Fantasy, Aesthetics (appreciation for art and 

beauty), Feelings (depth and differentiation of emotional states), Actions (willingness to try 

different activities), Ideas (intellectual curiosity) and Values (readiness to re-examine social, 

political and religious values). 

High-O scorers are curious about both inner and outer worlds and have experientially 

richer lives. They are unconventional, willing to question authority, entertain novel ideas and 

are prepared to entertain new ethical, social and political ideas. They may be more likely to 

eschew conventional medicine in favour of alternative approaches. Low scorers tend to be 

overtly hostile, egocentric, sceptical of others’ intentions and competitive rather than co-

operative (323).  

Research on the relation of this third Big Factor to headache is limited, so hypotheses 

regarding its relationship with headache rely on literature demonstrating the health risks of 

emotional suppression or inhibition (387). Those who express feelings about traumatic events 

have fewer subsequent health problems than those who repress their feelings, with a decrease 

in the number of physician visits, increased immune activity, changes in autonomic muscle 

activity, behavioural health markers, and self-reported wellbeing (388; 389). Thus, seropositive 

males who scored high in Openness and Agreeableness had significantly greater T-cell 

recovery than low scorers upon receipt of a new retroviral therapy (390). Likewise, female 

volunteers who scored high in a measure of “post traumatic growth” – psychological growth 

following a stressful experience – showed significantly reduced cortisol secretion by the third 

day after three hours of daily laboratory stress for three consecutive days (391).   
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To the extent therefore that attempting to hide one’s feelings (low Openness) increases 

stress, then lower-O scores may be expected in headache sufferers than controls and in those 

who acquire a headache during the experimental task vs those who do not. 

Agreeableness – Antagonism 

In this dimension of interpersonal tendencies, high scorers are fundamentally altruistic, 

sympathetic to others and believe that others will be equally helpful in return, whereas low 

scorers tend to be overtly hostile, egocentric, sceptical of others’ intentions and competitive 

rather than co-operative (323). Sub-scales are: Trust, Straightforwardness, Altruism, 

Compliance, Modesty, Tendermindedness. 

Studies linking NEO agreeableness and headache suggest that more agreeable individuals 

are less often engaged in those interpersonal conflicts which may contribute to somatic 

symptoms including headache (194; 201; 392-394). This echoes the comments of Harold Wolff 

that his clinic-referred headache patients characteristically showed unexpressed and unresolved 

resentment and hostility (131). Using an alternative FFM measure, the ZPQ (241), elevated 

aggression-hostility in migraine-without-aura was reported when this group was compared 

with episodic T-TH, chronic T-TH, migraine-with-aura and healthy controls. Subsequent non-

FFM investigations have supported the premise that anger – especially when repressed – can 

contribute to headache (169; 395-398), since the psychosomatic correlates of chronic anger 

may support a role for antagonism in creating a general stress vulnerability via heightened 

cardiovascular and neuroendocrine reactivity to environmental challenges and demands (204; 

335; 399). For these reasons, a positive relationship may be expected between low-

agreeableness, migraine and experimentally induced headache. 

Conscientiousness- Impulsivity 

An aspect of what once was termed “character”, this factor deals with the control of 

impulses, but in the sense of planning, organizing and carrying out tasks relative to a goal. 

High-C scorers are scrupulous, purposeful, strong-willed, determined, punctual and reliable. 

Low scorers tend to be hedonistic and lackadaisical. High-C is associated with academic and 

occupational achievement, but it may also lead to annoying fastidiousness, compulsive 

neatness or workaholic behaviour. Sub-scales are: Competence, Order, Dutifulness, 

Achievement Striving, Self-discipline and Deliberation (323). 
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In the limited research in community samples, no direct relationship between 

conscientiousness and headache is reported. An indirect relationship may however be inferred 

between headache and low-C (impulsivity), since general ill-health is related to failure to 

implement positive health behaviours (400) and adhere to medical recommendations (401). 

Impulsive individuals may also fail to monitor and avoid known and idiosyncratic headache 

triggers, e.g. adopting an imprudent diet, using illicit drugs, smoking, having excessive 

alcohol intake (15). Impulsivity may also increase headache risk by fostering avoidance-

related strategies which increase vulnerability to, and recovery from, stress, inhibiting the 

formation/maintenance of supportive social relationships able to mitigate stress and encourage 

coping (Chapter 9). In the present study no predictions were made about the relationship 

between conscientiousness and headache. 

On the basis of prior research, therefore, we hypothesised that headache sufferers and 

those with experimentally induced stress-headache would score higher in neuroticism, lower 

in extraversion and open-ness, and lower in agreeableness than controls or those with than 

without a stress-headache.  
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STUDY 1: PERSONALITY TRAITS AND ‘USUAL’ HEADACHE SEVERITY 

3.1 Method 

3.1.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants  

Group #1: Whole sample (Table 2.1, p.33) 

Measures 

Personality as assessed by the NEO-PI-R (Section 2.4.2.1, p.43) 

3.1.2 Data Analysis 

Previous research indicates significant personality differences between migraine, T-TH and 

controls in headache. Hence, two planned contrasts compared personality trait measures in (i) 

headache sufferers v controls and (ii) migraine v T-TH. These differences were investigated in 

Group (planned contrast) multivariate analyses of variance. Although ratings were skewed, 

clustering in the lower end of the continuum, analysis of variance was employed to investigate 

these relationships as it is fairly robust to violations of normality. As the NEO has separate 

norms for males and females, and the number of males in the sample was small (n = 18), results 

were computed for females in the first instance, then recomputed for the whole sample.  

3.2 Results 

Personality traits in episodic migraine and T-TH 

NEO personality traits and their facets were unrelated to headache category (migraine 

and T-TH). Table 3.1 shows results for the whole sample. As there are separate norms for 

males and females, means and standard errors are also shown for a female-only sample in 

Table 3.2. Table 3.3 and Table 3.4 show trait facets for the whole sample. 
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Table 3.1 Personality traits (NEO-PI-R) and headache category, means, standard errors, effects. 

 Headache sufferers v controls Migraine v T-TH 

Personality trait 

Headache  

(n = 78) 

Controls  

(n = 22) 

Migraine  

(n = 46) 

TTH  

(n = 32) 

 Mean SE Mean SE Mean SE Mean SE 

Neuroticism 99.35 22.99 93.55 4.72 98.09 3.48 98.63 4.17 

Extraversion 117.27 17.84 118.32 3.69 116.74 2.60 117.69 3.12 

Openness 126.95 18.75 125.46 4.01 128.94 2.75 124.94 3.30 

Agreeableness 119.39 17.94 117.96 4.04 118.09 2.81 120.13 3.37 

Conscientiousness 111.65 17.4 116.27 4.19 114.02 2.64 110.53 3.17 
 

 F df p η2 F df p η2 

Neuroticism 1.17 (1, 95) 0.282 0.01 0.01 (1, 76) 0.921 0.00 

Extraversion 0.06 (1, 95) 0.803 0.00 0.06 (1, 76) 0.803 0.00 

Openness 0.11 (1, 95) 0.744 0.00 0.87 (1, 76) 0.355 0.01 

Agreeableness 0.10 (1, 95) 0.756 0.00 0.22 (1, 76) 0.643 0.00 

Conscientiousness 0.94 (1, 95) 0.335 0.01 0.72 (1, 76) 0.400 0.01 

 

Table 3.2 Personality traits and headache category: Means, standard errors, main effects  (females 
only) 

 

Planned contrast 1 

Headache sufferers v controls 

Planned contrast 2 

Migraine v T-TH 

Personality trait 

Headache  

(n = 65) 

Controls  

(n = 17) 

Migraine  

(n = 38) 

TTH  

(n = 27) 

 Mean SE Mean SE Mean SE Mean SE 

Neuroticism 100.38 2.69 95.53 5.26 100.03 3.71 100.89 4.4 

Extraversion 119.29 2.12 120.06 4.14 119.63 2.85 118.81 3.38 

Openness 126.78 2.33 126.12 4.56 128.74 3.0 124.04 3.56 

Agreeableness 119.55 2.2 123.82 4.3 117.74 2.88 122.11 3.42 

Conscientiousness 111.49 2.51 111.65 4.9 113.76 2.91 108.3 3.45 
 

 F df p η2 F df p η2 

Neuroticism 0.68 (1, 80) 0.414 0.01 0.02 (1, 63) 0.881 0.0 

Extraversion 0.03 (1, 80) 0.869 0.0 0.03 (1, 63) 0.854 0.0 

Openness 0.02 (1, 80) 0.897 0.0 1.02 (1, 63) 0.317 0.02 

Agreeableness 0.78 (1, 80) 0.379 0.01 0.96 (1, 63) 0.332 0.01 

Conscientiousness 0.00 (1, 80) 0.978 0.0 1.47 (1, 63) 0.230 0.02 
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Table 3.3 Personality facets and headache category: Means, standard errors (whole sample) 

 Headache sufferers v controls Migraine v T-TH 

Personality facets 

Headache  

(n = 78) 

Controls  

(n = 22) 

Migraine  

(n = 46) 

T-TH  

(n = 32) 

Mean SE Mean SE Mean SE Mean SE 

Neuroticism 99.35 22.99 93.545 4.72 98.087 3.48 98.625 4.17 

n1 Anxiety 18.6 5.2 17.227 1.12 18.065 0.80 18.844 0.96 

n2 Angry Hostility 15.35 5.06 14.318 1.12 15.109 0.76 15.750 0.91 

n3 Depression 16.43 5.79 14.818 1.24 16.500 0.87 15.688 1.05 

n4 Self Consciousness 16.88 5.36 17.182 1.14 16.370 0.82 17.000 0.98 

n5 Impulsiveness 19.17 4.28 18.318 0.94 19.652 0.62 18.219 0.75 

n6 Vulnerability 12.92 4.73 11.682 1.00 12.391 0.73 13.125 0.87 

Extraversion 117.27 17.84 118.318 3.69 116.674 2.60 117.688 3.12 

e1 Warmth 23.387 3.94 23.273 0.88 23.565 0.63 22.719 0.75 

e2 Gregariousness 18.51 5.38 17.545 1.14 17.804 0.80 19.281 0.96 

e3 Assertiveness 15.61 4.59 16.091 1.06 15.891 0.69 15.594 0.83 

e4 Activity 17.28 3.77 17.545 0.86 17.239 0.56 17.438 0.67 

e5 Excitement seeking 20.15 5.17 20.545 1.05 19.891 0.77 20.125 0.92 

e6 Positive Emotions 22.33 4.53 23.318 0.93 22.283 0.66 22.531 0.79 

Openness 126.95 18.75 125.455 4.01 128.935 2.75 124.938 3.30 

o1 Fantasy 20.59 5.17 20.682 1.12 20.065 0.76 21.656 0.91 

o2 Aesthetics 20.11 5.56 19.409 1.20 20.457 0.81 19.469 0.98 

o3 Feelings 23.68 3.38 23.318 0.76 23.870 0.53 23.313 0.64 

o4 Actions 17.09 4.13 16.000 0.93 17.587 0.61 16.406 0.73 

o5 Ideas 21.4 6.09 21.864 1.29 21.891 0.91 21.188 1.09 

o6 Values 23.61 3.63 24.182 0.77 24.304 0.53 22.906 0.64 

Agreeableness 119.39 17.94 117.955 4.04 118.087 2.81 120.125 3.37 

a1 Trust 19.05 4.4 19.045 0.99 19.000 0.68 18.969 0.81 

a2 Straightforwardness 19.61 4.94 19.227 1.10 19.174 0.74 19.969 0.89 

a3 Altruism 24.15 3.47 23.955 0.77 24.065 0.55 24.125 0.65 

a4 Compliance 17.21 4.82 17.636 1.06 16.804 0.74 17.375 0.89 

a5 Modesty 19.05 4.99 18.273 1.06 19.326 0.73 18.656 0.88 

a6 Tendermindedness 20.4 4.26 19.818 0.89 19.870 0.63 21.031 0.75 

Conscientiousness 111.65 17.4 116.273 4.19 114.022 2.64 110.531 3.17 

c1 Competence 20.64 3.51 21.000 0.75 21.478 0.52 19.875 0.62 

c2 Order 16.79 4.96 17.955 1.09 16.761 0.73 17.156 0.88 

c3 Dutifulness 20.92 3.2 22.364 0.76 21.326 0.49 20.781 0.59 

c4 Achievement Striving 18.83 4.72 19.455 1.03 19.609 0.69 18.000 0.83 

c5 Self-Discipline 17.03 4.84 18.273 1.10 17.630 0.73 16.750 0.88 

c6 Deliberation 16.89 4.61 17.136 1.01 16.304 0.68 17.969 0.81 
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Table 3.4 Personality facets and headache category: main effects (whole sample) 

 Headache sufferers v controls Migraine v T-TH 

 F df p η2 F df p η2 

Neuroticism 1.17 (1, 95) 0.282 0.01 0.01 (1, 76) 0.921 0.00 

n1 Anxiety 1.16 (1, 95) 0.285 0.01 0.38 (1, 76) 0.537 0.01 

n2 Angry Hostility 0.65 (1, 95) 0.421 0.01 0.29 (1, 76) 0.590 0.00 

n3 Depression 1.29 (1, 95) 0.258 0.01 0.35 (1, 76) 0.553 0.00 

n4 Self Consciousness 0.05 (1, 95) 0.816 0.00 0.24 (1, 76) 0.624 0.00 

n5 Impulsiveness 0.63 (1, 95) 0.428 0.01 2.17 (1, 76) 0.145 0.03 

n6 Vulnerability 1.19 (1, 95) 0.279 0.01 0.42 (1, 76) 0.520 0.01 

Extraversion 0.06 (1, 95) 0.803 0.00 0.06 (1, 76) 0.803 0.00 

e1 Warmth 0.01 (1, 95) 0.910 0.00 0.75 (1, 76) 0.391 0.01 

e2 Gregariousness 0.55 (1, 95) 0.459 0.01 1.40 (1, 76) 0.241 0.02 

e3 Assertiveness 0.16 (1, 95) 0.694 0.00 0.08 (1, 76) 0.785 0.00 

e4 Activity 0.07 (1, 95) 0.786 0.00 0.05 (1, 76) 0.821 0.00 

e5 Excitement seeking 0.11 (1, 95) 0.740 0.00 0.04 (1, 76) 0.846 0.00 

e6 Positive Emotions 0.86 (1, 95) 0.355 0.01 0.06 (1, 76) 0.811 0.00 

Openness 0.11 (1, 95) 0.744 0.00 0.87 (1, 76) 0.355 0.01 

o1 Fantasy 0.01 (1, 95) 0.941 0.00 1.82 (1, 76) 0.181 0.02 

o2 Aesthetics 0.26 (1, 95) 0.611 0.00 0.60 (1, 76) 0.440 0.01 

o3 Feelings 0.17 (1, 95) 0.678 0.00 0.45 (1, 76) 0.503 0.01 

o4 Actions 1.07 (1, 95) 0.304 0.01 1.53 (1, 76) 0.220 0.02 

o5 Ideas 0.10 (1, 95) 0.752 0.00 0.25 (1, 76) 0.620 0.00 

o6 Values 0.42 (1, 95) 0.519 0.00 2.81 (1, 76) 0.098 0.04 

Agreeableness 0.10 (1, 95) 0.756 0.00 0.22 (1, 76) 0.643 0.00 

a1 Trust 0.00 (1, 95) 0.994 0.00 0.00 (1, 76) 0.976 0.00 

a2 Straightforwardness 0.10 (1, 95) 0.757 0.00 0.47 (1, 76) 0.494 0.01 

a3 Altruism 0.05 (1, 95) 0.827 0.00 0.00 (1, 76) 0.944 0.00 

a4 Compliance 0.12 (1, 95) 0.725 0.00 0.24 (1, 76) 0.623 0.00 

a5 Modesty 0.42 (1, 95) 0.520 0.00 0.34 (1, 76) 0.560 0.00 

a6 Tendermindedness 0.33 (1, 95) 0.568 0.00 1.40 (1, 76) 0.240 0.02 

Conscientiousness 0.94 (1, 95) 0.335 0.01 0.72 (1, 76) 0.400 0.01 

c1 Competence 0.18 (1, 95) 0.673 0.00 3.92 (1, 76) 0.051 0.05 

c2 Order 0.89 (1, 95) 0.349 0.01 0.12 (1, 76) 0.730 0.00 

c3 Dutifulness 2.77 (1, 95) 0.099 0.03 0.50 (1, 76) 0.481 0.01 

c4 Achievement Striving 0.29 (1, 95) 0.594 0.00 2.24 (1, 76) 0.139 0.03 

c5 Self-Discipline 0.99 (1, 95) 0.323 0.01 0.59 (1, 76) 0.445 0.01 

c6 Deliberation 0.04 (1, 95) 0.833 0.00 2.49 (1, 76) 0.119 0.03 
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STUDY 2: PERSONALITY TRAITS AND HEADACHE INTENSITY 

Aim: To examine the relationship of NEO personality traits to headache induced 

during the three phases of a laboratory experiment. 

3.3 Method 

3.3.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants  

Group #2: the experimental sub-sample (Table 2.3, p.34). 

Measures 

1. Personality as assessed by the NEO-PI-R (Section 2.4.2.1, p.43). 

2. Headache intensity ratings during experiment: a 10-point Visual Analogue Scale 

(described in Section 2.4.1.1, p.42) 

Experimental design 

See Sections 2.2, p.35. 

3.3.2 Data analysis 

Bivariate correlations were computed for the relationship between headache ratings 

at each phase of the experiment and the five NEO personality traits.  

Multiple regression analyses computed the relationship between headache in each 

phase of the experiment and the component of each personality trait that is independent of 

the other personality factors.  

3.4 Results 

3.4.1 Correlational analyses 

As shown in Table 3.5, there were significant correlations between neuroticism and 

headache before and after (but not during) the task, and these were particularly related to 

anxiety and depression. 



Chapter Three.  Personality and headache 

60 

Table 3.5 Correlations between NEO personality traits and headache at each phase of  
the experiment 

 Headache before task Headache during task Headache after task 

Neuroticism 0.248* 0.169 0.241* 

n1 Anxiety 0.245* 0.145 0.241* 

n2 Angry Hostility 0.113 0.123 0.150 

n3 Depression 0.310** 0.201 0.340** 

n4 Self Consciousness 0.164 0.047 0.103 

n5 Impulsivity 0.046 0.087 0.032 

n6 Vulnerability 0.144 0.110 0.121 

Extraversion 0.009 0.139 –0.130 

e1 Warmth 0.127 0.266* 0.011 

e2 Gregariousness –0.006 0.163 –0.116 

e3 Assertiveness 0.015 –0.080 –0.065 

e4 Activity 0.160 0.267* 0.111 

e5 Excitement seeking –0.086 –0.048 –0.167 

e6 Positive Emotionality –0.141 –0.013 –0.225* 

Openness –0.108 –0.187 –0.068 

o1 Fantasy –0.174 –0.163 –0.209 

o2 Aestheticism –0.064 –0.027 –0.015 

o3 Feelings 0.033 –0.079 –0.058 

o4 Actions –0.059 –0.080 –0.014 

o5 Ideas –0.062 –0.114 0.032 

o6 Values –0.108 –0.198 –0.135 

Agreeableness –0.013 0.080 –0.008 

a1Trust –0.021 0.159 –0.031 

a2 Straightforwardness 0.047 –0.034 0.056 

a3 Altruism 0.201 0.098 0.031 

a4 Compliance –0.029 0.069 –0.043 

a5 Modesty –0.111 –0.033 –0.017 

a6 Tendermindedness –0.080 0.027 0.000 

Conscientiousness 0.009 –0.077 0.052 

c1 Competence –0.086 –0.109 –0.045 

c2 Order –0.061 –0.050 0.004 

c3 Dutifulness 0.182 0.024 0.161 

c4 Achievement striving 0.053 0.186 0.018 

c5 Self discipline –0.007 –0.114 –0.043 

c6 Deliberation –0.060 –0.094 0.019 

** Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed) 
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3.4.2 Multiple regression analyses 

As shown in Table 3.6 and Table 3.7, multiple regression analyses were conducted to 

determine which traits and their facets may predict headache before, during and after the 

task. Neuroticism predicted headache intensity before and especially after the task (p<.05), 

particularly its depression facet (p<.0001). The extraversion facets of warmth, activity and 

low ‘positive emotionality’ were significant predictors of headache – warmth predicted 

headache before and during the task (p<.05), the activity facet predicted headache at all 

points, especially during the task (p<.001) as did low positive emotionality, especially 

after the task (p<.01). Overall, low openness predicted headache during the task (p<.05), 

but none of its facets were significant predictors. Overall, conscientiousness did not 

predict headache, but its dutifulness facet predicted headache before the task (p<.05), 

while achievement striving (p<.001) and low self-discipline (p<.05) predicted headache 

during the task. 

Table 3.6 Multiple regression analyses: NEO personality traits and headache intensity before, 
during and after the task 

 Headache before task Headache during task Headache after task 

R2 0.079 0.103 0.091 

Beta weights in each model 

Neuroticism 0.282* 0.146 0.295* 

Extraversion 0.051 0.183 –0.097 

Openness –0.073 –0.237* –0.001 

Agreeableness 0.035 0.122 0.044 

Conscientiousness 0.118 0.012 0.151 

* Beta weight is significant at the 0.05 level 
 

Table 3.7 Multiple regression analyses: NEO personality facets and headache intensity before, 
during and after the task 

Traits and facets Headache before task Headache during task Headache after task 

Neuroticism    

R2 0.125 0.063 0.190* 

Beta weights in each model 

n1 Anxiety 0.184 0.184 0.218 

n2 Angry Hostility -0.004 -0.004 0.015 

n3 Depression 0.410* 0.410 0.570*** 

n4 Self Consciousness -0.142 -0.142 -0.306* 

n5 Impulsivity -0.077 -0.077 -0.120 

n6 Vulnerability -0.137 -0.137 -0.186 
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Traits and facets Headache before task Headache during task Headache after task 

Extraversion    

R2 0.144 0.246*** 0.164* 

Beta weights in each model 

e1 Warmth 0.335* 0.330* 0.252 

e2 Gregariousness -0.115 0.055 -0.138 

e3 Assertiveness -0.051 -0.250* -0.129 

e4 Activity 0.299* 0.447*** 0.319* 

e5 Excitement seeking -0.077 -0.117 -0.125 

e6 Positive Emotionality -0.336* -0.301* -0.358** 

Openness    

R2 0.048 0.066 0.078 

Beta weights in each model 

o1 Fantasy -0.190 -0.137 -0.222 

o2 Aestheticism -0.022 0.128 0.052 

o3 Feelings 0.125 -0.046 0.023 

o4 Actions -0.054 0.012 -0.006 

o5 Ideas 0.057 -0.041 0.173 

o6 Values -0.091 -0.200 -0.207 

Agreeableness    

R2 0.073 0.055 0.014 

Beta weights in each model 

a1 Trust -0.044 0.241 -0.075 

a2 Straightforwardness 0.091 -0.190 0.122 

a3 Altruism 0.237 0.097 0.029 

a4 Compliance -0.063 0.048 -0.083 

a5 Modesty -0.083 0.018 -0.029 

a6 Tendermindedness -0.110 -0.081 0.032 

Conscientiousness    

R2 0.076 0.164* 0.052 

Beta weights in each model 

c1 Competence -0.180 -0.240 -0.119 

c2 Order -0.111 0.023 0.010 

c3 Dutifulness 0.258* 0.047 0.231 

c4 Achievement striving 0.106 0.516*** 0.078 

c5 Self discipline -0.045 -0.380* -0.170 

c6 Deliberation -0.015 0.017 0.059 

* Beta weight is significant at the 0.05 level, ** significant at the .01 level, *** significant at the .001 level. 
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3.5 Discussion 

The aim of these investigations was to assess whether NEO personality traits differ 

among headache categories and relate to experimentally induced headache in an under-

graduate sample of episodic migraine and T-TH participants.  

Analyses of variance indicated that personality traits and their facets were similar in 

migraine, T-TH and controls in this sample. Multiple regression analyses also indicated 

that in combination, these personality variables explained only a small amount of variance 

in headache intensity during each phase of the experiment. This may have reflected the 

small size and composition of this sample, which may have been too homogeneous to 

adequately distinguish between headache categories. Some studies have, for example, 

found higher neuroticism scores in arts and humanities students compared with economics 

and business students (402), and the present sample consisted primarily of female 

psychology undergraduates.  

Also, the predictive value of each trait to headache is limited to the component of that 

trait which is independent of other personality traits. In this respect, the Big Five personality 

traits are not entirely independent of each other (403) and appear to have a replicable 

higher-order structure, with the meta-trait of Plasticity reflecting the shared variance 

between Extraversion and Openness/Intellect, and the meta-trait of Stability reflecting the 

shared variance among Neuroticism, Agreeableness, and Conscientiousness. These higher 

order traits have been theorized to relate to individual differences in the functioning of the 

dopamine and serotonin systems, respectively (404). This suggests that a somatogenic or 

biopsychosocial paradigm may be more useful in uncovering relationships between 

personality and headache than a psychogenic paradigm (discussion below).  

Nevertheless, when considered on its own, and consistent with findings in large scale 

community-based surveys (e.g. 300; 350), neuroticism was associated with headache 

intensity before and after the task. In the present context, this finding is also consistent 

with Eysenck’s theory that high-N scorers have an easily activated neurological system– 

i.e. a low threshold to external stimuli (353). They may magnify negative symptoms (405; 

406) and tend towards exaggerated harm appraisals which may confer stress vulnerability 

during threat (407) but which increase pain perception (344). They report more frequent 

physical illnesses as well as more frequent and severe physical symptoms (261; 408) 

which may at times be unfounded (i.e. without physiological basis) (409). Greater ‘anxiety 

sensitivity’ is also reported in high-N scorers – the tendency to avoid potentially painful 
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activity and catastrophically label anxiety-related body sensations in the belief that they 

are a signal of bodily harm or damage (410). Such sensitivity increases interpretive bias 

and negative pain perception (344; 411) and is related to headache (412).  

Furthermore, personality neuroscience investigations, particularly those conducted 

from a cybernetic perspective, posit that neuroticism reflects individual differences in the 

sensitivity of defensive distress systems that become active in the face of threat, 

punishment and uncertainty (413). Uncertainty is innately threatening because it impedes 

the ability to confidently predict one’s goal progress in a given situation, giving rise to 

anxiety (414). In this respect we saw that the neuroticism facets of proneness to worry 

(“anxiety”) and especially the tendency to experience depressive affect (“depression”) 

were associated with headache before and particularly after the task. Conceivably then, 

the head shocks, the unfamiliar and isolating environment of a Faraday cage (a steel-lined 

room to reduce electrical noise) and unpredictable procedures may have been perceived 

more adversely and raised higher negative affect in those scoring high in neuroticism.  

However, why then was neuroticism not associated with headache during the task 

itself? We would expect neuroticism to be activated by the non-contingent feedback in the 

stressful task, since greater “feedback-related negativity” was reported in high-N 

individuals when feedback was ambiguous rather than when such feedback was negative, 

whereas the opposite was true with low-N individuals (415).  

Perhaps therefore the cognitive task in phase 2 acted as a distractor (416), redirecting 

attention away from threat (407; 417) in high-N individuals. ‘Mental” (rather than 

‘emotional’) stressors have been shown to blunt the effects of negative affectivity (418). 

Thus, the higher pain report in high-N scorers before and after the task may reflect the 

absence of focused distractions in phases 1 and 3 of the experiment (419). However, in an 

emotional Stroop task, high trait anxiety individuals were less able than low trait anxiety 

individuals to shift attention away from the threatening content of anxiety-related words 

(417). This suggests that high-N individuals may have been less likely than low scorers to 

be distracted during the cognitive task.  

Another possibility is that aspects of the stressful task itself influenced the expression 

of other FFM personality traits linked with headache, including the ‘positive emotionality’ 

and ‘activity’ facets of extraversion and the conscientiousness facet of “achievement 

striving”, both of which are considered the inverse of neuroticism (420). Thus, the core 

function of extraversion is posited as sensitivity to reward, enabling the individual to be 



Chapter Three.  Personality and headache 

65 

energized by goals (413). In fMRI studies, extraversion has been shown to predict neural 

activation in response to emotionally positive or rewarding stimuli (421). Also, from a 

cybernetic perspective, the function of conscientiousness may be to facilitate the pursuit 

of non-immediate goals and rule-based behaviour (413). However, the task itself thwarted 

any sense of goal progress, possibly predisposing to headache. Thus, individuals with high 

“Activity” scores need to keep a rapid tempo and vigorous movement and to keep busy 

while individuals who score high on “achievement striving” have high aspiration levels, 

are diligent and purposeful and work hard to achieve their goals (323, p.17). This is 

consistent with early research suggesting that over-striving may be an aspect of personality 

which contributes to headache (131).  

An alternative explanation therefore is that the task may have been stressful for all 

participants, extinguishing any differences between high and low scorers in neuroticism. 

Since the mean stressfulness rating of the task was 4.5 out of a possible 7, and only a small 

amount of variance in headache intensity was explained by personality traits, this seems 

the more likely explanation. 

Study Limitations 

A number of factors limit the conclusions to be drawn from this study, the most 

obvious being the small sample size. The associated low power increases the likelihood of 

Type II error rates (failure to detect real effects). Given that the middle third of effect sizes 

in psychology is between r =.2 and .3 (422), and that the average effect size in personality 

research is  been estimated at .21 (423), researchers must ensure that they have the power 

to detect effects of at least r = .2. To have 80% power to detect a correlation of .2 at p <.05 

requires a sample of 194 (422).  As a result, only strong effects were detected in this study. 

Conversely, small samples increase the likelihood of Type I errors (false positives) 

because of greater sampling variability and decreased precision. Nevertheless, as an 

exploratory rather than a confirmatory study, future research could use data from this study 

to select sample sizes able to more confidently test the hypotheses under investigation.  

Another limitation is that the sample may have included undiagnosed mood disorders, 

since depression and anxiety were controlled for only through participant selection (i.e. 

relying on self-disclosure rather than psychometric testing). Headache frequency was also 

not measured. Future research should include more stringent checks on the presence of 



Chapter Three.  Personality and headache 

66 

mood disorders and also examine the relationship of personality and headache frequency, 

the latter ascertained by means of a headache diary.  

Furthermore, this piece of research has implicitly adopted a psychogenic perspective 

on the relationship of personality and headache, particularly since personality was 

considered during the stress process only in Study 2. A somatogenic paradigm may be 

more apposite, which assumes that the relationship between personality and headache is 

indirect, i.e. occurs via shared underlying factors. The paradigm of biopsychosocial 

synergism is even more fitting – and more defensible from a stress theory perspective 

(424). This paradigm assumes that headache and personality are linked via multiple and 

interacting factors, such as stress appraisal processes, temporary emotional states and 

physiological reactivity. Investigations examine the social-cognitive processes by which 

personality traits may influence headache and stress. This paradigm is adopted in Chapter 

7 of this thesis. 

3.6 Conclusions 

NEO personality traits were unrelated to ‘usual’ headache severity in those with a 

migraine or T-TH history. Neuroticism was associated with headache intensity before and 

after but not during a stressful laboratory task. Preliminary results suggest that negative 

mood may moderate headache during stress, particularly in the absence of distractions, 

and that the need to keep active and strive toward goal achievement may, when progress 

is thwarted, predispose to headache. Further research using a biopsychosocial paradigm is 

needed to investigate further the mechanisms and processes by which personality traits 

influence headache in migraine and T-TH. But first we will investigate the effect on 

headache of another distal psychological factor, that of attachment insecurity. 
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Abstract 

Background. Attachment-related anxiety and avoidance are potentially important aspects 

of pain experience and management, but have not been investigated in episodic headache 

sufferers or in relation to experimentally-evoked headache.   

Objective. To determine whether adult insecure attachment styles were associated with 

sensitivity to pain or headache before, during or after stressful mental arithmetic in an 

episodic migraine and tension-type headache (T-TH) sample.  

Methods. Thirty-eight episodic migraine, 28 episodic T-TH and 20 headache-free 

participants intermittently received a mild electric shock to the forehead before, during 

and after stressful mental arithmetic.  

Results. A preoccupied attachment style and attachment anxiety, but not attachment 

avoidance, were associated with forehead pain and the intensity of headache before and 

after, but not during stressful mental arithmetic. These relationships were independent of 

Five Factor Model personality traits. Neither attachment anxiety nor avoidance was 

associated with episodic migraine or T-TH.   

Conclusions. Anxiously attached individuals may express greater pain or show a stronger 

attentional bias toward painful sensations than securely attached individuals. However, 

distraction during psychological stress may override this attentional bias. 
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4.1 Introduction  

The psychophysiological response to stress is one of the most commonly recognised 

triggers of headache. This link between stress and headache, identified in retrospective 

case studies and prospective diary studies (22; 26) has been verified in experimental 

investigations. For example, Cathcart et al (28) reported that headache developed in 91% 

of patients with chronic tension-type headache (T-TH) during an hour-long stressful 

mental arithmetic task compared with only 4% of healthy controls. Similarly, Stronks et 

al (33) observed that headache developed more frequently in patients with T-TH than in 

controls or migraine sufferers during stressful mental arithmetic. While the link between 

stress and headache seems clear, much remains to be learned about contextual and 

interpersonal vulnerability factors that may contribute to this link. Long-standing clinical 

observations suggest that relationship distress may play a role in migraine onset. For 

instance, Marcussen and Wolff (425) proposed that “the migraine headache represents a 

collapse of a way of dealing with life situations which are stressful to the individual” (p. 

255) following accumulated tension and hostility. The neurologist Sacks (426) described 

a migraine sub-type driven by a chronic life situation in which the person feels caught up 

in a ‘malignant emotional bind’ (p. 221). 

Bowlby's attachment theory (427-430) provides a theoretical base for examining the 

influence of interpersonal styles on stress-related headache. Attachment style – a trait-like 

pattern of relating to family and friends – reflects a mental representation of relationships 

arising from an individual's close relationship experiences. These styles strongly influence 

emotional bonds and reactions to social partners, reflect profound differences in sensitivity 

to social signals of support or conflict, and guide affect regulation and support-seeking in 

threatening situations (431; 432). 

Research during the past two decades has converged on a definition of adult attachment 

based on two primary dimensions (433).These orthogonal dimensions are thought to reflect 

attachment-related anxiety, or a model of self, and attachment-related avoidance, or a model 

of others (324; 434; 435). According to Fraley and Shaver (436), attachment-related anxiety 

reflects an individual's predisposition toward “anxiety and vigilance concerning rejection 

and abandonment”, whereas the avoidance dimension “corresponds to discomfort with 

closeness and dependency or a reluctance to be intimate with others” (pp. 142–143). 
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Four category measures can be derived from these dimensions, based on a high or 

low score on attachment anxiety or avoidance: Secure (low on both dimensions), 

Preoccupied (high anxiety, low avoidance), Dismissing (high avoidance, low anxiety) and 

Fearful (high on both dimensions) (434). The last three categories are deemed insecure 

styles of attachment. 

Theoretical models link attachment orientations to the development and maintenance 

of chronic pain (e.g. 437; 438). In the Attachment Diathesis Model of Chronic Pain (438), 

attachment insecurity represents a vulnerability factor for both acute and chronic pain (439-

441), as a temporary state and a more permanent trait (439; 441; 442). Based on repeated 

experiences of sensitive, reassuring and comforting responses from primary attachment 

figures, secure individuals are thought to have acquired self-efficacy in response to threat 

(443) and optimal regulation of negative emotions when pain is experienced (444). These 

experiences also influence pain report and pain-signaling to others (63; 445). Driven by a 

desire to have their attachment needs met, anxiously attached (preoccupied) individuals are 

thought to actively focus on or exaggerate their pain to elicit comfort and support, whereas 

avoidantly attached (dismissing) individuals inhibit distress caused by pain in order to 

minimize dependence on others whose responsiveness they distrust. In community surveys, 

secure attachment was associated with greater levels of control over pain and lower 

catastrophizing (437), while attachment anxiety was associated with greater pain intensity 

(446; 447) and with experiencing pain as highly threatening and distressing (431). In a 

painful cold-pressor task, attachment anxiety was associated with reduced pain thresholds, 

lower perceptions of control over pain, more stress and greater catastrophizing (440). 

Dismissing (and fearful) attachment was associated with less intense pain as well as 

increased cold pressor endurance (pain tolerance), albeit only in the presence of a known 

assessor (439). These associations were retained after controlling for measures of 

neuroticism, NA, age, and social desirability. Neuroticism (negative affectivity) correlates 

highly with attachment insecurity, so must be controlled for (448; 449). 

Attachment-related neurobiological research suggests compromised regulatory 

functioning of the right orbitofrontal cortex in individuals with an insecure attachment 

history (450; 451). This area of the brain has been implicated in headache onset (452) and 

pain sensitivity in migraine sufferers (453). Correlational studies have reported an 

overrepresentation of insecure attachment styles in a combined migraine, T-TH and 

chronic daily headache clinic sample compared with controls (243). Attachment insecurity 

also predicted migraine-related disability (244). However, referral bias (12; 340) and 
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depression (454; 455) were possible confounds. Likewise, these studies did not control for 

personality traits which may contribute to pain or headache, including neuroticism – a 

headache vulnerability factor reliably identified in epidemiological studies (235; 236). 

Other major personality factors, such as extraversion (sociability) (237-239), low 

openness to experience (conservatism) (240), aggression-hostility (241) and ‘sensation 

seeking’ (242) may also be associated with migraine and/or T-TH.  

Hence, it was hypothesised that individuals with an insecure attachment style would 

be more likely than secure individuals to (i) suffer from migraine or T-TH; and (ii) develop 

a headache during a stressful laboratory task. We expected that these relationships would 

be independent of neuroticism. 

4.2 Method 

4.2.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here. 

Participants  

Group #1: Whole sample (Table 2.1, p.33) 

Experimental design 

See Section 2.2, p.35 

4.2.2 Measures 

Attachment style was measured by the Close Relationships Questionnaire available 

at http://www.authentichappiness.sas.upenn.edu. This test was uploaded in 2005 and is 

the same instrument as the Experiences in Close Relationships-Revised (ECR-R) (456), 

modified for online scoring. Participants were either currently in a romantic relationship 

or had been in one in the past. Each of the 36 items described feelings generally 

experienced in intimate relationships and participants rated their agreement with each item 

on a 7-point Likert scale (1= Strongly Disagree; 7= Strongly Agree). For each person, the 

scores for all items within each scale were averaged, yielding a category measure – Secure, 

Preoccupied, Dismissing or Fearful – and two continuous measures: attachment-related 

anxiety (the extent to which people feel insecure about the availability and responsiveness 

of romantic partners) and attachment-related avoidance (the extent to which people are 

http://www.authentichappiness.sas.upenn.edu/
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uncomfortable about depending on others). The ECR-R demonstrates excellent stability 

(internal consistencies and test-retest reliability coefficients above .90) as well as good 

convergence and discriminant validity (456; 457).  

Personality traits were measured by the NEO-PI-R (458) (Section 2.4.2.1, p.43). 

Demographic information (age, gender) was collected when participants completed the 

assessment instruments. 

4.2.3 Statistical approach 

Preliminary data screening indicated that many of the variables were not normally 

distributed. Nevertheless, differences among groups were investigated in analyses of 

variance using untransformed data, as violations of the normality assumption generally do 

not influence the outcome greatly (459). Questionnaire scores were compared among 

headache groups (migraine, T-TH, controls) in one-way analyses of variance. Electrically-

evoked pain was investigated in Group x Phase (preliminary, final) x Trial (the first 30s 

shock series, the 2s shock series, the second 30s shock series) analyses of variance. The 

multivariate solution (Wilks’ Lambda) was used for factors with more than two levels. 

Headache, nausea and distress ratings during the preliminary and post-stressor experimental 

phases were investigated in similar analyses. Changes in headache and nausea during mental 

arithmetic were investigated in Group x Block (before arithmetic, and after each subsequent 

5-minute block of arithmetic) analyses of variance. Effects of Preoccupied versus Secure 

Attachment on ratings of electrically-evoked pain, headache, nausea and distress were 

investigated in a similar series of analyses. Small numbers within the Dismissing and Fearful 

categories precluded separate analysis of these attachment categories. 

The association between continuous questionnaire measures (attachment anxiety, 

attachment avoidance, Neuroticism, Extraversion, Openness, Agreeableness and 

Conscientiousness) and mean headache, nausea, pain and distress ratings before and after 

mental arithmetic was explored in correlation analyses. In addition, whether attachment 

anxiety predicted headache and pain ratings independently of neuroticism was 

investigated in hierarchical regression analyses. In these analyses, neuroticism was entered 

in the first step and attachment anxiety in the second step. Attachment avoidance was not 

included in these analyses because preliminary analyses indicated no relationship between 

this attachment style and headache or pain ratings. 

Results are presented as the mean ± standard error, and p<0.05 was considered to be 

statistically significant. 
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4.3 Results 

4.3.1 Headache categories 

The assessed personality traits and attachment styles were similar in the migraine, T-

TH and control groups (Table 4.1 and Table 4.2). Headache and nausea ratings were 

similar in the migraine, T-TH and control groups during the pre- and post-stressor phases 

of the experiment (Table 4.2), but increased significantly during stressful mental 

arithmetic (main effect for Block: for headache F (4, 80) = 40.3, p<0.001; for nausea, F 

(1, 82) = 167.55, p < .001). During the arithmetic task, moderate or severe headache 

developed in 43 participants (50%). Another 30 participants (35%) reported mild increases 

in headache, whereas headache was minimal or decreased in 13 participants (15%) (8 

migraine, 2 T-TH, 3 controls). The proportion of participants who developed a moderate 

or severe headache was similar in the three headache groups (40% with a history of 

migraine, 54% with T-TH and 65% of controls).  

Table 4.1 Migraine, T-TH and controls: numbers in each attachment category 

 Migraine T-TH Controls TOTAL 

Secure 28 25 16 69 

Preoccupied 12 6 5 23 

Dismissing 4 3 1 8 

Fearful 5 1 0 6 

Note: Of the 20 who completed only the first testing session, 13 were classified Secure, 5 Preoccupied, 2 
Dismissing and 2 Fearful. 

The mental arithmetic task was rated as moderately or extremely stressful by most 

participants (a mean rating of 4.5 on a 0-7 scale) whereas pain-related distress before and 

after the task was rated as “mild” (a mean rating of 2.1 on a 0-10 scale). Pain ratings to the 

electrical stimuli, pain-related distress and task stressfulness ratings were similar in the 

migraine, T-TH and control groups (Table 4.2).  

4.3.2 Attachment insecurity  

Both attachment anxiety and neuroticism were associated with pain, headache and 

pain-related distress before and after but not during stressful mental arithmetic (Table 4.3). 

Attachment anxiety increased in proportion to neuroticism (r = 0.378, p < .01) and 

decreased in proportion to conscientiousness (r = -0.206, p <.05). In contrast, attachment 

avoidance was unrelated any of the personality traits or to symptom or distress ratings at 

any stage of the experiment. In hierarchical regression analyses, attachment anxiety 
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predicted pain intensity and pain-related distress before and after stressful mental 

arithmetic independently of neuroticism (Table 4.4). Neuroticism was associated with 

headache both before and after the mental arithmetic task, but attachment anxiety did not 

account for any additional variance. 
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Table 4.2 Migraine, T-TH and controls: Means, standard deviations and range regarding attachment anxiety, attachment avoidance, headache, pain, nausea and pain-
related distress. 

