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Abstract
	 Stress modulates pain perception, resulting in either stress-induced analgesia or stress-
induced hyperalgesia, as reported in both animal and human studies. The responses to stress include 
neural, endocrine, and behavioural changes, and built-in coping strategies are in place to address 
stressors. Peculiar to humans are additional factors that modulate pain that are experienced in 
times of stress, notably psychological factors that potentially influence the directionality of pain 
perception. 
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Introduction

	 From the time of conception, stress is 
present in human life (1). ‘Stress’ is defined as a 
state of disharmony or threatened homeostasis 
(2). Stress can be due to either physical or 
psychological stressors and it is followed initially 
by a response specific to the stressor (3). As 
the stress increases, the response takes on a 
more stereotypical nature, termed the ‘General 
Adaptation Syndrome’ (4). The sequelae of 
stress include neural, endocrine and behavioural 
responses. The neural response is activation of the 
sympathetic nervous system, resulting in release 
of epinephrine and norepinephrine (5), whereas 
the endocrine response involves stimulation of 
the hypothalamic-pituitary-adrenal (HPA) axis 
(6). The behavioural responses include increases 
in pain threshold, changes in locomotor activity 
and body temperature, and catalepsy (7). The 
neural and endocrine responses to stress can be 
summed up by the stress system. 

The Stress System

	 The stress system is made up of central 
and peripheral components (3). The central 
components are located in the hypothalamus and 
brainstem, and they include (a) the parvocellular 
neurons that secrete corticotropin-releasing 
hormone (CRH), (b) arginine vasopressin (AVP) 
neurons of the paraventricular nuclei (PVN) 
of the hypothalamus, (c) CRH neurons of the 
paragigantocellular and parabrachial nuclei of 
the medulla and the locus caeruleus (LC), and 
(d) other mostly noradrenergic (norepinephrine, 
NE) cell groups in the medulla and pons (LC-NE 

system). The peripheral components include the 
peripheral limbs of the HPA axis and the efferent 
sympathetic adrenomedullary system (2). 
	 The central components of the stress system 
interact with three higher brain control areas, 
namely (1) the mesocortical or mesolimbic 
system (affect and anticipatory phenomena), 
(2) the amygdala and hippocampus complex 
(propagation and termination of stress system 
activity), and (3) the arcuate nucleus (the setting 
of pain sensation) (3).
	 Activation of the stress system brings about 
various changes in body systems, including 
increased secretion of hypothalamic beta-
endorphin and other proopiomelanocortin-
derived peptides, such as adrenocorticotrophic 
hormone (ACTH), which reciprocally inhibits 
stress system activity, resulting in analgesia (8, 9).

Coping Strategies to Stress

	 The body has built-in mechanisms to address 
stress. The term ‘allostasis’ means the process of 
maintaining stability (homeostasis) by active 
means, whereas ‘allostatic load’ means the wear 
and tear the body and brain undergo to achieve 
allostasis (10). Persistence of stress over time 
will deplete the body’s resources, resulting in an 
increased allostatic load and eventually ending in 
disease or death. 
	 Animals and humans display distinct coping 
strategies when faced with different types of stress. 
These coping mechanisms are mediated by neural 
substrates within the periaqueductal grey (PAG; 
11). The PAG circuitry is organised into distinct 
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longitudinal columns that function to coordinate 
somatomotor, autonomic, and behavioural 
reactions to different types of stress. The lateral 
column subserves escapable or controllable 
physical stressors, such as superficial pain. The 
dorsolateral column functions in reactions to 
psychological stressors, such as unconditioned 
stress or fear. Both of these columns are involved 
in active coping reactions, i.e., confrontational 
defensive or escape reactions. This is accompanied 
by hypertension, tachycardia, and analgesia. The 
third column is the ventrolateral column, which 
is activated when faced with an inescapable 
physical stressor, such as deep pain and opioid 
withdrawal, and psychological stressors in the 
form of conditioned stress or fear. 
	 Involvement of the ventrolateral column 
results in a passive-coping reaction, such 
as quiescence and hyporeactivity, and is 
accompanied by hypotension, bradycardia, and 
analgesia (11). The dorsolateral and lateral PAG 
evoke nonopioid-mediated analgesia, whereas 
the ventrolateral PAG evokes opioid-mediated 
analgesia. Stressors, however, often combine 
physical and psychological elements, thus 
activating multiple PAG neuronal columns (12). 

Parameters of Stress

	 Stress level can be determined using 
psychological as well as neuroendocrine 
measurements. The Symptoms of Stress Inventory 
(SOSI) (13) was designed to measure physical, 
psychological, and behavioural responses to 
stressful situations. The subject is asked to rate 
the frequency with which they experience stress-
related symptoms on a 5-point scale ranging from 
never to frequently during the past week. Other 
measures include the Perceived Stress Scale (PSS) 
and the Life Events Stress Scale (14). The distress 
level may be measured using the Likert Scale, 
which ranges from 1 (not at all distressed) to 10 
(extremely distressed).
	 The neuroendocrine measurements of stress 
levels include systolic and diastolic blood pressure, 
heart rate, salivary cortisol concentration, and 
salivary alpha-amylase activity (15–21).
	 Several psychological and psychosocial 
stressors have been utilised in studies of stress 
in humans. The Trier Social Stress Test (22), a 
public speaking and mental arithmetic stressor, 
and adaptations of this test (23,24) are widely 
used in studies of stress in humans (25,26). It has 
been shown that this stressor induces a strong 
stress response both by subjective report and 
physiological measures. 