 Migraine T–TH Headache–free controls 

Dependent variable Mean SD Range Mean SD Range Mean SD Range 

Attachment anxiety  3.28 1.12 1.7 –5.4 2.96 0.96 1.2–4.6 3.43 1.03 1.9–5.4 

Attachment avoidance  2.94 0.97 1.3 –5.3 2.91 1.05 1.4–5.6 2.74 0.75 1.6–3.9 

Neuroticism  96.92 26.06 55–157 95.04 20.75 46–153 98.17 15.79 66–132 

Extraversion  115.78 20.34 75–151 119.74 14.18 92–151 118.39 16.75 87–143 

Openness  128.67 19.29 94–162 126.00 20.18 83–166 124.89 19.84 83–167 

Agreeableness  118.39 19.82 67–157 119.04 19.42 60–149 121.50 19.42 82–159 

Conscientiousness  114.97 14.70 87–144 113.74 19.63 73–151 114.61 24.28 61–145 

Headache before task  1.34 1.23 0 –6.9 0.94 0.93 0 –4.2 1.04 1.62 0 –3.1 

Headache during task  3.08 1.96 0.1–8.2 2.99 2.13 0.2 –8.3 3.06 1.73 0 –6.5 

Headache following task  1.82 1.62 0 –7 1.26 1.31 0 –5.3 1.34 1.78 0 –6.2 

Pain before task  3.07 1.46 1 –7.4 2.64 1.22 1.1–5.7 3.27 1.25 1.6–6.3 

Pain after task  2.64 1.60 0 – 8.9 2.11 1.00 0.8–4.1 2.74 1.45 1.2–6.3 

Nausea before task  0.62 1.33 0–5.8 0.31 0.65 0–2.5 0.27 0.76 0–3.3 

Nausea during task  3.07 1.87 0–6.3 2.97 1.95 0–7.5 3.25 1.97 0–6.7 

Nausea after task  0.82 1.68 0–6.6 0.80 1.52 0–5.3 0.44 0.94 0–3.3 

Distress before task  2.24 1.83 0–6.3 1.98 1.55 0–4.7 2.81 2.15 0–8 

Distress after task  1.63 1.66 0–6.3 1.44 1.47 0–5.7 1.93 2.04 0–7 

Rated stressfulness of task  4.67 1.15 0–7 4.41 1.26 2–7 4.50 1.62 0–7 
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Table 4.3 Pearson correlations between attachment dimensions, personality traits, headache, pain, distress, nausea and task stressfulness 

Trait 

Headache 

before 

task 

Headache 

during  

task 

Headache 

after 

task 

Pain 

before 

task 

Pain  

after 

task 

Pain 

distress 

before task 

Pain 

distress 

after task 

Nausea 

before 

task 

Nausea 

during 

task 

Nausea 

after 

task 

Perceived 

task 

stress 

Attachment anxiety .258* –.011 .275** .265* .308** .310** .297** .040 .023 –.028 .117 

Attachment avoidance –.099 –.093 .110 .092 .138 .117 .116 .078 –.128 –.031 .013 

Neuroticism .248* .169 .241* .108 .151 .277* .240* .177 .168 .218* .149 

Extraversion .009 .139 –.130 .169 .093 .108 –.083 –.077 .121 –.100 .195 

Openness –.108 –.187 –.068 –.162 –.162 –.157 –.220* .022 –.229* –.138 .043 

Agreeableness –.013 .080 –.008 .045 .033 .121 .014 –.005 .140 –.029 .096 

Conscientiousness .009 –.077 .052 .076 .129 –.064 .141 –.078 –.066 –.042 –.154 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

Table 4.4 Hierarchical multiple regression models predicting headache and pain ratings from neuroticism and attachment anxiety 

 Model 1 Model 2 

 Neuroticism (N) Neuroticism (N) + Attachment Anxiety (AA) 

 R2 β (N) R2 R2 change β (N) β (AA) 

Before stress       

Headache .062* .248* .086* .024 .188 .166 

Pain intensity .012 .108 .069 .058* .009 .260* 

Pain distress .077* .277* .123** .046* .189 .232* 

After stress       

Headache .058* .241* .084* .025 .175 .173 

Pain intensity .023 .151 .084* .061* .057 .266* 

Pain distress .057* .240* .102* .044* .153 .227* 

* p <0.05; ** p < 0.01 
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Participants with a preoccupied attachment style reported greater headache and 

electrically-evoked pain than those with a secure attachment style during the pre- and post-

stressor phases of the experiment (main effect for Category: for headache, F (1, 79) = 8.62, 

p<0.01; for pain ratings, F (1, 81) = 13.5, p<0.001) (Figure 4.1 and Figure 4.2). These 

effects were maintained after controlling for neuroticism in analyses of covariance (main 

effect for Category: for headache, F (1, 73) = 6.44, p<0.05; for electrically-evoked pain, F 

(1, 75) = 8.90, p<0.05). Similarly, pain-related distress before and after the task was 

greater in participants with a preoccupied than secure attachment style (F (1, 81) = 4.57, p 

<.05) (Figure 4.3). However, this effect decreased after controlling for neuroticism (main 

effect for Category, F (1, 75) = 2.13, not significant). In contrast to these differences before 

and after the task, increases in headache during stressful mental arithmetic were similar in 

preoccupied and securely attached participants (Figure 4.1). 

 

Figure 4.1 Headache ratings (± S.E.) before, during and after stressful mental arithmetic in 57 
securely attached participants and 23 preoccupied participants. Headache ratings were greater in 
preoccupied than securely attached participants before and after arithmetic. 

 

Figure 4.2 Electrically-evoked pain (± S.E.) before, during and after stressful mental arithmetic in 
57 securely attached participants and 23 preoccupied participants. Pain ratings were greater in 
preoccupied than securely attached participants before and after arithmetic. 
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Figure 4.3 Pain-related distress ratings (± S.E.) before, during and after stressful mental arithmetic 
in 57 securely attached participants and 23 preoccupied participants. Distress ratings were greater in 
preoccupied than securely attached participants before and after arithmetic. 

4.4 Discussion 

The aim of this study was to investigate whether the participant’s attachment style 

(secure, insecure) or dimensional score (anxiety or avoidance) was associated with 

episodic migraine or T-TH and with experimental pain and headache ratings during a 

headache provocation procedure: (a) before and after a stressful task; and (b) during an 

unpredictable and uncontrollable mental arithmetic stressor. We also investigated whether 

the relationship between attachment style and headache was independent of neuroticism.   

4.4.1 Differences among headache groups  

Our study failed to replicate findings of previous studies (243; 244), in that neither 

categorical nor continuous measures of attachment anxiety and attachment avoidance, nor 

Five Factor Model personality traits differed significantly among the migraine, T-TH and 

control groups.  Also, contrary to previous studies (460; 461), migraine and T-TH 

participants were no more likely than controls to develop a stress-related headache.  

With only 22 participants in the control group, our study may have lacked sufficient 

power to detect differences in attachment style or personality traits among the headache 

groups. Our findings may also reflect the age and composition of our sample. For example, 

the mean age of our episodic migraine sample was 25 years compared with a mean age of 

36.6 ± 8.8 years for chronic sufferers in a previous clinical study (244). Savi and colleagues 

(243) combined results for episodic and chronic migraineurs whereas our sample did not 

include participants with chronic migraine. We also excluded participants with depression or 

other Axis 1 disorders and those on medication of any kind, whereas participants in previous 

studies were drawn from headache clinics which also treated depression (243; 244). These 

disparities might explain why our findings differed from those in clinical studies (340).  
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Further, in relation to attachment category membership, our sample differed from 

large-scale population samples, where 59% of adults were classified as secure, 11% as 

anxious ambivalent and 25% as avoidant, leaving 4.5% ‘unclassified’(462). In contrast, in 

our sample, 65% of participants were classified as secure, 22% of participants had a 

preoccupied (anxious ambivalent) attachment style and only 8% were dismissing 

(avoidant). Since attachment avoidance may be particularly under-represented in 

psychology undergraduate samples (463), our results may generalise only to equivalent 

university populations. 

4.4.2 Attachment styles and stress-induced headache 

Compared with secure attachment, those with a preoccupied attachment style and 

those who scored high on the dimension of attachment anxiety reported heightened pain 

intensity, pain-related distress and headache. The association between attachment style 

and pain appeared to be specific, as there was no association with nausea and only partial 

overlap with neuroticism. The association between attachment anxiety scores and pain 

intensity and distress was present both before and after the arithmetic task. Similarly, the 

effect for headache was present before and after but not during the arithmetic stressor.  

Why might this be so? Attachment anxiety is elicited most readily in the context of 

social punishment. This might have featured more strongly before and after than during 

the stressful task, as there was no opportunity for social interaction during the task itself. 

In addition, the active support provided before and after the task may have helped secure 

individuals to cope with pain (464), as their confidence, communication abilities and 

interpersonal skills enable them to appraise, solicit and utilise appropriate support in 

difficult situations (465; 466). Although both secure and preoccupied individuals solicit 

help equally in stressful situations, the help-seeking behaviour of secure individuals is 

instrumental, dependent on context, the degree of personal help and the emotional 

neutrality of the task (466). In contrast, help-seeking in preoccupied individuals is directed 

more toward attaining emotional support (467). Preoccupied individuals reported greater 

pain-distress than secure individuals, suggesting heightened stress appraisal and/or help-

seeking behaviour (468).  

The type of support provided by the experimenter may also have functioned to 

increase pain ratings in preoccupied individuals.  Preoccupied individuals show greater 

attentional bias towards threatening stimuli than secure individuals (469-471) whereas 

effective support deflects attention away from the sensory/affective qualities of pain (472).  



Chapter Four.  Does attachment anxiety increase vulnerability to headache? 

81 

Notwithstanding verbal encouragement, the experimenter asked participants to rate pain, 

headache, nausea and pain-related distress every three minutes before and after the task, 

thereby drawing attention to their pain. Paradoxically, this may have augmented pain 

perception, particularly in preoccupied individuals.  

Added to this, the participant’s relationship with the support provider – a stranger – 

may have affected the degree of perceived support (465). Attachment is essentially a 

relational rather than trait-like construct, and in the ECR-R is measured in relation to a 

particular individual with whom the person is intimate. The social bonding system is 

believed to “borrow” the pain system to signal when important relationships are threatened 

(126). For example, functional imaging studies show increased activity in the insula and 

dorsal anterior cingulate cortex (ACC) during situations of social threat or reduced social 

support (473; 474), whereas attenuated ACC activity generally requires the physical or 

emotional presence or availability (475-477) of a significant other.  Thus, the higher 

pain/headache reports in preoccupied individuals before and after the arithmetic task may 

have resulted from higher stress appraisals in combination with increased pain signalling 

in the context of pain-focusing interactions from a stranger perceived as unsupportive.  

Alternatively, attentional factors may have contributed to the observed differences, 

irrespective of the presence or absence of experimenter support. Unless attention is 

actively directed elsewhere, painful stimuli will take precedence over competing painless 

stimuli (478). Before and after the task, the external environment offered relatively few 

distractions to the incoming pain stimuli. In contrast, the stressful task itself, including its 

failure manipulations (479), may have functioned to distract attention away from the 

immediate pain experience.  Research by James and Hardardottir supports such a 

possibility; in an undistracted condition, high trait-anxious participants reported lower 

pain tolerance to a cold pressor task than low trait-anxious participants, but higher pain 

tolerance during a distracted condition (480).  It may be that preoccupied individuals are 

less able to utilise internal distractions from pain than secure individuals, but this is a topic 

for future research. 

In relation to the task itself, we note that our modifications to the arithmetic task, 

already a recognised stressful procedure in headache research (460; 461), may have 

“overshot the mark” in terms of stress induction. Even normally headache-free participants 

developed a headache in response to the uncontrollable, time-pressured arithmetic task 

when the allostatic load was increased by the sound of a crying baby, electric shocks to the 

forehead, loud, unpleasant beeping and an ambiguous failure manipulation (481). The 
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active coping approaches favoured by secure individuals to reduce their stress levels (467) 

would have been rendered ineffective in this unpredictable and uncontrollable context. 

However, in this case we might have expected a higher headache report during the stressful 

task in secure than preoccupied individuals, particularly when they were anxious (482) and 

unable to access support. Since our stressor was impersonal and unlikely to activate 

attachment-related cognitions (451; 467; 483), further research using an interpersonal 

context, e.g., simulated social exclusion (473) or inclusion of a significant other (441) 

would be interesting. A research design that compares stress-induced headache during 

active or passive support versus no social support could also help to tease out these 

competing explanations. 

4.5 Conclusions 

This study appears to be the first to assess the components of attachment insecurity 

(anxiety and avoidance) in relation to headache diagnostic category in a non-clinical sample 

of episodic headache sufferers during headache provocation. Although insecure attachment, 

especially a preoccupied style, was similar in migraine, T-TH and control groups, it was 

associated with headache, pain ratings and pain-related distress before and after a cognitive 

stressor. Our findings suggest that attachment anxiety may contribute to headache, pain, and 

pain-related distress during a mildly painful procedure when a potential support person is 

present, attention is being drawn to one’s pain, and distractions are unavailable. 

Clinical implications  

Clinical implications are twofold. First, since attachment anxiety impacts on the 

patient-physician relationship (468), an understanding of patient attachment style may 

optimise treatment effectiveness. For example, patients who are most adaptive are those 

who have strong internal beliefs, strong beliefs in the powers of others such as health 

professionals and weak beliefs in chance (484) – beliefs more characteristic of securely 

than insecurely attached persons (485). Patients with poor self-efficacy or low perceived 

control over their pain – such as insecurely attached persons – are less likely to adhere to 

a self-management program (486). Actively directing anxiously attached headache 

sufferers away from the sensory and affective aspects of their headache and towards 

headache self-efficacy may optimise treatment.  
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Second, attachment anxiety may contribute to headache onset or maintenance via the 

quality and type of communications between the headache sufferer and their partner (63; 

445). If so, a dyadic, attachment-based psychotherapy approach such as Emotionally 

Focused Therapy (487; 488) may help in the management of intractable headache and 

associated distress. To the extent that the headache is associated with attachment anxiety 

in the context of a distressed relationship, a psycho-educational approach with the couple 

could identify how responses to complaints of pain may either facilitate or attenuate 

headache and pain-related distress.  

 

 



 

84 

SECTION 3: PROXIMAL INFLUENCES IN 

HEADACHE 

 



 

85 

5 

Somatic and neurophysiological 
responding in headache 

 

5.1 Introduction ................................................................................................. 86 

5.2 Method ........................................................................................................ 93 

5.3 Results ......................................................................................................... 97 

HEADACHE IS PROVOKED BY A STRESSFUL COGNITIVE TASK ................................... 97 

CARDIOVASCULAR RESPONSES IN STRESS-HEADACHE, MIGRAINE, T-TH & 

CONTROLS ............................................................................................................. 99 

CORTISOL CHANGES IN STRESS-HEADACHE, MIGRAINE, T-TH & CONTROLS .......... 107 

STRESS-HEADACHE AS FAILURE OF PAIN INHIBITORY PROCESSES? ......................... 114 

HEADACHE AS HABITUATION FAILURE? NOCICEPTIVE BLINK REFLEX MEASURES ...... 115 

5.4 Discussion ................................................................................................. 130 

5.5 Conclusions ............................................................................................... 136 

  

Chapter Five 



Chapter Five.  Somatic and neurophysiological responding in headache 

86 

5.1 Introduction 

The physiological changes accompanying both stress and headache have been 

extensively researched. Prolonged autonomic responses to, or insufficient recovery from, 

a stressor may trigger headache both in migraine and T-TH (28; 33). If prolonged, the 

autonomic or neuroendocrine responses activated to restore homeostasis after a stressful 

event may interact reciprocally via the trigeminovascular and other systems, involving 

the intra- and extracranial vasculature and perivascular spaces. Persistence or fatigue of 

these processes may result in an excess of inflammatory substances implicated in 

trigeminal sensitization or the exhaustion of pain modulation processes. Certainly, 

autonomic hyperactivity seems clearly associated with headache activity in other 

headache syndromes (489). The presence of migraine symptoms such as nausea and 

vomiting in the prodromal phase and during attacks suggests autonomic imbalance in 

migraineurs (490), which may interact with pain control centres in the brainstem, e.g. 

with the baroreceptor reflex (491). However, individuals differ markedly in their 

psychophysiological responses to standard stress exposures (492). Research is also 

contradictory in relation to the psychophysiological responding of migraine and T-TH to 

experimental stressors or the role of autonomic nervous subsystems in the genesis of the 

pain component of headache (297; 493). Thus, nausea has been shown to potentiate 

headache (210), as may anxiety and distress (494). Therefore, the purpose of this part of 

the study was to investigate the temporal relationship between autonomic changes and 

headache induced by a laboratory stressor in individuals who acquired a stress headache. 

Those with a history of episodic migraine and tension-type headache (T-TH) were also 

investigated to determine whether autonomic activation to stress differs between 

migraine and T-TH compared with healthy controls. 

Psychophysiological reactivity was assessed as changes in systolic blood pressure 

(SBP), diastolic blood pressure (DBP), pulse rate (PR), temporal pulse amplitude (TPA), 

nociceptive blink reflex (nBR) responses, nausea, cortisol, distress and anxiety before, 

during and after the task. 

5.1.1 Cardiovascular reactivity 

The cardiovascular system has become perhaps the most widely studied physiological 

system in behavioural medicine (495). Nevertheless, data are inconsistent or even 

contradictory regarding  cardiovascular reactivity in migraine and T-TH, the relation of 
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cardiovascular responses to the pain component of headache and to stressors in headache-

prone subjects during stress (297; 493; 496-501).  

In 1913, Janeway (502) noted that migraine was common in patients with  

hypertension. Some subsequent studies reported a positive association (379; 503-505), 

arising possibly from a direct relationship between hypertension and the rennin-

angiotensin system (506-508). However, other studies reported no association (509) or a 

negative association, e.g. lower SBP levels in migraine patients than controls (47; 510; 

511). Diastolic hypotension was also observed in many migraine patients before, during 

and after a migraine attack (512) – perhaps reflecting the inverse relationship between 

blood pressure levels and sensitivity to painful stimuli (513) and the mediating role of 

baroreceptors in this relationship (513-516). In a comprehensive review and summary, 

Hamed (517) stated that migraine and DBP are generally positively correlated, whereas 

migraine and SBP are negatively correlated. However, the direction of causation is 

unclear. Nor does this line of research clarify whether abnormal BP responses occur in 

migraine and T-TH during or following stress. 

A second and hotly debated (e.g.518; 519; 520) area of research relates to the role of 

cardiovascular responses in the genesis of migraine pain. In Wolff’s two-stage vascular 

theory (131), migraine aura was attributed to a reduction in cerebral and extracranial blood 

flow (vasoconstriction) and migraine pain to compensatory distension of the cephalic 

arteries. More recent ‘neurogenic’ theories attribute migraine pain to chemical activation 

of meningeal perivascular fibres (88), which lead to (i) peripheral sensitization of these 

nociceptors to intracranial mechanical stimulation, (ii) central sensitization of second-

order trigeminovascular nerves may further sensitize peripheral nociceptors (521). Thus, 

vasoconstriction-dilatation is implicated in migraine pain, albeit occurring later in the 

migraine sequence than Wolff proposed (97). 

A third line of research has specifically examined cardiovascular abnormalities in 

migraineurs during stress. Wolff’s ‘weak link’ theory (cited by 522) postulated a 

functional relationship between stress and vasomotor activity in the temporal artery. From 

this theory, (i) migraine susceptibility should increase when environmental stress 

exacerbates the organic vulnerability of the cephalic vasomotor system, (ii) migraineurs 

should differ from others specifically with regard to their temporal artery blood volume 

pulse and (iii) these differences should be limited to stress situations. In this respect, 

various differences have been reported between headache groups and/or non-headache 



Chapter Five.  Somatic and neurophysiological responding in headache 

88 

controls during some stressful conditions (523-529). Sympathetic hypofunction has also 

been reported in migraine compared with T-TH or controls (530-532), with a recent study 

concluding that autonomous cardiovascular control is disturbed in episodic and chronic 

migraine, resulting in enhanced vascular reactivity, whereas cardiac regulation remains 

largely unchanged (496). 

Although such findings point to chronic dysregulation of the vasomotor system of 

migraineurs relative to non-headache controls, other studies (525; 533-537) have failed to 

reflect the specific differences between migraine and nonmigraine subjects suggested by 

the weak-link theory. Similar cardiovascular responses to mental stressors were reported 

in all headache groups (490; 501), albeit smaller pulse amplitudes of the temporal artery 

in migraine than controls during a real-life stressor (501). Also contrary to the weak-link 

theory was a study showing that during stress, heart rate decreased in migraineurs and 

controls, whereas T-TH patients maintained higher heart rate (490). In another study, 

cardiovascular sympathetic hypofunction (e.g. reduced heart rate and blood pressure 

reactivity) was detected in both T-TH and migraine (537). In attempting to resolve these 

contradictions, some studies reported that differences occurred primarily during post-

stress adaptation. Thus, Feuerstein reported delayed recovery in migraineurs (538). 

However, finger BP recovery was delayed after stress and stress-induced pain was 

associated with less vasoconstriction in T-TH during recovery (490; 527).  

Heightened temporal pulse amplitude (TPA) was reported during headache in around 

one third of migraine subjects, suggesting dilatation as the source of pain (77). TPA was 

greater in migraineurs than other groups in response to mental arithmetic (538). During 

the stress period as compared with the non-stress period, stronger blood volume pulse 

change values were reported in migraine than control subjects, without physiological 

changes in other physiological response systems (EMG, heart rate) (525; 529). Greater 

extracranial vasoconstriction was reported in migraine patients during relaxation and 

recovery from stress, whereas vasoconstriction in T-TH in response to stress did not differ 

from that of controls (526). However, others report no enhanced temporal artery 

vasoconstriction in response to stress in migraineurs compared with T-TH (539), nor 

stress-related peripheral vasoconstriction in migraineurs with regard to digital pulse 

amplitude (539; 540) or finger temperature (540; 541). These postulated differences were 

however not always limited to stress responses within the cardiovascular system (540; 

542; 543), or to stressful situations in general (536; 540; 544). Overall therefore, research 

bearing on Wolff’s weak-link theory is suggestive but inconclusive. 
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In the present study it was hypothesised that increased stress would be accompanied by 

headache which in turn would be accompanied by increases in SBP, DBP, pulse rate and 

TPA. Such changes would greater in migraineurs than either controls or T-TH participants.  

Hypothesis 1. Stress-headache will be accompanied by increased SBP, DBP, pulse 

rate and TPA and these would be greater in migraine than T-TH participants.  

5.1.2 Cortisol reactivity 

Cortisol is a primary homeostatic regulator of the human inflammatory response to 

injury (545). Pain is itself a stressor (207), and inflamed tissues (e.g. from neurogenic 

inflammation) produce cytokines which begin a series of activities to repair the tissues, 

including the release of cortisol – the hallmark of the biological stress response (126). The 

cytokines activate the HPA axis which produces corticotropin releasing hormone (CRH) 

which releases adrenocorticotrophic hormone (ACTH) which in turn releases cortisol, 

which is needed to produce and maintain the glucose levels required during the stress 

response. The prolonged stress associated with any pain condition can result in higher 

metabolism of cortisol, expressed as a reduction in cortisol concentration 

(hypocortisolism). In turn, cortisol deficiency can mean the insufficient inhibition of pro-

inflammatory mediators, such as prostaglandins and inflammatory cytokines (546) – 

aspects of the neurogenic inflammation component of headache. Persistence or fatigue of 

these responses may alter the brainstem excitation-inhibition balance, increasing 

trigeminal activation and cortical hyperarousal.  

However, results are inconclusive for cortisol changes in relation to stress. The majority 

of cross-sectional and observational studies have shown no difference between migraine and 

control groups in baseline serum cortisol levels either during or between migraine attacks 

(547). However, given that baseline cortisol levels do not exert an anti-inflammatory effect 

on several pro- and anti-inflammatory mediators of the human immune inflammatory 

response (545), this finding is not particularly instructive. In a four-day prospective study 

measuring headache, perceived stress, salivary cortisol and heart rate, only perceived stress 

was associated with headache (17). Nevertheless, in studies where cortisol levels were 

repeatedly assessed over a very short time period (e.g. 15-30-minute intervals), the 

maximum delta increase of serum cortisol and the cortisol peak were significantly higher in 

migraine patients than in controls (548; 549). That is, headache sufferers may display 

exaggerated short-term stress-related alterations in cortisol activity over the course of a 

stressful event (17). In migraineurs, pain recovery correlated negatively with cortisol 
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change. T-TH patients maintained cortisol secretion during a low-grade cognitive stressor 

as opposed to the normal circadian decrease seen in controls and migraineurs, but no 

association was found in T-TH patients between pain and cortisol (543). 

In considering the effects of cortisol concentrations on pain, however, and as 

demonstrated by Yeager (545), there is no dose-response relationship in cortisol regulation 

of inflammation – depending on concentration and time, cortisol effects can be both pro- 

and anti-inflammatory. Acutely, cortisol has anti-inflammatory effects following a 

systemic inflammatory stimulus (which would include headache). Normal diurnal 

concentrations of cortisol (and other glucocorticoids) support the activity of defence 

mechanisms in a permissive manner, while higher stress-induced concentrations act 

acutely to suppress inflammation and prevent tissue injury from an excessive or prolonged 

inflammatory response. However, as cortisol concentrations increase to those associated 

with systemic stress, a bi-phasic relationship is observed. Peak pro-inflammatory effects 

of cortisol were observed at the intermediate cortisol concentrations typically observed 

during major systemic stress (~30-50 μg/dl) – an effect not observed during low (5-10 

μg/dl), ‘normal’ (15-20 μg/dl) or high (70-80 μg/dl) cortisol concentrations (545).  

Furthermore, a time interval can increase pro-inflammatory responses: an initial 

cortisol concentration that acts acutely to suppress systemic inflammation also exerts a 

delayed (time-dependent) preparatory effect that is stimulatory, augmenting the 

inflammatory response to a subsequent delayed stimulus. (For extended discussion and 

supporting evidence see Yeager (545)). That is, chronic stress (or frequent headaches) may 

exert a delayed effect, augmenting the inflammatory response. Thus, chronic stress (or 

frequent headaches) may exert a delayed effect, augmenting the inflammatory response 

and engendering a delayed-type hypersensitivity reaction to acute stress. 

An hypothesis that stress-headache results when cortisol levels act on the pain-

producing mechanisms of headache by insufficiently inhibiting headache-related pro-

inflammatory mediators was investigated by examining cortisol levels during stress-

headache. It was further investigated whether cortisol levels differentiate between 

headache sufferers and controls and between migraine and T-TH.  

Hypothesis 2: Cortisol levels during the task will be in the stress-associated 

range and discriminate between those with vs those without a stress-headache. 

Cortisol levels will also discriminate between migraine, T-TH and controls.  
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5.1.3 Trigeminal excitation/sensitization 

Activation of pain-coding trigeminovascular afferents and sensitization of brainstem 

trigeminal nuclei play a significant role in primary headaches (550). Many cranial nerves 

have general somatic afferent fibres which terminate in the trigeminal spinal nucleus 

regardless of the nerve they follow in the head (110). Thus, measurement of activity at 

brainstem level offers a way of ascertaining neuronal activity in deeper cranial structures. 

The spinal trigeminal nucleus is also important on the sensory side of many cranial reflex 

pathways: abnormal central interpretation of normal sensory input in the trigeminal sensory 

system (551) can trigger perivascular release of vasoactive substances causing sensitization 

of trigeminal afferents, vasodilatation and migraine pain (97).  

At brainstem level, sensitization can be measured non-invasively by the blink reflex 

(BR), a physiological, protective trigeminofacial reflex aimed at facilitating eyelid closure 

in response to a threatening and potentially harmful stimulus (552). Early BR technology 

stimulated the deeper Aβ fibres in addition to the nociceptive-specific Aδ fibres. A later 

development, the nociceptive Blink Reflex (nBR) elicits the BR by means of a special 

concentric electrode with high current density at low current intensities, which limits 

depolarization to the superficial layer of the dermis containing Aδ fibres. It is thus 

considered a more sensitive marker than the BR for the functional state of the trigeminal 

nociceptive system (317; 320), and is used to test for the role of peripheral and central 

sensitization in migraine and T-TH (320; 321).  

The classical BR has three components: an early, ipsilateral, pontine R1, with an onset 

latency of 11 ms, and two bilateral medullary components, the R2 and R3. The R2, with 

an onset latency of 33 ms, is probably mediated by inter-neurons in the caudal part of the 

spinal trigeminal nucleus while the R3, possibly part of the startle reaction (314), has an 

onset latency of 84ms (310; 311). The R2 reflex offers a way of assessing the excitability 

of the brainstem reticular formation and cortico-reticular drive (552) and early BR studies 

suggested that excitability of the trigeminal nuclei is increased in migraineurs relative to 

controls (309). In contrast to the BR, the nBR measures only the R2 reflex (315; 317). 

The R2 provides a measure of habituation, the response decrement resulting from 

repeated stimulation (553), which is considered the eventual outcome of the opposing 

forces of excitation (facilitation/sensitization) and inhibition (554). If inhibitory processes 

fail or excitation is excessive, then habituation should be reduced. Incapacity to 
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progressively reduce pain-related responses under repetitive stimulation (555) may favour 

mechanisms of central sensitisation (107).  

Facilitation of trigeminal nociception is indicated in migraine, predominantly on the 

headache side (320). Various studies using the BR have suggested that migraineurs show 

increased excitability of the trigeminal nuclei, in particular the trigeminal nucleus 

caudalis, TNC (e.g. 4; 556; 557). Lack of habituation of the nociceptive blink reflex (nBR) 

during stimulus repetition, despite an initial normal or low response amplitude, is a 

functional, possibly genetically determined, hallmark of the migrainous brain between 

attacks (4; 558). Sensitization of the trigeminal system is more marked on the symptomatic 

side of patients with unilateral pain, probably as a consequence of the recurrent activation 

of the trigeminal pain pathway on the affected side (559).  

The R2 latency. Onset latencies of R2 depend on stimulus intensity (560), although not 

for current intensities higher than 2 mA (317). Using the R2 latency, deficient R2 

habituation during stimulus repetition was reported in migraineurs (561; 562), although 

normal R2 habituation was also reported in migraineurs during an attack, which was 

considered to reflect ictal sensitization of trigeminal second order neurons (563). Further 

studies identified that habituation was reduced interictally in migraine patients (321), 

specifically in the prodromal period (564). Some investigators have reported longer mean 

onset R2 latencies in migraineurs than controls (565), while others reported no latency 

differences between migraine, T-TH and controls (556) at least during the interictal period 

(566). In contrast, Kaube and colleagues observed shortened R2 onset latencies during an 

acute migraine attack on the headache rather than the non-headache side, when compared 

with the headache-free interval. Drug treatment (parallel to pain relief) also increased the 

onset latencies (41). Shorter R2 latencies were also observed in migraine patients with 

frequent attacks compared with healthy controls (567). Changes in R2 latency are 

considered to result from abnormal synaptic transmission in the brainstem (566) and acute 

migraine attacks to involve temporary sensitisation of central trigeminal neurons (317). 

R2 Area Under the Curve. The R2 AUC increases during a migraine attack, 

particularly on the affected side (41) and is reduced interictally in migraineurs compared 

with healthy controls, suggesting interictal hypo-excitability of spinal interneurons (321). 

In support of this, reduced interictal habituation (measured as the percentage AUC 

decrease in 10 consecutive blocks of 5 average rectified responses) was found in migraine-

without-aura patients and in volunteers with a family history of migraine, compared to 

those without such history (40). Also, compared with healthy controls, chronic T-TH 
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patients had significantly lower normalized R2 AUC values on the left (stimulated) side 

(568). A slight increase of R2 (and R3) recovery in migraine patients following a 

preconditioning stimulus was attributed to trigeminal hyperexcitability persisting after the 

last attack (563); this stimulation of trigeminal nociceptors continues during the interictal 

period (569). R2 recovery was found to be significantly increased on both sides in both 

episodic and chronic migraine compared with controls (566). Changes in the R2 response 

area are believed to reflect impairment in central inhibitory mechanisms (552), particularly 

dysfunction of diffuse noxious inhibitory control (DNIC) mechanisms (570). 

Hypothesis 3. If stress headache is the result of the failure of pain inhibitory 

processes, then the stress-headache group and migraine v T-TH should 

display more frequent R2 blinks, shorter R2 latencies and increased R2 AUC 

than those without headache. 

5.2 Method 

5.2.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants  

Group #2: Experimental subsample (Table 2.3, p.34). 

Apparatus and experimental procedures   

See Section 2.2, p.35 and Figure 5.1 below. 

5.2.2 Measures 

The measures have been described in more detail earlier in the thesis. The specific 

measures used are as follows: 

1. Headache and nausea self-report – 10-point VAS ratings taken during the experiment 

(Section 2.4.1.1, p. 42). 

2. Blood pressure and pulse rate – (Section 2.3.1, p.39) 

3. Temporal pulse amplitude – (Section 2.3.2, p.39) 

4. Salivary cortisol – (Section 2.3.3, p.40) 

5. Nociceptive blink reflexes – (Section 2.3.4, p.40) 
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Figure 5.1 Sequence of procedures and measurement points during the stressful arithmetic task 

5.2.3 Data analysis 

Since previous research has indicated differences between migraine and T-TH, and 

between migraine/T-TH and controls, a series of planned contrasts compared headache 

sufferers with controls, and migraine with T-TH, in relation to the dependent variables. 

Repeated measures ANOVAs were used to investigate specific interactions between each 

headache category planned contrast at selected time points within the experiment for 

headache and nausea during and immediately following each consecutive shock set: in phases 

1 and 3, the relation of each planned contrast was investigated for each block of stimuli: Pain-

related distress during the shocks was rated at three points in Phase 1: after Set 1 (trials 1-

10), Set 2 (Trials 1-20) and Set 3 (Trials 1-10). Pain measures were taken at each of four 

points – the sum of ratings for the first five trials in Set 1, the second five trials in Set 1, 

the first five trials in Set 3 and the second five trials in Set 3 (Sets 1 an 3 each consisted of 

30s ISI shocks and pain ratings were taken immediately after each shock). 

ANOVA was employed as it is fairly robust to violations of normality and permits 

investigation of interactions among factors. Significant multivariate effects were 

investigated in univariate analyses of variance with Greenhouse-Geisser corrections for 

violation of the sphericity assumption, followed by examination of simple main effects. 

Repeated measures ANOVAs were used also to investigate differences between those 

who acquired a mild headache (rating < 4) during the stressful maths task (Phase 2 of 
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experiment) and those who developed a moderate or intense headache (rating > 4). Seven 

participants who already reported a headache at the outset of the task were excluded from 

this analysis. Significant interactions were investigated by computing t-tests between 

groups at each time point during the stressful task. Insufficient sample sizes precluded 

separate analyses on those within each headache category who acquired a stress headache. 

Finally, repeated measures ANOVAs were used across the course of the experiment 

to investigate headache and the physiological variables shown in Table 5.1. 

Table 5.1 Measures for each physiological variable 

Variable Measures 

Vascular measures *Percentage pulse amplitude changes from baseline  

*Systolic and diastolic blood pressure readings taken at Minutes 1 and 4 throughout 

the three phases of the experiment 

*Pulse rate readings at Minutes 1 and 4 throughout the three phases of the experiment. 

Cortisol levels 4 measures: Upon entry, and at end of each phase (1–3) of experiment 

Nociceptive blink reflex 

(nBR) 

*Number of R2 blinks within the R2 window (27 –87 ms) 

*R2 latency (distance within the R2 window from stimulus onset to beginning of blink); 

*R2 Area Under the Curve (average amplitude of R2 reflex response within R2 window); 

 

Analyses were run using IBM SPSS version 24. All tests of statistical significance 

were two-tailed. Results are presented as the mean ± standard error and p < .05 was 

considered statistically significant. 

For blink reflex measures, the electromyograph waveform was filtered to remove 50 

Hz electrical noise and frequencies below 10 Hz. For each sweep, 150 ms of the post-

stimulus period were collected and filtered off-line. In each phase, ten responses were 

rectified and averaged for each of the two 30s ISI blocks, and 20 responses for each 2s ISI 

block. Three aspects of the R2 reflex were quantified: (i) the number of R2 reflex blinks 

(a measure of response strength); (ii) response latency – distance from the stimulus point 

to reflex response (a measure of response speed); (iii) the R2 area under the rectified curve 

– the response area between 27 and 87 ms after stimulus onset (the R2 window) (560). 

The R2 AUC provides a measure of the global EMG activity generated during the R2 

reflex. As the distractions during each of the 30s ISI blocks could potentially interfere with 

habituation processes, habituation was assessed by changes across the 20 stimuli in the 2s 

ISI. Detailed procedures for calculation are described in Appendix D, p.306. 



Chapter Five.  Somatic and neurophysiological responding in headache 

96 

5.2.4 Stress-headache as the failure of pain-inhibitory processes 

An hypothesis that stress headache results from the failure of pain-inhibitory 

processes was investigated in two ways:  

1. Pain ratings to the electrical stimuli were compared at different time points. An 

increase in pain ratings during the pre-stressor phase of the experiment would indicate 

whether habituation occurred differentially in migraineurs compared with controls and 

T-TH. To determine the effect of the stressful task per se on headache (rather than the 

shocks administered during the baseline phase measures), seven participants who 

reported a headache level ≥ 4 were excluded from analysis. The remaining participants 

formed two groups by summing headache ratings across Phase 2 of the experiment 

(the mental arithmetic task), assigning those with a headache rating >4 into the stress-

headache group and those with a rating <4 into the headache-free group. 

2. R2 reflex responses were compared across the three planned contrasts (stress-headache 

vs low/no headache, headache sufferers v controls, migraine v T-TH) to assess the 

relative effects of repetitive stimulation in the sets of 30-s ISI and 2-s ISI shocks in each 

group. In accord with previous research, failure of inhibitory processes would be 

accompanied by more frequent R2 reflex blinks, shorter R2 latencies and/or increased 

R2 AUC in the stress-headache (v headache-free), headache sufferers (v controls) and 

migraine (v T-TH groups). 
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5.3 Results 

HEADACHE IS PROVOKED BY A STRESSFUL COGNITIVE TASK 

5.3.1 Headache: all participants  

As shown in Table 5.2, headache increased in all participants during the stressful task 

(F (1,84) = 87.9, p<.001), and decreased post-task (F (1,84) = 53.8, p <.001). 

Table 5.2 All participants and headache in each experimental phase: Means, standard errors 
and effects 

Experimental Phase Mean SE 

Baseline (Phase 1) 1.14 0.13 

Stressful task (Phase 2) 3.07 0.21 

Post-task (Phase 3) 1.54 0.17 
 

All effects F df p ŋ2 

Phase 63.4 (1.44, 120.9)G <.001 0.43 

Level 1 v Level2 87.9 (1,84) <.001 0.51 

Level 2 v Level 3 53.8 (1,84) <.001 0.39 

G = Greenhouse Geisser correction 

5.3.2 Experimentally-provoked headache (“stress-headache”) 

For comparison purposes, a stress-headache group (53% of participants) with 

headache ratings ≥4 during the stressful task was formed. As shown in Table 5.3, headache 

ratings in this group were also significantly higher pre- and post-task than in the mild 

headache group (F(1.56, 129.5) = 38.64, p <.001, Greenhouse Geisser correction). 

Table 5.3 Headache in migraine, T-TH and controls across the three phases of the experiment; 
means, standard errors, all effects  

Phase of experiment 

No/low headache Stress headache  

Mean SE Mean SE 

2 0.73 0.19 1.50 0.18 

Stressful task (Phase 2) 1.34 0.17 4.62 0.16 

Post-task (Phase 3) 0.85 0.23 2.16 0.22 
 

All effects 

Stress headache v no/low headache 

F df p ŋ2 

Phase: 84.69 (1.56, 129.5)G <.001 0.51 

Between group:  73.40 (1,83) <.001 0.47 

Phase*Group 38.64 (1.56, 129.5)G <.001 0.32 

Level 1 v Level 2 65.72 (1,83) <.001 0.44 

Level 2 v Level 3 30.10 (1,83) <.001 0.27 
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Since other symptom measures were also higher in Phase 1, repeated measures ANOVAs 

were utilised to determine whether baseline symptom measures predicted headache in Phase 

2. As shown in Table 5.4, headache during the stressful task (stage 2 of the experiment) was 

predicted by higher headache, nausea, distress and pain ratings in Phase 1.  

Table 5.4 Baseline (Phase 1) ratings of headache, nausea, distress and pain in relation to the 
development of stress-headache in Phase 2  Ratings were taken during or immediately after each 
30-second interstimulus interval (30-sec ISI) or 2-second interstimulus interval (2sec ISI) shock series 

 No/low headache Stress-headache 

Symptom Mean SE Mean SE 

Headache 

Before Set 1   .60 .186 .934 .191 

Set 1 30s ISI shocks .525 .154 1.079 .158 

Set 2 2s ISI shocks .750 .176 .895 .181 

Set 3 30s ISI shocks .675 .155 1.145 .159 

Nausea 

Before Set 1   .125 .130 .605 .133 

Set 1 30s ISI shocks .050 .156 .658 .161 

Set 2 2s ISI shocks .125 .166 .658 .170 

Set 3 30s ISI shocks .213 .186 .842 .191 

Distress 

Before Set 1   .850 .218 1.079 .224 

Set 1 30s ISI shocks 1.825 .303 2.895 .311 

Set 2 2s ISI shocks 1.625 .289 2.868 .297 

Set 3 30s ISI shocks 1.338 .257 2.408 .264 

Pain     

Set 1 (30s) Trials 1-5 2.768 .205 3.295 .210 

Set 1 (30s) Trials 6-10 2.430 .188 3.261 .193 

Set 2 (2s ISI shocks) 2.704 .177 3.535 .181 

Set 3 (30s) Trials 1-5 2.518 .193 3.245 .198 

Set 3 (30s) Trials 6-10 2.210 .193 3.039 .198 
 

Group and interaction effects F df p ŋ2 

Headache 

Group main effect 4.215 (1,76) .044 .053 

Time*Group .968 G (2,165) .388 .013 

Nausea 

Group main effect  7.709 (1,76) .007 .092 

Time*Group .294 G (2,158) .754 .004 

Distress 

Group main effect 9.333 (1,76) .003 .109 

Time*Group 2.566 G (2,166) .075 .033 

Pain (30s ISI shocks) 

Group main effect,  8.408 (1,76) .005 .100 

Time*Group 1.039 G (2,162) .350 .013 

Pain (Shock sets 1,2 and 3) 

Group main effect 10.778 (1,76) .002 .124 

Time*Group 1.031 G (1,106) .337 .013 

G = Greenhouse Geisser correction 
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5.3.3 Headache in migraine, T-TH and controls 

As shown in Table 5.5, headache levels in all three phases were similar in migraine, T-

TH and control groups. 

Table 5.5 Headache in migraine, T-TH and controls across the three phases of the experiment: 
Means, standard errors and effects 

Experimental 

Phase 

Migraine T-TH Controls Headache sufferers 

Mean SE Mean SE Mean SE Mean SE 

Baseline (Phase 

1) 

1.34 0.18 0.95 0.21 1.02 0.27 1.18 0.15 

Stressful task 

(Phase 2) 

3.08 0.33 3.00 0.39 3.13 0.43 3.06 0.25 

Post-task (Phase 

3) 

1.86 0.25 1.29 0.29 1.30 0.35 1.62 0.20 

 

All effects 
Migraine v T-TH Headache sufferers v controls 

F df p ŋ2 F df p ŋ2 

Phase 44.58 (1.48,94.5) G <.001 0.41 50.70 (1.44, 119.5) G <.001 0.38 

Between Group 1.19 (1, 64) 0.280 0.02 0.18 (1, 83) 0.677 0.00 

Phase*Group 0.70 (1.48,94.5) G 0.459 0.01 0.43 (1.44,119.5) G 0.585 0.01 

Level 1 v 

Level2 

0.40 (1,64) 0.528 0.01 0.23 (1,83) 0.633 0.00 

Level 2 v 

Level 3 

1.07 (1,64) 0.304 0.02 0.64 (1,83) 0.425 0.01 

G = Greenhouse Geisser correction 

CARDIOVASCULAR RESPONSES IN STRESS-HEADACHE, MIGRAINE, 

T-TH & CONTROLS  

5.3.4 Cardiovascular responses across experiment 

Blood pressure and pulse rate were measured across all phases of the experiment and 

TPA was measured before and during the stressful task.  

5.3.4.1 Cardiovascular measures: all participants 

In all participants, as shown in Figure 5.2 & Table 5.6, blood pressure and pulse rate 

were elevated during the stressful task compared with baseline or post-task phases; SBP 

(F(1,88) = 52.68, p <.001), DBP (F(1,88) = 82.44, p <.001), pulse rate (F(1,86) = 20.47, 

p<.001). Post-task declines occurred in SBP (F (2,88) =52.57, p <.001), DBP (F (1,88) = 

37.82, p <.001) and pulse rate (F (1,86) =29.06, p<.001), although by the end of the 

experiment DBP was still above baseline levels (F (1,88) = 19.7, p <.001).  
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Temporal pulse amplitude (TPA) also increased overall 16.45% from the baseline 

measure taken ~1 minute before the task to the fourth minute of the task (F (1, 74) =23.4, 

p<.001). By 22 minutes into the stressful task however, TPA had declined to a non-

significant 7.3% above the baseline measure (Table 5.7). 

 

Figure 5.2 Increases (±SEM) in systolic and diastolic blood pressure, pulse rate and temporal 
pulse amplitude (TPA) across the three phases of the experiment.  Differences between baseline and 
phase 2 measures are significant in all cases, differences between baseline and recovery phases are 
significant in the case of DBP, while differences across the stressful task are significant in the case of 
TPA. 
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Table 5.6  All participants: Blood pressure and pulse rate across experiment: means and standard 
errors, all effects 

 SBP DBP Pulse rate 

Phase of experiment Mean SE Mean SE Mean SE 

Baseline (Phase 1) 106.55 1.23 72.09 0.82 69.97 1.08 

Stressful task (Phase 2) 113.11 1.28 77.08 0.93 72.74 1.15 

Post-task (Phase 3) 106.94 1.17 73.86 0.86 68.71 1.13 
 

 All participants 

Main and interaction 

effects F df p ηp
2 

Systolic Blood Pressure 

Phase 44.0 (2,178) <.001 0.33 

Contrasts     

Level 1 v Level 2 52.68 (1,88) <.001 0.37 

Level 2 v Level 3 52.57 (1,88) <.001 0.37 

Diastolic Blood Pressure 

Phase 52.26 (1.8,155.8)G <.001 0.37 

Contrasts     

Level 1 v Level 2 82.44 (1,88) <.001 0.48 

Level 2 v Level 3 37.82 (1,88) <.001 0.30 

Pulse rate 

Phase 20.38 (1.8,153.3)G <.001 0.19 

Contrasts     

Level 1 v Level 2 20.47 (1,86) <.001 0.19 

Level 2 v Level 3 29.06 (1,86) <.001 0.25 

 

Table 5.7 All participants: Temporal pulse amplitude during stressful task: means, standard errors 
and effects  

Time of testing Mean SE 

~1min prior to task (baseline) 0.92 0.07 

During Stressful Task   

At start of task (~4 min) 1.02 0.07 

At end of task (~22 min) 0.95 0.07 

Mean PA during task 0.98 0.07 

Percent change from baseline  

to 4 min into task 

16.45 2.59 

Percent change from baseline  

to 22 min into task 
7.33 2.17 

 

Main and interaction effects F df p ŋ2 

Phase (all participants) 11.24 (1.6,120.1)G <.001 0.13 

Percent change from baseline  

to 4 min into task 

23.4 (1,74) <.001 0.24 

Percent change from baseline  

to 22 min into task 

0.029 (1,74) .866 0.00 

G = Greenhouse Geisser correction 
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5.3.4.2 Stress headache: cardiovascular responses  

During the task, SBP, DBP, pulse rate and TPA rose equally in those with and those 

without stress-headache and also declined equally post-task (Figure 5.3, Table 5.8 and 

Table 5.9).  

 

Figure 5.3 Means and standard errors for SBP, DBP, pulse rate and temporal pulse amplitude 
percent changes in those with vs without a stress headache. 

Table 5.8 Stress headache: Blood pressure, pulse rate across experiment: means and standard 
errors, effects 

 No/low headache Stress headache 

Phase of experiment Mean SE Mean SE 

Systolic Blood Pressure 

Baseline (Phase 1) 107.26 1.85 105.95 1.74 

Stressful task (Phase 2) 113.44 1.86 111.57 1.75 

Post-task (Phase 3) 107.10 1.74 106.48 1.64 

Diastolic Blood Pressure 

Baseline (Phase 1) 107.26 1.85 105.95 1.74 

Stressful task (Phase 2) 113.44 1.86 111.57 1.75 

Post-task (Phase 3) 107.10 1.74 106.48 1.64 

Pulse rate 

Baseline (Phase 1) 69.60 1.61 69.99 1.53 

Stressful task (Phase 2) 72.93 1.73 72.24 1.65 

Post-task (Phase 3) 67.78 1.68 69.63 1.60 
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Table 5.8 (continued) 

 Stress headache v low/no headache 

Main and interaction effects F df p ηp2 

Systolic Blood Pressure 

Phase 51.7 (3.8,314.8)G 0.269 0.02 

Contrasts     

Level 1 v Level 2 35.85 (1,87) <.001 0.29 

Level 2 v Level 3 36.55 (1,87) <.001 0.30 

Group (main effect) 0.28 (1,83) .595 0.00 

Phase*Group 0.45 (2,166) .638 0.00 

Contrasts     

Level 1 v Level 2 0.15 (1,83) .699 0.00 

Level 2 v Level 3 0.81 (1,83) .370 0.01 

Diastolic Blood Pressure 

Phase 48.09 (1.8,152.4)G <.001 0.37 

Contrasts     

Level 1 v Level 2 77.54 (1,83) <.001 0.48 

Level 2 v Level 3 33.80 (1,83) <.001 0.29 

Group (main effect) 1.02 (1,83) .315 0.01 

Phase*Group 1.03 (1.8,152.4)G .355 0.01 

Contrasts     

Level 1 v Level 2 0.61 (1,83) .437 0.01 

Level 2 v Level 3 1.90 (1,83) .172 0.02 

Pulse rate 

Phase 19.29 (1.8,147.4)G <.001 0.19 

Contrasts     

Level 1 v Level 2 20.91 (1,82) <.001 0.20 

Level 2 v Level 3 27.30 (1,82) <.001 0.25 

Group (main effect) 0.06 (1,82) .814 0.00 

Phase*Group 1.94 (1.8,147.4)G .152 0.02 

Contrasts     

Level 1 v Level 2 0.78 (1,82) .381 0.01 

Level 2 v Level 3 2.90 (1,82) .092 0.03 

G =  Greenhouse Geisser correction 
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Table 5.9 Stress headache: Temporal pulse amplitude during stressful task: means, standard 
errors, all effects 

 No/low headache (n = 39) Stress headache (n = 42) 

 Time of testing Mean SE Mean SE 

Baseline ( ͂͠⁓1 min prior to task) 0.89 0.11 0.97 0.11 

During stressful task     

At start of task 1.01 0.11 1.05 0.10 

At end of task 0.93 0.10 0.99 0.10 

Mean PA during task 0.97 0.10 1.02 0.10 

Percent change from baseline to 4 

min into task 

20.08 3.91 14.49 3.80 

Percent change from baseline to 22 

min into task 

9.29 3.27 7.39 3.18 

 

 Stress headache vs no/low headache 

Main and Interaction Effects  F df p ηp
2 

Baseline ( ͂͠~1min prior to task) 0.26 (1,68) .611 0.00 

During stressful task     

At start of task 0.07 (1,68) .797 0.00 

At end of task 0.19 (1,68) .668 0.00 

Mean PA during task 0.12 (1,68) .731 0.00 

Percent change from baseline to 4 

min into task 

1.05 (1,68) .309 0.02 

Percent change from baseline to 22 

min into task 

0.17 (1,68) .678 0.00 

Time*Group 0.84 (1,68) .364 0.01 

  



Chapter Five.  Somatic and neurophysiological responding in headache 

105 

5.3.4.3 Migraine, T-TH and controls: cardiovascular responses  

In repeated measures ANOVA, SBP, DBP and pulse rates were similar in 

migraine, T-TH and controls. However, and contrary to predictions, percentage TPA 

changes were lower in headache sufferers than controls between 4 and 22 minutes of the 

stressful task (F (1,73) = 6.35, p <.01.) (phase*group interaction, F (1,73) = 4.0, p <.05). 

Results are diagrammed in Figure 5.4 (left-hand column). Table 5.10 and Table 5.11. 

 

Figure 5.4 Vasomotor changes across experiment.  (A1) SBP in headache sufferers vs controls, (A2) 
SBP in migraine v T-TH, ( B1) DBP in headache sufferers v controls, (B2) DBP in migraine v T-TH, (C1) Pulse 
rate in headache sufferers v controls., (C2) Pulse rate in migraine v T-TH; (D1) Temporal pulse amplitude 
percentage changes in headache suffers v controls, (D2) TPA percentage changes in migraine v T-TH. 
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Table 5.10 Migraine, T-TH, controls: Blood pressure and pulse rate across experiment: means, 
standard errors, effects 

 Migraine T-TH Controls 

Headache 

sufferers 

Phase of experiment Mean SE Mean SE Mean SE Mean SE 

Systolic Blood Pressure 

Baseline (Phase 1) 108.80 1.87 105.69 2.22 104.53 2.48 107.22 1.42 

Stressful task (Phase 2) 115.99 1.99 111.71 2.37 110.31 2.57 114.02 1.47 

Post-task (Phase 3) 109.01 1.77 106.47 2.11 104.67 2.34 107.69 1.34 

Diastolic Blood Pressure 

Baseline (Phase 1) 74.06 1.26 70.30 1.50 71.01 1.65 72.45 0.95 

Stressful task (Phase 2) 78.95 1.48 75.63 1.76 75.84 1.88 77.49 1.08 

Post-task (Phase 3) 75.42 1.33 72.67 1.59 72.80 1.74 74.20 1.00 

Pulse rate 

Baseline (Phase 1) 70.89 1.69 68.00 1.96 70.13 2.16 69.92 1.26 

Stressful task (Phase 2) 73.58 1.80 70.36 2.08 73.55 2.30 72.47 1.34 

Post-task (Phase 3) 69.03 1.75 67.08 2.02 69.18 2.25 68.56 1.31 
 

 Migraine v T-TH Headache sufferers v controls 

Main and interaction effects F df p ηp2 F df p ηp2 

Systolic Blood Pressure 

Phase 29.44 (1.6,108.5)G <.001 0.30 30.22 (1.6,138.1)G <.001 0.26 

Contrasts         

Level 1 v Level 2 36.73 (1, 68) <.001 0.35 35.85 (1,87) <.001 0.29 

Level 2 v Level 3 33.59 (1, 68) <.001 0.33 36.55 (1,87) <.001 0.30 

Group (main effect) 1.50 (1,68) .225 0.02 1.42 (1,87) .237 0.02 

Phase*Group 0.43 (1.6,108.5)G .605 0.01 0.17 (1.6,138.1)G .798 0.00 

Contrasts         

Level 1 v Level 2 0.29 (1, 68) .591 0.00 0.24 (1,87) .626 0.00 

Level 2 v Level 3 0.69 (1, 68) .409 0.01 0.13 (1,87) .724 0.00 

Diastolic Blood Pressure 

Phase 38.62 (1.7,114.6)G <.001 0.36 37.56 (1.8,154)G <.001 0.30 

Contrasts         

Level 1 v Level 2 59.53 (1,68) <.001 0.47 59.38 (1,87) <.001 0.41 

Level 2 v Level 3 26.16 (1,68) <.001 0.28 26.76 (1,87) <.001 0.24 

Group (main effect) 2.67 (1,68) .107 0.04 0.61 (1,87) .438 0.01 

Phase*Group 0.37 (1.7,114.6)G .655 0.01 0.03 (1.8,154)G .961 0.00 

Contrasts         

Level 1 v Level 2 0.11 (1,68) .737 0.00 0.03 (1,87) .867 0.00 

Level 2 v Level 3 0.20 (1,68) .658 0.00 0.04 (1,87) .838 0.00 

Pulse rate 

Phase 13.49 (1.7,114.8)G <.001 0.17 16.40 (1.8,151.4)G <.001 0.16 

Contrasts         

Level 1 v Level 2 13.63 (1,66) <.001 0.17 17.84 (1,85) <.001 0.17 

Level 2 v Level 3 18.94 (1,66) <.001 0.22 22.95 (1,85) <.001 0.21 

Group (main effect) 1.13 (1,66) .291 0.02 0.07 (1,85) .794 0.00 

Phase*Group 0.37 (1.7,114.8)G .662 0.01 0.17 (1.8,151.4)G .818 0.00 

Contrasts         

Level 1 v Level 2 0.06 (1,66) .807 0.00 0.38 (1,85) .538 0.00 

Level 2 v Level 3 0.50 (1,66) .483 0.01 0.07 (1,85) .793 0.00 

G = Greenhouse Geisser correction 
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Table 5.11 Temporal pulse amplitude during stressful task in migraine, T-TH, controls: means, 
standard errors and effects 

 Migraine  

(n=36) 

T-TH 

(n=23) 

Controls  

(n=20) 

Headache 

sufferers 

(n=66) 

Time of Testing Mean SE Mean SE Mean SE Mean SE 

~1min prior to task (baseline) 0.95 0.11 0.93 0.13 0.88 0.16 0.93 0.08 

During Stressful Task:         

At start of task (~4 min) 0.99 0.10 1.05 0.12 1.11 0.15 1.00 0.08 

At end of task (~22 min) 0.93 0.09 1.00 0.11 0.98 0.14 0.94 0.08 

Mean PA during task 0.96 0.09 1.02 0.11 1.04 0.15 0.97 0.08 

Percent change from 

baseline to 4 min into task 

10.04 3.47 19.55 4.16 28.55 5.42 13.17 2.82 

Percent change from 

baseline to 22 min into task 

3.40 2.97 10.92 3.57 12.33 4.69 5.97 2.44 

 

 Migraine v T-TH Headache sufferers v controls 

Effects F df p ŋ2 F df p ŋ2 

Phase (all participants) 12.07 (1,59) <.001 0.17 26.94 (1,73) <.001 0.27 

~1min prior to task (baseline) 0.01 (1,59) 0.906 0.00 0.08 (1,73) 0.776 0.00 

Group effects (during stressful 

task) 

0.01 (1,59) 0.906 0.00 0.08 (1,73) 0.776 0.00 

At start of task (~4 min) 0.14 (1,59) 0.714 0.00 0.42 (1,73) 0.519 0.01 

At end of task (~22 min) 0.23 (1,59) 0.632 0.00 0.06 (1,73) 0.805 0.00 

Mean PA during task 0.18 (1,59) 0.672 0.00 0.21 (1,73) 0.651 0.00 

Percent change from 

baseline to 4 min into task 

3.08 (1,59) 0.084 0.05 6.35 (1,73) 0.014 0.08 

Percent change from 

baseline to 22 min into task 

2.62 (1,59) 0.111 0.04 1.45 (1,73) 0.233 0.02 

Phase*Group 0.21 (1,59) 0.652 0.00 4.00 (1,73) 0.049 0.05 

CORTISOL CHANGES IN STRESS-HEADACHE, MIGRAINE, T-TH & CONTROLS 

5.3.5 Cortisol changes across experiment 

Preliminary analyses revealed no relationship between cortisol levels and perceived 

task stressfulness, attachment anxiety, attachment avoidance or the modified Ways of 

Coping Questionnaire (WCQ-R) completed by participants 10 minutes after the end of 

the stressful task. Nor were there differences by time of testing during the semester 

(beginning vs end). 

Absolute values of cortisol in μg/dl are shown in Figure 5.5 & Table 5.12. F ratios 

were computed using logarithmic transformations to offset the wide variation in results 

and create a normal distribution. 
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5.3.5.1 All participants: cortisol changes  

As shown in Figure 5.5 and Table 5.12, cortisol levels declined in all participants 

from the point of entry to the end of the experiment (F (2.6, 202.1) = 5.19, p = .003, 

Greenhouse -Geisser correction), with a significant decrease from point of entry to the end 

of phase 1 (F (1,77)=6.05, p <.01). Consistent with normal diurnal cortisol variations 

(571), time of testing was also significant, F (1,76) = 5.02, p <.05), in that afternoon-tested 

participants showed the greatest declines in cortisol levels across the task, F (2.3, 102.1) 

= 4.95, p <.01, Greenhouse-Geisser correction).  

In a supplementary analysis, levels of cortisol were computed, as per Yeager (545): 

low (5-10 μg/dl); normal (15-20 μg/dl), stress-associated (30-50 μg/dl), and high (>60 

μg/dl). Frequencies at each testing point for cortisol are shown in the bar-charts in Figure 

5.6. During the stressful task, cortisol levels were predominantly in the ‘low’ range rather 

than the ‘stress-associated’ range3, possibly reflecting a  cortisol ‘fatiguing’ process (572).  

 

Figure 5.5 Absolute cortisol levels in μg/dl across experiment for (A) all participants, (B) cortisol 
levels in participants tested in the morning compared with the afternoon, (C) morning -tested 
participants who acquired a stress headache v those who did not, (D) afternoon tested participants 
who acquired a stress headache v those who did not. 

 
3 Kruskal Wallis testing indicated that there were no differences in cortisol levels in either morning- or 
afternoon-tested groups at any of the four testing points between those with and without stress headache. 
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Table 5.12 All participants: Cortisol measures across experiment: Means, standard errors, 
all effects 

Time of cortisol test Mean SE 

Morning Tested 

T1 (end Phase 1): 74.19 15.59 

T2 (end Phase 1): 50.37 11.38 

T3 (end Phase 2): 52.02 10.52 

T4 (end Phase 3): 48.64 10.09 

Afternoon Tested 

T1 (entry):  42.20 7.02 

T2 (end Phase 1): 31.19 4.83 

T3 (end Phase 2): 23.97 3.91 

T4 (end Phase 3): 27.11 5.05 
 

Effects (log transformed) F df p ŋ2 

All participants 

Phase 5.19 (2.6, 202.1) G 0.003 0.06 

T1 v T2 6.05 (1, 77) 0.016 0.07 

T2 v T3 0.13 (1, 77) 0.719 0.00 

T3 v T4 0.57 (1, 77) 0.451 0.01 

Time of testing 5.02 (1, 76) 0.028 0.06 

Morning Tested 

Phase 1.41 (3, 93) G 0.244 0.04 

T1 v T2 2.30 (1, 31) 0.140 0.07 

T2 v T3 0.74 (1, 31) 0.395 0.02 

T3 v T4 0.99 (1, 31) 0.328 0.03 

Afternoon Tested 

Phase 4.95 (2.3, 102.1) G 0.007 0.10 

T1 v T2 3.85 (1, 45) 0.056 0.08 

T2 v T3 2.95 (1, 45) 0.093 0.06 

T3 v T4 0.00 (1, 45) 0.953 0.00 

G = Greenhouse Geisser correction 
 

 

Figure 5.6 Frequency of low, normal, ‘stress-associated’ and high levels of cortisol at each testing point. 
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5.3.5.2 Stress-headache and cortisol  

As shown in Table 5.13, cortisol levels declined overall more in the stress-headache 

than the no/low headache group (F (1,71) = 6.11, p <.01), especially from entry to the end 

of phase 1 (F (1,73) = 6.22, p <.05). Time of testing was significant (F(1,71) = 7.48, p 

<.01), in that these group differences occurred only in those tested in the afternoon 

((F(1,42) = 4.49, p <.05), the main cortisol decline again from entry to the end of phase 1 

(F(1,42) = 4.14, p<.05). As diagrammed in Fig 5.5 the pattern of responses between 

morning and afternoon-tested groups differed, with cortisol levels in the stress-headache 

group continuing to decline post-task relative to those without headache (F (2.3, 96.8) = 

5.46, p <.01, Greenhouse Geisser correction). 

In a multiple regression analysis in which stress-headache was the dependent variable, 

and cortisol levels (both absolute levels and changes from the previous testing-point) were 

entered as independent variables, cortisol accounted for 13.2% of the variance in 

headache. Cortisol level at the end of the stressful task was an independent predictor of 

headache (β= .524, p =.013). 

Table 5.13 Stress-headache and cortisol levels across experiment: means, standard errors, all effects 

 No/low headache (n = 39) Stress headache (n = 42) 

 Time of testing Mean SE Mean SE 

Morning tested 

T1 (at entry) 117.822 27.09 55.45 18.69 

T2 (end Phase 1)  63.360 20.85 44.36 14.39 

T3 (end Phase 2)  51.150 19.42 53.23 13.40 

T4 (end Phase 3) 52.320 18.52 48.63 12.78 

Afternoon tested 

T1 (at entry) 53.51 9.50 30.09 10.90 

T2 (end Phase 1)  39.41 6.51 21.90 7.46 

T3 (end Phase 2)  27.93 5.37 18.68 6.16 

T4 (end Phase 3) 37.89 6.47 12.17 7.42 

  



Chapter Five.  Somatic and neurophysiological responding in headache 

111 

Table 5.13 (continued) 

 Stress headache vs no/low headache 

Main and Interaction Effects  F df p ηp
2 

All participants 

Group  6.11 (1, 71) 0.016 0.08 

Phase  5.50 (2.6, 191.8) G 0.002 0.07 

T1 v T2 6.22 (1, 73) 0.015 0.08 

T2 v T3 0.28 (1, 73) 0.598 0.00 

T3 v T4 0.30 (1, 73) 0.587 0.00 

Phase*Group 1.01 (2.6, 191.8) G 0.383 0.01 

T1 v T2 0.01 (1, 73) 0.937 0.00 

T2 v T3 3.37 (1, 73) 0.071 0.04 

T3 v T4 1.31 (1, 73) 0.256 0.02 

Time of testing  7.48 (1, 71) 0.008 0.10 

Phase*Time of testing 0.43 (2.6, 187) G 0.705 0.01 

Phase*Group*Time of testing 0.12 (2.6, 187) G 0.337 0.02 

Morning tested 

Group  2.31 (1,29) 0.139 0.07 

Phase  1.80 (3, 87) 0.153 0.06 

T1 v T2 2.72 (1, 29) 0.110 0.09 

T2 v T3 0.23 (1, 29) 0.634 0.01 

T3 v T4 0.44 (1, 29) 0.512 0.01 

Phase*Group 1.15 (3, 87) 0.336 0.04 

T1 v T2 0.30 (1, 29) 0.591 0.01 

T2 v T3 1.09 (1, 29) 0.304 0.04 

T3 v T4 0.04 (1, 29) 0.834 0.00 

Afternoon tested 

Group  4.49 (1, 42) 0.040 0.10 

Phase  5.46 (2.3,96.8) G 0.004 0.12 

T1 v T2 4.14 (1, 42) 0.048 0.09 

T2 v T3 2.91 (1, 42) 0.095 0.06 

T3 v T4 0.05 (1, 42) 0.818 0.00 

Phase*Group 0.44 (2.3,96.8) G 0.671 0.01 

T1 v T2 0.35 (1, 42) 0.559 0.01 

T2 v T3 1.04 (1, 42) 0.313 0.02 

T3 v T4 1.47 (1, 42) 0.233 0.03 

G = Greenhouse Geisser correction 
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5.3.5.3 Cortisol in migraine, T-TH and controls  

Headache sufferers v controls. Overall, cortisol levels were similar in headache 

sufferers and controls, although effects differed by time of testing {F (1,74) = 4.87, p = 

.030), as did the pattern of results across the experiment in the afternoon-tested group (F 

(2.2, 98.1) = 3.24, p <.05, Greenhouse-Geisser correction). In the afternoon-tested group, 

cortisol levels had declined by the end of the stressful task, particularly in controls (F 

(1,44) =5.40, p <.05) (Figure 5.7 (B) and Table 5.14). 

 

Figure 5.7 Cortisol levels (μg/dl) in morning (A) and afternoon tested (B) participants, comparing 
headache sufferers v controls (C) and migraine v T-TH (D). 

Migraine v T-TH. Cortisol levels were similar in morning-tested migraine and T-TH 

groups, but in afternoon-tested participants, the pattern of cortisol response differed across 

each phase of the experiment (F(2,66.8)=3.64, p<.05), declining especially from entry to 

the end of phase 1 (F(1,33) = 4.74, p <.05). During the stressful task, migraine cortisol 

levels declined while T-TH increased (F (1,33) = 7.48, p<.01). From Kruskal-Wallis 

computations, mean T-TH at the end of the experiment was in the stress-associated range 

(32 μg/dl) whereas the migraine mean at the same point was in the ‘normal’ range (20 

μg/dl) (545). This suggests greater stress reactivity in T-TH than migraine participants. 
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Table 5.14 Cortisol levels across experiment in migraine, T-TH, controls: means, standard errors, 
all effects 

 Migraine  

(n=37) 

T-TH  

(n=23) 

Controls  

(n=18) 

Headache 

sufferers  

(n=60) 

Time of Testing Mean SE Mean SE Mean SE Mean SE 

Morning tested 

T1 (at entry) 84.28 26.49 66.74 25.52 61.63 33.78 77.70 17.87 

T2 (end Phase 1)  46.42 19.51 58.26 18.80 43.55 24.70 52.28 13.07 

T3 (end Phase 2)  49.99 18.04 52.88 17.38 57.29 22.83 50.54 12.08 

T4 (end Phase 3) 38.15 16.71 67.90 16.10 52.00 21.91 47.69 11.60 

Afternoon tested 

T1 (at entry) 41.77 8.84 40.85 13.06 44.51 14.52 41.48 8.14 

T2 (end Phase 1)  30.79 6.07 26.26 8.97 37.01 9.94 29.37 5.57 

T3 (end Phase 2)  23.91 6.02 32.38 8.90 15.68 7.96 26.57 4.46 

T4 (end Phase 3) 27.77 7.39 27.11 10.92 25.65 10.44 27.56 5.85 
 

 Migraine v T-TH Headache sufferers v controls 

Main and interaction effects F df p ŋ2 F df p ŋ2 

All participants 

Group  0.85 (1, 58) 0.361 0.01 0.54 (1, 74) 0.467 0.01 

Phase  3.52 (2.5,152.9) G 0.022 0.06 2.65 (2.6, 199.6) G 0.057 0.03 

T1 v T2 5.02 (1, 60) 0.029 0.08 3.00 (1, 76) 0.088 0.04 

T2 v T3 0.03 (1, 60) 0.864 0.00 0.20 (1, 76) 0.659 0.00 

T3 v T4 0.58 (1, 60) 0.448 0.01 0.09 (1, 76) 0.763 0.00 

Phase*Group 0.52 (2.5,152.9) G 0.641 0.01 0.33 (2.6, 199.6) G 0.777 0.00 

T1 v T2 0.03 (1, 60) 0.854 0.00 0.38 (1, 76) 0.538 0.01 

T2 v T3 1.07 (1, 60) 0.304 0.02 0.07 (1, 76) 0.795 0.00 

T3 v T4 0.07 (1, 60) 0.792 0.00 0.38 (1, 76) 0.539 0.00 

Time of testing  3.14 (1, 58) 0.082 0.05 4.87 (1, 74) 0.030 0.06 

Phase*Time of testing 0.35 (2.5, 145.9) G 0.757 0.01 1.35 (2.6, 191.7) G 0.261 0.02 

Phase*Group*Time of testing 1.11 (2.5, 145.9) G 0.340 0.02 0.74 (2.6, 191.7) G 0.510 0.01 

Morning tested 

Group  2.44 (1, 25) 0.131 0.09 0.95 (1, 30) 0.338 0.03 

Phase  0.88 (3,75) 0.457 0.03 1.02 (3,90) 0.387 0.03 

T1 v T2 1.77 (1, 25) 0.195 0.07 1.57 (1, 30) 0.220 0.05 

T2 v T3 0.24 (1, 25) 0.629 0.01 1.57 (1, 30) 0.220 0.05 

T3 v T4 0.08 (1, 25) 0.775 0.00 1.35 (1, 30) 0.254 0.04 

Phase*Group 0.54 (3,75) 0.658 0.02 0.34 (3,90) 0.795 0.01 

T1 v T2 0.94 (1, 25) 0.341 0.04 0.00 (1, 30) 0.972 0.00 

T2 v T3 0.32 (1, 25) 0.575 0.01 0.92 (1, 30) 0.344 0.03 

T3 v T4 0.41 (1, 25) 0.527 0.02 0.38 (1, 30) 0.540 0.01 

Morning tested 

Group  0.02 (1, 33) 0.901 0.00 0.01 (1, 44) 0.928 0.00 

Phase  3.64 (2,66.8) G 0.031 0.10 3.24 (2.2,98.1) G 0.038 0.07 

T1 v T2 4.74 (1,33) 0.037 0.13 1.41 (1, 44) 0.242 0.03 

T2 v T3 0.07 (1,33) 0.793 0.00 5.40 (1, 44) 0.025 0.11 

T3 v T4 1.51 (1,33) 0.228 0.04 0.53 (1, 44) 0.471 0.01 

Phase*Group 0.97 (2,66.8) G 0.387 0.03 0.77 (2.2,98.1) G 0.478 0.02 

T1 v T2 0.75 (1,33) 0.392 0.02 0.86 (1, 44) 0.358 0.02 

T2 v T3 7.48 (1,33) 0.010 0.18 2.56 (1, 44) 0.117 0.05 

T3 v T4 1.70 (1,33) 0.201 0.05 2.23 (1, 44) 0.143 0.05 

G = Greenhouse Geisser correction 
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STRESS-HEADACHE AS FAILURE OF PAIN INHIBITORY PROCESSES? 

5.3.6 Stress-headache and pain ratings during Phase 1 

In further analyses, to identify whether stress-headache was attributable to the failure 

of pain inhibitory processes that resulted in sensitization during Phase 1, increases in pain 

and pain-related distress across the two sets of 30-s ISI shocks during the 15-20 minutes of 

Phase 1 were compared between those who did and those who did not develop headache. 

Each of the two 30-s ISI sets was divided into two blocks consisting of trials 1-5 and trials 

6-10 respectively. Pain ratings to the 2-second ISI shock series in Phase 1 were excluded 

from this analysis since a 2-second ISI interval does not permit habituation to occur (573).  

 

Figure 5.8 Changes in pain report and pain-related distress over Phase 1 of experiment in stress-
headache vs headache-free participants.  Each 30s ISI set was further divided into two blocks of 5 
trials each.  

This hypothesis was not supported. Although the means of the groups differed 

significantly in pain ratings across the four blocks of the two Phase 1 30-s ISI shock sets, 

F (1,76) =8.4, p = .005), there was a downward linear trend, F (1,76) = 8.6, p = .004 for 

both groups (Figure 5.8). Ratings of pain-related distress likewise showed a linear decline, 

F (1,76) =8.6, p =.004, across the two sets of 30-s ISI shocks in Phase 1 for both groups. 

Therefore, sensitization as assessed by this method cannot be said to have occurred in 

either those with or those without stress-headache. 
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HEADACHE AS HABITUATION FAILURE? NOCICEPTIVE BLINK REFLEX MEASURES  

5.3.7 Number of R2 reflex blinks  

The average number of R2 blinks was computed for each block of 10 trials of the 30-

second ISI and for each block of 20 trials of the 2-second ISI. 

5.3.7.1 All participants: Number of R2 Reflex Blinks 

As shown in Table 5.15 and Figure 5.9(1), in all participants, the number of blinks to 

the 30sISI shocks decreased during the stressful task (F (1,106) = 39.88, p <.001), 

especially in the second block of shocks (F (2,105) =26.78, p <.001). Post task, the number 

of blinks increased (F (1,106), = 6.32, p <.01), especially in the first block of shocks (F 

(1,106) = 9.96, p <.01).  

In contrast, the number of blinks to the 2-second ISI shocks increased during the 

stressful task (F (1,106) = 22.97, p <.001), then declined during the post-test phase (F (1,106) 

= 46.63, p<.001).  

Table 5.15 All participants: Number of R2 reflex blinks across experiment: Means, standard errors, 
all effects 

Shock Set Trials Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1–10 7.07 0.38 

1.2 1–10 7.01 0.37 

2.1 1–10 6.31 0.38 

2.2 1–10 5.51 0.36 

3.1 1–10 6.78 0.37 

3.2 1–10 6.00 0.37 

2 second ISI shocks (20 trial blocks) 

1 1–20 7.50 0.63 

2 1–20 9.33 0.66 

3 1–20 6.09 0.58 
 

Effects and contrasts F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Phase (main effect) 21.40 (2, 105) <.001 0.29 

Block (main effect) 26.78 (2, 105) <.001 0.20 

Phase*Block 7.39 (2, 105) 0.001 0.12 

Contrasts     

Phase     

Level 1 v Level 2 39.88 (1, 106) <.001 0.27 

Level 2 v Level 3 6.32 (1, 106) 0.013 0.06 

Phase*Block     

Level 1 v Level 2 9.96 (1, 106) 0.002 0.09 

Level 2 v Level 3 0.01 (1, 106) 0.941 0.00 
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2 second ISI shocks (20 trial blocks) 

Phase (main effect) 30.82 (1.8,192.9)G <.001 0.23 

Contrasts     

Phase     

Level 1 v Level 2 22.97 (1, 106) <.001 0.18 

Level 2 v Level 3 46.63 (1, 106) <.001 0.31 

ISI = Interstimulus Interval. 
Note: In the 30s shock sets, the first number represents the phase, the second the block. 

5.3.7.2 Number of R2 reflex blinks and stress-headache 

In both types of shocks, those with stress-headache had a similar number of blinks to 

those without, decreasing to the 30sISI shocks during the stressful task, while increasing 

to the 2sISI shocks (Table 5.16). These patterns are diagrammed in Figure 5.9 (2). 

5.3.7.3 Number of R2 reflex blinks in migraine, T-TH, controls 

Headache sufferers v controls. The number of R2 reflex blinks was similar in both 

groups. These patterns are diagrammed in Fig 5.8 (3) and means and SEs are shown in 

Table 5.16.  

Migraine v T-TH. Migraine and T-TH had a similar number of blinks to both 30sISI 

and 2sISI shocks, decreasing during the stressful task to the 30sISI shocks, (F(1,83) = 

25.64, p <.001), especially from first to second block of 30s shocks (F(1,83= 19.55, p 

<.001), while increasing to the 2sISI shocks (F(1,83) = 23.79, p<.001) – see Table 5.16. 

These patterns are illustrated in Figure 5.9(4).  
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Figure 5.9 Number of R2 reflex blinks in 30s and 2s ISI.  (1) all participants, (2) stress headache (3) 
headache sufferers v controls, (4) migraine v T-TH. 
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Table 5.16 Number of R2 reflex blinks across experiment in migraine, T-TH, controls, those with stress-headache: means, standard errors, all effects 

Shock Set Trials 

Migraine  

(n=40) 

T-TH 

(n=26) 

Controls 

(n=19) 

Headache sufferers 

(n=66) 

No/low headache 

(n=39) 

Stress Headache  

(n=36) 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1-10 7.20 0.55 6.80 0.66 7.25 0.78 7.20 0.42 8.60 0.44 7.93 0.41 

1.2 1-10 7.32 0.54 6.29 0.65 7.25 0.76 7.11 0.41 8.28 0.42 8.07 0.39 

2.1 1-10 6.32 0.55 6.03 0.66 6.63 0.78 6.37 0.43 7.65 0.49 6.96 0.46 

2.2 1-10 5.46 0.54 5.51 0.65 5.67 0.76 5.60 0.41 6.55 0.50 6.33 0.47 

3.1 1-10 6.82 0.54 6.23 0.64 7.17 0.76 6.83 0.41 8.20 0.42 7.85 0.39 

3.2 1-10 6.20 0.55 5.31 0.66 6.21 0.78 6.09 0.42 7.18 0.50 7.00 0.46 

2 second ISI shocks (20 trial blocks) 

1 1-20 8.18 0.93 6.26 1.11 7.63 1.33 7.64 0.72 9.18 0.96 8.00 0.89 

2 1-20 9.74 0.97 8.80 1.17 9.04 1.40 9.64 0.76 11.43 0.98 10.33 0.91 

3 1-20 7.12 0.85 4.89 1.02 5.50 1.22 6.42 0.67 7.45 0.92 6.91 0.86 

Note: 1.1 refers to Set 1 Block 1; 1.2 = Set 1, Block 2, etc. 

Main and interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Main effects             

Group 0.44 (1,83) 0.510 0.01 0.04 (1,103) 0.843 0.00 0.49 (1,84) 0.488 0.01 

Phase 15.29 (2, 82) <.001 0.27 14.41 (2, 102) <.001 0.22 20.94 (2, 83)  <.001 0.34 

Block 19.55 (2, 82) <.001 0.19 20.87 (1,102) <.001 0.17 30.41 (2, 83)  <.001 0.27 

Interaction effects             

Phase*Group 1.18 (2, 82) 0.314 0.03 0.06 (2, 102) 0.942 0.00 0.19 (2, 83)  0.828 0.00 

Block*Group 0.61 (2, 82) 0.437 0.01 0.18 (2, 102) 0.674 0.00 2.56 (2, 83)  0.113 0.03 

Phase*Block 3.00 (2, 82) 0.055 0.07 6.38 (2, 102) 0.002 0.11 6.26 (2, 83)  0.003 0.13 

Phase*Block*Group 1.81 (2, 82) 0.170 0.04 0.21 (2, 102) 0.812 0.00 0.16 (2, 83)  0.852 0.00 

Contrasts             

Phase             

Level 1 v Level 2 25.64 (1,83) <.001 0.24 27.24 (1, 103) <.001 0.21 40.20 (1,84) <.001 0.32 

Level 2 v Level 3 1.86 (1,83) 0.176 0.02 4.79 (1, 103) 0.031 0.04 11.24 (1,84) 0.001 0.12 
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Main and interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

Phase*Block             

Level 1 v Level 2 3.66 (1,83) 0.059 0.04 8.48 (1, 103) 0.004 0.08 7.86 (1,84) 0.006 0.09 

Level 2 v Level 3 0.08 (1,83) 0.777 0.00 0.00 (1, 103) 0.968 0.00 0.06 (1,84) 0.814 0.00 

Phase*Group             

Level 1 v Level 2 2.00 (1,83) 0.161 0.02 0.02 (1, 103) 0.886 0.00 0.00 (1,84) 0.960 0.00 

Level 2 v Level 3 1.86 (1,83) 0.176 0.02 0.02 (1, 103) 0.876 0.00 0.23 (1,84) 0.634 0.00 

Phase *Group*Block             

Level 1 v Level 2 3.66 (1,83) 0.059 0.04 0.25 (1, 103) 0.620 0.00 0.00 (1,84) 0.979 0.00 

Level 2 v Level 3 1.29 (1,83) 0.259 0.02 0.00 (1, 103) 0.968 0.00 0.23 (1,84) 0.629 0.00 

2 second ISI shocks (20 trial blocks) 

Main effects             

Group 1.64 (1,83) 0.203 0.02 0.14 (1,103) 0.712 0.00 0.63 (1,84) 0.429 0.01 

Phase 24.90 (1.8,152.1) G <.001 0.23 22.76 (1.8,187.4) G <.001 0.18 31.22 (1.8,151.4) G <.001 0.27 

Interaction effects             

Phase*Group 1.04G (1.8, 152.1) G .350 .01 .42 G (1.8, 187.4) G .640 .00 0.27 (1.8,151.4) G 0.739 .00 

Contrasts             

Phase             

Level 1 v Level 2 23.79 (1, 83) <.001 0.22 13.54 (1, 103) <.001 0.12 25.96 (1, 84) <.001 0.24 

Level 2 v Level 3 37.56 (1, 83) <.001 0.31 34.62 (1, 103) <.001 0.25 46.36 (1, 84) <.001 0.36 

Phase*Group             

Level 1 v Level 2 1.37 (1, 83) 0.246 0.02 0.39 (1, 103) 0.531 0.00 0.01 (1, 84) 0.933 0.00 

Level 2 v Level 3 1.47 (1, 83) 0.228 0.02 0.08 (1, 103) 0.782 0.00 0.27 (1, 84) 0.606 0.00 

ISI = Interstimulus interval  

G = Greenhouse Geisser correction 
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5.3.8 R2 Blink Reflex latencies across experiment 

To allow for the small number of blinks in some participants, R2 latencies were 

averaged for each block of 10 trials in the 30s ISI and each block of 20 trials in the 2-s ISI. 

5.3.8.1 All participants: R2 latencies  

As shown in Table 5.17, R2 reflex latencies to the 30sISI shocks differed by phase (F 

(2,75) = 3.84, p <.05), declining significantly post-task (F (1,76) = 7.51, p<.01). They also 

differed by block, declining from first to second block of shocks (F (1,76) = 12.03, p <.01). 

In contrast, 2sISI shocks were similar across all three phases of the experiment, Fig 5.10 (1).  

Table 5.17 All participants: R2 blink reflex latencies across experiment: means, standard errors, 
all effects 

Shock Set Trials Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1–10 44.49 0.68 

1.2 1–10 42.67 0.62 

2.1 1–10 44.75 0.72 

2.2 1–10 43.67 0.64 

3.1 1–10 43.41 0.59 

3.2 1–10 42.38 0.60 

2 second ISI shocks (20 trial blocks) 

1 1–20 40.89 0.69 

2 1–20 40.72 0.64 

3 1–20 39.55 0.60 
 

Effects and contrasts F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Phase (main effect) 3.84 (2,75) G .026 0.09 

Block (main effect) 12.03 (1,76) .001 0.14 

Phase*Block 0.58 (2,75) .561 0.21 

Contrasts     

Phase     

Level 1 v Level 2 1.37 (1,76) .246 0.02 

Level 2 v Level 3 7.51 (1,76) .008 0.09 

Phase*Block     

Level 1 v Level 2 0.85 (1,76) .361 0.01 

Level 2 v Level 3 0.01 (1,76) .931 0.00 

2 second ISI shocks (20 trial blocks) 

Phase (main effect) 2.76 (2,81) .069 0.06 

Contrasts     

Phase     

Level 1 v Level 2 0.07 (1, 82) .799 0.00 

Level 2 v Level 3 3.53 (1, 82) .064 0.04 

Note: 1.1 refers to Set 1, block 1; 1.2 to Set 1, block 2, etc 
G = Greenhouse Geisser correction; ISI = Interstimulus Interval 
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5.3.8.2 Stress headache and R2 blink reflex latencies  

R2 latencies were longer in those with than without stress-headache in phases 1 and 

2 (baseline and stressful task) (F(2,71) = 3.67, p <.05). Post-task, latencies also differed 

between the groups, increasing in the stress-headache group to the 30sISI shocks (F(1,72) 

= 6.93, p =.01) and the 2sISI shocks (F(1,77) = 5.29, p <.05), while reducing in those with 

low/no headache (Figure 5.10(2), Table 5.18). 

5.3.8.3 R2 blink reflex latencies in migraine, T-TH and controls 

Headache sufferers v controls. Latencies were similar in headache sufferers and 

controls. However, latencies varied according to the phase of the experiment (F (1,75) = 

9.45, p <.01), reducing post-task to both the 30sISI shocks, F(1,75) = 5.43, p < .05 and 

2sISI shocks, F(1,81) = 5.68, p<.05. (Figure 5.10(3), Table 5.18). 

Migraine v T-TH. Latencies varied between migraine and T-TH according to both phase 

and block (phase*group*block F (1,58) = 10.21, p <.01). In migraineurs, latencies decreased 

from first to second block of 30sISI shocks in phase 1, while increasing in T-TH during the 

second block of the stressful task. Post-task, latencies increased in T-TH in the first block of 

30sISI shocks, then decreased relative to migraineurs (F(1,58) = 5.25, p <.01). For the 2sISI 

shocks latencies were similar in migraine and T-TH. (Figure 5.10(4), Table 5.18.) 
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Figure 5.10 R2 nociceptive blink reflex latencies (means ± SE).  (1) whole group, (2) those with vs 
without stress headache, (3) headache sufferers v controls, (4) migraine v T-TH. 
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Table 5.18 R2 blink reflex latencies across experiment in migraine, T-TH, controls, those with stress-headache: means, standard errors, all effects 

Shock Set Trials 

Migraine  

(n=40) 

T-TH 

(n=26) 

Controls 

(n=19) 

Headache sufferers 

(n=66) 

No/low headache 

(n=39) 

Stress Headache 

(n=36) 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1-10 44.50 0.92 43.35 1.09 45.68 1.41 44.13 0.78 43.81 1.00 45.18 1.00 

1.2 1-10 41.79 0.84 43.59 1.00 42.90 1.30 42.60 0.72 42.16 0.90 43.44 0.90 

2.1 1-10 44.48 0.98 44.90 1.16 44.81 1.49 44.73 0.82 43.62 1.04 46.01 1.04 

2.2 1-10 44.33 0.89 42.66 1.06 43.65 1.33 43.67 0.74 42.35 0.92 44.84 0.92 

3.1 1-10 43.46 0.84 43.40 0.99 43.18 1.22 43.48 0.67 43.33 0.87 43.50 0.87 

3.2 1-10 42.64 0.92 41.92 1.09 42.58 1.25 42.33 0.69 42.42 0.88 42.11 0.88 

2 second ISI shocks (20 trial blocks) 

1 1-20 41.72 1.02 40.36 1.29 39.67 1.45 41.26 0.79 40.32 1.04 41.64 1.00 

2 1-20 40.26 0.84 40.89 1.06 41.24 1.34 40.57 0.73 39.02 0.91 42.57 0.88 

3 1-20 40.09 0.92 39.50 1.16 38.38 1.26 39.89 0.68 39.10 0.87 39.86 0.83 
 

Main and  

interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Main effects             

Group 0.04 (1, 58) 0.833 0.00 0.07 (1, 75) 0.796 0.00 1.41 (1, 72) 0.239 0.02 

Phase 2.58 (2,57)  0.085 0.08 3.10 (2,74)  0.051 0.08 4.37 (2.71)  0.016 0.11 

Block 8.35 (1,58) 0.005 0.13 9.45 (1, 75) 0.003 0.11 12.00 (1,72) 0.001 0.14 

Interaction effects             

Phase*Group 0.39 (2,57)  0.682 0.01 0.40 (2,74) 0.670 0.01 3.67 (2.71) 0.032 0.09 

Block*Group 0.01 (1,58) 0.936 0.00 0.09 (1, 75) 0.770 0.00 0.04 (1,72)  0.846 0.00 

Phase*Block 0.01 (2,57) 0.995 0.00 1.00 (2,74) 0.371 0.03 0.25 (1,71) 0.781 0.01 

Phase*Block*Group 5.08 (2,57) 0.009 0.15 0.49 (2,74) 0.618 0.01 0.99 (2,71) 0.906 0.00 

Contrasts             

Phase             

Level 1 v Level 2 1.83 (1, 58) 0.181 0.03 0.37 (1, 75) 0.542 0.00 1.01 (1, 72) 0.318 0.01 

Level 2 v Level 3 5.25 (1, 58) 0.026 0.08 5.43 (1, 75) 0.022 0.07 8.18 (1, 72)  0.006 0.10 

Phase*Block             

Level 1 v Level 2 0.00 (1, 58) 0.957 0.00 1.20 (1, 75) 0.276 0.02 0.33 (1, 72)  0.567 0.00 

Level 2 v Level 3 0.00 (1, 58) 0.958 0.00 0.09 (1, 75) 0.771 0.00 0.01 (1, 72)  0.917 0.00 
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Main and  

interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

Phase*Group             

Level 1 v Level 2 0.68 (1, 58) 0.414 0.01 0.50 (1, 75) 0.484 0.01 1.02 (1, 72)  0.315 0.01 

Level 2 v Level 3 0.05 (1, 58) 0.828 0.00 0.00 (1, 75) 0.962 0.00 6.93 (1, 72)  0.010 0.09 

Phase *Group*Block             

Level 1 v Level 2 10.21 (1, 58) 0.002 0.15 0.36 (1, 75) 0.549 0.00 0.01 (1, 72)  0.904 0.00 

Level 2 v Level 3 0.96 (1, 58) 0.332 0.02 0.17 (1, 75) 0.681 0.00 0.19 (1, 72)  0.662 0.00 

2 second ISI shocks (20 trial blocks) 

Main effects             

Group 0.13 (1,63) 0.721 0.00 0.41 (1,81) 0.522 0.01 3.02 (1,77) 0.086 0.04 

Phase 1.36 (2, 62)  0.265 0.04 3.08 (2, 80) 0.051 0.07 3.86 (2, 76) 0.025 0.09 

Interaction effects             

Phase*Group 0.92 (2, 62)  0.405 0.03 1.38 (2, 80) 0.258 0.03 2.70 (2, 76) 0.074 0.07 

Contrasts             

Phase             

Level 1 v Level 2 0.38 (1, 63) 0.542 0.01 0.31 (1, 81) 0.577 0.00 0.08 (1, 77) 0.785 0.00 

Level 2 v Level 3 1.31 (1, 63) 0.258 0.02 5.68 (1, 81) 0.019 0.07 4.75 (1, 77) 0.032 0.06 

Phase*Group             

Level 1 v Level 2 0.47 (1, 42) 0.497 0.01 2.05 (1, 81) 0.156 0.02 2.59 (1, 77) 0.112 0.03 

Level 2 v Level 3 2.07 (1, 42) 0.157 0.05 2.15 (1, 81) 0.147 0.03 5.29 (1, 77) 0.024 0.06 

Note: 1.1 refers to Set 1, block 1; 1.2 to Set 1, block 2, etc. 
ISI = Interstimulus Interval 
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5.3.9 R2 Area Under the Curve (AUC) 

The area under the curve (R2 AUC, the response area) in volts*seconds was computed 

to evaluate the global EMG activity generated during the R2 reflex.  