	 The Stress Appraisal Measure (SAM) is a 
measure of anticipation of stress (27). Grillon et al 
(28) used a similar speech presentation and mental 
arithmetic paradigm as the social stressor. Takai et 
al (16) showed a video of corneal surgery to induce 
psychological stress. The Montreal Imaging Stress 
Task, an adaptation of the Trier Social Stress Test, 
is used in functional imaging studies to investigate 
the processing of psychological stress in the 
human brain (24). It is derived from the Trier 
Mental Challenge Test and consists of a series 
of mental arithmetic tasks together with social 
evaluative threat components. Negative feedback 
in combination with a challenging cognitive task, 
such as mental arithmetic or public speaking as 
used in the Trier Social Stress Test (22), have 
been shown to be highly effective in eliciting 
strong stress responses. The combined cognitive 
challenge induces a strong stress response on 
both the subjective and physiological levels. 

Neuroimaging in Stress and Pain 
Studies

	 Imaging provides a leap forward in stress 
(29) and pain studies (30). The advent of 
functional magnetic resonance imaging (fMRI) 
has made possible the study of human cognition 
by analysing brain activations (31). In pain 
studies, fMRI enables brain imaging during 
pain-intensity-related haemodynamic changes 
(32), as well as the modulation of pain by various 
psychological (33,34) and pharmacological 
interventions (35–37). 
	 Wang et al. (38) used arterial spin-labelling 
perfusion MRI to measure cerebral blood flow 
changes associated with mild to moderate stress 
induced by psychological stress. Perfusion MRI 
is ideal for imaging a sustained behavioural state 
(e.g., stress) involving functions of deep brain 
structures because of its excellent reproducibility 
over long-term periods and minimal sensitivity 
to magnetic field inhomogeneity effects. 
Psychological stress induced by mental arithmetic 
tasks causes increased activation in the right 
ventral prefrontal cortex and left insula/putamen 
area (38). The ventromedial prefrontal cortex, 
along with the lateral orbitofrontal cortex and 
the amygdala, are associated with emotional 
processing (39), whereas the right prefrontal 
cortex is associated with negative affect (40). 
These activations are accompanied by increases 
in heart rate, salivary cortisol and perceived stress 
levels. 
	 In a PET study, task-related increases in 
extracellular dopamine levels were observed 
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in the ventral striatum of individuals who 
mentally performed arithmetic computations 
in the Montreal Imaging Stress Task (24). fMRI 
findings in the same study revealed activations 
in the visual association cortices, angular cortex, 
sensory cortex, motor cortex, thalamus and 
caudate nucleus during the task performance. 
Performing mental arithmetic in the absence 
of stress resulted in activation of the posterior 
cingulate, angular, motor and visual association 
cortices. The main effects of stress were later 
shown to be activations in the left premotor area, 
the medial left prefrontal cortex, and bilaterally in 
the area of the cingulum/white matter (41). Apart 
from the activations, the psychosocial stress also 
caused deactivation of limbic system components 
including the hippocampus, hypothalamus, 
medio-orbitofrontal cortex, and anterior cingulate 
cortex. The presence of stress was determined 
by measuring salivary cortisol. This finding 
corresponds to the study reported by Niddam 
et al. (42) in which suppressed hippocampal 
activity was observed in patients with chronic 
pain (myofascial pain syndrome) when they were 
stimulated in a hypersensitive myofascial trigger 
point, reflecting stress-related changes in relation 
to chronic pain as a physical and emotional 
stressor. These findings suggest that a reduction in 
limbic system activity is essential for the initiation 
of the stress response (41).
	 Psychological/cognitive tasks used as 
stressors in imaging studies usually serve as a 
distraction to divert the subject’s attention from 
the perception of pain. In these studies, both the 
task and the pain stimuli are applied at the same 
time, hence the effects are mainly due to attention 
focused on the stressor rather than the pain. 
Petrovic et al. (43) used cold pressor pain during an 
attention-demanding maze task and demonstrated 
decreased activity in the somatosensory 
association areas and the periaqueductal grey that 
was accompanied by lower ratings of pain and 
increased activation in the orbitofrontal cortex. 
Using the counting Stroop test as the distractor 
and applying noxious thermal heat, Bantick et al. 
(44) showed lowered activation in the pain matrix 
(thalamus, insula, cognitive division of the ACC) 
and increased activation in the affective division 
of the ACC and the orbitofrontal cortex. Using 
the colour-word Stroop test and heat pain, Valet 
et al. (45) demonstrated reduced activation in 
pain-related areas and increased activation in the 
cingulofrontal cortex, periaqueductal grey, and 
posterior thalamus.
	 It has been shown that anxiety exacerbates 
pain through activation of in the hippocampus 