5.3.9.1 All participants: R2AUC 

In a main effect for phase, (F (2,84) = 24.84, p <.001), AUC to the 30s ISI shocks 

declined from baseline to stressful task (F(1,85) = 38.30, p <.001). There was also a main 

effect for block (F (2,84) = 6.69, p<.01), whereby AUC declined from first to second 

block, particularly during the stressful task (phase*block interaction, F(1,85) = 13.91, p 

<.001). For the 2sISI shocks, there was again a main effect for phase (F (2,84) = 13.23, p 

<.001) with a significant post-task decline from stressful task to post-task (F(1,83) = 16.98, 

p <.001). Figure 5.11(1). Table 5.19. 

Table 5.19 All participants: R2 AUC across experiment: means, standard errors, all effects 

Shock Set Trials Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1–10 0.00092 0.00009 

1.2 1–10 0.00091 0.00009 

2.1 1–10 0.00073 0.00008 

2.2 1–10 0.00058 0.00007 

3.1 1–10 0.00070 0.00008 

3.2 1–10 0.00061 0.00007 

2 second ISI shocks (20 trial blocks) 

1 1–20 0.00033 0.00005 

2 1–20 0.00034 0.00006 

3 1–20 0.00019 0.00003 
 

Effects and contrasts F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Phase (main effect) 24.84 (2, 84)  <.001 0.37 

Block (main effect) 14.05 (2, 84)  <.001 0.14 

Phase*Block 6.89 (2, 84)  0.002 0.14 

Contrasts     

Phase     

Level 1 v Level 2 38.30 (1, 85) <.001 0.31 

Level 2 v Level 3 0.00 (1, 85) 0.985 0.00 

Phase*Block     

Level 1 v Level 2 13.91 (1, 85) < .001 0.14 

Level 2 v Level 3 3.69 (1, 85) 0.058 0.04 

2 second ISI shocks (20 trial blocks) 

Phase (main effect) 13.23 (2, 84) <.001 0.24 

Contrasts     

Phase     

Level 1 v Level 2 0.05 (1, 85) 0.816 0.00 

Level 2 v Level 3 16.98 (1, 85) < .001 0.17 

Note: 1.1 refers to Set 1, block 1; 1.2 to Set 1, block 2, etc. 
ISI = Interstimulus Interval 
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5.3.9.2 Stress headache and R2AUC  

As shown in Figure 5.11(2), there was a significant phase*group*block interaction 

for the 30sISI shocks, F(1,81) = 4.0, p<.05, in which AUC declined in the low/no headache 

group from first to second blocks of phase 1, while AUC in the stress-headache group 

declined markedly from first to second block of the stressful task (F(1,81) = 11.23, p 

=.001) and increased during the first post-task block. The groups were similar for the 2sISI 

shocks, with AUC declines from stressful task to post-task (F(1,80) = 15.97, p <.001). (Fig 

5.11 (2), Table 5.20). 

5.3.9.3 R2AUC in migraine, T-TH, controls 

Headache sufferers v controls. In both groups, R2AUC declined from first to second 

block of 30sISI shocks in phase 1 and 2 (phase*block (F(2,83)=4.87, p <.01), and 

increased in the first post-task block, F (1,84) = 9.69, p <.01). Groups were similar in the 

2sISI shocks (Fig 5.11 (3), Table 5.20). 

Migraine v T-TH. Two-way interactions indicated that the pattern of responses to the 

30sISI shocks differed overall between migraine and T-TH. Differences were most evident 

post-task (F(1,65) = 5.15, p <.05), where AUC rose in migraineurs while declining in T-

TH. AUC also rose from first to second block of the 30sISI shocks in migraineurs, while 

declining in T-TH. (block*group (F(2,64) = 4.48, p <.05; phase*block (F(2,64) = 4.73, p 

<.01). These results suggest that R2AUC was lower in T-TH than migraine. 

R2AUC to the 2sISI shocks were similar in migraine and T-TH (Fig 5.11(4),  

Table 5.20). 
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Figure 5.11 R2 Area Under the Curve (Means ± SE).  (1) All participants, (2) Stress headache, (3) 
Headache sufferers v controls, (4) Migraine v T-TH. 
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Table 5.20 R2 AUC across experiment in migraine, T-TH, controls, stress-headache: means, standard errors, all effects 

Shock Set Trials 

Migraine  

(n=40) 

T-TH  

(n=26) 

Controls  

(n=19) 

Headache sufferers  

(n=66) 

No/low headache 

(n=39) 

Stress Headache  

(n=36) 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

30 second ISI shocks (10 trial blocks) 

1.1 1-10 0.00088 0.00012 0.00089 0.00015 0.00102 0.00019  0.00089 0.00010 0.00093 0.00014 0.00091 0.00013 

1.2 1-10 0.00094 0.00012 0.00079 0.00015 0.00099 0.00018 0.00089 0.00010 0.00086 0.00013 0.00091 0.00012 

2.1 1-10 0.00069 0.00011 0.00070 0.00014 0.00082 0.00017 0.00070 0.00009 0.00077 0.00012 0.00067 0.00011 

2.2 1-10 0.00060 0.00010 0.00049 0.00012 0.00064 0.00015 0.00056 0.00008 0.00065 0.00011 0.00047 0.00010 

3.1 1-10 0.00072 0.00011 0.00049 0.00013 0.00090 0.00016 0.00063 0.00009 0.00070 0.00012 0.00068 0.00011 

3.2 1-10 0.00068 0.00010 0.00040 0.00012 0.00074 0.00015 0.00057 0.00008 0.00057 0.00010 0.00060 0.00010 

2 second ISI shocks (20 trial blocks) 

1 1-20 0.00036 0.00006 0.00024 0.00008 0.00040 0.00010 0.00032 0.00005 0.00032 0.00007 0.00033 0.00007 

2 1-20 0.00040 0.00008 0.00020 0.00010 0.00040 0.00013 0.00032 0.00007 0.00037 0.00008 0.00028 0.00008 

3 1-20 0.00025 0.00005 0.00009 0.00006 0.00019 0.00007 0.00019 0.00004 0.00016 0.00004 0.00018 0.00004 
 

Main and interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

30 second ISI shocks (10 trial blocks) 

Main effects             

Group 0.60 (1,65) 0.442 0.01 0.63 (1,84) 0.430 0.01 0.08 (1,81) 0.784 0.00 

Phase 20.12 (2, 64) < .001 0.39 15.95 (2, 83) <.001 0.28 24.15 (2, 80) <.001 0.38 

Block 9.22 (2, 64) 0.003 0.12 13.82 (2, 83) <.001 0.14 28.48 (2, 80) <.001 0.26 

Interaction effects             

Phase*Group 2.88 (2, 64) 0.064 0.08 1.00 (2, 83) 0.371 0.02 2.05 (2, 80) 0.136 0.05 

Phase*Block 4.73 (2, 64) 0.012 0.13 4.87 (2, 83) 0.010 0.11 5.55 (2, 80) 0.006 0.12 

Block*Group 4.48 (2, 64) 0.038 0.06 1.05 (2, 83) 0.307 0.01 0.27 (2, 80) 0.607 0.00 

Phase*Block*Group 0.75 (2, 64) 0.476 0.02 0.50 (2, 83) 0.609 0.01 2.59 (2, 80) 0.081 0.06 

Contrasts             

Phase             

Level 1 v Level 2 27.61 (1, 65) < .001 0.30 27.56 (1, 84) < .001 0.25 37.41 (1, 81) < .001 0.32 

Level 2 v Level 3 1.05 (1, 65) 0.310 0.02 0.45 (1, 84) 0.503 0.01 0.01 (1, 81) 0.918 0.00 

Phase*Block             
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Main and interaction effects 

Migraine v T-TH Headache sufferers v controls Stress headache v no/low headache 

F df p ŋ2 F df p ŋ2 F df p ŋ2 

Level 1 v Level 2 8.78 (1, 65) 0.004 0.12 9.69 (1, 84) 0.003 0.10 11.23 (1, 81) 0.001 0.12 

Level 2 v Level 3 5.09 (1, 65) 0.027 0.07 1.30 (1, 84) 0.257 0.02 2.19 (1, 81) 0.143 0.03 

Phase*Group             

Level 1 v Level 2 0.05 (1, 65) 0.822 0.00 0.01 (1, 84) 0.923 0.00 3.08 (1, 81) 0.083 0.04 

Level 2 v Level 3 5.15 (1, 65) 0.027 0.07 1.66 (1, 84) 0.201 0.02 3.01 (1, 81) 0.086 0.04 

Phase *Group*Block             

Level 1 v Level 2 0.22 (1, 65) 0.643 0.00 0.00 (1, 84) 0.971 0.00 3.71 (1, 81) 0.058 0.04 

Level 2 v Level 3 0.58 (1, 65) 0.448 0.01 0.80 (1, 84) 0.372 0.01 4.00 (1, 81) 0.049 0.05 

2 second ISI shocks (20 trial blocks) 

Main effects             

Group 2.95 (1, 66) 0.090 0.04 0.25 (1, 84) 0.615 0.00 0.06 (1, 80)  .805 0.00 

Phase 8.95 (2, 65)  <.001 0.22 12.21 (2, 83)  <.001 0.23 13.73 (2, 79) <.001 0.26 

Interaction effects             

Phase*Group 0.78 (2, 65)  0.464 0.02 0.71 (2, 83) 0.495 0.02 1.64 (2, 79) .201 0.04 

Contrasts             

Phase             

Level 1 v Level 2 0.00 (1, 66) 0.959 0.00 0.04 (1, 84) 0.847 0.00 0.00 (1, 80) .997 0.00 

Level 2 v Level 3 12.31 (1, 66) 0.001 0.16 15.43 (1, 84) < .001 0.16 15.97 (1, 80) < .001 0.17 

Phase*Group             

Level 1 v Level 2 1.51 (1, 66) 0.224 0.02 0.00 (1, 84) 0.998 0.00 3.08 (1, 80) .083 0.04 

Level 2 v Level 3 0.25 (1, 66) 0.621 0.00 0.84 (1, 84) 0.362 0.01 2.29 (1, 80) .134 0.03 

Note: 1.1 refers to Set 1, block 1; 1.2 to Set 1, block 2, etc. 
ISI = Interstimulus interval 
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5.4 Discussion 

The aim of this paper was to examine the relationship between: symptom measures, 

cardiovascular activity, cortisol and nociceptive-specific blink reflexes to headache during 

a stressful laboratory task in episodic migraine and T-TH compared with controls. 

Headache ≥ 4 on a 10-point VAS scale was reported during the task by 53% of participants 

(the ‘stress-headache’ group), 67% of whom were in the control group. Headaches were 

not formally diagnosed but were relatively short-lasting and associated with nausea in 

some participants. ‘Stress-headaches’ may be akin to T-TH (574). 

Cardiovascular responses. In all participants, the task elicited increases in systolic 

and diastolic blood pressure, pulse rate and TPA, indicating increased sympathetic-

adrenomedullary activation (525). These responses decreased in the post-task phase.  

Salivary cortisol levels decreased across the experiment, particularly from entry to 

the end of phase 1 (baseline), and – consistent with diurnal variations (571) – particularly 

in those participants tested in the afternoon.  

Trigeminal nociception. During the stressful task, the number of blinks decreased to 

the 30sISI shocks while increasing to the 2sISI shocks. Post-task, the opposite effect 

occurred, i.e. the number of blinks increased to the 30sSI shocks. Mechanisms that drove 

this change in reactivity across the three phases of the experiment are unknown. However, 

a potential explanation is that stress-evoked inhibitory influences suppressed blinks to 

intermittent electrical stimuli during the stressful task. If so, these influences were not 

strong enough to counter facilitatory influences associated with temporal summation to 

the 2sISI shocks. 

R2 latencies. If as Kimura (552) suggests, decreasing R2 latencies reflect 

enhanced trigeminal excitability, then for all participants, excitability decreased 

slightly during the task (R2 latencies lengthened relative to phase 1), then increased 

significantly post-task (latencies were again shorter). This is consistent with findings 

that R2 latencies in healthy adults increase during a task (575) – a change not 

necessarily related to arousal as “there is no direct relation between the specific 

systems activated to perform the task and the neural connections of the blink reflex” 

(575, p.61). The task may also distract attention from the stimulation (576).  
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R2AUC to the 30sISI shocks declined from first to second block in phase 1 and more 

so in phase 3. According to the dual process theory (554), R2AUC represents the balance 

between facilitation and habituation. Facilitation, if present, accounts for the initial 

transitory increase in response amplitude; it is detectable as a higher first block absolute 

amplitude value. Habituation (decreases in amplitude and duration after repeated 

stimulation) accounts for the delayed response decrement during the course of a task or 

session (575). Since nBR activity decreased overall across the experiment, yet headache 

report increased, it may be speculated that inhibitory influences on the blink reflex were 

responsible for the nBR decrease. That is, the systematic decrease of amplitudes during the 

task suggests that habituation – or at least a decrease in activation (575) – occurred, 

reflecting the operation of central inhibitory controls (552).  

Stress-headache 

As headache usually subsided a few minutes after the stressful task, the ‘stress-

headaches’ resembled tension-type rather than migraine headache.   

i) Cardiovascular responses including TPA were similar in those with and 

without stress-headache.  

Under some conditions, arterial distension is a pain-producing mechanism, 

i.e. pain intensity is positively correlated with an increase in temporal blood 

volume (527; 538). This most likely requires perivascular inflammation, as 

distension of scalp arteries during everyday activities such as exercise does 

not evoke pain. During attacks of migraine headache, antidromic activation 

of trigeminal perivascular nociceptors may induce “sterile vascular 

inflammation” that subsequently develops into a source of pain, its degree 

depending on context, duration and course of the primary stimulus or insult 

(88; 577). Since pain report to electrical stimuli prior to the task was 

significantly greater (p <.01) in those who later developed stress-headache, 

the absence of a temporal artery-pain relationship in these individuals may 

reflect activation of the baroreceptor reflex during the task (a homeostatic 

process that helps to maintain blood pressure) (517). (When this reflex is 

activated, there is an inverse relationship between blood pressure and pain 

sensitivity in normotensive individuals (513; 578).)  
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ii) Salivary cortisol levels were lower in those with than without stress-

headache, and cortisol level at the end of the stressful task was an independent 

predictor of headache during the task.  

* In morning-tested participants, both groups were in the high range upon 

entry, the mean for those who did not develop stress-headache being 

exceptionally high (117.82 ± 27.09 ug/dl). Mean cortisol before the task (i.e. 

at the end of phase 1) was still high in the group who did not develop stress-

headache, and cortisol is considered to have protective effects at this level 

(545). In contrast, by the end of phase 1, cortisol levels in those who 

developed stress-headache had declined to the intermediate range – ~30-50 

ug/dl – the level at which peak pro-inflammatory effects of cortisol are  

typically observed during systemic stress (545). Cortisol remained at 

approximately this level in both groups during and following the task. Thus, 

protective levels of cortisol in the morning-tested stress-headache group had 

already declined prior to the stressful task. 

* In the afternoon-tested participants without headache, cortisol levels on 

entry were in the intermediate/’stress-associated’ (anti-inflammatory) range, 

but in the ‘normal’ range for those with stress-headache and, by the end of the 

experiment, in the low range. Thus, the anti-inflammatory and anti-

nociceptive effects of cortisol may have been lacking in the afternoon-tested 

stress-headache group during and following the test.  

Consistent with this interpretation, those without stress-headache also 

reported much lower ‘perceived stress’ levels during the task than those with 

stress-headache (p<.001) as well as lower pain and pain-distress reports 

before and after the task. Relevant to this, Schoonman reported that only 

perceived stress and not cortisol was associated with headache (17).  

Nevertheless, further research should examine whether chronic stress in some 

participants may have biased these results, since in individuals with chronic 

stress exposure, cortisol exerts a delayed (time dependent) stimulatory effect 

(545), i.e. one in which the pro-inflammatory effects of cortisol are potentiated. 

A biological measure of chronic stress such as scalp hair cortisol, which 

provides a cumulative measure of free cortisol in the blood over a period of 

several weeks or even months (579) could be used to assess this possibility. 
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iii) Nausea. Consistent with research showing that nausea potentiates headache 

(210), those with stress-headache had high levels of nausea before and during 

the task, suggesting autonomic disturbance in these participants.  

iv) Trigeminal nociception in those with stress-headache (vs those with low/no 

headache).  

* The number and patterning of R2 blinks were similar in those with and 

without stress-headache. However, 

* R2 latencies to the 30sISI shocks increased during the stressful task in those 

with stress-headache, especially during the last block. Post-task, latencies 

decreased in those with stress-headache, while increasing in those without. 

Thus, trigeminal excitability was reduced during the task in the stress-

headache group, but increased thereafter (552), while the opposite effect was 

seen in those with low/no stress-headache. 

* R2AUC decreased to the 30sISI shocks during the task in the stress-

headache group, rising sharply during the first post-task block. This suggests 

habituation or decreased activation during the task followed by post-task 

facilitation – a reduced threshold  (580) – in the stress-headache group.   

As participants were not asked to rate pain to the electrical stimuli during the math 

task, it is uncertain whether there was increased sensitivity to trigeminal input in those 

with stress-headache (i.e. central processing of afferent trigeminal input). The higher 

distress ratings in those with stress-headache may have disrupted inhibitory controls 

on trigeminal nociceptive activity at brainstem level, increasing headache. 

Taken together, no one defining physiological variable differentiated those with and 

without stress headache. Nevertheless, from the above we may postulate that (i) autonomic 

disturbance may impede supra-spinal pain inhibition or activate pain facilitatory 

mechanisms (552; 581), and/or (ii) cortisol secretion occurs in concentrations which 

reduce its anti-inflammatory (or increase its pro-inflammatory) properties. The resulting 

increased nociceptive input to the spinal cord may over-ride effective pain modulation 

(552), perhaps contributing to a negative feedforward cascade (192) in which headache 

persists beyond the stressful event. 



Chapter Five.  Somatic and neurophysiological responding in headache 

134 

Migraine, T-TH and controls 

Cardiovascular changes In line with research showing similarities of autonomic 

arousal including BP in T-TH and controls  (533; 582), SBP and pulse rate changes across 

the experiment were similar in migraine, T-TH and controls across the experiment. Thus, 

results did not support hypotheses of greater sympathetic cardiovascular activation in 

those with a migraine history or research showing higher cardiovascular stress responses 

in T-TH than migraine (490; 527; 528).  

Temporal pulse amplitude (TPA). Furthermore, and also contrary to previous 

research  (e.g. 77), controls rather than headache sufferers had higher TPA changes early 

in the stressful task, perhaps indicating sympathetic hypofunction (CF 528) in headache 

sufferers during stress or a greater role for peripheral than central factors in controls 

during stress.  

The finding of reduced TPA in headache sufferers compared with controls questions 

the role of vasodilatation as a primary factor in headache pain. Instead an impaired 

recovery process from stress has been proposed in headache sufferers (583), perhaps the 

result of an imbalance of autonomic control (584). Price & Tursky (585) reported salient 

differences between migraineurs  and non-migraineurs in the second half of the 

measurement period, when sustained activation was associated with habituation failure 

(553). Likewise, Feuerstein (538) reported greater temporal artery dilatation in 

migraineurs than either T-TH or combined migraine-TTH during the first and second 

minute of each six-minute post-stress adaptation period. The 50 minute latency period 

between maximum psycho-physiologic response and maximum mean headache ratings 

(525) may make it difficult to detect such differences in the present study. Future research 

should measure post-stress adaptation for a longer period to ascertain differences in 

cardiovascular responses to stress between migraine/nonmigraine individuals.  

Cortisol responsiveness During the stressful task, cortisol levels declined in controls 

compared with headache sufferers, particularly in afternoon-tested participants, but increased 

in T-TH relative to migraine. Mean cortisol levels at the end of the experiment were in the 

stress-associated range in T-TH (32μg/dl), whereas the migraine mean was in the normal range 

(20μg/dl). This result is consistent with Leistad’s (543) findings of greater stress reactivity in 

T-TH than migraine. 
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Trigeminal nociception. Results for nociceptive blink reflex measures showed the 

following: 

1. The number of R2 reflex blinks to the 30sISI shocks decreased during the stressful 

task in all headache groups, especially from the first to second block of shocks in 

migraine v T-TH, while increasing to the 2s ISI shocks. This decreasing 

sensitivity to the 30sISI shocks during the stressful task suggests the operation of 

central inhibitory factors (552).  

2. R2 latencies to the 30sISI shocks decreased in migraineurs relative to T-TH from 

the first to second block of phase 1 (indicating increased excitability) but 

increased from the first to second block of the stressful task (decreased 

excitability). Meanwhile, in the T-TH group, latencies decreased during the task 

and post-task declines were particularly marked, suggesting greater blink reflex 

excitability in T-TH than migraine.  

3. R2AUC increased in migraineurs relative to T-TH from the first to second block 

of 30sISI shocks in phase 1 and again in phase 3. As explained above, the initial 

transitory increase in response amplitude in migraine compared with T-TH 

suggests facilitation effects in migraineurs, the delayed response decrement 

during the course of the task suggests habituation (or at least reduced activation) 

and the post-task spike in response amplitude in migraineurs suggests post-task 

facilitation (554), i.e. a reduced nociceptive blink reflex threshold, which may 

make for delayed recovery from painful stimulation in migraineurs. 

Alternatively, under certain circumstances, psychological stress factors (e.g. NA, self-

efficacy) may exacerbate or even over-ride neurophysiological factors. For example, higher 

heart rate is correlated with both arousal and emotion (527; 538); personality factors such as 

neuroticism predict blunted cardiovascular (and cortisol) stress reactivity (586; 587) and 

anxious attachment is associated with greater pain sensitivity (446). Thus, Lehrer (527) 

further commented that her T-TH patients were generally more sensitive and reactive to pain 

and verbalized differently in describing pain. Likewise, Feuerstein (538) called for 

investigation of the potential role of emotion in differential physiological reactivity to stress. 

In the next chapter, therefore, we examine psychological influences on stress-headache. 
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5.5 Conclusions 

Taken together, these findings suggest that an imbalance of autonomic control, 

ineffective pain-inhibition and the loss of the anti-inflammatory and antinociceptive 

effects of cortisol may contribute to stress-headache. Delays in recovery following 

stressor exposure may also be salient in determining differential responsivity to a stressor. 

However, there was no strong correlate of headache intensity, so no definitive 

physiological biomarker for stress-headache was identified. That is, physiological 

changes of themselves did not offer information as to who did or did not acquire a stress 

headache, and it was unclear whether these changes reflected individual differences in 

responding to psychological stress or physiological changes associated with headache. 

The next chapter will therefore investigate psychological responses to stress as these may 

pertain to headache. 
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Abstract 

Psychological stress triggers headaches, but how this happens is unclear. To explore 

this, 38 migraine sufferers, 28 with tension-type headache (T-TH) and 20 controls rated 

nausea, NA, task-expectancies and headache at 5-minute intervals during an aversive 20-

minute mental arithmetic task with a fixed failure rate. Blood pressure and pulse rate were 

measured every 3 minutes and salivary cortisol was sampled before and after the task. 

Multiple regression analysis indicated that irritation, anxiety and the absence of 

sluggishness (i.e., alertness) independently predicted increases in headache intensity 

during the task (p<.001), but increases in headache were unrelated to changes in 

cardiovascular activity or cortisol. Changes that preceded headache onset were explored 

in repeated measures ANOVAs, comparing those who developed headache with those 

who did not. In general, nausea, NA and self-efficacy expectancies were higher in 

participants who went on to develop headache than in those who remained headache-free 

(p<.05 to p<.001). Together, these findings suggest that headache developed when 

participants overextended themselves during a stressful task, adopting an information 

processing style which impeded emotional adjustment to changing situational demands. 

Learning to modify perceptions of threat, and adopting a more flexible, less outcome-

dependent processing style, might help to prevent headache from spiralling upward. 
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6.1 Introduction 

Migraine is defined as episodic headache lasting 4 to 24 hours, commonly unilateral, 

accompanied by gastrointestinal disturbances and hypersensitivity to light and sound (7). 

In migraine with aura, headache is preceded by focal neurological symptoms. Migraine 

affects some 18% of females and 6% of males (47). In contrast to migraine, tension-type 

headache (T-TH) is a featureless headache in which the pain is bilateral with a pressing, 

tightening quality (7).  

Since both migraine and T-TH are significant sources of disability and suffering (5) 

and, as psychosocial factors are more amenable to control than physiological factors (51), 

investigation of initiating psychosocial factors is important. Both stress and NA have been 

implicated as significant headache precipitants that exacerbate the painful component of 

migraine and T-TH (27; 28; 30-33; 588). Tension, irritability, annoyance, depression and 

fatigue increase during the migraine prodromal period (27; 224). However, it is not 

altogether clear how stress leads to headache or whether this involves a specific form of 

negative affect (NA) (589), as NA encompasses a broad range of moods (228).  

NA arises from subcortical emotional activity as a sense of immediate unpleasantness 

related to threat; the resultant feelings can subsequently be modified by visceral activity 

(142; 148) or by neurocognitive processes such as expectancies or reappraisal (212; 213). 

Thus, NA could increase headache intensity by exacerbating the affective response to pain, 

disrupting inhibitory pain control by altering functional activity in brain regions that 

modulate pain (126; 210; 246). Specifically, negative moods such as anxiety, 

discouragement and irritation/anger may increase pain perception (590; 591), thereby 

triggering headache (294; 588). In addition, the discomfort associated with headache could 

evoke recuperative ‘sickness behaviors’ (287) linked with nausea and affective states such 

as sluggishness and confusion (592). Consequently, a reciprocal relationship between NA 

and headache (593; 594), possibly involving feedback loops (595), might influence 

headache onset and cessation (596).  

Neurocognitive processes might also influence the pain-negative affect connection 

(142); expectancies influence neural activation in pain-inhibitory areas, while reappraisal 

influences pain perception by altering threat appraisal and anxiety (212). Reappraisal 

could also influence NA in specific directions: anxiety may accompany moderate success-

expectancy, whereas irritation accompanies low success-expectancy and discouragement 

the expectancy of failure (288). Self-efficacy, the conviction that one can produce the 
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behavior required to achieve a particular outcome in a specific situational context (597), 

can moderate both headache (176) and the impact of stressful events on headache (257), 

although how this occurs is unclear.  

Our aim was to identify the antecedents of stress-headache using a biopsychosocial 

approach (Figure 6.1). Developed from pain processing (288) and other perceptual 

processing models (289), this model postulates that stress-headache results from 

interactions in a specific context between distal tonic processes (e.g., headache history and 

attachment anxiety) (598) and proximal phasic responses such as the emotional-

physiological responses evoked by a stressful stimulus. Thus, we aimed to investigate the 

roles in headache onset and intensity of nausea, pain-related NA (anxiety, irritation and 

discouragement), ‘stress-related’ NA (sluggishness, confusion and tension) (126; 228), 

self-efficacy reappraisals and physiological responses (changes in cardiovascular activity 

and cortisol) (1; 33; 77; 490; 501; 543). Since perceived control may trigger reappraisal 

processes that alter the pain experience (272), increasingly non-contingent failure 

feedback was provided as a stressful task progressed. We expected that as efficacy 

expectations fell, NA and stress-headache would increase, and that migraine and T-TH 

sufferers would show higher stress responses and lower self-efficacy than controls.  
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Figure 6.1 A biopsychosocial model of stress-headache adapted from perceptual and pain processing models.  The model posits that in a given 
context, stress-headache results from interactions between distal, tonic processes including headache history, personality or attachment anxiety, and 
proximal, phasic responses including the physical–emotional responses to a stressful stimulus. Inter-relationships between physical sensations, secondary 
appraisals, physiological arousal and negative affective states were examined in this paper. Arrows indicate links but do not necessarily imply direction. 
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6.2 Method 

6.2.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants  

Group #2: Experimental subsample (Table 2.3, p.34). 

Apparatus and experimental procedures   

See Section 2.2, p.35. 

6.2.2 Measures 

6.2.2.1 Self-reports 

Self-reported headache, nausea, NA and task self-efficacy  – 10-point VAS ratings 

taken during the experiment (Section 2.4.1.1, p.42 and Section 2.4.1.2, p.43). 

6.2.2.2 Cardiovascular activity 

See Section 2.3.1, p.39 and Figure 6.2 below. 

 

Figure 6.2 Sequence of procedures and measurement points during the stressful arithmetic task 
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6.2.2.3 Salivary Cortisol  

Salivary cortisol was measured before and 10 minutes after the task when participants 

were seated quietly. The participant chewed for 10 seconds on small cotton, citric-acid-

free dental rolls (599), which were transferred to labelled test tubes and frozen at -40°C 

until the saliva was assayed. A standard assay kit and procedure was employed (600), and 

the same batch of assay solution was used for all samples. A logarithmic transformation 

corrected wide variability in cortisol levels. (See also Section 2.3.3, p.40). 

6.2.3 Data analysis 

Initially, changes from baseline in headache intensity during the task were plotted 

against task stressfulness and changes from baseline in pain-related negative affects (anxiety, 

irritation, discouragement), stress-related affective states (sluggishness, confusion, tension), 

efficacy expectancies, nausea, systolic/diastolic blood pressure, pulse rate and salivary 

cortisol. Multiple regression analysis determined which subset of dependent variables best 

predicted increases in headache intensity, where increases were calculated as the difference 

between ratings of headache intensity during the task minus intensity at baseline.  

The next set of analyses aimed to investigate which of the predictor variables were 

associated with headache onset at each 5-minute measurement point during the task. 

Headache onset was defined as the point at which headache ratings were first equal to or 

greater than 3 on the 10 cm visual analogue scale (corresponding to mild headache; ratings 

below this indicated that headache was minimal). Those with headache at baseline (n=7) were 

excluded from this analysis. Of the remaining participants, Group 1 (n=23) showed no change 

in headache ratings throughout the task; Group 2 (n=13) had headache onset in Set 1; Group 

3 (n=21) onset in Set 2; and Group 4 (n=19) showed onset in Set 3. As headache began in Set 

4 in only three participants, this last group was excluded from analysis. 

Since previous research has indicated differences between migraine and T-TH, and 

between migraine and controls, a series of planned contrasts compared migraineurs with 

controls, and migraine with T-TH, in relation to the dependent variables. In particular, 

multivariate differences for arrays of related dependent variables (cardiovascular 

changes, pain-related NA and stress-related affective states) and univariate differences 

for nausea and efficacy expectancies were investigated in Group (planned contrast) x 

Set (before arithmetic and after each subsequent 5-min block of arithmetic with repeated 

contrasts between consecutive sets) analyses of variance. Although ratings of NA and 

task-self-efficacy were skewed, clustering at the lower end of the continuum, ANOVA 
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was employed as it is reasonably robust to violations of normality and permits 

investigation of interactions among factors. Significant multivariate effects were 

investigated in univariate analyses of variance with Greenhouse-Geisser corrections for 

violation of the sphericity assumption, followed by examination of simple main effects. 

Analyses were run using IBM SPSS version 24. All tests of statistical significance 

were two-tailed. Results are presented as the mean ± standard error and p<.05 was 

considered statistically significant.  

6.3 Results 

Of the final sample of 72 females and 14 males, 38 met diagnostic criteria for episodic 

migraine, 28 for episodic T-TH and 20 formed a control group (6 or fewer headaches per 

year, with an average duration of less than 2 hours) (Table 2.3, p.34). As might be 

expected, nausea was associated more frequently with migraine than T-TH or the mild 

headaches reported by controls. In addition, the frequency and duration of headache 

episodes were greater in the migraine than T-TH group. All other demographic variables 

were similar in all three groups.  

6.3.1 Stress-induced headache  

Headache and nausea increased in parallel during the stressful task. Changes in 

headache intensity across the task were associated with increases in nausea, anxiety, 

confusion, discouragement, irritation and perceived task stressfulness but were unrelated 

to cardiovascular or cortisol responses. In a multiple regression analysis, irritation, anxiety 

and the absence of sluggishness (i.e., alertness) were significant independent predictors of 

increases in headache intensity across the task, R2 =.576 (p<.001) (Table 6.1).  

Table 6.1 Predictors of change in headache intensity across the stressful task 

Changes across task Mean SD 

Correlation 

with headache 

intensity Beta weight Significance 

Headache intensity 2.08 2.03       

Nausea 1.69 1.91 .339** .110 .416 

Anxiety 1.50 1.85 .467** .352 .033 

Confusion 1.32 1.99 .386** −.013 .939 

Discouragement 1.63 2.01 .216* −.139 .265 

Irritation 3.05 1.94 .526** .565 .000 

Sluggishness 2.15 1.64 −.039 −.375 .004 

Tension 1.51 1.59 −.007 −.040 .773 

Self-efficacy 1.73 1.83 −.055 −.127 .270 
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Changes across task Mean SD 

Correlation 

with headache 

intensity Beta weight Significance 

Systolic blood pressure 5.97 7.75 −.161 −.139 .184 

Diastolic blood pressure 3.89 5.70 .013 .065 .522 

Pulse rate 1.70 8.84 −.024 .073 .425 

Cortisol −.05 .44 .210 .083 .361 

Perceived task stress 4.46 1.40 .430** .118 .245 

a Changes in cortisol were unrelated to changes in headache intensity both in participants who completed the 
experiment in the morning and in those who completed the experiment in the afternoon 
* Correlation is significant at the .05 level (2-tailed); ** Correlation is significant at the .01 level (2-tailed) 

To clarify relationships between changes in headache and NA, each dependent 

variable was investigated in relation to time of headache onset. Findings are presented in 

Figure 6.3 – Figure 6.5, and tests of statistical significance are summarised in Table 6.2. 

The main points are listed below: 

Cardiovascular responses peaked in the first arithmetic set (Figure 6.3) but were 

unrelated to headache onset in any of the first three sets.  

Nausea, NA and self-efficacy expectancies generally were higher in participants who 

went on to develop headache in the next set of arithmetic than in those who remained 

headache-free; nausea and NA began to increase 10-15 minutes before headache onset in 

participants who developed headache later in the task (Figure 6.3 – Figure 6.5). 

NA sometimes declined following headache onset, but remained higher in those with 

than without stress-headache (Figure 6.4, Figure 6.5). 

Self-efficacy expectancies were higher in those with stress-headache following 

headache onset, but this difference was not maintained over the course of the experiment; 

in particular, self-efficacy peaked towards the end of the task in those without stress-

headache (Figure 6.5).  

Headache categories (migraine, T-TH, controls) 

The proportion of participants who developed a moderate or severe headache was 

similar in the three headache categories (40% of the migraine group, 54% of the T-TH 

group and 65% of controls). Of the 13 participants whose headache was minimal or 

decreased across the course of the task, 8 had a migraine history (22.7% of the migraine 

group), 2 (7%) a T-TH history and 3 (15%) were controls.  

Self-efficacy expectancies were lower in migraineurs than controls during the 

experiment, particularly in Set 1 (Figure 6.6, Table 6.3).  
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No other main effects were statistically significant. However, in repeated measures 

ANOVAs, controls showed greater initial increases (and faster declines) in tension, 

confusion and irritation than migraineurs (Figure 6.6, Table 6.4). Similarly, by set 3, 

irritation and sluggishness were greater in migraine sufferers than in those with T-TH 

(Figure 6.6, Table 6.5).  

 

Figure 6.3 Ratings (±SE) of nausea and cardiovascular responses in relation to headache onset 
during stressful mental arithmetic in 13 participants whose headache started in Set 1, 21 whose 
headache started in Set 2, and 19 whose headache started in Set 3. (As headache began in Set 4 for 
only 3 participants, this group was not included in the analysis.) The vertical dotted line refers to 
headache onset point. The asterisk denotes significant differences between those with no headache 
and those with headache. As these exploratory analyses do not control for Type 1 errors, they should 
be interpreted with caution. Note: a subset of participants who developed headache in Set 1 entered 
the experimental phase with nausea resulting from baseline experimentation. 
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Figure 6.4 Ratings (±SE) of pain affects of anxiety, irritation and discouragement before and 
during stressful mental arithmetic in 13 participants whose headache started in Set 1, 21 whose 
headache started in Set 2 and 19 whose headache started in Set 3. The vertical dotted line refers to 
headache onset point. The asterisk denotes significant differences between those with no headache 
and those with headache. As these exploratory analyses do not control for Type 1 errors, they should 
be interpreted with caution. 
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Figure 6.5 Ratings (±SE) of self-efficacy, confusion, sluggishness and tension before and during 
stressful mental arithmetic in 13 participants whose headache started in Set 1, 21 whose headache 
started in Set 2, and 19 whose headache started in Set 3. The vertical dotted line refers to headache 
onset point. The asterisk denotes significant differences between those with no headache and those 
with headache. As these exploratory analyses do not control for Type 1 errors, they should be 
interpreted with caution. Note: a subset of participants who developed headache in Set 1 entered the 
experimental phase with sluggishness resulting from baseline experimentation. 
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Figure 6.6 Significant negative affect differences across the experiment in migraine versus 
controls, and migraine versus T-TH.  The hash # and ## refers to significant group × time differences 
between consecutive time points #p < .05; ##p < .01, asterisks to significant differences between 
groups, *p < .05; **p < .01. As these exploratory analyses do not control for Type 1 errors, they should 
be interpreted with caution. 
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Table 6.2 Effects for Group (stress-headache) and group*time interactions for each independent variable for participants whose headache began in Set 1, 2 or 3 

 Set 1 Set 2 Set 3 

 Group Group*time Group Group*time Group Group*time 

Nausea 

 F (1,77)=19.3, 

p<.001, ηp2=.20 

F(1,77)=6.7, 

p=.011, ηp2=.08 

F (1,64)= 81.6, 

p<.001, ηp2=.56 

F(1.7,110.6 )=20.8, 

p<.001, ηp2=.25 

F (1,43) = 50.5,  

p <.001, ηp2=.54 

F(3,129)=14.6 ,  

p<.001, ηp2=.25 

Pain-related NAs 

Multivariate F(3,75)= 10.8,  

p<.001, ηp2=.30 

F(3,75)=4.7, 

p=.004, ηp2=.16  

F(6,252)=52.7, 

p<.001, ηp2=.56 

F(6,252)=10.7, 

p<.001, ηp2=.20 

F(3,41)=16.9, 

p<.001, ηp2=.55 

F(9,35)=3.9, 

p=.002, ηp2=.50 

Anxiety F(1,77)=16.1, 

p<.001, ηp2=.17 

F(1,77)=0.5, 

p=.467, ηp2=.01 

F (1,64) = 26.2, 

p<.001, ηp2=.29 

F(2,128)=.6.4, 

p<.002, ηp2=.09 

F(1,43) =50.4, 

p<.001, ηp2=.54 

F(2.3,100.9)=13.5, 

p<.001, ηp2=.24 

Irritation F(1,77)=31.5, 

p<.001, ηp2=.29 

F(1,77)=9.8, 

p=.087, ηp2=.04 

F(1,64)= 52.2, 

p<.001, ηp2=.45 

F(2,128)=25.5, 

p<.001, ηp2=.29 

F(1,43)=22.7, 

p<.001, ηp2=.35 

F(3,129)=8.0, 

p<.001, ηp2=.16 

Discouragement F(1,77)=24.4, 

p<.001, ηp2=.24 

F(1,77)=1.9, 

p=.173, ηp2=.02 

F(1,64)=64.1, 

p<.001, ηp2=.50 

F(2,128)=5.0, 

p=.008, ηp2=.07 

F (1,43) = 26.9, 

p<.001, ηp2=.38 

F(3,129)=6.3, 

p=.001, ηp2=.13 

Stress-related NAs 

Multivariate F(3,75)=6.4, 

p=.001, ηp2=.20 

F(3,75)=8.6, 

p<=.001, ηp2=.26 

F(3,62)=17.7, 

p<.001, ηp2=.46 

F(6,59)=5.2, 

p<.001, ηp2=.35 

F(3,41)=11.9, 

p<.001, ηp2=.47 

F(9,35)=2.0, 

p=.063, ηp2=.34 

Sluggishness  F(1,77)=30.9, 

p<.001, ηp2=.29 

F(1.77)=17.8, 

p<.001, ηp2=.19 

F(1,64)= 28.8, 

p <.001, ηp2=.31 

F(1.3,85.8)=17.2, 

p<.001, ηp2=.21 

F(1,43) = 30.9, 

p <.001, ηp2=.42 

F(2.2, 93.5)=5.0, 

p=.007, ηp2=.10 

Confusion F(1,77)=19.7, 

p<.001, ηp2=.20 

F(1.77)=0.6, 

p=.369, ηp2=.01 

F(1,64)=54.1, 

p< .001, ηp2=.46 

F(2,128)=4.3, 

p=.015, ηp2=.06 

F(1,43)=15.5, 

p<.001, ηp2=.26 

F(3.,129)=1.2, 

p=.316, ηp2=.03 

Tension F(1,77)=42.2, 

p<.001, ηp2=.35 

F(1,77)=13.8, 

p<.001, ηp2=.15 

F(1,64) = 14.0, 

p< .001, ηp2= .18 

F(1.7,109.7)=6.8, 

p=.003, ηp2=.10 

F(1,43) =25.5, 

p<.001, ηp2=.37 

F(2.1,88.8)=2.5, 

p=.086, ηp2=.06 
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 Set 1 Set 2 Set 3 

 Group Group*time Group Group*time Group Group*time 

Self-efficacy 

 F (1,77)=47.4, 

p<.001, ηp2=.38 

F(1,77)=7.4, 

p=.008, ηp2=.09 

F(1,64)=21.4, 

p<.001, ηp2=.25 

F(2,128)=12.3, 

p<.001, ηp2=.16 

F(1,43)=10.1, 

p=.003, ηp2=.19 

F(3.129)=7.6, p=.001, 

ηp2=.15 

Cardio-vascular 

Multivariate F(3,35)=1.0, 

p=.384, ηp2=.08 

F(3,35)=1.5, 

p=.228, ηp2=.11 

F(3,28)=1.02, 

p=.398, ηp2=1.0 

F(6,24)=0.5, 

p=.818, ηp2=.10 

F(3,20)=0.4, 

p=.764, ηp2=.06 

F(9,14)=1.5, 

p=.228, ηp2=.50 

SBP F (1,37)=1.7, 

p=.196, ηp2=.05 

F(1,37)=3.5, 

p=.069, ηp2=.09 

F(1,30) =1.0, 

p=.337, ηp2=.03 

F(2,60)=0.4, 

p=.702, ηp2=.01 

F(1,22)=1.1, 

p=.301, ηp2=.05 

F(3,66)=.0.3, 

p=.814, ηp2=.01 

DBP F (1, 37) =0.6, 

p=.452, ηp2=.02   

F(1,37)=0.2, 

p=.680, ηp2=.00 

F(1,30) =0.3, 

p=.867, ηp2=.00 

F(2,60)=0.6, 

p=.573, ηp2=.02 

F(1,22)=1.0 

=.339, ηp2=.04 

F(3,66)=.0.4, 

p=.788, ηp2=.02 

Pulse rate F (1,37)=0.6, 

p=.448 ηp2=.02  

F(1,37)=0.1, 

p=.713, ηp2=.00 

F(1,30) =.00, 

p=.974, ηp2=.00 

F(1.6,48)=0.3, 

p=.698, ηp2=.01 

F(1,22)=.0.2, 

p=.632, ηp2=.01 

F(2.3,49.7)=1.1, 

p=.342, ηp2=.05 
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Table 6.3 Rating changes (±SE) in nausea and negative affect in relation to headache category (migraine, T-TH, controls) 

 

Controls Migraine T-TH 

Mean SE Mean SE Mean SE 

Nausea Baseline 2.37 0.46 1.52 0.34 1.72 0.41 

Set 1 1.60 0.42 1.76 0.31 1.28 0.32 

Set 2 3.28 0.54 2.86 0.39 2.90 0.50 

Set 3 4.79 0.65 4.67 0.47 4.83 0.59 

Set 4 4.98 0.58 4.51 0.42 4.33 0.54 

Anxiety Baseline 2.50 0.52 1.92 0.38 1.73 0.40 

Set 1 3.66 0.55 2.97 0.40 3.12 0.49 

Set 2 1.39 0.39 0.92 0.28 0.99 0.33 

Set 3 5.26 0.65 4.76 0.47 5.12 0.60 

Set 4 5.30 0.61 4.66 0.44 4.44 0.55 

Confusion Baseline 2.55 0.55 2.17 0.40 1.75 0.43 

Set 1 3.57 0.57 3.54 0.41 3.72 0.49 

Set 2 4.25 0.53 2.72 0.38 3.42 0.46 

Set 3 2.14 0.53 2.43 0.38 1.99 0.43 

Set 4 5.23 0.58 4.88 0.42 4.38 0.55 

Discouragement Baseline 2.41 0.52 2.14 0.38 1.93 0.45 

Set 1 3.57 0.54 3.61 0.39 3.47 0.49 

Set 2 4.30 0.57 3.85 0.42 3.79 0.52 

Set 3 2.47 0.47 2.79 0.34 2.42 0.44 

Set 4 5.40 0.62 5.25 0.45 4.72 0.52 
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Controls Migraine T-TH 

Mean SE Mean SE Mean SE 

Irritation Baseline 0.42 0.29 0.73 0.21 0.23 0.23 

Set 1 3.32 0.60 3.77 0.43 3.57 0.53 

Set 2 4.42 0.58 3.93 0.42 3.54 0.52 

Set 3 2.85 0.55 3.68 0.40 2.46 0.48 

Set 4 3.73 0.49 3.48 0.35 3.78 0.43 

Sluggishness Baseline 0.92 0.39 1.09 0.28 1.02 0.38 

Set 1 1.93 0.43 1.13 0.31 0.97 0.32 

Set 2 4.48 0.61 4.24 0.44 4.30 0.55 

Set 3 3.02 0.56 3.87 0.41 2.78 0.52 

Set 4 4.09 0.52 3.46 0.38 4.08 0.45 

Tension Baseline 1.12 0.44 1.21 0.32 1.26 0.40 

Set 1 3.49 0.46 2.02 0.34 2.61 0.44 

Set 2 1.47 0.46 1.20 0.33 1.12 0.35 

Set 3 3.13 0.57 4.17 0.41 3.08 0.54 

Set 4 3.34 0.53 3.45 0.39 3.98 0.46 

Self-efficacy Baseline 1.60 0.52 1.37 0.37 1.27 0.43 

Set 1 4.00 0.55 2.54 0.40 2.56 0.47 

Set 2 4.81 0.58 3.52 0.42 3.95 0.49 

Set 3 2.80 0.51 1.94 0.37 1.87 0.41 

Set 4 3.88 0.54 3.33 0.39 3.96 0.49 
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Table 6.4 F-ratios for significant group*time interactions across headache categories and consecutive sets of mental arithmetic 

Variables Main and interaction effects 

Migraine v controls Migraine v T-TH 

F df p ηp
2 F df p ηp

2 

Nausea Group  0.40 (1,56) .527 .01 0.01 (1,62) .921 .00 

 Group*time Baseline – Set 1 4.94 (1,56) .030 .08 2.07 (1,62) .156 .03 

  Set 1-Set 2 0.78 (1,56) .380 .01 0.61 (1,62) .439 .01 

  Set 2-Set 3 0.32 (1,56) .574 .01 0.05 (1,62) .827 .00 

  Set 3-Set 4 0.73 (1,56) .398 .01 0.54 (1,62) .465 .01 

Anxiety Group  1.16 (1,56) .287 .02 0.00 (1,62) .944 .00 

 Group*time Baseline – Set 1 0.04 (1,56) .844 .00 0.52 (1,62) .474 .01 

  Set 1-Set 2 0.12 (1,56) .732 .00 0.03 (1,62) .869 .00 

  Set 2-Set 3 0.00 (1,56) .980 .00 0.15 (1,62) .702 .00 

  Set 3-Set 4 0.10 (1,56) .754 .00 2.14 (1,62) .149 .03 

Confusion Group  0.57 (1,56) .453 .01 0.04 (1,62) .848 .00 

 Group*time Baseline – Set 1 0.26 (1,56) .611 .00 1.04 (1,62) .312 .02 

  Set 1-Set 2 7.66 (1,56) .008 .12 0.96 (1,62) .331 .02 

  Set 2-Set 3 7.37 (1,56) .009 .12 3.79 (1,62) .056 .06 

  Set 3-Set 4 0.64 (1,56) .425 .01 0.00 (1,62) .944 .00 

Discouragement - Group  0.05 (1,56) .832 .00 0.33 (1,62) .566 .01 

 Group*time Baseline – Set 1 0.26 (1,56) .611 .00 0.02 (1,62) .900 .00 

  Set 1-Set 2 1.05 (1,56) .310 .02 0.03 (1,62) .858 .00 

  Set 2-Set 3 1.84 (1,56) .181 .03 0.42 (1,62) .521 .01 

  Set 3-Set 4 0.27 (1,56) .609 .00 0.04 (1,62) .847 .00 
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Variables Main and interaction effects 

Migraine v controls Migraine v T-TH 

F df p ηp
2 F df p ηp

2 

Irritation Group  .16 (1,56) .690 .00 1.01 (1,62) .319 .02 

 Group*time Baseline – Set 1 0.04 (1,56) .839 .00 0.18 (1,62) .673 .00 

  Set 1-Set 2 4.61 (1,56) .036 .08 0.17 (1,62) .682 .00 

  Set 2-Set 3 5.42 (1,56) .024 .09 3.00 (1,62) .088 .05 

  Set 3-Set 4 1.60 (1,56) .211 .03 4.28 (1,62) .043 .06 

Sluggishness Group  .13 (1,56) .723 .00 .11 (1,62) .739 .00 

 Group*time Baseline – Set 1 3.07 (1,56) .085 .05 0.04 (1,62) .844 .00 

  Set 1-Set 2 0.46 (1,56) .499 .01 0.09 (1,62) .766 .00 

  Set 2-Set 3 3.69 (1,56) .060 .06 4.94 (1,62) .030 .07 

  Set 3-Set 4 2.05 (1,56) .158 .04 3.78 (1,62) .056 .06 

Tension Group  .07 (1,56) .789 .00 .00 (1,62) .997 .00 

 Group*time Baseline – Set 1 7.04 (1,56) .010 .11 1.15 (1,62) .288 .02 

  Set 1-Set 2 4.41 (1,56) .040 .07 2.00 (1,62) .163 .03 

  Set 2-Set 3 3.68 (1,56) .060 .06 2.32 (1,62) .133 .04 

  Set 3-Set 4 0.74 (1,56) .394 .01 2.97 (1,62) .090 .05 

Self-efficacy Group  4.77 (1,56) .033 .08 .23 (1,62) .632 .00 

 Group*time Baseline – Set 1 3.31 (1,56) .074 .06 0.04 (1,62) .843 .00 

  Set 1-Set 2 0.06 (1,56) .802 .00 0.44 (1,62) .510 .01 

  Set 2-Set 3 0.28 (1,56) .597 .01 0.63 (1,62) .430 .01 

  Set 3-Set 4 0.11 (1,56) .746 .00 0.68 (1,62) .412 .01 
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Table 6.5 Multivariate and univariate F ratios for group and group*time interactions for each planned contrast 

  

Planned contrast 1 

Migraine v controls 

Planned contrast 2 

Migraine v T-TH 

 Group Group*Time Group Group*Time 

Nausea  F(1, 56)=0.4, p=.527, 

ηp
2=.01 

F(2.6, 146.5)=0.8, 

p=.502, ηp
2=.01 a 

F(1, 62)=.01, p=.921, 

ηp
2=.00 

F(2.7, 166.7)= .43, 

p=.712, ηp
2=.01 

Pain-related NAs Multivariate F(3, 54)=.1.83, p=.152, 

ηp
2=.09 

F(12, 45)=1.25, p=.279, 

ηp
2=.25 

F(3, 60)=1.2, p=.322, 

ηp
2=.06 

F(12, 51)=1.04, p=.426, 

ηp
2=.20 

 Anxiety F(1, 56)=1.2, p=.287, 

ηp
2=02 

F(2.8,155.6)=.04, 

p=.987, ηp
2=.00 

F(1, 62)=.01, p=.944, 

ηp
2=.00 

F(2.4, 148.1)=.34, p=.749, 

ηp
2=.01 

 Irritation F(1, 56)=0.2, p=.690, 

ηp
2=.00 

F(2.2, 125.3)=1.0, p=.366, 

ηp
2=.02 b,c 

F(1, 62)=1.01, p=.319, 

ηp
2=.02 

F(2.7, 164.9)=1.3, p=.276, 

ηp
2=.02 d 

 Discouragement F(1, 56)=.05, p=.832, 

ηp
2=.00 

F(2.6, 144.9)=.29,p=.805, 

 ηp
2=.01 

F(1, 62)=.33, p=.566, 

ηp
2=.01 

F(2.6, 162.4)=0.2, p=.910, 

ηp
2=.00 

Openness Multivariate F(3, 54)=.26, p=.852, 

ηp
2=.01 

F(12, 45)=1.8, p=.076, 

ηp
2=.33 

F(3, 60)=.18, p=.912, 

ηp
2=.01 

F(12, 51)=1.25, p=.278, 

ηp
2=.23 

 Sluggishness F(1, 56)=0.1, p=.723, 

ηp
2=.00 

F(2.4, 134.7)=1.3,p=.271, 

 ηp
2=.02 

F(1, 62)=.11, p=.739, 

ηp
2=.00 

F(2.7, 166.8)=1.6, p=.206, 

ηp
2=.02 c 

 Confusion F(1, 56)=0.6, p=.453, 

ηp
2=.01 

F(3.3, 184.9)=2.04, 

p=.104, ηp
2=04 b,c 

F(1, 62)=.04, p=.848, 

ηp
2=.00 

F(3, 189.1)=1.4, p=.242, 

ηp
2=.02 c 

 Tension F(1, 56)=0.1, p=.789, 

ηp
2=.00 

F(2.7, 154)=2.67, p=.104, 

ηp
2=.05 a,b 

F(1, 62)=.00, p=.997, 

ηp
2=.00 

F(2.9, 181.3)=2.0, p=.120, 

ηp
2=.03 

Self-efficacy  F(1, 56)=4.8, p=.033, 

ηp2=.08 

F (3.2, 179.6)=0.7, p=.546, 

ηp
2=.01 

F(1, 62)=.23, p=.632, 

ηp
2=.00 

F(2.9, 176.9)=0.4, p=.750, 

ηp
2=.01 
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Planned contrast 1 

Migraine v controls 

Planned contrast 2 

Migraine v T-TH 

 Group Group*Time Group Group*Time 

Cardiovascular Multivariate F(3, 27)=0.7, p=.545, 

ηp
2=.07 

F(12, 18)=0.8, p=.659,  

ηp
2=.34 

F(3, 26)=0.5, p=.648, 

ηp
2=.06 

F(12, 17)=0.6, p=.774, 

ηp
2=.31 

 SBP F(1, 29)=1.2, p=.284, 

ηp
2=.04 

F(4, 116)=1.0, p=.429, 

ηp
2=.03 

F(1, 28)=0.0, p=.966, 

ηp
2=.00 

F(3.1, 88)=0.2, p=.881, 

ηp
2=.01 

 DBP F(1, 29)=1.8, p=.195, 

ηp
2=.06 

F(2.3, 65.7) =0.9, p=.410, 

ηp
2=.03 

F(1, 28)=0.7, p=421, 

ηp
22=.023 

F(2.2, 61.1)=0.4, p=.685, 

ηp
2=.01 

 Pulse rate F(1, 29)=0.0, p=.967, 

ηp
2=.00 

F(3.1, 90)=0.3, p=.860, 

ηp
2=.01 

F(1, 28)=0.02, p=.874, 

ηp
2=.00 

F(4, 112)=1.1, p=.367, 

ηp
2=.04 

a = repeated measures contrasts between baseline and Set 1 
b = repeated measures contrast between Set 1 and Set 2 
c = repeated measures contrast between Set 2 and Set 3 
d = repeated measures contrast between Set 3 and Set 4 
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6.4 Discussion 

The primary aim of this study was to identify the psychosocial antecedents of stress-

induced headache. Nausea and NA rose during the stressful task, and headache intensity 

was linked with heightened irritation, anxiety and alertness rather than a headache 

predisposition. However, cardiovascular activity and cortisol levels were unrelated to 

headache onset.  

We expected that stress-headache onset would be associated with increases in NA, 

nausea, cardiovascular activity and cortisol levels, and with reductions in self-efficacy. 

Our key finding was identifying an increase in nausea, pain-related NA and stress-related 

NA before headache onset. This implies but does not dictate a causal relationship as, for 

example, the stressor might have triggered neurobiological or psychological responses 

that manifested first as nausea and NA and then as headache. Once the headache began, 

nausea and NA generally continued to rise, remaining higher in those with than without 

stress-headache. A reciprocal relationship may thus have existed between nausea, NA 

and headache. The two-way relationship between nausea and headache has been noted 

before (210; 601). 

Unexpectedly, headache onset was preceded by higher rather than lower efficacy 

expectancies. One explanation is that low initial expectancies minimised discouragement 

and associated symptomatology. Consistent with this, patterns of expectancies differed 

markedly between those with and without stress-headache. Those acquiring a stress-

headache had higher initial expectancies which dropped sharply mid-way through the task, 

in association with increases in NA. Individuals who perceive a high degree of control 

generally persist in the face of failure (272). In the present study, participants who acquired 

a stress-headache apparently remained confident of success until the task was well 

underway, perhaps only belatedly realising its uncontrollability.  In contrast, those 

remaining headache-free showed a ‘wait-and-see’ pattern, their lower initial efficacy 

expectancies gradually rising to a high point at task end. This increase in expectancies may 

have corresponded with reappraising the task as a challenge rather than a threat. 

These contrasting patterns also suggest different information processing styles. The 

assimilative-accommodative processing distinction is central to explaining how cognitive 

processing regulates affective states and thus how self-efficacy can moderate the impact 

of stressful events on headache. The hallmark of the top-down, assimilative style is active 

persistence – trying harder – in the face of failure and best suits knowledge-based tasks 
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with clear ‘correct’ answers. Failure leads eventually to discouragement and giving-up 

(602-604). This style fits the pattern of our stress-headache participants. In contrast, those 

who remained headache-free displayed a pattern consistent with bottom-up 

accommodative processing. This style of ‘flexible readjustment’ permits realignment of 

expectancies to match situational demands, minimizing dysphoria and pain (605), and 

suits a time-pressured, unpredictable-uncontrollable task (606) such as ours.  

We expected that changes in physiological arousal would be associated with headache, 

particularly in migraine and T-TH sufferers, because negative appraisals and threats may 

promote withdrawal of parasympathetic tone and a reciprocal excitation of sympathetic 

tone (148). However, cortisol and cardiovascular changes were unrelated  to stress-

headache acquisition or headache category (see also 607). Thus, our results offer little 

support for the idea that stress-headache is a direct response to a general increase in 

physiological arousal, or that a primary autonomic abnormality increases vulnerability to 

episodic headaches. Nonetheless, autonomic dysregulation in stress-headache cannot be 

discounted entirely because headache was not examined in relation to disturbances in 

intracranial or extracranial vascular reactivity (77; 524) or to other physiological indices of 

headache. Furthermore, parasympathetic processes were not measured in our study (148).  

Counter-intuitively, stress-headache developed in 65% of our controls but in only 

40% of the migraine group. Self-efficacy ratings were higher in controls than migraineurs, 

perhaps because such individuals are generally less sensitive to pain and less reactive to 

stressful events than migraineurs (608). However, the adoption of an assimilative 

information processing style by controls may have impeded adjustment to situational 

demands and possibly increased headache risk (605). In contrast, the prior headache 

experiences of migraine sufferers may have resulted in more accurate appraisals of the 

headache potential of the task, which they attempted to minimise by utilising energy-

conserving accommodative processing rather than the analytic processing associated with 

(chronic) migraine headache (609). In this way, our stressful task may have tapped into 

psychosocial factors that trigger headache in most people. 

Consistent with this interpretation, NA increased rapidly in controls but then subsided 

whereas, in migraineurs, NA increased as the task progressed and persisted at high levels. 

Ultimately, the “driven”, “perfectionistic” characteristics of migraineurs (131) may lead 

them to “expend too much energy in an effort to overcome external obstacles” resulting in 

“fatigue... (and) high risk for headache”  (610 p.94). ‘Overactivity’ can increase pain (611), 

whereas a mindful, detached mindset can reduce it (612). Future research could identify the 
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extent to which these outcomes are stressor- rather than setting-specific, apply to chronic 

headache sufferers and/or represent a learned coping response. Use of a stressor optimally 

requiring an assimilative style may be instructive, as would specific indicators of the 

tendency to over-extend oneself during task performance.  

This study was the first to explore inter-relationships between stress-induced 

headache and psychological (NA, expectancies, reappraisal), somatic (nausea) and 

physiological (cardiovascular, cortisol) responses during an unpredictable and 

uncontrollable ‘daily hassles’ simulation. Findings were consistent with our 

biopsychosocial model of headache, but should be interpreted cautiously. To minimise the 

type 1 error rate, significant multivariate effects were investigated in univariate analyses 

incorporating planned contrasts between groups and across time, followed by contrasts 

between groups at each time point to clarify significant main effects and interactions. 

However, as this approach resulted in a large number of statistical tests, our findings 

require replication. In addition, bias induced by the choice of stressor and the use primarily 

of a university student sample may lessen the generalizability of our results to clinical 

populations or chronic headache sufferers. Since the task itself increased NA, our 

paradigm did not permit definitive conclusions about the impact of headache on NA. 

Further, we did not collect reports of positive affect, so our assessment of stress – the 

collapse of positive emotions (45) – did not capture this dimension. Since positive 

emotions hasten return to homeostasis, they could reduce headache and autonomic arousal. 

Future research should assess these possibilities. Our groups were matched for age, gender 

and education, but headache frequency and duration were greater in the migraine than the 

T-TH group. Whether these variables influence responses to stress independently of 

headache diagnosis requires further study. 

In conclusion, our findings suggest that stress-headache developed when participants 

misappraised their ability to master a stressful task, over-extending themselves by trying 

to manage it. Thus, stress-headache may develop when adjustment to changing 

environmental demands is poor. Learning to modify perceptions of threat, and adopting a 

more flexible, less outcome-dependent processing style, might help to reduce or prevent 

stress-related headache. 
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Overview 

Background. Headache has been consistently linked with exaggerated primary appraisals 

of harm and with secondary appraisals of inadequate coping abilities. Personality traits 

have likewise been consistently linked with stress appraisals that increase headache risk.  

Methods. Multiple regression analyses and regression-based path analysis were used to 

test hypotheses that the high negative affect (NA) preceding stress-headache resulted 

from: 

i. heightened threat appraisals which increase stressor exposure, and  

ii. greater stressor reactivity (less use of problem- and emotion-management, greater use 

of avoidance, reduced pain and task self-efficacy).  

Five factor model (FFM) personality traits and an anxious or avoidant attachment style 

were expected to moderate headache-related NA. 

Results.  Discouragement and tension predicted headache intensity and mediated the 

effect of threat appraisals and stressor reactivity on headache. Problem avoidance, high 

outcome expectancies and pain-control belief predicted headache, and these aspects of 

secondary appraisal were variously moderated by high agreeableness, high neuroticism, 

low openness, low extraversion and high conscientiousness.  

Conclusions. Discouragement, tension and anxiety predict headache and are elicited by 

stressor exposure (the likelihood of a subjective stress or threat appraisal) and stressor 

reactivity (high outcome expectancies, avoidant coping and low pain self-efficacy (belief 

in one’s ability to decrease pain).   
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7.1 Introduction 

In Chapter 3, neuroticism and aspects of extraversion and conscientiousness were found 

to predict headache during the stressful task. However, the particular processes by which 

these traits and their facets may induce headache during stress require elucidation. Also, as 

described in chapter 6, high NA and high-yet-inflexible expectations preceded headache. 

Migraineurs also had higher and more sustained NA over the course of a stressful task than 

T-TH or controls. But what is the source of this NA? Subtle cognitive dysfunctions, 

including dysfunctional prospective memory, have been reported in migraine-without-aura 

patients (613; 614). Since  the experience of stress is fundamentally one of disrupted 

affective processing, occurring when top-down controls can no longer keep the spontaneous 

behavioural and emotional dictates of more primitive brain control systems in check (126), 

stress-related cognitive disruption may underlie or exacerbate headache-related NA in 

headache patients. But how may such cognitive disruption be assessed in situ?  

In Lazarus’ cognitive theory of stress and the emotions, an event can only be stressful 

if appraised as such (615). The stress process is initiated by primary appraisals, pre-

cognitive ‘affective computations’ arising from subcortical emotional command centres 

as a sense of immediate unpleasantness (126). An event is assessed as to whether it 

constitutes a threat (of harm or loss), is benign-positive, e.g. a challenge, or is irrelevant 

(159). Signals of punishment, direct injury, a block to important goals, the unfamiliar or 

pain can stimulate a threat appraisal and associated NA (167).  

Health is compromised when situations are habitually appraised as stressful or a threat 

(185). In a study of air traffic controllers, minor illnesses and psychological distress were 

independently predicted both by objective stressors (weather conditions, congestion) and 

subjective stress (616). Threat/stress appraisals may be greater in in headache-prone 

individuals. Headache patients were more likely to interpret minor occurrences as major 

distressing situations (194). Although many factors mediate this relationship (617), 

headache-prone individuals can become increasingly risk-averse, over-estimating the 

likelihood of a stressor’s capacity for disruption (184; 344; 618-620), i.e. stressor exposure. 

In a vicious cycle, appraisals of threat increase subjective stress, in turn increasing the 

likelihood of subsequent threat appraisals (stressor exposure) (184) and headache risk (620).  

Stressor exposure can be measured by self-reports of the stressfulness and threat 

posed by an event (621). It was hypothesised that stressor exposure would be greater in 

those who developed a stress-headache and in headache sufferers compared with controls. 
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Secondary appraisals may further (or not) the stress process. These ‘cognitive 

computations’ (143) arise from the interaction of the various emotion systems with 

cortically-based self-representation systems (126; 143). Assessment is made of (i) one’s 

coping resources and options, (ii) one’s personal degree of control and who is deemed 

accountable, and (iii) outcome expectancies. These jointly determine emotional/somatic 

reactivity to the stressor (159). Depending on the appraisal, headache-relevant NA may be 

elevated or reduced (166). Thus, a stressor perceived as outside one’s control is associated 

with increased NA and subjective stress, decreased active coping (232; 269; 270), increased 

autonomic arousal (256), and physiological changes such as norepinephrine (NE) depletion 

and increased serotonin (5-HT) sensitization (225; 264; 622-626).  

When pain is the stressor, pain self-efficacy appraisals further determine reactivity 

(597), likewise influencing NA and autonomic arousal, as well as pain tolerance, 

anticipated and experienced pain intensity and pain unpleasantness (256; 625-629) – 

although general affective processing and affective pain processing may not correspond 

in a one-to-one fashion (250). Pain self-efficacy appraisals predict treatment outcome and 

distinguish headache sufferers from controls (176; 597; 630-634).  

7.1.1 Measures 

Thus, the following aspects of stressor reactivity were measured: 

1. Coping options – estimates of one’s capacity to cope with the stressor by: 

a) Problem engagement – taking action to change the situation, to remove or 

eliminate stressors or reduce their intensity, in order to make them more congruent 

with one’s goals. It is associated with reduced NA (635-637), and has been linked 

positively to extraversion (638), agreeableness and conscientiousness (636; 639).  

b) Emotion management – adjusting to the situation and diminishing its emotional 

impact, should the circumstances remain inconsistent with one’s goals. It “involves 

a strong internal focus … adjusting oneself, so that one can accept, function in and 

adapt to undesirable circumstances, whether these adjustments be through changing 

one’s goals, reinterpreting the meaning and implications of the situation, seeking 

comfort and support from others, or through other means” (163,p.1365). Emotion-

management may serve as a buffer in the face of stress, reducing anxiety and other 

negative emotions. It correlates negatively with distress, perceived stress and 
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negative affectivity, and positively with indicators of adaptation, including positive 

affectivity, self-esteem and quality of emotional support (163; 640).  

c) Problem/emotion avoidance – attempts to minimise, deny or ignore the existence 

of the stressor or the need to deal with it (159; 641). Problem avoidance is 

associated with the prospective generation of both chronic and acute life stressors 

(642) and, depending on the stressor and level of distress (643), with neuroticism, 

low trait conscientiousness, greater pain report and somatic distress (344; 420; 

636; 638; 644). Its association with neuroticism may derive from the fact that 

high-N scorers are less able to regulate NA during stress, catastrophically 

magnifying negative symptoms and thereby their encoding and recall (405; 408). 

The converse may be true for individuals high in positive affectivity 

(extraversion), and indeed, extraversion (and high-conscientiousness) predicted 

more problem solving and cognitive restructuring (645) compared with low-

scorers on these dispositions. 

2. Pain self-efficacy – Estimates of the individual’s capacity to cope with the stressor 

of pain, specifically belief in one’s ability to: 

a) Control pain – Pain-control belief is a significant predictor of health outcomes 

in patients with chronic pain (646; 647). Physiologically, perceived pain control 

influences levels of catecholamines and endogenous opioids which, in turn, 

affect pain report (597). Psychologically, a sense of uncontrollability over pain 

augments perception of pain intensity, demoralization, and negative emotional 

reactions to  nociceptive stimulation (648). Therefore, doubts about pain control 

are associated with increased pain, psychological distress, and avoidance of 

painful activities (256; 649; 650). 

b) Decrease pain – Although research specific to pain-decrease belief is limited, 

stronger beliefs may be associated with a psychological rather than a biomedical 

perspective on pain, such as the value of relaxation in pain management (651). 

3. Outcome expectancies– Higher outcome expectancies were predictive of headache 

(Chapter 6), perhaps resulting in use of the ‘assimilative’ processing style associated 

with migraine (606; 609). Expectancies can determine feelings: discouragement 

relates to a failure expectancy, irritation to a low expectancy of success, anxiety to 

moderate success expectancy (288). It was expected that higher outcome 
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expectancies would predict headache and possibly discouragement if the person 

believed themselves to have the ability to succeed, but nonetheless were failing. 

Identifying the precise role of appraisal processes in headache may increase the 

efficacy of headache treatment programs since, unlike physiological reactivity, stress 

appraisal processes constitute a relatively modifiable component of the stress process. 

7.1.2 Personality traits as moderators of appraisal processes 

In stressor exposure and reactivity, personality may play a significant role (184), via  

cognitive biases in the information processing of valenced stimuli. The trait of neuroticism 

(negative affectivity) for example may be associated with headache because high scorers are 

more likely to appraise demanding situations as threatening (652), to then encounter stressful 

situations (185) and to have difficulties regulating NA during stress (181). The converse may 

be true for individuals high in positive affectivity (extraversion) (645). Similarly, perfectionism 

is associated with chronic headache (620) which may relate to indices of negative affectivity in 

university students (653). Individuals scoring high in neuroticism are particularly sensitive to 

the minor irritations of daily life and exhibit a tendency to dwell upon and magnify mistakes 

and shortcomings. This may in turn make them more likely to experience a significant amount 

of distress (654), increasing headache vulnerability. Johnson (655) for example argued that the 

‘high negative affect’ indicative of trait neuroticism was uniquely related to ‘diseases of a 

tension-type, such as high blood pressure, migraine or neck pain’. 

By influencing NA and/or the propensity to assess a situation as a threat, personality traits 

may influence harm/loss appraisals and thus the high NA leading to headache.  

Personality traits may also mediate risk appraisals by increasing the tendency to repress 

NA. For example, air traffic controllers who claimed not to feel stress were nevertheless 

showing signs of arousal (616), and may have been what is termed ‘repressors’ in the literature 

(low trait anxiety coupled with high defensiveness). These individuals disengage from stressful 

information by means of selective attention, ignoring or denial of their emotional response 

(656), i.e. avoidance. Similarly, a lack of ‘enthusiasm for new experiences’  – an aspect of the 

trait of openness (406) – was predictive of headache in clinical populations (240; 360). 

Low-extraversion may increase the frequency, intensity or duration of the autonomic 

stress response (657; 658), whereas neuroticism, low-openness or low-agreeableness may be 

associated with blunted cardiovascular or cortisol reactivity during a mental stressor (418; 

586). These somatic responses may themselves increase appraisals of harm or risk. 
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Furthermore, in conjunction with high harm avoidance, low self-directedness (which is 

characteristic of impulsivity) (406) may increase stressor exposure, NA and headache (344). 

Impulsive individuals for example may fail to implement positive health behaviours (400), 

to monitor known and idiosyncratic headache triggers (589) or to engage in positive and 

routine self-care – such as maintaining  a healthy diet, abstaining from smoking, excessive 

alcohol intake, illicit drug use or abuse of headache medications (420; 589; 659-661). 

Therefore, it was expected that anxious attachment or personality traits which heighten (or 

fail to dampen) NA would be associated with headache via increased stressor exposure – i.e. 

neuroticism, low-openness (conservatism), low-conscientiousness (impulsivity).  

On the basis of previous research, it was also expected that problem avoidance would 

be greater in individuals scoring high in neuroticism but low in conscientiousness, that 

problem engagement would be greater in those scoring high in extraversion, and emotion 

management greater in those scoring high in openness. 

7.1.3 Research paradigm 

Since NA can precipitate headache, the present research adopted the paradigm of 

biopsychosocial synergism (424), within which multiple and interacting variables would 

be involved in the link between headache and NA. Distal factors such as individual 

differences in stable personality traits and attachment-based styles of relating (424) were 

expected to interact with proximal factors such as stress appraisal processes, temporary 

emotional states or psychophysiological reactivity. Jointly, these factors may create broad 

mood states which influence cognitive-emotional processing during stress (181) and thus 

headache activity. Attachment style may also impact stressor exposure by altering emotion 

regulatory capacities and relationship skills (especially with attachment-relevant 

stressors), influencing baseline levels of NA (449; 662). Following on from the work of 

Bolger and Zuckerman (185) on personality in the stress process, the following 

conceptual model was developed, as illustrated in Figure 7.1. 
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Figure 7.1 General framework linking stressor exposure and reactivity to NA, personality and 
attachment style. After Bolger & Zuckerman (185).  (A) Primary appraisal (exposure to stressors) and 
secondary appraisal (stressor reactivity); (B) components of stressor reactivity: coping choice and coping 
effectiveness. Dotted lines indicate a mediating relationship, solid lines a moderating relationship. 
Therefore, in (A) NA mediates stressor exposure and moderates stressor reactivity. In (B), NA mediates 
coping choice and moderates coping effectiveness. Personality and attachment style may moderate NA.  

7.2 Method  

7.2.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants  

Group #2: Experimental subsample (Table 2.3, p.34). 

Apparatus and experimental procedures   

See Section 2.2, p.35. 

7.2.2 Measures 

The measures have been described in more detail earlier in the thesis. The specific 

measures used are as follows: 

1. Personality assessment: NEO-PI-R (323) Section 2.4.2.1, p.43. 

2. Self-rated headache, nausea and affect during the laboratory stressor. These 10-

point VAS scales are described in Section 2.4.1.1, p.42. As NA preceded headache, 

a score for each affect was computed as the average of the first two blocks of the 

arithmetic task.  
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3. Outcome expectancies. At the beginning of each math set, participants were asked to 

“please rate your ability to avoid mistakes for the remainder of the task” “How well 

do you think you will go in the test?” scored on a 0-10 Scale, where 0 = no ability, 

10 = complete ability. Outcome expectancy was the average score for the first and 

second math sets.  

4. Stress coping in the laboratory stressor was assessed using the Ways of Coping 

Questionnaire, WCQ-R (Adapted version), Section 2.4.2.3, p.44. 

5. Pain coping: Coping Styles Questionnaire – Revised (CSQ-R)(329) (Section 2.4.2.4, p.45). 

6. Stressor exposure: Measure #1: Subjective stress appraisals. 

7. Stressor exposure: Measure #2: Task threat vs challenge 

7.2.2.1 Stressor exposure: Measure #1: Subjective stress appraisals 

The four stressor appraisal questions in the Ways of Coping Questionnaire (WCQ-

R)(663) were modified as follows. The changes are italicised. 

1. Perceived Controllability: How much control did you feel that you had over your 

results in this test? (1 = none at all, 7 = total control).  

2. Felt arousal or emotional impact: Did it affect you in a minor way or did you feel that 

this test affected you more than that? (1 = hardly at all, 7 = affected me greatly). 

3. Perceived importance of stressor: Was doing well in the test important to you? 

(1 = not at all, 7 = extremely important). 

4. Subjective stressfulness: “How stressful did you find this testing experience to be?” 

In a Principal Components Analysis, these four stressor appraisal questions yielded a 

two-factor solution with varimax rotation, shown in Table 7.1.  Consistent with  Lazarus 

(664), these stressor exposure factors were termed “Subjective stress” and “Controllability” 

and the relationship of each with headache intensity was computed separately. 

Table 7.1 Component matrix for four primary appraisal dimensions of the modified WCQ-R  
(Extraction method: Principal component analysis, Varimax with Kaiser normalization). 

Dimension 

Arithmetic stressor 

Factor 1 

(Subjective stress) 

Factor 2 

(Uncontrollability) 

Stressor uncontrollability  .949 

Stressor importance .709 .310 

Stressor impact .808 –.195 

Subjective stress .823 –.137 
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7.2.2.2 Stressor exposure: Measure #2: Task threat vs challenge 

As an additional check on the validity of the primary appraisal measures, the extent to 

which participants viewed the task as a threat or a challenge was assessed by means of the 

following open-ended question immediately following the stressful task, the answer to 

which was written down: “Please consider what was the worst aspect of this test for you? 

And what do you believe motivated you in the maths test that you have just completed, i.e. 

what was at stake for you in doing well, or at least in not doing badly?” To ensure that 

participants gave more than one-word answers to this question, the experimenter added two 

probe questions as needed: “Could you comment a little more about that?” and “Can you 

give me a specific example of what you mean?” These answers were added to the form. 

Three raters independently scored these answers as either 1 = challenge appraisal, or 

2 = threat appraisal. Threat appraisals consisted of expressed feelings of humiliation or 

embarrassment, threats to self-image or competence (“Didn’t want to look stupid”; “tried 

to save face”; “Didn’t want anyone to see how useless I am at maths”). 

A challenge appraisal was scored if the participant expressed or anticipated pride in 

succeeding or persisting at the task despite obstacles: “I just wanted to get it right – a 

challenge”; “A sense of pride – I’ve always been quite good at maths”; “To achieve a 

sense of fulfilment- if I could do well in the maths test given the situation with the pain 

and the noise”; “To see if I could try and work out which type of baby cry it was”.  

Of the responses obtained to the question, 57% of participants appraised the task as a 

challenge, 43% as a threat. Kappa inter-rater reliability coefficient = 0.978. 

7.2.2.3 Measuring stressor reactivity 

A modified WCQ-R was scored as per Folkman & Lazarus’ factor analysis of a 

community sample (663). (See Appendix C, p.305) 

1. Problem engagement: confrontive coping and planful problem solving subscales. 

2. Emotion management: distancing, self-controlling, support-seeking, accepting 

responsibility and positive reappraisal subscales. 

3. Avoidant coping: ‘escape-avoidance’ subscale.  

4. Pain-control and pain-decrease belief were separately assessed on a seven point VAS 

scale, (Coping Styles Questionnaire) (329), Section 2.4.2.4 (page 45).  Zero = no 
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control/can’t decrease it at all, 3 = some control/can decrease it somewhat, and 6 = 

complete control/can decrease it completely.  

5. Outcome expectancy and self-efficacy changes. Following two practice questions, 

participants rated their ‘ability to avoid mistakes for the remainder of the task’, on a 

ten-point VAS rating scale. Zero corresponded to ‘none’ and 10 to ‘totally’. Outcome 

expectancy was the sum of the first two efficacy measures in the arithmetic task 

(measured prior to the task and head shocks). Task self-efficacy changes consisted 

of outcome expectancies minus the efficacy ratings for the three arithmetic sets.  

 

7.2.3 Data analysis  

Since previous research indicates coping differences between migraine, T-TH and 

controls, two planned contrasts compared outcomes in (i) headache sufferers v controls and 

(ii) migraine v T-TH. (iii) Comparisons were also made between those who did and did not 

acquire a stress headache. These differences were investigated in Group (planned contrast) 

multivariate analyses of variance. Although ratings were skewed, clustering in the lower 

end of the continuum, analysis of variance was employed to investigate these relationships 

as it is fairly robust to violations of normality.  

Preliminary analyses included t-tests, chi-square tests, bivariate correlation analyses 

and analyses of covariance to investigate group (planned contrast) differences on various 

measures including catastrophizing, active coping, coping flexibility, pain self-efficacy, 

headache frequency, age of onset, gender and age. The association between mean 

headache intensity during the arithmetic task and each of the stress/pain coping methods 

reported during the laboratory stressor was explored with Pearson’s correlation 

coefficient. Bivariate correlational relationships were examined for possible covariates.  

Hierarchical multiple regressions were performed to determine how much variance 

was accounted for by NA in the relationship between stressor reactivity and headache. 

The dependent variable was mean headache ratings across the task. Independent variables 

were personality traits, insecure attachment style and either stressor exposure (perceived 

stressfulness, uncontrollability, threat v challenge), or stressor reactivity (problem 

engagement, emotion management, problem avoidance, pain-control belief, pain-

decrease belief, outcome expectancy, decline in self-esteem). These variables were 

entered at the first step, the six NA at the second step (Model A). Analyses were then 
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repeated with all NA at the first step, stressor exposure/reactivity, personality and 

attachment at the second step (Model B).  

The moderating roles of personality traits or attachment status were further explored 

using Hayes’ macro for regression-based path analysis (665), Models 8, 58 or 59 – 

diagrammed in Figure 7.2. In assessing the role of the moderator, W = moderator, X = 

predictor variable, and the X*W relationship is the indicator of significance.  
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Figure 7.2 A simple mediation model (Model 4), and conditional process models (Models 8, 58, 
59) in conceptual (left) and statistical (right) forms. From Hayes (665) All tests of statistical 
significance were two-tailed. Results are presented as the mean ± standard error, and p< 0.05 was 
considered to be statistically significant. X = predictor variable, Y = outcome variable (headache), M = 
mediator, W = moderating variable. 
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HYPOTHESIS 1: STRESSOR EXPOSURE PREDICTS HEADACHE THROUGH 

INCREASED NA, MODERATED BY PERSONALITY TRAITS. 

7.3 Hypothesis 1 results 

7.3.1 Stressor exposure and headache intensity: migraine, T-TH and 

controls 

As Table 7.2 shows, headache sufferers were more likely than controls to appraise 

the task as a threat rather than a challenge, whereas appraisals of ‘stressfulness’ and 

‘uncontrollability’ were similar between migraine, T-TH and controls.  

Table 7.2 Primary appraisals of the stressful task in migraine, T-TH and controls. 

 Controls Headache Migraine T-TH 

 Mean SE Mean SE Mean SE Mean SE 

F1: Stressfulness 0.21 0.21 0.05 0.12 0.08 0.14 –0.04 0.17 

F2: Uncontrollability 0.12 0.21 –0.04 0.12 –0.08 0.16 0.08 0.19 

Threat v challenge 1.18 0.10 1.51 0.06 1.48 0.08 1.50 0.09 
 

 Headache sufferers v controls Migraine v T-TH 

Appraisals WCQ-R 

(Adapted) F df p ŋ2 F df p ŋ2 

Factor 1: Perceived 

stressfulness  

0.82 (1, 88) 0.366 0.01 0.28 (1, 69) 0.596 0.00 

Factor 2: Uncontrollability 0.42 (1, 88) 0.518 0.00 0.45 (1, 69) 0.502 0.01 

Threat (v challenge) 7.66 (1, 89) 0.007 0.08 0.04 (1, 70) 0.845 0.00 

 

7.3.2 Stressor exposure and stress-headache intensity 

Table 7.3 Comparison of primary appraisals between those with and without stress headache 

Primary appraisals  

(Adapted WCQ-R) 

Low/no stress 

headache Stress-headache Effects 

Mean SE Mean SE F df p ŋ2 

F1: Stressfulness –0.439 0.147 0.406 0.138 17.578 (1, 83)  <.001 0.175 

F2: Uncontrollability 0.119 0.161 –0.062 0.152 0.671 (1, 83)  0.415 0.008 

Threat v challenge 1.700 0.143 1.867 0.135 0.722 (1, 83)  0.398 0.009 

As shown in Table 7.3, subjective stress appraisals (stressor exposure) were greater 

in those with than without stress-headache (p <.001). However, threat appraisals and 

perceived stressor (un)controllability did not discriminate between those with and without 

stress-headache. 
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7.3.3 Does NA mediate the relationship between stressor exposure and 

headache intensity? 

As shown in Table 7.4, correlation analysis indicated that subjective stress appraisals 

were related to threat appraisals (p <.05) and all six NA (p <.01), particularly 

discouragement (r = 0.586) and anxiety (r = 0.457). Threat appraisals were related to 

confusion, discouragement, sluggishness and tension (p <.05).   

Table 7.4 Pearson correlations between primary appraisals and NA during the four sets of the 
arithmetic task 

  Subjective stress (Un)controllability Threat/challenge 

Factor 1: Subjective stress  

(Perceived stressfulness)  

–     

Factor 2: Uncontrollability 0.000 –   

Threat (v challenge) 0.238* –0.013 – 

Anxiety 0.457** –0.166 0.186 

Confusion 0.550** –0.159 0.248* 

Discouragement 0.586** –0.197 0.260* 

Irritation 0.539** –0.164 0.206 

Sluggishness 0.513** –0.136 0.230* 

Tension 0.399** –0.173 0.269* 

Note: Two tailed test. Significance: *p<.05, **p<.01 

Hierarchical multiple regression analyses were then conducted in order to determine 

whether stressor exposure predicted headache intensity once all NA were controlled for. 

At the first step, stressor exposure (primary appraisals of stressfulness, uncontrollability 

and threat), insecure attachment style (anxious and avoidant), and FFM personality factors 

were entered, and accounted for 38% of the variance in headache intensity during the 

laboratory stressor (p<.0001). Specifically, subjective stress (β=0.520, p<.001) predicted 

headache intensity (Model 1A in Table 7.5). Entering the six NA at the second step (Model 

2A in Table 7.5) accounted for 49% of variance (p <.0001) in headache intensity. In 

particular, discouragement (β=0.526, p =.007) and tension (β=0.168, p = 0.030) 

independently predicted headache intensity. 

By contrast, entering stressor exposure, personality and attachment status variables 

second (Model 2B in Table 7.5) accounted for virtually all of the variance that these 

variables shared with the six NA (1.7% of the shared total of 87%, p <.0001). Together 

these analyses indicate that the association between discouragement, tension and headache 

almost completely accounted for the relationship between subjective stress appraisals and 

headache intensity during the laboratory stressor. 
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Table 7.5 Hierarchical multiple regression: Predicting headache intensity  from stressor exposure, 
attachment and personality  . 

 

Model  

1A 

Model  

1B 

Model  

2 

R2 0.380 *** 0.853*** 0.870*** 

R2 change 

Model 1A or 1B to Model 2 0.490*** 0.017  

Beta weights in each model  

Perceived stressfulness 0.520***  –0.029 

Perceived uncontrollability  –0.040  0.012 

Challenge or threat appraisal 0.063  –0.018 

Attachment anxiety –0.149  –0.048 

Attachment avoidance 0.050  0.005 

Neuroticism 0.098  0.062 

Extraversion 0.137  –0.006 

Openness –0.160  –0.020 

Agreeableness 0.122  –0.081 

Conscientiousness 0.007  0.054 

Anxiety   0.142 0.126 

Confusion   0.023 0.028 

Discouragement   0.418* 0.526* 

Irritation   0.268* 0.193 

Sluggishness   0.002 0.017 

Tension   0.172* 0.168* 

Note: a R2 = 0.870 (full regression model), p<.0001, *p<.05, **p<.01, ***p<.001. 

7.3.4 Moderating effects of personality traits on NA associated with 

stressor exposure 

Table 7.6 shows Pearson correlations between the distal factors of personality and 

attachment style and each NA.  

Table 7.6 Pearson correlations between personality traits, attachment status and NA during the 
stressful task 

  Anxious Confused 

Discourage

d Irritated Sluggish Tense 

Attachment anxiety 0.112 0.000 –0.007 –0.067 0.097 0.187* 

Attachment avoidance –0.074 –0.075 –0.093 –0.103 –0.086 –0.031 

Neuroticism 0.236 0.213* 0.134 0.006 0.064 0.297** 

Extraversion 0.200* 0.107 0.170 0.076 0.046 0.253** 

Openness –0.172 –0.054 –0.116 –0.109 –0.193* –0.208* 

Agreeableness 0.196* 0.223* 0.235* 0.156 0.124 0.093 

Conscientiousness –0.152 –0.208* –0.169 –0.054 –0.134 –0.231** 
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To determine the extent to which each personality trait moderated headache-related 

NA, conditional process analyses (665), Model 58 (Figure 7.2), investigated their 

relationships with NA and headache. As shown in Table 7.7, the higher the level of 

agreeableness, the greater the degree of discouragement (p =.011) – although the lower 

the level of tension (as indicated by indirect effects in which boot values were entirely 

above zero). Conservatism (low-openness) also moderated the effects of subjective stress 

on headache via a direct association with increased tension (p <.001) and an indirect 

association with heightened discouragement.  

Table 7.7 Conditional indirect effects of agreeableness and openness as moderators of 
discouragement and tension in the relationship between subjective stress and headache (Model 59).  

 M1 Discouragement M2 Tension 
 

AGREEABLENESS (A)a 

M*WAgreeableness F (1,74) = 0.00, p = .994 F (1,74) = 0.57, p = .453 

 Trait score Coeff SE p Coeff SE p 

Constant 0.345 1.310 .793 1.000 1.110 .367 

Effect of X on M 1.320 1.270 .304 1.720 1.073 .113 

Effect of W on M 0.028 0.011 .011 0.006 0.009 .495 

X*W 0.000 0.010 .968 –0.008 0.009 .353 
 

  Effect 

Boot  

SE 

Boot 

LLCI 

Boot 

ULCI Effect 

Boot  

SE 

Boot 

LLCI 

Boot 

ULCI 

Indirect effects 
of X on Y 

Low A 0.910 .182 .504 1.232 0.251 .123 .045 .518 

Medium A  0.916 .142 .661 1.223 0.171 .077 .020 .325 

High A 0.920 .177 .651 1.353 0.115 .091 –.079 .283 
 

OPENNESS (O)b 

M*WOpenness F (1,77) = 0.495, p = .484 F (1,77) = 2.97, p = .089 

 Trait score Coeff SE p Coeff SE p 

Constant 3.745 1.437 .011 3.300 1.150 .005 

Effect of X on M 2.240 1.255 .078 2.390 1.000 .019 

Effect of W on M –0.001 0.011 .960 –0.013 0.009 .163 

Conditional 
effects of X on M 
at values of W 

Low O – – – 1.070 0.280 <.001 

Medium O – – – 0.760 0.170 <.001 

High O – – – 0.520 0.196 .010 
 

  Effect 

Boot  

SE 

Boot 

LLCI 

Boot 

ULCI Effect 

Boot  

SE 

Boot 

LLCI 

Boot 

ULCI 

Indirect effects 
of X on Y 

Low O 1.040 .243 .515 1.478 0.330 .174 .067 .745 

Medium O  0.892 .143 .624 1.184 0.163 .083 .018 .339 

High O 0.782 .176 .525 1.238 0.074 .081 –.077 .245 

a Agreeableness score values: Low (16th percentile) = 103.48; Medium (50th percentile) = 128; High (84th 
percentile) =147; b Openness score values: Low (16th percentile) = 102.12; Medium (50th percentile) = 121; High 
(84th percentile) =136 
Abbreviations: A = Agreeableness, O = Openness, W = moderating variable, X = antecedent variable (subjective 
stress), Y = consequent variable (headache intensity), M = mediating variable, a = relationship between 
antecedent variable and M, c = direct relationship between X and Y, b = relationship between M and Y (see also 
Figure 7.2). 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value 
areas indicate that the interaction is significant). 
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HYPOTHESIS 2: STRESSOR REACTIVITY INCREASES THE NA ASSOCIATED 

WITH HEADACHE, MODERATED BY PERSONALITY TRAITS. 

7.4 Hypothesis 2 results  

7.4.1 Stressor reactivity in migraine, T-TH, controls 

As shown in Table 7.8, stressor reactivity was similar in migraine, T-TH and controls. 

However, appraised ability to decrease pain was greater in T-TH than migraine 

participants (p =.008). 

Table 7.8 Aspects of stressor reactivity: means and standard errors, all effects 

Secondary appraisals 

(stressor reactivity) 

Migraine T-TH Controls 

Mean SE Mean SE Mean SE 

Problem engagement 1.042 0.082 1.051 0.095 1.095 0.106 

Emotion management 0.965 0.070 0.935 0.082 0.940 0.097 

Problem avoidance 0.662 0.099 0.756 0.116 0.754 0.126 

Ability to control pain 3.368 0.173 3.875 0.201 3.714 0.236 

Ability to decrease pain 3.053 0.141 3.643 0.164 3.429 0.216 

Outcome expectancy 3.034 0.345 3.123 0.402 4.074 0.483 

Self-efficacy changes 2.638 0.250 2.902 0.291 3.252 0.338 
 

 Headache sufferers v controls Migraine v T-TH 

 F df p ŋ2 F df p ŋ2 

Multivariate analysis 

Stressor reactivity 0.730 (7,77) 0.647 0.062 1.58 (7,58) 0.159 0.160 

Univariate analyses 

Problem engagement 0.213 (1, 83) 0.645 0.003 0.005 (1, 64)  0.943 0.000 

Emotion management 0.001 (1, 83) 0.975 0.000 0.079 (1, 64)  0.780 0.001 

Problem avoidance 0.194 (1, 83) 0.661 0.002 0.378 (1, 64)  0.541 0.006 

Ability to control pain 0.345 (1, 83) 0.558 0.004 3.644 (1, 64)  0.061 0.054 

Ability to decrease pain 0.427 (1, 83) 0.515 0.005 7.438 (1, 64)  0.008 0.104 

Outcome expectancy 2.925 (1, 83) 0.091 0.034 0.028 (1, 64)  0.867 0.000 

Self-efficacy changes 1.663 (1,83) 0.201 0.020 0.471 (1,64) 0.495 0.007 
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7.4.2 Stressor reactivity and stress-headache 

Overall, as shown in Table 7.9, stressor reactivity was greater in those with than 

without stress-headache (p <.001), viz. greater problem avoidance (p = .001), higher 

outcome expectancy (p <.001) and lower pain-decrease belief (p = .009). 

Table 7.9 Stress-headache and aspects of stressor reactivity: means, standard errors, all effects 

Secondary appraisals 

(stressor reactivity) 

Low/no stress 

headache Stress-Headache Effects 

Mean SE Mean SE F df p ŋ2 

     Multivariate analysis 

     10.173 (7,77) <.001 0.480 

     Univariate analyses 

Problem engagement 1.069 0.08 1.039 0.07 0.081 (1, 83)  .777 0.001 

Emotion management 0.942 0.07 0.944 0.07 0.001 (1, 83)  .977 0.000 

Problem avoidance 0.496 0.09 0.893 0.08 11.380 (1, 83)  .001 0.121 

Ability to control pain 3.700 0.17 3.500 0.16 0.729 (1, 83)  .396 0.009 

Ability to decrease 

pain 

3.600 0.15 3.044 0.14 7.184 (1, 83)  .009 0.080 

Outcome expectancy 1.804 0.27 4.739 0.25 63.677 (1, 83)  <.001 0.434 

Self-efficacy changes 2.774 0.247 2.962 0.233 0.307 (1,83) 0.581 0.004 

 

7.4.3 Does NA mediate the relationship between stressor reactivity and 

headache intensity? 

As Table 7.10 shows, coping styles were intercorrelated (p <.01) as were pain-

decrease and pain-control beliefs (p <.01). Pain-control belief also correlated with problem 

engagement and emotion management but was unrelated to NA, whereas pain-decrease 

belief correlated inversely with confusion but was uncorrelated with any coping style. 

Thus, separate assessment of these aspects of pain self-efficacy is indicated. Outcome 

expectancy was correlated with problem avoidance (p <.01) and with all NA (p <.01). 

Table 7.10 Pearson correlations between aspects of stressor reactivity and each negative affect 

  

Problem 

engage-

ment 

Emotion 

manage-

ment 

Problem 

avoidance 

Pain 

control 

belief 

Pain 

decrease 

belief 

Outcome 

expectancy 

Self-

efficacy 

change 

Problem engagement - 0.502** 0.321** 0.168 0.072 –0.024 0.220* 

Emotion management 0.502** - 0.451** 0.278** 0.126 –0.017 0.022 

Problem Avoidance 0.321** 0.451** - 0.203 –0.015 0.412** 0.218* 

Pain control belief 0.168 0.278** 0.203 - 0.427** –0.002 0.096 

Pain decrease belief 0.072 0.126 –0.015 0.427** - –0.165 –0.015 

Outcome expectancy –0.024 –0.017 0.412** –0.002 –0.165 - 0.155 

Self-efficacy change 0.220* 0.022 0.218* 0.096 –0.015 0.155 - 
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Problem 

engage-

ment 

Emotion 

manage-

ment 

Problem 

avoidance 

Pain 

control 

belief 

Pain 

decrease 

belief 

Outcome 

expectancy 

Self-

efficacy 

change 

Anxiety 0.138 0.193 0.440** –0.005 –0.047 0.603** 0.421** 

Confusion 0.039 0.064 0.414** –0.097 –0.233* 0.712** 0.184 

Discouragement 0.014 0.126 0.446** –0.110 –0.191 0.704** 0.130 

Irritation –0.004 0.080 0.430** –0.052 –0.072 0.647** 0.001 

Sluggishness 0.123 0.219* 0.541** –0.071 –0.137 0.616** 0.269* 

Tension 0.081 0.182 0.473** 0.077 –0.004 0.674** 0.324** 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

Hierarchical multiple regression analysis was conducted to assess whether stressor 

reactivity (problem engagement, emotion management, problem avoidance, pain-control, 

pain-decrease, outcome expectancy, self-efficacy changes), insecure attachment style 

(anxious and avoidant) and FFM personality traits predicted headache intensity during the 

cognitive task, after controlling for the influence of anxiety, confusion, discouragement, 

irritation, sluggishness and tension (each NA was averaged across the first two blocks of 

the arithmetic task).  

At the first step, stressor reactivity, personality traits and insecure attachment jointly 

accounted for 66.6% of the variance in headache intensity during the laboratory stressor 

(p<.0001). In particular, outcome expectancy (β= .603, p<.001) and avoidant coping (β= 

0.266, p<.01), predicted headache intensity (Model 1A in Table 7.11). Entering the six 

NA at the second step (Model 2 in Table 7.11) accounted for 23.9% of variance (p <.001) 

in headache intensity. Anxiety (β= 0.229, p <.05), discouragement (β= 0.376, p <.05), 

irritation (β= 0.305, p =.05), avoidant coping (β= 0.121, p <.05), ability to decrease pain 

(β= –0.140, p <.05), outcome expectancy (β= 0.142, p <.05) and agreeableness (β= –0.104, 

p <.05) independently predicted headache intensity at this step. 

By contrast, entering NA measures first (Model 1B), and all stressor-reactivity 

measures, attachment style and personality factors second (Model 2 in Table 7.11) 

accounted for almost all of the variance in headache intensity (85.3% of the shared total 

of 90.5%, p <.0001). Together these analyses indicate that the association between NA 

(primarily anxiety, discouragement, irritation) and headache intensity during the cognitive 

stressor almost completely accounted for the relationship between stressor reactivity 

measures and headache.  
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Table 7.11 Predicting headache intensity from stressor reactivity, NA, attachment and personality: 
in multiple regression analyses. 

 

Model  

1A 

Model  

1B 

Model  

2 

R2 0.666*** 0.853*** 0.905*** 

R2 change 

Model 1A or 1B to Model 2 0.239*** 0.052**  

Beta weights in each model 

Problem engagement –0.038  –0.042 

Emotion management 0.086  –0.016 

Avoidance 0.266**  0.121* 

Ability to control pain –0.132  0.022 

Ability to decrease pain –0.066  –0.140* 

Outcome expectancy 0.603***  0.142* 

Self-efficacy change –0.017  –0.032 

Attachment anxiety –0.021  –0.024 

Attachment avoidance 0.004  –0.020 

Neuroticism 0.072  0.026 

Extraversion 0.027  –0.039 

Openness –0.095  0.003 

Agreeableness –0.008  –0.104* 

Conscientiousness –0.002  0.009 

Anxiety   0.142 0.229** 

Confusion   0.023 –0.104 

Discouragement   0.418* 0.376* 

Irritation   0.268* 0.305* 

Sluggishness   0.002 –0.065 

Tension   0.172* 0.123 

*= p<.05, ** = p<.01, ***= p<.001 

7.4.4 Moderating effects of personality traits on NA and headache 

intensity 

Agreeableness was an independent predictor of headache intensity (Table 7.11). In 

regression-based path analysis, Model 59 (665) (see Figure 7.2), the moderating role of 

this trait on the established mediators of anxiety (M1), irritation (M2), discouragement (M3) 

was examined.  

Of the three coping options, higher levels of agreeableness moderated the relationship 

between problem avoidance and headache (medium, p <.01; high, p < .05), specifically 

because more agreeable individuals were also more anxious and discouraged (Table 7.12 

and Table 7.13). The higher levels of anxiety, irritation and discouragement in more 
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agreeable individuals (p<.05) were associated also with higher outcome expectancy and 

reduced pain self-efficacy (pain-decrease belief), thereby increasing headache vulnerability.  

Other FFM traits. Conditional process analyses for the other FFM personality traits are 

shown in Supplementary Data Table 7.14 – Table 7.21 (pages 190 – 197). These indicate 

that high neuroticism (p<.05), openness (p<.05), low-conscientiousness (impulsivity) 

(p<.05) moderated the relationship between stressor reactivity and headache by increasing 

pain-decrease belief. However, neuroticism (p <.05), introversion (p <.05), conservatism (p 

<.05) and conscientiousness (p <.01) also moderated the relationship between stressor 

reactivity and headache by increasing avoidant coping, since all were associated with greater 

discouragement early in the stressful task. 
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Table 7.12 The relationship between three potential coping options during the laboratory stressor and headache intensity, as moderated by FFM agreeableness   

 Problem Engagement (X1) Emotion Management (X2) Avoidance (X3) 

 

 
 

AGREEABLENESS (A) a 

X*Agreeableness F (1,71) = 0.055, p = .816 F (1,71) = 1.224, p = .272 F (1,71) = 0.163, p = .688 

Anxiety*A F (1,71) = 0.363, p = .549 F (1,71) = 0.549, p = .461 F (1,73) = 0.284, p = .596 

Irritation*A F (1,71) = 0.776, p = .381 F (1,71) = 0.785, p = .378 F (1,73) = 0.823, p = .367 

Discouragement * A F (1,71) = 0.492, p = .485 F (1,71) = 0.420, p = .519 F (1,73) = 0.745, p = .2391 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low A –.140 .242 .566 –.017 .020 .384 .354 .278 .207 

Medium A –.088 .214 .683 .002 .017 .888 .441 .171 .012 

High A –.044 .334 .895 .019 .026 .467 .514 .247 .041 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot 

ULCI Effect 

Boot  

SE 

Boot 

LLCI 

Boot 

ULCI Effect 

Boot 

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low A .192 .275 –.312 .767 .021 .024 –.020 .075 .287 .271 –.208 .842 

Medium A .241 .186 –.146 .585 .021 .015 –.006 .052 .273 .142 .033 .583 

High A .260 .218 –.198 .678 .019 .016 –.010 .052 .246 .177 –.081 .620 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low A .007 .191 –.347 .491 .000 .014 –.025 .034 –.022 .249 –.600 .470 

Medium A .032 .137 –.225 .356 .011 .013 –.008 .044 .135 .183 –.192 .566 

High A .053 .308 –.449 .850 .030 .027 –.009 .098 .338 .294 –.029 1.119 

Conditional indirect 

effects of X on Y, 

mediated by 

discouragement 

Low A .032 .621 –1.436 1.092 .003 .041 –.091 .080 .710 .558 –.538 1.731 

Medium A .295 .390 –.581 1.000 .046 .031 –.010 .111 .914 .333 .262 1.549 

High A .445 .428 –.422 1.271 .071 .045 –.006 .170 .990 .427 .059 1.746 

a Agreeableness score values: Low (16th percentile) = 102.12; Medium (50th percentile) = 121; High (84th percentile) = 136.88 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), A = agreeableness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the indirect interaction is significant). 
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Table 7.13 The relationship between pain control beliefs, pain decrease beliefs, outcome expectancy and headache intensity, as moderated by FFM agreeableness   

 Pain control belief (X1) Pain decrease belief (X2) Outcome expectancy(X3) 

AGREEABLENESS (A) a 

X*Agreeableness F (1,72) = 1.114, p = .295 F (1,72) = 1.055, p = .308 F (1,72) = 0.963, p = .330 

Discouragement*A F (1,72) = 0.048, p = .827 F (1,72) = 0.018, p = .894 F (1,72) = 0.197, p = .658 

Anxiety*A F (1,72) = 1.994, p = . 168 F (1,72) = 2.320, p = .132 F (1,72) = 0.571, p = .452 

Irritation * A F (1,72) = 1.602, p = .210 F (1,72) = 1.780, p = .186 F (1,72) = 0.045, p = .833 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low A .067 .115 .563 –.148 .130 .259 .259 .082 .002 

Medium A –.019 .083 .820 –.254 .091 .007 .203 .052 .000 

High A –.094 .111 .401 –.348 .136 .013 .153 .068 .027 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low A –.072 .075 –.263 .019 –.057 .075 –.227 .070 .110 .060 .020 .254 

Medium A –.023 .048 –.137 .059 –.044 .051 –.158 .044 .100 .039 .034 .185 

High A .015 .067 –.145 .129 –.034 .071 –.218 .071 .091 .045 .010 .187 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low A .030 .114 –.137 .333 –.003 .123 –.292 .225 .061 .114 –.154 .304 

Medium A –.017 .044 –.132 .046 –.041 .075 –.234 .073 .106 .074 .002 .288 

High A .021 .126 –.357 .178 .001 .193 –.495 .296 .141 .103 .020 .420 

Conditional indirect 

effects of X on Y, 
mediated by 

discouragement 

Low A –.386 .286 –1.101 .002 –.365 .248 –.902 .043 .285 .144 –.002 .582 

Medium A –.153 .141 –.476 .075 –.200 .132 –.503 .008 .268 .097 .019 .410 

High A –.022 .114 –.267 .191 –.093 .120 –.371 .102 .252 .121 –.086 .383 

a Agreeableness score values: Low (16th percentile) = 102.12; Medium (50th percentile) = 121; High (84th percentile) = 136.88 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), A = agreeableness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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7.5 Discussion 

These studies aimed to assess whether headache-related NA arises from stress-related 

disruptions in affective information processing, specifically negative primary and 

secondary appraisal processes which increase stressor exposure (the tendency to make 

primary stress/harm appraisals) and/or stressor reactivity – the emotional and somatic 

responses to a stressor. Stressor exposure was believed to increase headache-related NA 

when a situation was appraised as stressful or as a threat. Stressor reactivity was expected 

to increase NA when problem engagement or emotion management was low, problem 

avoidance high, belief in one’s capacity to control or decrease pain was low and (from 

Chapter 6) outcome expectancy was high. By influencing the strength of the emotional 

response through cognitive biases related to valenced stimuli, the personality traits of 

neuroticism, agreeableness, conscientiousness, introversion and conservatism were 

expected to moderate headache intensity.  

Stressor exposure. Consistent with previous research (e.g. 184), headache sufferers were 

more likely than controls to make a threat appraisal of the cognitive task. Those who 

developed stress-headache appraised the stressor as highly stressful but not as a threat per se. 

This relationship was mediated by discouragement and tension and moderated by 

agreeableness, since agreeableness was associated with higher levels of discouragement.  

Discouragement and tension may have mediated the relationship between exposure and 

headache at a neurophysiological level, since increased distress may reduce the nociceptive 

threshold at the synapse (666) or disrupt inhibitory controls (Chapter 5). At a cognitive level, 

agreeableness is associated with more co-operative behaviour and more socially adaptive 

modes of conflict resolution (392-394), suggesting that high scorers in this dimension are 

more conscious of the needs and reactions of others. Their very concern for others’ opinions 

of them may have predisposed them to discouragement/depression in the face of failure 

feedback (288; 667), contributing also to response conflict (323) (see below) which increases 

stress sensitivity (668).  

Stressor reactivity. Stressor reactivity is a multifaceted construct, but only three of its 

hypothesised (psychological) components predicted headache intensity – high outcome 

expectancy (p <.05) and problem avoidance (p <.05) were positive predictors, pain-decrease 

(but not pain-control) belief (p <.05) was a negative predictor. Apart from pain-decrease 

belief, these relationships were mediated by anxiety, discouragement and irritation and, as 

predicted, were moderated by personality traits which either exaggerated NA (neuroticism, 
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introversion, conservatism), or else demanded persistence in the face of failure 

(agreeableness and conscientiousness).  

As the strongest predictors of headache, high outcome expectancy and avoidant coping 

were also highly associated with the six NA (r <.01). High outcome expectancy may have 

set in motion the analytic, assimilative processing style of “tenacious goal pursuit”, 

associated with migraine headache (606; 609) (Chapter 6). These participants appear to 

have set themselves a success goal – and goals are important determinants of behaviour. 

For example, individuals are more likely to endure a task despite pain for important goals 

(669). However, the (unexpectedly) insoluble nature of the task meant that high outcome 

expectancy was followed by a sharp decline in efficacy expectancies mid-way through the 

task (Figure 6.5), likely when its insoluble nature became evident. At this point, headache 

or vacillation (668) – or both – may have reduced the capacity of these participants to 

modify self-expectations or ‘change tack’, i.e. switch to the more flexible accommodative 

processing style. The fact that high outcome expectancies were associated with high 

conscientiousness (p <.001) is consistent with this observation. 

Furthermore, at the point where self-efficacy declined and headache peaked (shown 

in Figure 6.4 and Figure 6.5), the desire to give up (avoid) was most likely to have 

emerged. Avoidant coping predicted headache and was associated with all six NA (r <.01). 

Avoidance goals are more likely to lead to conflicts in goal pursuit (670) and have capacity 

to cause distress, especially when self-regulation is failing (671). At that point, neither 

problem-engagement nor emotion-management were able to “save the day”, since during 

headache (and stress),‘primitive’ brain structures may be activated, compromising  pre-

frontal-cortically-based cognitive processes and strategies (672; 673). This may explain 

why, contrary to predictions based on previous research (163; 635-637; 640), neither 

problem engagement nor emotion management coping was related to headache intensity 

during the stressful task. Effective behaviour also requires consistency in motivation 

(668). Hence participants with initially high outcome expectancy and confidence would 

have been most susceptible to approach-avoidance conflict as headache increased. 

Coactivated approach and avoidance motives can be detrimental to effective self-

regulation (668) and such response conflict may cause vacillation and increase pain 

sensitivity (674). 

Belief in one’s ability to decrease pain was a further aspect of stressor reactivity which 

related to headache, albeit inversely. This relationship was not mediated by NA since pain-

decrease belief was (negatively) associated only with confusion (p <.05). However,  
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confusion is characteristic of the disrupted affective information processing that occurs 

during stress (126). By reducing confusion, pain-decrease belief may buffer such disruption. 

Pain-decrease belief may also be associated with a psychological rather than a biomedical 

view of headache and practical methods for reducing stress, such as relaxation (651), 

although coping methods associated with high or low pain-decrease belief await research. 

Contrary to predictions based on previous research (256; 597; 646-650), pain control 

belief was unrelated either to headache or to NA. Pain-“control” may even be something of 

an oxymoron, since control refers to the process of activating or de-activating effector 

responses that stabilize a regulated variable, either by reversing a perturbation that has 

already occurred or by minimising an impending perturbation (666). As such, ‘control’ is 

unlikely in the case of pain or existing NA and may only result in ‘struggle’, which by 

decreasing acceptance can paradoxically increase pain sensitivity (276; 675-679). 

Interestingly, pain-control belief in this study was indirectly associated with extraversion 

(“positive affectivity”) and reduced discouragement. Extraversion is associated with 

subjective self-confidence, challenge/determination rather than stress appraisals and general 

but unspecified evaluation of task difficulty, with the result that extraverts frequently attempt 

to solve problems irrespective of their actual ability (163; 640; 680). Belief in one’s ability 

to ‘control’ pain may thus reflect hope rather than a realistic appraisal of one’s capacity to 

manage pain, especially if NA is high.   

Taken together, the NA associated with stress-related disruptions in affective 

processing may elicit headache. Such disruptions may also be associated with unrealistic 

and rigid outcome expectancies, leading to conflict between avoidance and approach goals 

which increases pain sensitivity. Task and pain self-efficacy decline. Discouragement, 

anxiety and irritation increase, despite which the headache-prone individual pushes 

themselves past their own limits.  

Study limitations 

The exploratory nature of some of these analyses limits their generalizability to other 

stressors or other populations. Although theoretically derived, the concept of appraisals is, 

by definition, fluid, hence definitive psychometric measures of either stressor exposure or 

stressor reactivity are largely absent in the literature. Furthermore, only psychological 

aspects of stressor reactivity were assessed in this study. Further research is required to 

determine the applicability of these constructs to other populations. 
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7.6 Conclusions 

Results of the present study support the essential role of the emotional system in the 

pain component of headache. Primary subjective stress appraisals and secondary appraisals 

which increase stressor reactivity are associated with increased anxiety, discouragement, 

irritation and tension which predict headache. Aspects of stressor reactivity that predict 

headache include avoidance, reduced belief in one’s ability to decrease (not control) pain 

and high outcome expectancies. These aspects of reactivity may be most evident during an 

unpredictable and uncontrollable task in which an approach-avoidance conflict is set up. 

The resulting vacillation and reduced self-regulatory capacities may contribute to the high 

NA and reduced self-efficacy preceding headache.  

Personality traits which were associated with stronger NA (high neuroticism, low 

extraversion, low openness) or tendencies to persist beyond what might be considered 

reasonable (high-agreeableness, high-conscientiousness), moderated the relationships 

between stressor exposure, stressor reactivity and headache. This occurred because these 

traits were associated with the increased discouragement, anxiety/tension and/or irritation 

and/or reduced self-efficacy associated with headache.  
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Supplementary Data 

Table 7.14 The relationship between three potential coping options during the laboratory stressor and headache intensity, as moderated by FFM neuroticism 

 Problem Engagement (X1) Emotion Management (X2) Avoidance (X3) 

 

NEUROTICISM (N)a 

X*Neuroticism  F (1,71) = 0.517, p = .474 F (1,71) = 1.763, p = .188 F (1,71) = 0.037, p = .848 

Anxiety*N F (1,71) = 1.322, p = .254 F (1,71) = 0.889, p = .349 F (1,71) = 1.262, p = .265 

Irritation*N F (1,71) = 0.313, p = .578 F (1,71) = 0.155, p = .695 F (1,71) = 0.106, p = .746 

Discouragement *N F (1,71) = 0.112, p = .739 F (1,71) = 0.023, p = .637 F (1,71) = 0.145, p = .705 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low N –.234 .334 .487 .025 .024 .304 .418 .293 .157 

Medium N –.070 .205 .734 .002 .016 .907 .384 .189 .046 

High N .099 .281 .724 –.022 .023 .353 .348 .228 .133 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low N .087 .242 –.340 .650 –.008 .016 –.038 .026 .224 .290 –.327 .842 

Medium N  .134 .141 –.158 .410 .016 .012 –.004 .041 .240 .136 .026 .563 

High N .101 .177 –.291 .469 .024 .023 –.016 .075 .140 .259 –.334 .736 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low N .186 .361 –.314 1.126 .004 .019 –.031 .049 .163 .232 –.252 .685 

Medium N  .090 .210 –.308 .555 .012 .015 –.011 .048 .328 .222 –.087 .790 

High N –.079 .366 –.883 .552 .023 .025 –.020 .077 .540 .365 –.162 1.297 

Conditional indirect 

effects of X on Y, 

mediated by 

discouragement 

Low N .172 .429 –.613 1.146 .001 .032 –.064 .071 .316 .412 –.389 1.276 

Medium N  .113 .316 –.606 .691 .024 .022 –.015 .074 .613 .308 .142 1.340 

High N .034 .568 –1.418 .836 .056 .037 –.010 .133 .984 .532 .257 2.332 

a Neuroticism score values: Low (16th percentile) = 74; medium (50th percentile) = 95; high (84th percentile) = 116.64 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), N = neuroticism 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.15 The relationship between beliefs regarding pain control & pain-decrease ability, outcome expectancy and headache intensity, as moderated by FFM neuroticism 

 Pain control (X4) Pain decrease (X5) Outcome expectancy (X6) 

NEUROTICISM (N)a 

X*Neuroticism  F (1,72) = 1.286, p = .261 F (1,72) = 0.844, p = .361 F(1,72) = 15.922, p < .001 

Anxiety*N F (1,72) = 1.053, p = .308 F (1,72) = 0.209, p = .649 F (1,72) = 2.202, p = .142 

Irritation*N F (1,72) = 0.425, p = .517 F (1,72) = 1.397, p = .241 F (1,72) = 0.010, p = .920 

Discouragement *N F (1,72) = 0.032, p = .858 F (1,72) = 0.091, p = .763 F (1,72) = 0.450, p = .505 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct 

effects of X on Y (Y= 

headache) 

Low N .053 .121 .666 –.183 .135 .178 .036 .064 .576 

Medium N –.029 .086 .737 –.271 .095 .006 .245 .050 <.001 

High N –.111 .104 .286 –.358 .134 .009 .455 .081 <.001 

  Effect Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Effect Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Effect Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low N –.104 .100 –.345 .041 –.120 .091 –.353 .001 .117 .073 .007 .289 

Medium N  –.031 .047 –.147 .042 –.034 .046 –.132 .054 .108 .040 .039 .193 

High N .007 .040 –.099 .077 .027 .064 –.078 .190 .071 .055 –.037 .183 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low N –.116 .146 –.462 .116 –.170 .181 –.551 .180 .135 .128 –.040 .446 

Medium N  –.065 .080 –.253 .067 –.103 .104 –.344 .065 .166 .092 .021 .381 

High N .031 .101 –.157 .250 .100 .164 –.259 .423 .200 .118 –.050 .423 

Conditional indirect 
effects of X on Y, 
mediated by 
discouragement 

Low N –.237 .197 –.713 .054 –.309 .262 –.935 .043 .174 .148 –.122 .468 

Medium N  –.137 .127 –.439 .056 –.152 .127 –.462 .020 .145 .098 –.070 .327 

High N –.022 .160 –.311 .346 –.029 .144 –.376 .207 .102 .140 –.165 .393 

a Neuroticism score values: Low (16th percentile) = 74; medium (50th percentile) = 95; high (84th percentile) = 116.64 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), N = neuroticism 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.16 The relationship between three potential coping options during the laboratory stressor and headache intensity, as moderated by FFM extraversion 

 Problem Engagement (X1) Emotion Management (X2) Avoidance (X3) 

 

EXTRAVERSION (E)a 

X*Extraversion F (1,71) = 0.467, p = .497 F (1,71) = 0.369, p = 545. F (1,71) = 0.350, p = .556 

Anxiety*E F (1,71) = 0.160, p = .691 F (1,71) = 0.360, p = .551 F (1,71) = 0.328, p = .568 

Irritation*E F (1,71) = 0.638, p = .427 F (1,71) = 0.898, p = .346 F (1,71) = 1.985, p = .163 

Discouragement *E F (1,71) = 0.294, p = .589 F (1,71) = 0.360, p = .346 F (1,71) = 0.458, p = .501 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low E .116 .362 .749 –.017 .031 .578 .668 .321 .041 

Medium E –.073 .201 .717 –.004 .017 .824 .534 .185 .005 

High E –.237 .293 .422 .008 .022 .728 .419 .238 .082 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low E .256 .277 –.198 .883 .033 .029 –.008 .104 1.170 .294 .255 –.106 

Medium E .218 .191 –.127 .602 .020 .015 –.006 .052 1.072 .283 .152 .019 

High E .186 .233 –.329 .601 .011 .016 –.022 .041 .934 .247 .196 –.196 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low E .080 .296 –.503 .742 .030 .043 –.054 .120 .090 .500 –1.188 .872 

Medium E .060 .183 –.285 .466 .020 .017 –.008 .058 .382 .214 –.065 .784 

High E –.012 .359 –.789 .721 –.014 .029 –.078 .043 .429 .309 –.085 1.121 

Conditional indirect 
effects of X on Y, 
mediated by 
discouragement 

Low E .280 .601 –.837 1.704 .074 .056 .000 .219 1.109 .660 .230 2.849 

Medium E .137 .297 –.584 .641 .026 .022 –.013 .072 .691 .289 .244 1.385 

High E .048 .338 –.803 .589 –.001 .024 –.062 .037 .411 .361 –.151 1.253 

a Extraversion score values: Low (16th percentile) = 99.24; medium (50th percentile) = 119; high (84th percentile) = 136 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), E = extraversion 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.17 The relationship between beliefs in pain-control, pain-decrease ability, outcome expectancy and headache intensity, as moderated by FFM extraversion 

 Pain control (X4) Pain decrease (X5) Outcome expectancy (X6) 

EXTRAVERSION (E)a 

X*Extraversion F (1,72) = 0.047, p = .830 F (1,72) = 0.124, p = 725. F (1,72) = 0.000, p = .996 

Anxiety*E F (1,72) = 0.211, p = .647 F (1,72) = 0.647, p = .424 F (1,72) = 0.205, p = .652 

Irritation*E F (1,71) = 1.070, p = .304 F (1,72) = 0.499, p = .482 F (1,72) = 0.678, p = .413 

Discouragement *E F (1,71) = 0.465, p = .497 F (1,72) = 0.197, p = .658 F (1,72) = 0.211, p = .647 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low E –.010 .108 .926 –.303 .144 .039 .203 .083 .017 

Medium E –.028 .094 .766 –.261 .097 .009 .203 .056 <.001 

High E –.043 .129 .742 –.226 .145 .124 .202 .095 .038 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

 Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low E –.019 .056 –.147 .074 –.025 .100 –.251 .156 .097 .066 –.017 .244 

Medium E –.056 .050 –.170 .027 –.063 .057 –.186 .042 .108 .044 .029 .200 

High E –.076 .088 –.317 .032 –.077 .075 –.249 .047 .110 .056 .023 .249 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low E .005 .057 –.112 .118 .046 .128 –.186 .323 .086 .093 –.118 .266 

Medium E –.090 .079 –.261 .046 –.111 .114 –.380 .082 .191 .081 .036 .358 

High E –.244 .178 –.655 .049 –.310 .246 –.916 .059 .307 .147 .045 .640 

Conditional indirect 

effects of X on Y, 

mediated by 

discouragement 

Low E –.062 .142 –.409 .166 –.054 .195 –.594 .184 .183 .132 –.083 .449 

Medium E –.170 .111 –.445 –.012 –.120 .112 –.399 .028 .179 .096 –.040 .349 

High E –.197 .189 –.648 .087 –.129 .201 –.580 .230 .154 .180 –.245 .469 

a Extraversion score values: Low (16th percentile) = 99.24; medium (50th percentile) = 119; high (84th percentile) = 136 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), E = extraversion 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate significant interactions). 
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Table 7.18 The relationship between three potential coping options during the laboratory stressor and headache intensity, as moderated by FFM openness 

 Problem Engagement (X1) Emotion Management (X2) Avoidance (X3) 

 

OPENNESS (O)a 

X*Openness F (1,71) = 0.272, p = .604 F (1,71) = 0.612, p = .436 F (1,71) = 0.360, p = .550 

Anxiety*O F (1,71) = 0.007, p = .932 F (1,71) = 0.017, p = .897 F (1,71) = 0.093, p = .761 

Irritation*O F (1,71) = 0.494, p = .484 F (1,71) = 0.564, p = .455 F (1,71) = 0.013, p = .909 

Discouragement *O F (1,71) = 0.002, p = .965 F (1,71) = 0.017, p = .897 F (1,71) = 0.075, p = .785 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low O .074 .351 .834 .018 .030 .557 .526 .307 .090 

Medium O –.093 .207 .656 –.002 .016 .888 .387 .183 .038 

High O –.222 .348 .526 –.018 .025 .485 .279 .247 .264 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low O .438 .418 –.273 1.405 .036 .035 –.021 .120 .258 .302 –.315 .937 

Medium O .167 .142 –.104 .455 .018 .012 –.003 .043 .255 .149 –.006 .580 

High O –.060 .173 –.507 .192 .003 .013 –.024 .030 .235 .177 –.036 .653 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low O .404 .611 –.295 2.004 .047 .053 –.021 .183 .454 .560 –.651 1.581 

Medium O .034 .164 –.281 .418 .012 .013 –.008 .044 .282 .199 –.109 .692 

High O –.092 .223 –.578 .373 –.001 .015 –.028 .038 .167 .230 –.156 .742 

Conditional indirect 

effects of X on Y, 
mediated by 

discouragement 

Low O .688 .716 –.442 2.354 .071 .061 –.027 .214 1.143 .682 .007 2.704 

Medium O .113 .294 –.566 .636 .030 .022 –.011 .076 .788 .299 .289 1.469 

High O –.347 .508 –1.488 .537 –.005 .033 –.073 .061 .549 .357 –.005 1.384 

a Openness score values: Low (16th percentile) = 103.48; medium (50th percentile) = 128; high (84th percentile) = 147 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), O = openness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.19 Pain control belief, pain decrease belief and outcome expectancy as moderated by the trait of openness 

 Pain control (X4) Pain decrease (X5) Outcome expectancy (X6) 

OPENNESS (O)a 

X*Openness F (1,72) = 0.001, p = .978 F (1,72) = 0.313, p = .577 F (1,72) = 0.578, p = .450 

Anxiety*O F (1,72) = 0.013, p = .909 F (1,72) = 0.139, p = .710 F (1,72) = 0.163, p = .687 

Irritation*O F (1,72) = 0.404, p = .527 F (1,72) = 0.005, p = .944 F (1,72) = 0.167, p = .684 

Discouragement *O F (1,72) = 0.001, p = .973 F (1,72) = 0.327, p = .569 F (1,72) = 0.029, p = .864 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low O –.045 .167 .788 –.152 .189 .425 .262 .101 .011 

Medium O –.049 .088 .584 –.238 .096 .015 .188 .054 .001 

High O –.051 .116 .662 –.304 .143 .037 .131 .102 .201 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low O .033 .096 –.143 .254 –.078 .106 –.312 .121 .082 .079 –.037 .267 

Medium O –.016 .049 –.137 .062 –.052 .053 –.168 .046 .097 .038 .026 .173 

High O –.056 .068 –.242 .017 –.023 .065 –.179 .082 .105 .057 –.004 .219 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low O .153 .227 –.177 .670 –.207 .279 –.865 .211 .157 .131 –.001 .499 

Medium O –.019 .062 –.154 .106 –.090 .097 –.312 .082 .154 .087 .025 .359 

High O –.078 .112 –.332 .138 .004 .158 –.332 .330 .143 .124 –.050 .436 

Conditional indirect 

effects of X on Y, 

mediated by 

discouragement 

Low O .101 .251 –.405 .649 –.326 .335 –.995 .357 .178 .145 –.197 .380 

Medium O –.093 .116 –.354 .108 –.157 .112 –.415 .018 .224 .103 –.053 .359 

High O –.243 .176 –.669 .021 –.069 .129 –.364 .145 .262 .146 –.116 .476 

a Openness score values: Low (16th percentile) = 103.48; medium (50th percentile) = 128; high (84th percentile) = 147 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), O = openness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.20 The relationship between three potential coping options during the laboratory stressor and headache intensity, as moderated by FFM conscientiousness 

 Problem Engagement (X1) Emotion Management (X2) Avoidance (X3) 

 

CONSCIENTIOUSNESS (C)a 

X*Conscientiousness F (1,71) = 0.595, p = 0.443 F (1,71) = 0.617, p = .435 F (1,71) = 2.387, p = .127 

Anxiety*C F (1,71) = 1.801, p = 0.184 F (1,71) = 1.775, p = .187 F (1,71) = 1.643, p = .204 

Irritation*C F (1,71) = 0.366, p = 0.547 F (1,71) = 0.169, p = .693 F (1,71) = 0.662, p = .419 

Discouragement* C F (1,71) = 0.040, p = 0.843 F (1,71) = 0.006, p = .941 F (1,71 = 0.048, p = 0.828 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional direct effects 

of X on Y (Y= headache) 

Low C .138 .296 .642 –.010 .021 .630 .357 .197 .075 

Medium C –.023 .203 .911 .001 .016 .928 .598 .187 .002 

High C –.148 .255 .564 .011 .020 .606 .785 .257 .003 
 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low C .243 .241 –.277 .693 .017 .019 –.011 .062 .162 .181 –.209 .525 

Medium C .176 .161 –.159 .488 .018 .014 –.006 .048 .283 .156 .022 .635 

High C .018 .182 –.310 .441 .015 .021 –.024 .062 .383 .225 .021 .888 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low C .074 .292 –.556 .640 .017 .021 –.016 .066 .348 .281 –.296 .898 

Medium C .035 .165 –.316 .392 .010 .013 –.009 .045 .218 .202 –.139 .675 

High C .015 .204 –.321 .525 .005 .017 –.023 .051 .105 .313 –.431 .864 

Conditional indirect 

effects of X on Y, 

mediated by 

discouragement 

Low C .263 .497 –.965 1.048 .038 .036 –.013 .127 .767 .406 .224 1.832 

Medium C .126 .324 –.640 .677 .024 .023 –.018 .074 .896 .323 .294 1.565 

High C .009 .398 –.900 .786 .013 .028 –.039 .076 1.003 .483 .058 1.935 

a Conscientiousness score values: Low (16th percentile) = 98; Medium (50th percentile) = 116; High (84th percentile) = 130 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), C = conscientiousness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Table 7.21 The relationship between pain-control and pain-decrease beliefs, outcome expectancy and headache intensity, as moderated by FFM conscientiousness 

   Pain control (X4) Pain decrease (X5) Outcome expectancy (X6) 

CONSCIENTIOUSNESS (C)a 

X*Conscientiousness F (1,72) = 4.354, p = 0.040 F (1,72) = 0.627, p = .431 F (1,72) = 14.894, p < .001 

Anxiety*C F (1,72) = 2.103, p = 0.151 F (1,72) = 2.226, p = .140 F (1,72) = 0.076, p = .783 

Irritation*C F (1,72) = 0.850, p = 0.360 F (1,72) = 0.600, p = .441 F (1,72) = 1.106, p = .297 

Discouragement* C F (1,72) = 0.278, p = 0.600 F (1,72) = 0.123, p = .726 F (1,72) = 4.889, p = 0.030 

 Trait score Coefficient SE p Coefficient SE p Coefficient SE p 

Conditional effects of 
Discouragement (M3) on 

Conscientiousness 

Low C       .009 .145 .949 

Medium C       .260 .132 .053 

High C       .464 .183 .013 

Conditional direct 

effects of X on Y (Y= 

headache) 

Low C –.150 .105 .156 –.295 .118 .015 .437 .080 <.001 

Medium C .007 .086 .938 –.229 .096 .020 .237 .051 <.001 

High C .135 .113 .235 –.176 .125 .166 .073 .060 .224 

  Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI Effect 

Boot  

SE 

Boot  

LLCI 

Boot  

ULCI 

Conditional indirect 
effects of X on Y, 
mediated by anxiety 

Low C –.029 .053 –.162 .055 –.029 .063 –.162 .107 .133 .050 .019 .218 

Medium C –.031 .047 –.141 .047 –.059 .057 –.185 .046 .129 .042 .045 .209 

High C –.027 .081 –.206 .115 –.090 .090 –.290 .069 .124 .058 .017 .247 

Conditional indirect 
effects of X on Y, 
mediated by irritation 

Low C –.059 .099 –.274 .125 –.031 .149 –.401 .203 .228 .100 –.038 .376 

Medium C –.035 .064 –.196 .059 –.081 .098 –.324 .063 .130 .084 –.006 .327 

High C –.018 .091 –.252 .121 –.096 .139 –.456 .104 .066 .128 –.099 .409 

Conditional indirect 

effects of X on Y, 
mediated by 

discouragement 

Low C –.149 .157 –.565 .056 –.118 .171 –.582 .078 .008 .128 –.210 .327 

Medium C –.142 .123 –.418 .054 –.170 .133 –.500 .017 .193 .103 –.045 .366 

High C –.130 .183 –.557 .178 –.219 .215 –.740 .100 .305 .165 –.085 .574 

a Conscientiousness score values: Low (16th percentile) = 98; Medium (50th percentile) = 116; High (84th percentile) = 130 
Abbreviations: X = antecedent variable, Y = outcome variable (headache), C = conscientiousness 
Note: Interactions are significant when confidence intervals are entirely above or below zero (shaded boot value areas indicate that the interaction is significant). 
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Overview 

Objective. To determine the contribution of headache coping to headache-related NA in 

episodic migraine and T-TH sufferers during experimentally-provoked headache. 

Background. Prior research has indicated that non-adaptive coping characterises 

headache sufferers and that high negative affect (NA) precedes headache onset. However, 

it is unclear whether threat-based coping tactics contribute to or result from headache and 

the relative role of response-focused and antecedent-focused coping in increasing 

headache intensity. 

Methods. Stress and pain coping and NA in participants with episodic migraine or T-TH 

were assessed following a cognitive laboratory task. 

Results.  Anxiety mediated the effects of coping on headache, increasing the use of the 

threat-based coping methods of wishful thinking, self-criticism, pain catastrophizing and 

praying/hoping. These predicted headache and further increased anxiety. The response-

focused method of ignoring-pain-sensations was greater in those without stress-headache, 

but reappraisal and (behavioural) suppression were similar between migraine, T-TH and 

controls. 

Conclusions.  By focusing attention on the affective qualities of pain, threat-based coping 

methods contribute to the anxiety associated with headache. Results are attributed to the 

context-specific nature of coping and the response conflict engendered by the task itself.  
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8.1 Introduction 

Failing to cope adequately with pain and stress may influence headache frequency 

and intensity more than the stressor itself (169; 187; 194; 196; 681-683). Hence, if 

ineffective, the specific coping methods chosen to regulate oneself and manage a task may, 

in addition to stressor exposure and reactivity, constitute a further source of headache-

related NA. In a stepwise process, the individual first detects whether regulation is needed, 

selects an option suited to the context, stimulus strength and one’s personal resources, and 

finally translates a general strategy into situation-specific ‘tactics’ (171). Such tactics 

differentially activate the neurocognitive pain perceptual processes of attention, 

expectancy and reappraisal (212). Ineffective pain regulation – the conscious increase or 

decrease of pain affect (684) – may occur when regulatory strategies and coping tactics 

either fail to regulate when it would be good to do so, or ‘misregulate’, i.e. have adverse 

outcomes (171).  

Tactics can be driven by attentional control or by volitional cognitive change (685). 

Effective attention control tactics deflect attention away from pain and activate areas of the 

dorsolateral prefrontal cortex involved in the top-down modulation of pain (686). 

Ineffective tactics either focus on pain or attempt to suppress it (169). Effective volitional 

cognitive control tactics consciously alter pain appraisals and/or expectancies (166), 

changing the intensity of pain by changing its meaning (687). They alter the emotional 

valence of pain and involve activation of the (right) lateral prefrontal cortical areas (688; 

689), areas which are critically involved in broad aspects of executive behavioural control 

(690).  

One factor influencing coping selection is the appraised threat/stress level. Higher 

threat appraisals increase the likelihood that coping tactics will be selected from the threat 

system rather than the drive (goal achievement) or self-soothing systems (167). Imbalance 

between these systems can increase NA and ongoing NA can itself become a source of 

threat (168). As shown in Figure 8.1, threat-based coping occurs along two continua – 

active-inhibitory and social-nonsocial (167). Active threat-based coping includes self-

criticism and pain catastrophising – an exaggerated negative orientation toward pain 

stimuli and pain experience (691) which includes elements of rumination (excessive focus 

on pain sensations), magnification (exaggerating the threat value of pain sensations) and 

helplessness (perceiving oneself as unable to cope with pain symptoms) (691). Focusing 

on pain increases both its intensity and unpleasantness (262). Hence, catastrophising 

heightens pain severity and reduces pain tolerance (276; 691), including in headache (692). 

In thermal pain, pain-related catastrophising increased temporal summation and reduced 



Chapter Eight.  Coping choice, effectiveness and headache 

201 

habituation (693). Migraineurs are more likely than controls to catastrophise, ruminate on 

the negative effect of their headache, criticise themselves or blame others (170; 193; 297; 

694-697).  

‘Fear-avoidant’ (inhibitory) coping also arises from the threat system, and is 

characterized by suppressive thoughts, increased nonverbal complaint and decreased 

ability to search for social support (279). Wishful thinking, substance misuse, displacing 

or forcefully inhibiting negative feelings (‘emotional suppression’) are common examples 

of dysfunctional fear-avoidant coping in response to a stressor (663). By paradoxically 

increasing the salience of unwanted stimuli, such as NA and pain, ‘fear-avoidant’ tactics 

may increase threat and hence pain sensitivity (419; 698). Thus, individuals using anger 

suppression reported greater pain sensitivity and intensity than those adopting anger 

expression (699-702). Wishful thinking, praying or hoping (703), worrying and attending 

to the negative effect of one’s headaches (694), rumination and self-blame  (193)  as well 

as other blame (170) were associated with more frequent headaches. 

Thus, the higher and more sustained NA in migraineurs than T-TH and those with 

than without stress headache (Chapter 6) may relate to their use of coping tactics which 

by increasing threat, increase headache-related NA.  

 

Figure 8.1 A taxonomy of threat-based coping strategies 

However, the unique nature of pain as a stressor (207) means that coping with pain 

and coping with stress may not be conceptually equivalent. Specifically, the use of threat-

based inhibitory strategies may result from rather than cause headache-related NA. The 

persisting pain, focal neurological symptoms, headache-related disability and repeated 

goal disruption accompanying headache can be expected both to increase NA and to 

reduce coping options, especially those involving volitional cognitive change. Thus, the 

Taxonomy of threat-based coping strategies 

These occur in two key domains: 1) Active-inhibitory and 2) Social-nonsocial. 

 Active, non-social – defensive, persecutory and displacement aggression, 

flight, active avoidance and safety seeking, e.g. pain catastrophizing.  

 Inhibitory, non-social – freezing, fainting, passive avoidance, cutting off, 

camouflaging and concealing, e.g. wishful thinking, praying/hoping.  

 Active social – ritualised (symbolic) threat, distress calling, seeking 

protection or reassurance from others, e.g. support-seeking, venting. 

 Inhibitory social – submission and appeasement, e.g. suppression, self-

blame/criticism. 
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more severe the headache, the less likely were children to use behavioural and cognitive 

distraction techniques or information seeking (672). Additionally, the experience of 

recurrent and uncontrollable headache may result, over time, in learned helplessness and 

consequent passivity (268; 704; 705), since during any perceived-uncontrollable stressor, 

including recurrent headache, goals shift into emotion management and the avoidance of 

negative consequences (159). 

In the presence of headache therefore, antecedent-focused tactics (those applied early 

in the emotion trajectory before emotion is generated) may be reduced. Conversely, 

response-focused tactics – those applied after emotion has been generated – such as 

behavioural suppression (the ongoing inhibition of outward signs of emotion) or venting 

(the outward expression of emotion) are more likely to be activated. The result may be a 

failure to downregulate NA (706). Examples of antecedent-focused strategies are situation 

management (akin to problem-focused coping), redirecting attention, or the volitional 

cognitive control strategies of detachment (the deliberate cognitive distancing from a 

stimulus in order to observe one’s thoughts, including those about pain) and reappraisal 

(thinking of a stressor in a way that reduces its emotional valence) (684).  

That reappraisal is more effective than suppression in downregulating NA has been 

widely demonstrated (684; 707-709). Reappraisal also reduced cardiovascular 

inflammatory risk whereas suppression increased such risk (710). In electromyographic 

studies, distraction was shown to act very early (within 300ms) in the emotion-generative 

process, downregulating amygdala arousal and activating cortical areas involved in the top-

down modulation of pain (686; 711; 712). In functional MRI studies, detachment was 

associated with reduced subjective distress, attenuated subjective and physiological 

measures of anticipatory anxiety for pain and reduced reactivity to receipt of pain itself 

(688).  

Since the high NA associated with headache makes overlap between threat-based and 

response-focused strategies almost inevitable (713), the present study assessed whether 

more intense headache was associated with an increased likelihood of response-focused 

coping such as suppression or venting, and/or a reduced likelihood of volitional cognitive 

control strategies such as problem-focused coping, detachment or reappraisal. 

In sum, it was hypothesised that: 
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1. Threat-based coping strategies would be associated with higher NA and would be 

greater in headache sufferers than controls and in those with than without stress-

headache. 

2.  Headache or a headache history would be associated with increased use of response-

focused strategies and/or reduced use of antecedent-focused volitional control 

strategies.  

8.2 Method 

8.2.1 Procedures 

Where detailed descriptions have already been provided, these will not be repeated here.  

Participants 

Participants were those in the experimental sub-sample (n = 86), Table 2.3, p.34.  

Experimental design and procedures  

Described in Sections 2.2, p.35. 

8.2.2 Measures 

1. Stress coping was assessed using the modified Ways of Coping Questionnaire, 

WCQ-R, described in Section 2.4.2.3, p.44.  

2. Pain coping: Coping Styles Questionnaire – Revised (CSQ-R)(329) (Section 2.4.2.4, p.45) 

3. NEO personality inventory (Section 2.4.2.1, p.43) 

8.2.3 Data analysis  

Since previous research indicates coping differences between migraine, T-TH and 

controls, two planned contrasts compared outcomes in (i) headache sufferers v controls 

and (ii) migraine v T-TH. A third group comprised those who acquired v did not acquire 

a stress headache. Differences were investigated in Group (planned contrast) multivariate 

analyses of variance. Although ratings were skewed, clustering in the lower end of the 

continuum, analysis of variance was employed to investigate these relationships as it is 

fairly robust to violations of normality.  

Preliminary analyses included t-tests, chi-square tests, bivariate correlation analyses 

and analyses of covariance to investigate group (planned contrast) differences on various 
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measures including catastrophizing, active coping, coping flexibility, pain self-efficacy, 

headache frequency, age of onset, gender and age. The association between mean headache 

intensity during the arithmetic task and each of the stress/pain coping methods reported 

during the laboratory stressor was explored with Pearson’s correlation coefficient. 

Bivariate correlational relationships were examined for possible covariates.  

Hierarchical multiple regression analyses were performed to determine whether NA 

mediated the relationship between stress-induced headache (mean headache ratings across 

the arithmetic task), stress coping tactics (problem-focused coping, wishful thinking, 

detachment, venting, reappraisal, self-criticism, suppression and attention deployment),  

pain coping tactics  (pain-distraction, pain-reinterpretation, pain-catastrophising, ignoring-

pain-sensations, praying/hoping and coping self-statements), FFM personality traits and 

attachment style. These were entered at the first step, all NA at the second step. This 

analysis was repeated with all NA at the first step, stressor exposure, personality and 

attachment at the second step.  

All tests of statistical significance were two-tailed. Results are presented as the mean 

± standard error, and p< 0.05 was considered to be statistically significant. 

8.3 Results 

Exploratory hierarchical regression analyses indicated that coping strategies during 

the laboratory stressor were unrelated to age, gender, education level, migraine family 

history, aura, phono- or photo-sensitivity. Hence these variables were not included in 

subsequent analyses.  

THREAT-BASED COPING AND HEADACHE INTENSITY  

In multivariate analyses, the threat-based pain coping strategies of praying/hoping 

and pain catastrophising, and the stress coping strategies of wishful thinking and self-

criticism were compared for each planned contrast.   

8.3.1 Threat-based coping strategies in migraine, T-TH, controls 

In multivariate analyses of variance, threat-based coping strategies were similar in 

migraine, T-TH and control groups (Table 8.1).  
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Table 8.1 Threat-based coping in migraine, T-TH and controls: Means, standard errors, effects 

 Migraine T-TH Controls 

Coping tactic Mean SE Mean SE Mean SE 

Praying and hoping 8.21 0.96 9.76 1.16 11.41 1.41 

Wishful thinking 0.74 0.11 0.86 0.14 0.74 0.15 

Self-criticism 1.17 0.15 1.14 0.18 0.82 0.20 

Pain catastrophising 11.05 1.01 8.35 1.22 8.59 1.42 
 

 Headache sufferers v controls Migraine v T-TH 

 F df p ηp
2 F df p ηp

2 

Multivariate analysis 

Threat-based coping 1.79 (4,85) 0.138 0.08 2.23 (4,66) 0.075 0.12 

Univariate analyses 

Praying and hoping 2.45 (1, 88) 0.121 0.03 1.05 (1, 69) 0.308 0.02 

Wishful thinking 0.05 (1, 88) 0.831 0.00 0.48 (1, 69) 0.493 0.01 

Self-criticism 2.26 (1, 88) 0.137 0.03 0.02 (1, 69) 0.901 0.00 

Pain catastrophising 0.86 (1,88) 0.356 0.01 2.92 (1,69) 0.092 0.04 

 

8.3.2 Threat-based coping strategies in stress-headache 

Threat-based strategies were greater in those with than without stress-headache (p 

<.001), viz. praying/hoping (p <.05), pain catastrophising (p <.01), wishful thinking (p 

<.001) and self-criticism (p<.001) (Table 8.2). 

Table 8.2 Threat-based coping in those with vs without stress-headache: means, standard 
errors, effects 

 Low/no headache Stress-headache Stress-headache vs low/no headache 

Coping tactic Mean SE Mean SE F df p ηp
2 

Multivariate analysis 

Threat-based coping     8.23 (4,80) <.001 0.29 

Univariate analyses 

Praying and hoping 7.48 1.04 10.78 0.98 5.36 (1, 83) 0.023 0.06 

Wishful thinking 0.43 0.10 1.02 0.10 18.27 (1, 83) <.001 0.18 

Self-criticism 0.68 0.14 1.40 0.13 15.00 (1, 83) <.001 0.15 

Pain catastrophising 7.03 0.94 11.67 0.88 12.99 (1,83) 0.001 0.14 
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ANTECEDENT AND RESPONSE-FOCUSED COPING IN HEADACHE INTENSITY 

8.3.3 Antecedent-focused coping in migraine, T-TH, controls  

Antecedent-focused strategies of pain distraction, pain reinterpretation, problem-

focused coping, detachment, reappraisal and attention deployment were similar in 

migraine, T-TH and controls (Table 8.3).  

Table 8.3 Antecedent-focused coping strategies in migraine, T-TH and controls: means and 
standard errors, effects. 

 Migraine T-TH Controls 

Pain coping Mean SE Mean SE Mean SE 

Pain distraction 22.10 1.61 26.34 1.93 21.50 2.18 

Pain reinterpretation 9.05 1.11 9.48 1.33 8.27 1.46 

Problem focused coping 1.17 0.09 1.24 0.10 1.30 0.11 

Detachment 0.79 0.07 0.89 0.09 0.82 0.10 

Reappraisal 0.85 0.10 0.67 0.12 0.68 0.13 

Attention deployment 1.17 0.22 1.31 0.26 1.77 0.30 
 

 Headache sufferers v controls Migraine v T-TH 

 F df p ηp
2 F df p ηp

2 

Multivariate analysis 

Antecedent-focused coping 1.42 (6,83) 0.217 0.09 1.64 (6,64) 0.151 0.13 

Univariate analyses 

Pain distraction 1.01 (1, 88) 0.318 0.01 2.86 (1, 69) 0.095 0.04 

Pain reinterpretation 0.17 (1, 88) 0.685 0.00 0.06 (1, 69) 0.802 0.00 

Problem focused coping 0.93 (1, 88) 0.338 0.01 0.31 (1, 69) 0.577 0.00 

Detachment 0.00 (1, 88) 0.979 0.00 0.78 (1, 69) 0.381 0.01 

Reappraisal 0.24 (1, 88) 0.623 0.00 1.36 (1, 69) 0.247 0.02 

Attention deployment 3.06 (1, 88) 0.084 0.03 0.17 (1, 69) 0.677 0.00 
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8.3.4 Antecedent-focused coping and stress-headache 

Antecedent-focused strategies – both attentional control and volitional cognitive 

control – were similar in those with and without stress-headache (Table 8.4). 

Table 8.4 Antecedent-focused coping in those with and without stress headache: means, 
standard errors, effects 

 Low/no headache Stress-headache Stress-headache vs low/no headache 

Coping tactic Mean SE Mean SE F df p ηp
2 

Multivariate analysis 

Antecedent-focused coping     1.15 (6,78) .342 0.08 

Univariate analyses 

Pain Distraction 21.65 1.64 24.40 1.55 1.49 (1 ,83) 0.226 0.02 

Pain Reinterpretation 9.35 1.09 8.38 1.03 0.42 (1 ,83) 0.519 0.01 

Problem focused coping 1.21 0.08 1.17 0.08 0.13 (1 ,83) 0.720 0.00 

Detachment 0.72 0.08 0.88 0.07 2.53 (1 ,83) 0.116 0.03 

Reappraisal 0.67 0.09 0.73 0.09 0.25 (1 ,83) 0.621 0.00 

Attention deployment 1.15 0.22 1.51 0.21 1.38 (1 ,83) 0.244 0.02 

8.3.5 Response-focused coping in migraine, T-TH, controls 

The response-focused coping strategies of ignoring pain sensations, coping self-

statements, venting and behavioural suppression were similar in migraine, T-TH and controls 

(Table 8.5).  

Table 8.5 Response-focused coping strategies in migraine, T-TH and controls: means and standard 
errors, effects 

 Migraine T-TH Controls 

Pain coping Mean SE Mean SE Mean SE 

Ignoring pain sensations 13.38 0.86 14.14 1.04 13.77 1.25 

Coping self-statements 14.57 0.65 14.72 0.78 14.50 0.89 

Venting 0.32 0.07 0.43 0.09 0.48 0.11 

Behavioural suppression 1.42 0.10 1.37 0.12 1.51 0.14 
 

 Headache sufferers v controls Migraine v T-TH 

 F df p ηp
2 F df p ηp

2 

Multivariate analysis 

Response-focused coping 0.47 (4,85) .759 0.02 0.35 (4,66) .842 0.02 

Univariate analyses 

Ignoring pain sensations 0.04 (1, 88) 0.850 0.00 0.31 (1, 69)  0.578 0.00 

Coping self-statements 0.00 (1, 88) 0.977 0.00 0.02 (1, 69)  0.880 0.00 

Venting 1.28 (1, 88) 0.261 0.01 0.89 (1, 69)  0.350 0.01 

Behavioural suppression 0.94 (1, 88) 0.334 0.01 0.08 (1, 69)  0.772 0.00 
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8.3.6 Response-focused coping and stress-headache 

The tactic of ignoring pain sensations was more prevalent in those with low/no 

headache (p <.05) than those who developed stress-headache (Table 8.6).  

Table 8.6 Response-focused coping in those with and without stress-headache: means, standard 
errors, effects 

 Low/no headache Stress-headache Stress-headache vs low/no headache 

Coping tactic Mean SE Mean SE F df p ηp
2 

Multivariate analysis 

Response-focused coping     2.06 (4,80) 0.094 0.09 

Univariate analyses 

Ignoring sensations 15.15 0.91 12.04 0.86 6.14 (1, 83) 0.015 0.07 

Coping self-statements 14.95 0.67 14.09 0.63 0.87 (1, 83) 0.355 0.01 

Venting 0.32 0.08 0.41 0.07 0.72 (1, 83) 0.397 0.01 

Behavioural suppression 1.48 0.10 1.29 0.10 1.62 (1, 83) 0.207 0.02 

 

DOES NA MEDIATE THE RELATIONSHIP BETWEEN COPING AND STRESS-

HEADACHE? 

8.3.7 Correlations between NA, headache intensity and coping tactics 

As shown in Table 8.7 and Table 8.8, catastrophising, praying/hoping, wishful 

thinking, detachment, venting, self-criticism and attention deployment correlated with 

headache intensity (p,.05 to p<.01). Catastrophising and wishful thinking correlated with 

all NA and with pain distress at the end of phase 1 of the experiment., self-criticism with 

all NA during the task, venting with all NA but confusion. Praying/hoping correlated with 

anxiety, confusion and pain distress. 
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Table 8.7 Pearson correlations between each pain and stress coping tactic and NA 

 Headache Anxious Confused Discouraged Irritated Sluggish Tense Pain distress 

Distract from 

pain 

0.084 0.077 0.073 0.044 0.050 0.048 0.126 –0.021 

Reinterpret pain –0.019 –0.022 –0.050 –0.006 0.023 0.055 0.103 –0.105 

 Catastrophise 

about pain 

0.403** 0.339** 0.375** 0.309** 0.348** 0.319** 0.427** 0.352** 

Ignore sensations –0.207 –0.185 –0.224* –0.155 –0.186 –0.176 –0.106 –0.145 

Pray/Hope 0.249* 0.275* 0.245* 0.155 0.172 0.163 0.172 0.272* 

Coping self–

statements 

–0.049 –0.111 –0.132 –0.071 –0.056 –0.134 –0.039 –0.191 

Focus on problem –0.011 0.014 –0.047 0.068 0.082 0.165 0.081 0.020 

Wishful Thinking 0.568** 0.494** 0.496** 0.499** 0.515** 0.524** 0.529** 0.376** 

Detach 0.222* 0.164 0.172 0.182 0.202 0.268* 0.301** 0.196 

Vent 0.282** 0.284** 0.184 0.285** 0.233* 0.287** 0.308** 0.113 

Reappraise 0.140 0.092 0.049 0.167 0.182 0.203 0.220* 0.154 

Criticise self 0.433** 0.391** 0.416** 0.355** 0.331** 0.265* 0.321** 0.067 

Suppress –0.085 –0.037 –0.067 –0.048 –0.041 –0.029 –0.082 –0.125 

Deploy attention 0.252* 0.194 0.160 0.198 0.213 0.271* 0.296** 0.261* 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
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Table 8.8 Pearson correlations between headache intensity, and pain and stress coping strategies reported immediately after the task 

  
Distract 

from pain 

Reinterpret 

pain 

Catastro–

phise 

Ignore pain 

Sensations 

Pray/  

Hope 

Coping 

self–

statements 

Focus on 

problem 

Wishful 

Thinking Detach Vent Reappraise 

Criticise 

self Suppress 

Deploy 

attention 

Headache intensity 0.084 –0.019 0.403** –0.207 0.249* –0.049 –0.011 0.568** 0.222* 0.282** 0.140 0.433** –0.085 0.252* 

Distract from pain – 0.364** 0.143 0.063 0.230* 0.385** 0.207 0.068 0.240* 0.273** 0.187 0.134 0.208* 0.313** 

 Reinterpret pain 0.364** – –0.088 0.382** –0.063 0.405** .410** 0.165 0.418** 0.195 0.345** –0.010 0.445** 0.282** 

 Catastrophise 0.143 –0.088 – –0.255** 0.423** –0.128 0.017 0.342** 0.211* 0.164 0.091 0.250* –0.075 0.089 

Ignore sensations 0.063 0.382** –0.255** – –0.270** 0.428** 0.186 0.005 0.113 0.100 0.267* –0.135 0.237* –0.114 

Pray/Hope 0.230* –0.063 0.423** –0.270** – –0.033 –0.016 0.296** 0.266* 0.311** 0.028 0.037 –0.046 0.285** 

Coping self–

statements 

0.385** 0.405** –0.128 0.428** –0.033 – 0.114 0.114 0.310** 0.129 0.259* 0.039 0.211* 0.164 

Focus on problem 0.207 0.410** 0.017 0.186 –0.016 0.114 – 0.108 0.338** 0.288** 0.409** 0.038 0.447** 0.322** 

Wishful Thinking 0.068 0.165 0.342** 0.005 0.296** 0.114 0.108 – 0.489** 0.331** 0.344** 0.328** –0.068 0.273** 

Detach 0.240* 0.418** 0.211* 0.113 0.266* 0.310** 0.338** 0.489** – 0.396** 0.570** 0.172 0.490** 0.546** 

Vent 0.273** 0.195 0.164 0.100 0.311** 0.129 0.288** 0.331** 0.396** – 0.466** 0.275** 0.206 0.426** 

Reappraise 0.187 0.345** 0.091 0.267* 0.028 0.259* 0.409** 0.344** 0.570** 0.466** – 0.040 0.401** 0.355** 

Criticise self 0.134 –0.010 0.250* –0.135 0.037 0.039 0.038 0.328** 0.172 0.275** 0.040 – –0.083 0.134 

Suppress 0.208* 0.445** –0.075 0.237* –0.046 0.211* 0.447** –0.068 0.490** 0.206 0.401** –0.083 – 0.253* 

Deploy attention 0.313** 0.282** 0.089 –0.114 0.285** 0.164 0.322** 0.273** 0.546** 0.426** 0.355** 0.134 0.253* – 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
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Hierarchical multiple regression analyses were conducted to assess whether pain and 

stress coping strategies, attachment style and FFM personality traits predicted headache 

intensity during the cognitive task, after controlling for the influence of anxiety, confusion, 

discouragement, irritation, sluggishness and tension (each NA was averaged across the 

four sets of the arithmetic task).  

In the first analysis (Model A), a significant regression equation was found at Step 1 

(F (21,59) = 3.61, p < .0001) with an R2 of 0.562. That is, 56.2% of the variance in 

headache intensity was predicted by pain and stress coping tactics, insecure attachment 

and FFM personality traits. Wishful thinking (β = 0.612, p <.001) was the most significant 

predictor at this step, with trait-conscientiousness second (β = 0.231, p <.05). At Step 2, 

with an R2 of 0.917, all NA jointly predicted a further 35.5% of the variance (F change 

(6,21) = 37.954, p < .0001). Wishful thinking (β = 0.612, p<.0001) and conscientiousness 

(β = 0.231, p <.05) were significant predictors at this step. 

To determine the mediating role of NA, in a repeated analysis (Model B), all NA 

measures were entered in step 1 and pain and stress coping tactics, attachment style and 

personality factors in step 2. As shown in the “B” model in Table 8.9, all NA jointly 

predicted 87.6% of the variance at step 1 (F (6,21) = 87.145, p <.0001), but at step 2, with 

an R2 of 0.875, the R2 change of 4.1% was not significant. These analyses indicate that 

NA accounted for nearly all the variance in headache intensity. Anxiety (β=0.491, p 

<.0001) was the only independent predictor of headache intensity at this point.  
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Table 8.9 Hierarchical regression analyses: Predicting headache intensity from NA, stress and pain 
coping strategies, insecure attachment and personality traits 

 

Model  

1A 

Model  

1B 

Model  

2 

R2 0.562*** 0.876*** 0.917*** 

R2 change 

Model 1A or 1B to Model 2 0.355*** 0.041  

Beta weights in each model 

Problem-focused coping –0.040  –0.065 

Wishful thinking 0.612***  0.123 

Detachment –0.201  –0.052 

Venting 0.132  –0.011 

Reappraisal –0.043  0.065 

Self-criticism 0.210  0.035 

Suppression 0.192  –0.027 

Attention deployment 0.060  0.063 

Pain distraction 0.117  0.061 

Pain reinterpretation –0.109  –0.017 

Pain catastrophising 0.217  0.090 

Ignoring pain sensations –0.115  –0.043 

Praying/hoping –0.173  –0.028 

Coping self-statements –0.049  0.076 

Attachment anxiety 0.014  –0.033 

Attachment avoidance 0.035  0.019 

Neuroticism 0.017  0.039 

Extraversion 0.124  –0.032 

Openness –0.148  –0.005 

Agreeableness 0.020  –0.096 

Conscientiousness 0.231*  0.098 

Anxiety  0.566*** 0.491*** 

Confusion  0.148 0.219 

Discouragement  0.183 0.221 

Irritation  0.097 –0.038 

Sluggishness  –0.103 0.033 

Tension  0.104 –0.037 

Note: * = p<.05, ** = p <.01, *** = p <.001 
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8.4 Discussion 

These studies aimed to assess the role of specific coping tactics in upregulating (or 

failing to downregulate) headache-related NA. It was expected that threat-based coping 

methods would increase headache-related NA, and that headache would be associated with 

greater use of response-focused and less use of antecedent-focused coping.  

8.4.1 Threat-based coping and headache 

Threat-based coping predicted headache and was driven by anxiety. Although similar 

between migraine, T-TH and controls, the threat-based tactics of praying/hoping, self-

criticism, pain catastrophising and especially wishful thinking were greater (p <.05 to 

p<.001) in those who developed headache during the cognitive task compared with those 

who did not. That 67% of controls developed headache may account for the null results in 

the comparison between headache sufferers and controls.  

Anxiety disrupts amygdala-prefrontal circuitry, with reciprocal interactions occurring 

between anxiety, headache and threat-based coping. Anxious individuals show increased 

attentional capture by cues signalling danger and are more likely to interpret emotionally 

ambiguous stimuli in a threat-related manner (229). Deficient recruitment of prefrontal 

control mechanisms and amygdaloid hyper-responsivity to threat potentially alter 

associative, attentional and interpretative processes that sustain a threat-related processing 

bias. In turn, anxiety strengthens the activation of threat-related representations by 

augmenting the output from threat-evaluation processes and so making the selection of 

threat-related interpretations more likely (714). 

Thus, since pain and emotion increase when attention is paid to them and painful 

stimuli can be experienced as less intense during distraction conditions (253; 715-717), 

anxiety can increase pain by compromising attentional and interpretative processes. 

Paradoxically, attempts to suppress pain awareness function to increase pain, since in the 

absence of focused attention (718), pain stimuli take precedence over non-pain stimuli 

(627). Also, in experientially avoidant tactics such as wishful thinking and praying/hoping, 

the signal value of pain is increased (698; 719; 720), hence increasing pain intensity (678). 

Efforts to avoid or suppress the emotion-eliciting aspects of noxious stimuli similarly 

focus attention on these stimuli, increasing their threat value (276; 419; 675; 678; 719; 

721). In a vicious cycle, this can engender Pavlovian fear-conditioning, provoking 
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physiological and behavioural fear responses to headache symptoms (including headache-

related NA) in a similar manner to intrinsically threat-related stimuli (722; 723). 

Therefore, for a coping tactic to reduce NA, the individual’s attention must be actively 

directed elsewhere and the distractor must have sufficient potency to compete for 

attentional resources (416; 724-726). Furthermore, attention must be redirected away from 

the affective component of pain towards its sensory aspects (‘sensory monitoring’). 

Participants instructed to attend to objective, sensory aspects of cold pressor pain reported 

less distress than those distracted by interesting slides during immersion in the icy water 

(253; 727). Likewise, in effective hypnotic pain modulation (the technique of “focused 

analgesia”) (228), attention is actively focused on the painful area receiving stimulation, 

while emotion-generating images, thoughts and self-statements are simultaneously 

redirected towards their sensory/external components via the generation of an ‘obstructive 

hallucination’, e.g. imagining the painful area as numb and warm (251; 728). To the extent 

that attentional capacities are reduced in migraineurs (729), dissociating the sensory from 

the affective aspects of pain may be difficult. Skills in the “metacognition of attention” – 

such as monitoring one’s attentional performance – may improve selective attending 

during stress (730). Such approaches may functionally address the imbalance of 

amygdala-prefrontal activity associated with anxiety, downregulating the amygdala 

response to threat-related cues and/or upregulating prefrontal control mechanisms (229). 

Non-evaluative acceptance of pain is also important, as an inflexible agenda of pain 

control is likely to induce “struggle”, increasing pain intensity (276). Thus, the negative 

cognitions associated with pain-catastrophizing increase the focus on pain and NA, 

increasing pain perception by predisposing to threatening interpretations of ambiguous 

stimuli (169; 260-263). Pain catastrophising has also been shown to increase temporal 

summation at the synapse, reducing capacity for pain modulation (693). Similarly, by 

focusing attention on supposed self-deficits, self-criticism can engender dysphoria and 

hopelessness, increasing the probability of headache (302; 731-733).  

8.4.2 Response-focused tactics and headache 

This hypothesis received limited support, in that the response-focused tactic of 

ignoring pain sensations was related to less intense headache. This may be because it was 

unrelated to anxiety, and perhaps also because, by definition, it consists of sensory 

monitoring (see above), although this requires further research. Both antecedent-focused 

coping and response-focused coping strategies were similar in migraine, T-TH and controls.  
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The classic suppression-reappraisal distinction noted elsewhere (708; 709; 734) 

was also unsupported. However, the nature of the stressor may partially account for these 

results. During an unpredictable, time-pressured task with pain and non-contingent failure 

feedback, reappraisal – with its emphasis on controlling the personal meaning that the 

event has for the individual – is unlikely to be a workable option (171). Neither time nor 

opportunity were available for cognitively re-evaluating – or detaching from– this rapidly 

changing task. Suppression, with its emphasis on controlling one’s behavioural responses 

to events, may at such times be one’s best – or only – coping option, particularly if emotion 

intensity is high (735) or the stressor cannot be controlled (736). Secondly, in this study, 

suppression appears to have functioned as a proactive coping method; its correlations with 

NA were non-significant (and tended to be negative), and it was strongly correlated with 

proactive pain coping (pain-distraction, reinterpreting pain, ignoring sensations, coping 

self-statements) and the antecedent-focused methods of problem-solving, reappraisal, 

detachment and attention deployment. Thus, the antecedent – response-focused distinction 

between suppression and reappraisal in this study was largely negated. In addition, Gilbert 

(737) makes a case for suppression as a social coping method, which evolved – along with 

self-blame – in hostile-dominant relationship contexts (discussion below). If so, 

suppression may function differently in the nonsocial context of this cognitive task.  

8.4.3 Response conflict and coping with headache 

Furthermore, the adoption of goal-relevant volitional cognitive control strategies 

which upregulate prefrontal control mechanisms (and potentially reduce amygdala 

hyperactivation) was effectively “punished” in this task. Goals are important determinants 

of behaviour and individuals are more likely to endure a task despite pain for important 

goals (669). Stress also arises when important goals are threatened (641). As explained in 

chapter 7, participants with high outcome expectancy faced a response conflict upon 

finding that goal achievement was thwarted by noncontingent failure feedback and impeded 

task progress. Normally, in stressful and painful situations, avoidance (e.g. of frustration) 

is a primary way of regulating behaviour (644), but a strong desire to succeed may conflict 

with the wish to avoid defeat. This coactivation of approach and avoidance motives is 

problematic (670), resulting in goal conflict and vacillation in behaviour (668). In a vicious 

cycle, attentional processes are compromised (263), lower mood and persisting high levels 

of frustration interfere with task completion, triggering the use of self-regulatory resources 

(193; 668; 670; 738). Distress increases, especially when self-regulation is failing (671). By 

compromising effective self-regulation, such response conflicts can intensify pain (668; 739).  
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Such response conflict is not uncommon in situations which are novel, (740) difficult 

(741) or contradictory (668), and may be more common in those with pain than pain-free 

controls (739). In the absence of response conflict, it is noteworthy that ‘dissociated 

imagery’ (e.g. imagining a pleasant scene, akin to wishful thinking), successfully reduced 

pain unpleasantness (742) or self-reported discomfort (713). Perhaps wishful thinking 

upregulates headache-related NA only in situations of response conflict? Particularly if 

such response conflict is associated with learned helplessness? And perhaps antecedent-

focused coping is efficacious only in the absence of such conflict? Further research could 

assess these possibilities.  

Thus, context may be more pertinent than tactic or timing in determining whether 

failure to regulate or misregulation leads to NA, including in tactics which are threat-

based. For example, passive pain coping – an avoidant set of cognitions and behaviours in 

which the sufferer relinquishes control and depends on others – is generally associated 

with greater pain report than active coping (efforts to function despite pain) (743). 

However, it can be efficacious for headache sufferers in the early stages of a stressor, when 

response options are yet to be formulated (159; 744).  

This concept of response conflict is not new to the migraine literature. As Price 

pointed out, the stressor of pain frequently occurs in a context which is threatening for 

reasons other than the pain itself (288). This includes interpersonal conflict. Thus, some 

98% of emotion regulation episodes involve adaptations to significant others (161; 706; 

745; 746). In his study of 1200 migraineurs, Sacks described how ‘situational’ migraine 

may arise in hostile-dominant relationship contexts characterised by ‘malignant emotional 

binds’, where active coping is precluded (426). In such contexts, it may be more adaptive 

to attend to the power and threat of others while monitoring one’s own behaviour for its 

threat-safeness (167). There may be little one can do to alter the behaviour of the dominant 

person, especially if one is trapped with him or her. Here, the inhibitory social behaviours 

of appeasement and submission (suppression and self-criticism/blame) may offer a means 

of self-protection, enabling the individual to ‘make safe’ and elicit care (167). In conflict 

situations, although associated with dysphoria and headache, self-criticism/self-blame as 

a defensive/safety or appeasement behaviour can reduce arousal (747) and calm self and 

dominant others (748). As indicated above, in social situations of humiliation and 

entrapment, suppression may be one’s best option for dealing with depression and the 

increased pain sensitivity associated with interpersonal distress (748). Further research on 

the role of suppression and self-blame in response to a social stressor is indicated. 
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These ‘damage control’ coping responses may also assist in bodily regulation; the 

dorsal-vagal branch of the parasympathetic nervous system is activated, bodily systems 

shut down, metabolic demands reduce and the pain threshold increases (148). Where 

active coping is precluded, the ‘fold into helplessness’ accompanying a migraine attack 

may itself be a protective reflex (749) Over time, these safety-seeking social strategies 

become linked into intimate self-self and self-other relationships (167). This ecological 

perspective is consistent with studies showing a greater incidence in migraineurs than non-

migraineurs of anxious attachment, PTSD and a child maltreatment history (750-753). 

Hence, there may be strong contextually-based reasons why migraineurs adopt ‘fear 

avoidant’ tactics, fail to use social support or to regulate distress at all (426). It may even 

be the case that the response conflict evoked in our research design – where individuals 

over-extended themselves in a context which consistently thwarted goal progress – was of 

a kind likely to lead to a ‘learned helplessness’ response{Overmier, 2002 #978}(268). 

Perhaps then the deciding factor in stress-related headache is whether or not response 

conflict leads to this constellation of behavioural responses.  

Thus ultimately, consistent with the transactional model (615), contextual factors 

including various forms of response conflict may be the sine qua non in determining the 

relationship between coping choice, coping efficacy and headache-related NA. Further 

research on the relationship of coping and headache within different (relationship) 

contexts, especially those evoking a learned helplessness response, is recommended. 

8.4.4 Clinical implications 

Literature and research in Acceptance and Commitment Therapy (ACT) (675)  and 

mindfulness-based cognitive therapy (MBCT) promotes pain/emotional acceptance as an 

antidote to internal or response conflict (276; 754). This approach eschews the idea of 

coping in favour of acceptance, since a coping emphasis may encourage, or at least permit, 

a somewhat inflexible agenda of pain control, promoting an unproductive struggle against 

one’s current reality (276). Thus, pain acceptance was shown to be a key mechanism 

underlying improvement in pain outcome during an MBCT intervention for headache pain 

(755). In addition, given the central role of anxiety in the selection of headache coping 

tactics, methods which downregulate the amygdala response to potentially threat-related 

cues and upregulate prefrontal control mechanisms can be usefully taught, using extinction 

and reinstatement approaches (723).   
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In facilitating acceptance, headache treatment programs should aim to develop skills 

and awareness of:  

1. The components of effective coping – i.e. of methods which increase pain self-

efficacy, decrease stressor uncontrollability and reduce the likelihood of learned 

helplessness responses.  

2. Sensory monitoring and redirecting emotion-eliciting stimuli toward their 

sensory/external components 

3. Skills in the “metacognition of attention’, such as (i) identifying beliefs about self, 

others and the environment which underlie one’s adoption of certain coping tactics; 

(ii) monitoring one’s attentional performance, even in situations where external cues 

about its functioning are not yet present, (iii) developing selective attending skills 

which enable dissociation of sensory and emotional aspects of a stimulus.  

4. Distress tolerance through self-compassionate observation and acknowledgement of 

external (e.g. others’ behaviour and motivations) and internal (one’s own reactions 

and thoughts) aspects of the context (756).  

5. Emotional competence/intelligence in identifying one’s own and others’ emotions, 

activating self-soothing behaviours in the ‘safeness’ domain (737) and increasing the 

range of non-submissive coping strategies (757; 758).  

Limitations of this study 

The generalizability of these coping results is limited by reliance on a predominantly 

undergraduate population, since university students have a relatively consistent level of 

education, are familiar with testing situations and may view the task more as a ‘challenge’ 

than a threat. The WCQ-R may also limit the assessment of coping, since although widely 

used, it pre-dates the acceptance-based coping and emotion processing research literatures 

(276; 734). Nor are self-soothing behaviours canvassed sufficiently. Also, although the 

measure was chosen for its adaptability to a particular stressor (663; 759), parity of scoring 

between original and adapted versions is difficult to achieve and these differences may 

have biased the results.  

Furthermore, in replicating the 4:1 migraine gender ratio, our sample was composed 

primarily of women, and at least some coping strategies may be gender-specific (760). 
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8.5 Conclusions 

There is a bidirectional relationship between headache and coping, and this relationship 

is mediated by anxiety. By increasing the attention paid to pain and NA, threat-based coping 

tactics are associated with more intense headache, which further upregulates anxiety. 

Headache itself was associated not with the response-focused method of suppression, but 

with less use of ignoring pain sensations. Coping is compromised in situations where 

approach and avoidance motives are coactivated, and the NA thus generated, especially 

when combined with learned helplessness responses, may increase headache vulnerability. 

Coping optimally with the experience of headache involves a focus on decreasing rather 

than controlling pain, increasing skills in the metacognition of attention and restructuring 

thinking away from threat-based appraisals. 
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9.1 Aims and description 

From the point of view of homeostatic regulation, the neurovascular condition of 

migraine – and to a lesser extent T-TH – is a conundrum. Following stress, normal 

homeostatic mechanisms could be expected to return autonomic stress responses to 

baseline. However, anomalous responses to a stressor have been described, particularly 

in migraine, and placed under the rubric of “stress sensitivity”. These include alterations 

in normal homeostatic mechanisms during stress (e.g. abnormal autonomic function), 

failure to habituate to repeated stressors of the same kind (558), failure to shut down the 

stress response in a normal manner (596) and altered or ineffective responses to stress 

that lead to compensatory increased responses, e.g. over-active threat appraisals (184) or 

alterations in brainstem processing that lead to central sensitisation (111). Nevertheless, 

there is relatively little knowledge of the activity and reciprocal relationships between 

biological and psychological aspects of the multilevel stress response as these pertain to 

headache activity during a stressful episode. Thus, in an experimental study using a 

biopsychosocial model, the aim of this thesis was to investigate whether and how each 

component of the psychobiological stress process may induce headache in those with 

episodic migraine and T-TH during headache provoked by a stressful cognitive task. 

Since stress is a commonly reported precipitant of headache, and more amenable to 

modification than physiological stress responses, results of this study were expected to 

inform headache treatment and management and to potentially offer information on other 

disorders similarly impacted by stress. 

Following the recommendations of Koolhaas and colleagues (761), an established 

cognitive stressor, a stressful arithmetic task (33), was modified to be both unpredictable 

(non-contingent failure feedback) and uncontrollable (time pressured, loud background 

noises, head shocks). Participants rated the stressfulness of the task at a mean level of 4.5 

on a 7-point scale. 

In a three-phase experiment before, during and after the task, participants rated 

headache, nausea, pain and pain distress or negative affect (NA) on a ten-point VAS scale 

immediately following the administration of 2 milliamp head shocks over the supraorbital 

nerve on the forehead. Ten shocks were administered at 30 second intervals, 20 shocks at 

2 second intervals and a further 10 shocks at 30s intervals. In the 25-minute arithmetic 

task, in the second phase of the experiment, participants continued to receive the sequence 

of head shocks while completing four sets of addition and subtraction exercises. Each 

arithmetic set was time pressured and at increasing levels of difficulty. Meanwhile, an 
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audio recording of a crying baby was played in the background at steadily increasing 

volume. Blood pressure was taken at approximately 3-minute intervals. Following each 

arithmetic set, the participant rated headache, nausea, pain, anxiety, confusion, 

discouragement, irritation, sluggishness, tension and self-efficacy. Cortisol was measured 

at four points during the task – at entry, and at the end of each phase of the experiment. 

Trigeminal nociception during the experiment was measured via nociceptive blink reflex 

recordings, using a sequence of 10 shocks at 30s intervals, 20 shocks at 2s intervals and a 

further 10 shocks at 30s intervals within each phase of the experiment. In order to take 

these measurements, participants were placed in a Faraday cage, a room lined with metal 

sheets to screen out electrical noise. 

A week prior to testing, participants completed a headache questionnaire and a 

headache diagnostic category was assigned according to I.H.S. criteria (7). Participants 

also completed the NEO-PI-R (323), Ways of Coping Questionnaire – Revised (WCQ-R) 

(663), (Pain) Coping Styles Questionnaire (329) and Close Relationships Questionnaire 

(attachment styles) (434). 

Immediately following the stressful task, participants filled out a modified version of 

the WCQ-R (663). Participants were asked to rate four dimensions of the task – task 

stressfulness, controllability, impact and importance on a 7-point scale. A further 36 

questions tapped participant coping strategies during the task on a four-point scale (‘not 

used at all’ to ‘used a lot’).  

9.2 Stress, allostasis, allostatic load and headache 

The ambiguity of the term “stress” (see Section 1.1.1) confuses adaptive changes to a 

current or anticipated stressor (e.g. release of catecholamines to increase heart rate and 

blood pressure) with the maladaptive changes which lead to wear-and-tear on the organism 

(e.g. elevated and prolonged heart rate contributing to heart attack). Thus, the use of the 

terms ‘allostasis’ – achieving stability through change – and ‘allostatic load’ – the cost to 

the organism of such changes – offer greater precision when considering the relationship 

between different aspects of the stress response and headache.  

With the onset of a stressor, adaptive processes usually come into play that may be 

measurable in psychophysiological stress responses (e.g. circulating glucocorticoids, 

changing appraisals). Effector responses often impact numerous bodily parameters at the 

same time. When conditions are stable and predictable, individuals learn to make 

anticipatory responses that allow adaptations to avoid physiological dysregulation. 
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Initially arbitrary cues become, by virtue of prior association, conditioned to elicit 

corrective responses. Disturbances are appropriately balanced by a counter-regulatory 

response. In allostasis, a response is initiated by a stressor, sustained for an appropriate 

interval and then turned off.  

A specific injury initiating a large nociceptive barrage either activates cortico-striatal 

circuitry into a response that copes with the injury and aids recovery or a response that 

diminishes the cortico-striatal threshold. When a stressor is protracted, frequent or 

prolonged, the usual regulatory mechanisms become ineffective in handling the reactions 

to a stressor, increasing allostatic load. Normally responsive allostasis – i.e. the efficient 

turning on and shutting down of responses – is disrupted by a constellation of internal 

states of dysregulation. The afferent signal is functionally amplified, enhancing the gain 

for inducing learning, which in turn imprints novel neocortical anatomical and functional 

memory traces (666). Effector loops may over-respond in magnitude or duration, remain 

active even if the initiating disturbance is no longer present, and/or become un-

coordinated, competing concurrently with other effectors. (291). Persistence of these 

dysregulated responses can lead to compensatory increased responses to other mediators, 

with long-term alterations in normal homeostatic mechanisms, such as autonomic function 

and brainstem processing. Although regulation will eventually settle at a balance point, 

prolonged elevation of the regulated variable is inefficient and metabolically costly 

beyond what is normally required, leading to disease (291). In a maladaptive feedforward 

cascade, increasing allostatic load progressively damages brain and body systems (192). 

In chronic pain conditions, for example, the human brain undergoes extensive 

reorganization – peripheral reorganization of afferent signalling, changing sensitivity for 

nociceptors and molecular changes at the level of the spinal cord which generally give rise 

to central sensitization (111). Capacity to activate central opioid neurotransmission is 

reduced (762). There is a lowered mesolimbic threshold for the conscious perception of 

pain and increased activity in the medial prefrontal cortex and amygdala. In multiple 

animal models there is evidence of the critical role of the amygdala, where its properties 

seem to modulate even spinal cord central sensitization processes (763) and influence 

prefrontal activity (764). This renders the pain more distressing (209). These limbic brain 

properties are the primary determinant that explain almost all of the variance of the 

outcome parameter for the transition to chronic pain (666). Persistence of negative moods 

becomes a maladaptive process, at least partially maintained by neuropathological 

mechanisms (666). Such changes have been documented in chronic daily headache as well 

as chronic migraine (192). 
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9.3 Study findings 1: Allostatic load and stress-headache 

In what follows, using the framework of allostatic load, we will examine the sequence 

of psychophysiological responses to the laboratory stressor in episodic migraine and T-

TH participants and those who developed headache during the stressful task – 67% of 

whom were controls. As diagrammed in Figure 9.1, the stages of the stress response were 

considered as: stressor–appraisals–coping–psychophysiological stress responses–strain, 

where strain may be considered equivalent to allostatic load.  

After McEwen (765), four conditions lead to allostatic load: 

• Type 1: Repeated “hits” from multiple stressors,  

• Type 2: Lack of adaptation to a stressor,  

• Type 3: Prolonged response due to delayed shut down,  

• Type 4: Inadequate response that leads to compensatory hyperactivity of other 

mediators. 

9.3.1 Primary stressor appraisals/stressor exposure 

Factor analysis of the four task dimensions rated during the modified WCQ-R (140) 

yielded two factors – subjective stressfulness and stressor controllability. Only 

‘subjective stressfulness’ (“how stressed-out am I?”) related to headache. If the answer 

effectively was “very”, the person felt discouraged and tense. This may relate to 

Panksepp’s explanation that the experience of stress arises when top-down cognitive 

functions that regulate affective processing are disrupted, since these act as a brake on the 

emotional turmoil engendered by stressful situations (126).  

After Bolger (185), subjective stress appraisals were considered to measure stressor 

exposure, the likelihood of appraising a situation as stressful or a threat. Subjective stress 

and appraisals are likely to compound, increasing the chances of further such appraisals 

(766). Continuous appraisals of situations as being threatening (767), whether during daily 

hassles or major life events (768) can result in Type 1 allostatic load (214)  – a greater 

number of “hits” (765).  

High neuroticism (N) can further add to allostatic load, since high-N scorers 

experience greater threat perception and anxiety (300; 344; 350; 365; 644; 652; 769) and 

are more susceptible to experiencing NA and frustration during daily hassles than low-

scorers on this trait (184). Exaggerated harm appraisals are thought to confer stress 



Chapter Nine.  General discussion and conclusions 

226 

vulnerability during threat (407) and high scorers experience high levels of subjective 

stress and low feelings of control each time they encounter acute stress (770; 771). 

However, over time the HPA axis and autonomic reactivity become downregulated as a 

result of allostatic load (60; 586; 765). Thus, primary stress appraisals may increase 

headache vulnerability, especially in individuals scoring high in neuroticism.  

9.3.2 Discouragement and tension 

In multiple regression analyses, discouragement and tension accounted for 87% of 

the variance in the relationship between subjective stress appraisals and headache. NA 

was greater in those who developed headache during the task than those whose headache 

was mild. The heightened NA of those who developed a headache fits with the third of 

McEwen’s criteria for allostatic load – that of “prolonged response”. Furthermore, and as 

discussed below, the high NA as one arm of the stress response may have interacted with 

the other arm of the stress response (physiological and autonomic responses), potentiating 

these responses. 

Agreeableness moderated the relationship between subjective stress appraisals and 

headache, by reducing the level of discouragement associated with this appraisal. This is 

consistent with findings of lower headache severity in more agreeable individuals, since 

agreeable individuals are less often engaged in interpersonal conflict and anxiety-

producing life events (185; 194; 201; 392-394; 772). 

High openness to experience (O) reduced the degree of tension associated with a 

subjective stress appraisal, thus potentially reducing allostatic load. Since high-O 

individuals tend on a motivational and cognitive level to explore new experiences (773), 

they may have been more likely to appraise the (novel) task as a challenge rather than as a 

threat, thereby reducing subjective stress and NA (160; 774). Also, since high-O scorers 

are characteristically emotionally expressive (323), the frequent affect ratings during the 

task may have suited these individuals. 
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Figure 9.1 Cascade of effects increasing allostatic load and thus increasing vulnerability to stress-headache. 
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9.3.3 Secondary appraisals/stressor reactivity 

Stressor reactivity arises from secondary appraisals of one’s coping options and 

expected efficacy in relation to both stress and pain. Problem avoidance and low belief in 

one’s ability to decrease pain (“pain-decrease” belief) were lower in those with than 

without headache. Participants who developed headache had higher pain report, pain 

distress, NA and self-efficacy expectancies than those with no-or-low headache. Higher 

secondary stress appraisals influenced both neuropsychological and neurophysiological 

reactivity and may increase allostatic load, since the cumulative effect of stress reactions 

impedes a return to ‘normal’ levels.  

9.3.3.1 Neuropsychological responses #1: Reduced task self-efficacy  

The assimilative-accommodative processing distinction is central to explaining how 

cognitive processing regulates affective states and thus how self-efficacy can moderate the 

impact of stressful events on headache. The hallmark of the top-down assimilative style is 

active persistence – trying harder – in the face of failure. Its style of “tenacious goal 

pursuit” best suits knowledge-based tasks with clear ‘correct’ answers and is associated 

with greater pain sensitivity (606) and migraine headache (609). Its opposite, 

accommodative processing, is a bottom-up style which permits flexible adaptation to 

changing task demands (606). Thus, of the reactivity measures, high outcome expectancy 

was the strongest predictor of headache, possibly because such expectancies set in motion 

the analytic, assimilative processing style. These participants appear to have set 

themselves a success goal – and goals are important determinants of behaviour. For 

example, individuals are more likely to endure a task despite pain to achieve important 

goals (669). The sharp decline in self-efficacy expectancies mid-way through the task 

suggests that although these participants’ confidence had waned, they could neither 

modify self-expectations nor ‘change tack’, e.g. switch to the more flexible 

accommodative processing style. Lack of adaptation to a stressor is an example of Type 2 

allostatic load. The association of high outcome expectancies with conscientiousness – a 

trait characterised by a desire to do things well and to follow a plan rather than act 

spontaneously (323) – is consistent with this observation.  

9.3.3.2 Neuropsychological responses #2: Pain self-efficacy beliefs 

Stress-headache was associated with lowered confidence in being able to reduce pain. 

Most research has involved belief in being able to control rather than reduce pain, but 
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although these beliefs are correlated, pain-control belief per se was unrelated to headache. 

Physiologically, perceived pain control influences levels of catecholamines and 

endogenous opioids which in turn affect pain report (597). Psychologically, a sense of 

uncontrollability over pain augments perception of pain intensity, demoralisation, and 

negative emotional reactions to nociceptive stimulation (648). Therefore, doubts about pain 

control are associated with increased pain, psychological distress and avoidance of painful 

activities (256; 649). Pain-decrease belief may assist the sufferer because it encourages 

active pain management, e.g. though relaxation (651). Its reduction may result in 

avoidance, whereby an adequate response is not turned on in the first place (Type 2 

allostatic load) and both avoidance and low pain-decrease belief predicted stress-headache. 

9.3.3.3 Neuropsychological responses #3: Pain affects: discouragement, 

anxiety, irritation 

In multiple regression analyses, discouragement, anxiety and irritation – the 

triumvirate of pain affects (228) – accounted for 90% of the variance in the relationship 

between stressor reactivity and headache.  

From a behaviour selection perspective, nociception, pain and negative moods are 

viewed on a single continuum of aversion (666). Below-threshold nociception is constant, 

frequently in the absence of pain perception (666), since even the most common 

behavioural repertoires require nociception to avoid injury. The function therefore of acute 

pain and NA is to signal the failure of the nociceptive machinery designed to avoid injury 

– a signal that aversion has failed or is about to.  

Since pain unpleasantness must be considered part of the brain’s emotional repertoire, 

the emotional limbic circuitry, especially the dorsal stratum, is part of the process for 

transferring nociception into conscious pain. Many of the regions associated with pain 

processing are also associated with emotions, attention and stress (775-780), so that pain 

threshold and magnitude can be readily modulated by mood and attention (781), 

expectations (212) or simple changes in instructions (782).  

Once pain is present, its salience draws attention, interferes with other thought 

processes and imposes a state of negative mood (666). When evoked, pain gives rise to 

new peripheral and spinal cord nociceptive learning/sensitisation (783; 784) and emotional 

learning, mediated through descending pathways (785), that is potentiated by the salience 

and perceived value of the aversive event. The output in turn modulates striatal-cortical 

loops to control behavioural repertoires (666). As such, once the conscious perception of 



Chapter Nine.  General discussion and conclusions 

230 

pain occurs, the behavioural repertoire following pain is shifted into minimizing injury or 

retracting away from the environment that has the potential for injury.  

Therefore, just as pain motivates the avoidance of further bodily injury and promotes 

behaviours that enhance healing (666), anxiety can be viewed as an emotional state, 

sustained by sympathetic arousal that promotes behaviours that diminish anticipated 

danger within one’s immediate physical space. Anxiety (and tension) arise from the 

subcortical FEAR system, an aversive state of worry, fear, uneasiness or apprehension, 

which accompanies an uncertain, existential threat (166). Anxiety results from being 

unable to predict, control or obtain desired outcomes (786), and influences pain intensity  

(229; 787) and sensitivity (Section 1.5.1).  

At a peripheral level, anxiety and other NA might provoke headache by instigating 

adrenal release, changing blood lipid levels, infusing sugar into the blood stream, increasing 

heart rate, respiration, muscle tension and blood flow through pain-sensitized vessels. At a 

central level, NA may activate the amygdala, septo-limbic system, PAG and paraventricular 

hypothalamic nucleus, which in turn activates a series of events in the superior salivatory 

nucleus (SSN) and trigeminovascular system (111), the substrate of primary headache (97). 

Any one or combination of these processes may contribute to a headache attack. 

Thus, anxiety can trigger headache (788), to the point where reduced anxiety was a 

stronger predictor of lower headache impact after 6 months than changes in headache 

frequency or changes in medication (634). Likewise, the  myofascial nociceptive input 

associated with tension may cause pain by reducing neck/shoulder muscle micro-

circulation (789), sensitizing myofascial trigger points in the neck and shoulders (790) or 

activating intrafusal fibres within the muscle spindle that detect stretch (791). In such 

ways, anxiety and tension can trigger learned behavioural responses which aim to avoid 

pain and stress but which ultimately evoke headache. 

Similarly, in a behaviour selection framework, depression/discouragement can be 

conceptualized more globally as an abstract cognition of perceived or anticipated danger. that 

results in withdrawal, self-isolation, reduced physical activity and diminished motivated 

behaviour (666). These NA arise from deactivation of the subcortical SEEKING circuit when 

circumstances are ambiguous and important goals are thwarted (126). Endogenous opioid 

production declines (286), as occurs also when self-efficacy is reduced (256), while chronic 

pain is associated with a reduced capacity to activate central opioid neurotransmission (762). 

The resulting feelings of sadness, despair, emptiness or loss of interest or pleasure in activities 

that constitute depression and discouragement may result from an expectancy of failure (288) 
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or the realization that one can make no progress at all towards a goal (641), but can also be 

explained as a way of protecting oneself in an adverse environment by reducing one’s 

engagement with it. From this perspective, pain and headache can function to encourage 

social withdrawal and isolation. This view is supported by the association of depression with 

headache attacks (274; 733; 792; 793), and the capacity of stress to trigger headache (302; 

794). Migraine and depression also have a shared etiology (348). Thus, depression, especially 

in headache-prone individuals, is likely to increase the frequency of behaviours that constrain 

one’s personal space. Thus, when stress impedes usual top-down control processes, 

impacting emotional processing capacities and one’s general sense of efficacy, the resulting 

discouragement and headache are likely to increase the likelihood of social withdrawal (285; 

795). Furthermore, as pointed out by a number of clinicians, this association can be functional 

in hostile-dominant interpersonal contexts where active coping is precluded and the ‘fold into 

immobility’ associated with headache is potentially protective (167; 426; 749). 

Less is known about how anger, or its milder version irritation, may inhibit behaviour, 

but one explanation may lie in the association of anger with headache (588) and disease 

outcome generally (796; 797). It is possible for example that the presence of headache 

may function to limit aggression, as with the ‘anger-in’ response associated with headache 

(793), protecting the well-being of the individual or others with whom the individual 

identifies, even in relation to a perceived wrong (798; 799).  

Therefore, just as nociception and pain protect against bodily injury by limiting 

behaviour, negative moods can function to minimize exposure to danger and promote 

survival by also inhibiting behaviour (666). It also seems plausible that pain and negative 

moods which increase pain perception (anxiety, discouragement, irritation), or affective 

states which influence motivation (sluggishness, tension, confusion) may induce 

recuperative ‘sickness behaviours’ until headache subsides.  

Anxiously attached individuals may however exaggerate and sustain headache-

related NA, over-emphasising their sense of helplessness and vulnerability because signs 

of weakness and neediness can sometimes elicit attachment figures’ attention and care 

(800). Unlike secure and avoidant people, who tend to view negative emotions as goal-

incongruent states that should either be managed effectively or suppressed, anxiously 

attached individuals attend to internal indicators of distress (801). This includes 

hypervigilant attention to the physiological aspects of emotional states, heightened recall 

of threat-related experiences and rumination on real and potential threats (432). In the 

present study, attachment anxiety but not attachment avoidance was associated with pain, 
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pain-related distress and headache before and after, but not during mental arithmetic. This 

finding was attributed in part to the fact that the task itself was attachment-irrelevant (i.e. 

having no direct implications for one’s relationships), and unlike the first and third phases 

of the experiment, involved no interaction with the experimenter. The stressful task itself 

may also have functioned to deflect attention away from pain (416). Research using an 

attachment-relevant stressor is recommended to further determine the relationships 

between anxious attachment and headache. 

However, in the stress-headache (and migraine) participants in this study, NA 

continued past the end of the task. Persisting NA can exacerbate threat (168), potentially 

perpetuating headache as well as nausea. NA which is prolonged even after the stressor is 

over is an example of Type 3 allostatic load. 

9.3.3.4 Neuropsychological responses #4: Response conflict  

Since stress may only arise when important life goals are threatened (162), positive 

coping strategies are directed at ensuring that goal achievement is furthered (or at least not 

blocked). Avoidant coping was a predictor of stress-headache possibly because in this 

context, regulating one’s behaviour through avoidance led to conflicts in goal pursuit 

(670). Avoidance goals may also create distress, especially when self-regulation is failing 

(671). Allostatic load is increased because individuals are attempting to control or reverse 

a perturbation that has already occurred. ‘Control’ of pain is not possible at this point and 

will result only in internal struggle (670): one can only learn strategies for decreasing it – 

such as sensory monitoring (262). Moreover, such reactions themselves, rather than 

settling the organism back into equilibrium, further perturb it. Thus, the threat-based, 

experientially avoidant coping strategies of wishful thinking and praying/hoping, pain 

catastrophising or self-criticism which predicted headache intensity are likely only to 

intensify headache-related NA (719).  

Furthermore, when coactivated with approach motives, especially in the context of 

high outcome expectancy, the resulting approach-avoidance conflict produces marked 

vacillation as well as ineffectiveness in goal pursuit (670). This increases  NA and triggers 

the use of self-regulatory resources (668). The end-result could be increased pain sensitivity 

and headache. These responses may be considered examples of Type 4 allostatic load – 

inadequate responses that lead to compensatory hyperactivity of other mediators. 

Avoidant coping is moderated by personality. Since individuals high in neuroticism 

tend to magnify risks and anticipate adverse outcomes relative to gains, they are inclined 
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towards ‘harm avoidance’, the tendency to eschew ‘risky’ decisions in favour of ‘safe’ 

ones in a risk-taking decision-making situation (344; 802). Low- agreeableness and low-

conscientiousness were also related to avoidant coping. Conscientiousness was also 

inversely related to pain catastrophising, and thus indirectly to headache intensity. Given 

the aforementioned characteristics of conscientious individuals, the negative association 

between conscientiousness and avoidant coping, pain catastrophising and stress-headache 

is unsurprising.  

9.3.3.5 Neuropsychological responses #5: Increased threat-based coping 

Anxiety was found to mediate the relationship between pain/stress threat-based 

coping tactics and headache. The threat-based tactics of wishful thinking, pain 

catastrophising, self-criticism and praying/hoping all predicted headache intensity during 

the stressful task. Anxiety is thought to disrupt the balance between amygdala-prefrontal 

circuitry, potentially leading to altered associative, attentional and interpretative processes 

that sustain a threat-related processing bias in individuals. In a reciprocal relationship, 

anxiety may strengthen the activation of threat-related representations by augmenting the 

output from the threat-appraisal processes and so making the selection of threat-related 

interpretations – and anxiety – more likely (714). At the same time, this imbalance may 

downregulate prefrontal control mechanisms, increasing the likelihood of response-

focused coping and decreasing antecedent-focused coping. Thus, NA downregulation does 

not occur. In this way, poor coping during stress-headache increases the chances of Type 

1 allostatic load (greater number of “hits”). 

9.3.3.6 Neurophysiological responses #1: Nausea  

Defined as ‘an unpleasant sensation of a protective mechanism elicited by the 

interaction of inherent factors and changeable psychological states’(803), nausea is 

considered to function as a protective mechanism, warning the organism to avoid potential 

toxic ingestion (804). Individuals are proposed to each have a dynamic threshold for 

nausea, which depends on the interaction of inherent factors (age, gender, race) and more 

changeable psychological factors – anxiety, expectation, anticipation and adaptation 

(803). Physiological responses that accompany nausea include an increase in SNS activity, 

a decrease in PNS activity, an increase of abnormal dysrhythmic gastric activity and an 

increase in plasma vasopressin. This autonomic outflow during nausea is likely modulated 

by the central nervous system (CNS). Nausea has been shown to increase headache and 

scalp tenderness, thus adding to the pain burden (805). 
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In this study, once the headache began, nausea and NA generally continued to rise, 

remaining higher in those with than without stress-headache. Both nausea ratings at the end 

of phase 1 of the experiment, and nausea ratings during the task predicted stress-headache. 

A reciprocal relationship may thus have existed between nausea, negative affect and 

headache. The two-way relationship between nausea and headache has been noted before 

(210; 806). A relationship between nausea and NA is also suggested by functional magnetic 

imaging (fMRI) research showing that activity in the medial prefrontal cortex and the 

pregenual anterior cingulate cortex, areas of the brain involved in higher cognitive function 

and emotion, correlate positively with an increase in heart rate during nausea. In addition, 

bursts of cardiovagal modulation precede transition to a higher level of nausea, perhaps by 

prompting interoceptive re-evaluation by the individual which culminates in higher nausea 

ratings (807). This research suggests the importance of cognitive and emotional centres in 

modulating the parasympathetic to sympathetic shift associated with nausea (808; 809). 

Thus, nausea adds to headache via Type 3 allostatic load – prolonged response. 

9.3.3.7 Neurophysiological response #2: Cortisol levels 

Cortisol levels differentiated between those with and without stress-headache, being 

particularly low in afternoon-tested stress-headache participants. Glucocorticoids are 

critical for energy mobilization and distribution in multiple organ systems and are needed 

to assure energy availability even in the absence of stress. There is also a marked diurnal 

rhythm of HPA axis activation, with peak levels corresponding to the waking phase (810). 

Diurnal glucocorticoids may play an important part in regulating energy homeostasis 

during daily activities (811).  

Stress responses may be considered a ‘special case’ of HPA axis drive, boosting 

energy when it is needed for adaptive responses (812). Higher levels of glucocorticoids 

activate the glucocorticoid receptor (GR) which is thought to mediate glucocorticoid 

effects on mobilization of energy stores (liver, fat and muscle), inflammation and neural 

function (among others) (813). Given that stress levels of glucocorticoids are read 

primarily by the GR, this receptor is generally assumed to subserve the bulk of feedback 

regulation (814). Since inappropriate or prolonged HPA axis activation is energetically 

costly and linked with numerous physiological and psychological disease states (812), 

proper control of the stress response is of critical importance. The fact that cortisol 

secretions in the afternoon-tested stress-headache group declined from relatively low 

levels at entry to extremely low levels at the conclusion of the experiment suggests not 

only the unavailability of energy reserves for these individuals, but deficient control of the 
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stress response (812). Since appropriate levels of gluco-corticoids have anti-inflammatory 

and anti-nociceptive effects, headache may result from glucocorticoid withdrawal and 

reduced HPA activation when acute stress ends (282). Hypocortisolism can be viewed as 

Type 4 allostatic load, characterised as a lack of normal response of a generally hypoactive 

system – which occurs also in fibromyalgia and other chronic pain syndromes (214). Low 

HPA axis responsiveness may result in increased activity of other systems, such as the 

immune system, with corresponding implications for health (214; 815). 

9.3.3.8 Neurophysiological responses #3: Nociceptive blink reflexes 

Under normal circumstances, habituation – reduced responsiveness to repetitive 

stimuli – occurs as part of the homeostatic counter-response to a stressor (555). Since 

incapacity to progressively reduce pain-related responses to repetitive stimuli may favour 

mechanisms of central sensitisation (111), habituation deficiency is considered a 

functional hallmark of the migrainous brain between attacks (558). In nociceptive blink 

reflex (nBR) studies, longer recovery times (566), longer R2 latencies (816) and greater 

R2 area-under-the-curve measures (817) are reported in migraineurs. 

In those with stress-headache, longer R2 latencies to the 30s ISI shocks, particularly 

during the latter half of the stressful task were observed. These were considered to indicate 

reduced trigeminal excitability during the task, indicating the operation of inhibitory 

controls. R2 area-under-the-curve (a measure of global nociceptive activity) was also 

greater, especially post-task, suggesting increased activation (a reduced threshold) in this 

group. That these participants also reported greater pain and pain distress before the task 

suggests an imbalance in excitatory (e.g. arousal) and inhibitory responses to this stressor, 

with resultant weaker inhibition of nociceptive input to the synapse (566). This may be 

considered an example of Type 2 allostatic load – lack of adaptation to a stressor.  

In combination, these psychophysiological responses increased allostatic load, and 

thus stress headache. In sum, during stress, both limbs of the stress response – NA and 

physiological arousal – may, by different mechanisms, disrupt inhibitory pain control. The 

sum of multiple aspects of pain processing can increase headache intensity by exacerbating 

the affective response to pain, possibly altering functional connectivity between cortico-

thalamic pain modulating circuitry (246), the periaqueductal gray (247), amygdala and 

visceroceptive cortex (248).  



Chapter Nine.  General discussion and conclusions 

236 

9.4 Study findings 2: Allostatic responses in low/no headache 

Figure 9.2 shows the sequence of events by which allostatic responses are turned off 

without contributing to allostatic load. Low subjective threat/stress appraisals are 

associated with low levels of discouragement and tension (positive affect was not assessed 

in this study). Modest outcome expectancies ensure that task self-efficacy remains stable, 

precluding the adoption of ‘learned helplessness’ behaviours in favour of a flexible 

‘accommodative processing’ style which permits ready adaptation to changing task 

demands. The individual maintains belief in their ability to reduce pain. This combination 

of effects reduces the likelihood of response conflict from the coactivation of approach and 

avoidance motives, thereby avoiding vacillation, distress and the triggering of regulatory 

resources. This in turn means lower levels of anxiety, irritation and discouragement. 

 

Figure 9.2 Pathways to homeostasis in those who did not develop a headache during the stressful task 
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Reduced anxiety also means less use of the threat-based coping tactics of wishful 

thinking, self-criticism, pain catastrophising and praying/hoping which would otherwise 

further increase threat and impede the use of volitional cognitive control coping methods. 

This combination of responses reduces the affective response to pain, possibly by 

maintaining balance in amygdala-prefrontal circuitry, i.e. downregulating amygdaloid 

hyperactivation and upregulating prefrontal control mechanisms, further increasing the 

individual’s perceived control. At the neurophysiological level, low levels of nausea, 

adequate cortisol response and low trigeminal activation help reduce the pain distress 

which otherwise has capacity to disrupt inhibitory controls, potentially inducing head pain. 

The nett effect is that homeostatic balance is restored and any headache quickly dissipates. 

9.5 Study findings 3: Allostatic load in episodic 

migraine, T-TH & controls 

The cephalic response of migraine is regarded as pre-emptive rather than  reactive 

(200). Initial sensory information in one area of the body (e.g. nausea, high NA) operates 

as an early signal of an event that could potentially perturb a perhaps critical variable 

elsewhere in the body. Corrective effectors are activated, i.e. occur pre-emptively before 

the criterion value is perturbed. This is evident perhaps in the increased irritability and 

tension characteristic of the migraine prodrome. However, post-attack, these responses do 

not readily shut off, terminating only through sleep or emesis (596). For such reasons, 

migraine has been described as an example of allostatic load (192). As many of the T-TH 

participants were at the lower end of the migraine spectrum (so-called ‘probable migraine’), 

additional exploratory comparisons between migraineurs and controls were performed to 

better identify migraine-specific factors (see Supplementary Table 9.2, page 243). Table 

9.1 outlines the psychophysiological responses in episodic migraine and T-TH participants 

in this study compared with controls as these may pertain to types of allostatic load.  

Table 9.1 Variables associated with allostatic load in episodic migraine, T-TH and controls 

Variable 

Comparative psychophysiological  responses in migraine, T-TH 

and controls 

Type of allostatic 

load for migraine 

group 

Primary appraisal Greater threat appraisals in migraine than T-TH associated 

with discouragement, confusion, sluggishness and tension 

Type 1 

Affects Migraineurs show slower post-task declines in tension, 

confusion and irritation than controls # 

Type 3 

Pain report before task Similar in all three groups – 

Pain distress before task Similar in all three groups – 

Outcome expectancy Lower in migraine than controls # – 

Self-efficacy changes Lower in migraine than controls # – 
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Variable 

Comparative psychophysiological  responses in migraine, T-TH 

and controls 

Type of allostatic 

load for migraine 

group 

Pain-control belief Similar in all three groups – 

Pain decrease belief Lower in migraine than T-TH Possible Type 2 

Pain coping strategies  Similar in all three groups – 

Stress coping strategies 
(problem engagement, emotion 
management, avoidant) 

Similar in all three groups – 

Nausea Similar in all three groups – 

Cortisol Similar in all three groups – 

Blood pressure & pulse rate Similar in all three groups – 

Temporal pulse amplitude Higher in controls than headache sufferers – 

Number of R2 reflex blinks Similar in all three groups – 

R2 latencies Longer in migraine than T-TH in phase 1, shorter in phase 2 

and phase 3, longer than T-TH at end of experiment 

Type 3 

R2 Area-under-the-curve Greater post-task AUC  in migraine than T-TH (i.e. reduced 

threshold) 

Type 3 

See also Supplementary Table 9.2, page 243 

Rather than a subjective stress appraisal, migraineurs were more likely than T-TH or 

controls to make a ‘threat’ appraisal – “this might hurt me” – which was associated with 

discouragement, confusion, sluggishness and tension. In controls, NA increased rapidly 

during the stressful task but subsided quickly whereas, in migraineurs, NA increased as 

the task progressed and persisted at high levels. Nausea also was greater and more 

sustained in migraineurs than T-TH. Self-efficacy ratings were higher in controls than 

migraineurs, perhaps because such individuals are generally less sensitive to pain and less 

reactive to stressful events than migraineurs (28). 

This table illustrates however that relatively few indices distinguished migraine from 

T-TH or controls in this experiment. Only 40% of migraineurs reached a ‘critical point’ in 

which allostatic load led to stress-headache, despite their increased vulnerability via 

greater threat appraisals, higher and more prolonged NA and higher post-task R2 AUC 

(indicating greater post-task excitability). Thus, other effects apparently were able to offset 

or counteract this vulnerability. One such effect is lower outcome expectancy, which 

predisposed towards the use of an accommodative processing approach, and reduced NA. 

However, the extent to which attentional processes may underlie this information 

processing style was not assessed in this study, and these have been identified as a source 

of vulnerability (albeit a remediable one) in migraineurs (729).  

T-TH also showed evidence of being more stress-sensitive than migraineurs, as for 

example when post-task cortisol levels increased in T-TH to the ‘stress associated’ level, 

while remaining in the ‘normal’ range in migraineurs. In blink reflex measures, T-TH 
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showed greater blink reflex excitability as evidenced by reduced latencies during and 

following the task, but smaller post-task R2 area-under-the-curve, suggesting faster 

recovery from painful stimuli. This may be linked to the greater belief in T-TH sufferers 

of a capacity to reduce pain. Further research can help determine the relative role of these 

and other variables in reducing allostatic load in headache sufferers.  

9.6 Clinical implications 

Ultimately, consistent with Lazarus’ theory of stress and the emotions (160), stress 

relates to headache through emotion-eliciting appraisals which are inherently relational, i.e. 

they reflect an evaluation of what the stimulus circumstances imply for the person’s future 

well-being in relation to that person’s specific configuration of needs, goals, resources, 

abilities and predispositions. Appraisals, coping and thus headache are influenced by 

personality traits, attachment anxiety and context. For example, migraine is more prevalent 

in those raised in hostile, invalidating or abusive environments (751-753), where active 

coping is precluded, the sufferer is frequently in a ‘malignant emotional bind’ (426) and 

submission and self-criticism are tools of survival (748). Neuroticism and agreeableness 

may exacerbate these conflicts. Short-term, these responses may assist in bodily regulation 

(167) because the dorsal-vagal branch of the parasympathetic nervous system is activated, 

bodily systems shut down, metabolic demands decrease and the pain threshold increases 

(148). The ‘fold into helplessness’ accompanying a migraine attack may itself be a protective 

reflex (426; 749). However, long term, such learned helplessness responses may increase 

the level of allostatic load and dysregulation to the point where some individuals transition 

to chronic daily headache (818). 

Psychosocial interventions for headache thus include cognitive techniques such as 

CBT or ACT to enable modification of stress/threat appraisal processes. Individuals are 

taught through hypnosis or mindfulness training to enter the state of flow (819) which is 

antithetical to stress. Behavioural interventions could include teaching active coping skills 

and appropriate assertiveness, including their application in interpersonal situations where 

the sufferer is being dominated or put-down (167). Skills in distress tolerance (756) and 

the ‘metacognition of attention’ (730) could further assist sufferers to increase their ability 

to self-soothe during stressful situations, to monitor their attentional performance and to 

develop selective attending skills which would enable the dissociation and active 

redirection of sensory and emotional aspects of noxious stimuli.  
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9.7 Strengths and limitations of this study  

This study is one of a very few which examines each component of the stress process 

as it relates to experimentally-provoked headache. It also is one of few which investigates 

interactions between provoked headache and stress appraisal processes, headache-related 

NA, expectancies, reappraisal, and autonomic/physiological (nausea, cardiovascular, 

cortisol) responses during an unpredictable and uncontrollable ‘daily hassles’ simulation 

in episodic migraine, T-TH and controls. Attachment status and Five Factor Model 

personality traits were also examined in relation to headache.  

Findings were consistent with our biopsychosocial model of headache but should be 

interpreted cautiously. To minimize the type 1 error rate, significant multivariate effects 

were investigated in univariate analyses incorporating planned contrasts between groups and 

across time, followed by contrasts between groups at each time point to clarify significant 

main effects and interactions. However, as this approach resulted in a large number of 

statistical tests, our findings require replication. The small sample sizes represent a 

significant limitation which has already been discussed (section 3.5, page 65, Study 

Limitations). In addition, bias induced by the choice of stressor and the use primarily of a 

university student sample may lessen the generalizability of our results to clinical 

populations or chronic headache sufferers. Since the task itself increased NA, our paradigm 

did not permit definitive conclusions about the impact of headache on NA. Further, we did 

not collect reports of positive affect, so our assessment of stress – the collapse of positive 

emotions (45) – did not capture this dimension. Since positive emotions hasten return to 

homeostasis, they could reduce headache and autonomic arousal. Future research should 

assess these possibilities. Our groups were matched for age, gender and education, but 

headache frequency and duration were greater in the migraine than the T-TH group. Whether 

these variables influence responses to stress independently of headache diagnosis requires 

further study. 

Other limitations of this study were that depression and anxiety were controlled for 

only through participant selection, with reliance on patient self-disclosure rather than 

psychometric testing for depression/anxiety. It is possible therefore that our sample 

included individuals with undiagnosed mood disorders. Furthermore, migraine with and 

without aura were grouped together, nor were separate computations made for gender.  
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9.8 Directions for future research 

Many areas for future research can be identified, the results of which would have 

extended the findings of this study. These include:  

1. The influence of positive emotions on headache. The present study examined only the 

relationship of NA and headache. Since stress involves the collapse of positive and 

negative emotions (45), and the pre-eminence of the limbic system in the pain 

response (666), examining how positive emotions and humour may reduce pain and 

hasten the return to homeostasis could be of clinical value.  

2. The moderating role of personality traits on physiological stress responses. Previous 

research has identified a relationship between various personality traits, 

cardiovascular and cortisol responses during stress (418). This could extend the 

findings of the present study as to how personality moderates the aspects of the stress 

process which result in headache. 

3. Attachment anxiety processes in headache. The present study used only an 

attachment-irrelevant stressor. Use of an attachment-relevant stressor within a social 

context which was both supportive and non-supportive could help determine the 

relationship of context to headache. In addition, the relationship of headache to 

processes associated with anxious-attachment, such as exaggerated threat appraisals, 

beliefs about one’s ability to handle distress and attributions of threat-related events 

to uncontrollable causes or global personal inadequacies (432) could be ascertained.  

4. Headache coping. The present study examined only threat-based coping in headache. 

Additional measures tapping the relationship to headache of the drive and particularly 

the self-soothing domains (167) would be of clinical value. 

5. In assessing the disruption to cognitive processing of affective information during 

stress, the present study explored the relationship of headache to NA, outcome 

expectancy and manipulated changes in task self-efficacy during stress. Research 

designs which systematically manipulate these variables and the use of analytic rather 

than accommodative processing styles could further assess their relationship to 

headache.  

6. The present study inferred that response conflict of an approach-avoidance nature 

may lie behind the adoption of specific threat-based coping strategies. Further 

research which also used avoidance-avoidance and approach-approach response 

conflict could clarify and extend these findings.  
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7. The mediating roles of NA in the relationship between primary and secondary 

appraisals and headache were explored in this study. However, the mediating roles of 

pain beliefs and perceived stressor-controllability may also be significant in appraisal 

and coping processes in headache and could be investigated further.  

8. Effective pain management methods require the development of attentional capacities 

which may be compromised in migraineurs (729), but which may be developed by 

skills-based programs in the “meta-cognition of attention” (730). Assessment of the 

efficacy of such programs in helping migraineurs cope with the pain component of 

headache would be of clinical value.  

9. An analysis of the key ‘decision points’ relating to headache coping in terms of their 

failure to regulate or to mis-regulate headache-related NA in different contexts and 

particularly with different regulatory goals (171) would clarify how and when specific 

headache coping methods may be effective or otherwise.  

9.9 Conclusions  

In sum, the present findings suggest that headache results when stressor-induced 

psychological and neurophysiological responses increase allostatic load past a critical 

point. Anxiety, discouragement, tension and irritation mediated the relationship between 

primary and secondary stress appraisals, coping and headache intensity during the stressful 

task. Behavioural coping responses, especially those related to learned helplessness, may 

increase allostatic load. FFM personality traits and attachment anxiety influenced 

headache intensity by moderating negative moods. 

Learning to modify stress and threat appraisals, revise unrealistically high self -

expectations, dissociate sensory and affective aspects of pain and adopt coping styles 

which accept rather than struggle against pain may reduce vulnerability to stress-

induced headache. 
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Supplementary data 

Table 9.2 Analyses of variance, migraine v controls: means and standard errors, significant effects 
(see also Table 9.1, page 237) 

 Migraine Controls 

 Mean SE Mean SE 

Tension across task  2.71 0.207 2.85 0.286 

Confusion across task 3.391 0.324 3.795 0.446 

Irritation (set 3)  3.676 0.402 2.845 0.554 

Outcome expectancy 2.54 0.235 3.42 0.324 

Task self-efficacy 

(changes across task) 

2.836 0.232 3.871 0.320 

 

 F df p η2 

Tension 3.028 (2.2, 123)G 0.047 0.051 

Confusion 2.922 (2.5, 139)G 0.046 0.050 

Irritation (set 3) 5.416 (1, 56) 0.024 0.088 

Outcome expectancy 5.18 (1, 56) 0.027 0.085 

Task self-efficacy 

(changes across task)  

6.835 (1,56) 0.011 0.109 

G = Greenhouse Geisser correction 
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Appendix C “Ways of Coping” maths test 
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Appendix D Blink Reflex Quantification 

procedure 

 Open file 

 Change Time scale to 6 minutes 

 Remove manual stimulus marker channel (select channel, Edit>Remove Waveform) 

 Duplicate BR wave and label the duplicate BR abs (select BR; Edit>Duplicate 

Waveform) 

 Select BR abs wave 

In some files a band stop filter was applied for between 49-51Hz (at 1000 coefficients) to remove 
electrical artifact. 

 Transform > Digital Filters > FIR > Band Stop Filter 

 Digital Filter Text Box > Window = Blackman; Low Frequency (Hz) = 49; High 

Frequency = 51; Number of Coefficients = 1000;  Filter Entire Wave, OK. 

In some files a band stop filter was applied for between 99-102Hz (at 1000 coefficients) to remove 
electrical artifact. 

 Transform > Digital Filters > FIR > Band Stop Filter 

 Digital Filter Text Box > Window = Blackman; Low Frequency (Hz) = 99; High 

Frequency = 102; Number of Coefficients = 1000;  Filter Entire Wave, OK. 

In some case the eyeball roll was removed by high pass filtering with a cut-off frequency of 20Hz at 400 
coefficients 

 Transform > Digital Filters > FIR > High Pass Filter 

 Digital Filter Text Box > Window = Blackman; Cut-off Frequency (Hz) = 20; 

Number of Coefficients = 400;  Filter Entire Wave, OK. 

All files that belong to the same participant were filtered the same way. 

 Edit > Select All 

 Ensure BR abs wave selected, Maths functions > Abs 

 Select stimulus marker waveform, Maths functions > Abs 

 Reset waves so that raw BR wave sits underneath abs wave 

 Select stimulus marker waveform. Set functions on toolbar as Time, Delta T and 

Integral (CH = BR abs). 

 Change Time Scale to .1 second. 

 Transform>Find Peak = Positive Peak; Threshold Level = 1, Fixed; Set first cursor to 

= Peak + 0 ms; Set second cursor to = Peak + -60 ms; Paste measurements into journal 

tick; Measurement output = Save measurements as Excel Spreadsheet File tick, Ask 

for file name and location tick, Open spreadsheet after final peak is found tick; OK. 

A text box will pop up asking to perform ‘Find all peaks’ operation. Select ‘Yes’. 
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 Find Peak = Positive Peak; Threshold Level = 1, Fixed; Set first cursor to = Peak + 

27 ms; Set second cursor to = Peak + 87ms; Paste measurements into journal tick; 

Don’t Find. 

 Transform>Find All Peaks. Copy the new data from Journal and paste into Excel file 

next to the previous data. Make sure the Times match. 

 Save Excel file as participant number and condition. 

Latencies 

 Ensure Journal is open. Copy the empty ‘Latency’ data sheet from Excel. At the end 

of the AUC data insert the cursor and select the ‘Paste’ from the Edit menu. Ensure 

each stimulus has an event marker. 

 Go to the first flag and determine latency (in the 27-87ms window). Type in latency 

for specific stimulus. 

 Once all latencies have been determined, copy the data and paste into Excel data 

sheet next to AUC data. Make sure that the latency data matches the AUC data by 

comparing the stimulus labels. 

Collating 

 Each participant should have an Excel file with 3 worksheets (1 for each condition – 

Baseline, Maths, Post Maths). Each worksheet should have the pre marker AUC 

data; the post marker AUC data and the latency data. 
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