(33), which has led to suggesting ways to reduce 
pain by disengaging the hippocampus during 
potentially painful clinical procedures. A study 
using positron emission tomography (PET) 
showed that psychological stress in humans causes 
mesolimbic dopamine release (46). Using pain as 
the stressor, another PET study showed that basal 
ganglia dopaminergic activity is involved in pain 
processing, as well as emotional processing of the 
pain stimulus (47). Nigrostriatal D2 dopamine 
receptor activity was related to the sensory aspect 
of pain, whereas mesolimbic D2/D3 dopamine 
receptor activity was related to negative affect and 
fear. This finding outlines the regions involved 
in the physical and emotional responses to pain-
related stress in humans.
	 Yilmaz et al. (48) performed an fMRI 
study to investigate the neural correlates of 
stress-induced analgesia (SIA) in humans. This 
study used mental arithmetic as the cognitive 
stressor, white noise as an additional distressing 
element and mechanical pressure as the pain 
stimulus. Subject participation was rewarded 
with monetary remuneration. An adequate stress 
response was elicited with this study design that 
was evidenced by physiological changes. The 
results showed that the analgesia (as indexed by 
increased pain tolerance from pre to post-stress) 
correlated with the BOLD response for the post 
versus pre-stress contrast in the rostral ACC and 
right SI. Correlations for the differences in pain 
unpleasantness perceived with the pre and post-
stress using the BOLD contrast were significant in 
the dorsal ACC.

Directionality of Stress Effects on 
Pain Response

	 A crucial factor for the occurrence of 
SIA and stress-induced hyperalgesia (SIH) in 
humans is the influence of psychological and 
cognitive elements on stress and pain processing, 
which will in turn determine the outcome of 
the pain response. Pain experience in humans 
involves sensory-discriminative, motivational-
affective, and cognitive components (49). Table 1 
summarises the human studies on the effects of 
stress on pain behaviour. 
       Whether a human subjected to stress will 
exhibit analgesia or hyperalgesia is relatively 
subjective compared to the experience of animals 
and is dependent on the psychological effects that 
the stressor exerts on the individual’s emotions. 
Emotion modulates pain through an interaction of 
valence (pleasant-unpleasant) and arousal (calm-
excited) (50). The valence-by-arousal interaction 



54 www.mjms.usm.my 

Malays J Med Sci. Dec 2015; Special Issue: 51-60

Table 1: Human studies on stress effects on pain behaviour
Stressor Pain test Pain behaviour 

observation
Reference

Foot shock Flexion reflex SIA 60, 61
Perceived coping inefficacy in a 
mathematical task

Cold pressor test SIA
Blocked by naloxone

62

Exposure of spider phobics to 
spiders

Electrical stimuli SIA 63

Giving a speech about a recent 
anger arousing experience

Thermal pain 
stimuli

SIA only in women with 
low mean arterial pressure

64

Mental arithmetic Cold pressor test SIH 65
Fear induction by exposure to 
electrical shock
Anxiety induction by threat of 
shock

Radiant heat  SIA
 SIH

51

Cold water immersion Thermal CO2 laser SIA 66
20-minute Stroop test Capsaicin SIA in men

SIH in women
59

Anticipation of pain with visual cue 
presentation

Random and 
intermittent 
noxious stimuli

SIH 33

Mental arithmetic plus noise Electrical stimuli SIA 67
Public speaking Cold pressor test SIA 68
Speech task Cold pressor test No significant difference 

in intensity but increased 
post-pain negatice 
affectivity

69

Trier Social Stress Test Tourniquet test 
(ischaemic pain) 
Cold pressor test
Thermal pain 
stimuli

SIA – in men only
No SIA
SIA in women only 
(unpleasantness rating 
only)

25

External control of noxious stimuli Electrical stimuli SIH 70
Logical task using sequence of 
symbols with time pressure
Emotional stress – pictures and 
audio of physical violence

Pin-prick SIH – increased VAS score.
SIH – increased VAS score.

58

Interview and serial subtraction Cold pressor test SIH 71
Anticipation of painful stimuli with 
presentation

Thermal pain 
stimuli

SIH 72

Metyrapone-induced 
hypocortisolism

Mechanical pain 
stimuli

SIH 73

Mental arithmetic plus white noise Mechanical 
pressure

SIA 48

Induction of hypoglycaemic state Thermal pain 
stimuli

SIH 74

Psychosocial stress test Thermal pain 
stimuli

SIH 75

SIA – stress-induced analgesia.
SIH – stress-induced hyperalgesia.
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determines the directionality of the stressor on 
the pain response. A negatively valenced emotion 
with low to moderate arousal evokes anxiety and 
enhances pain, whereas one with high arousal, 
such as fear, reduces pain (51). Conversely, a 
positively valenced emotion always reduces pain, 
as long as minimal arousal is achieved.
	 How the stressor is perceived by the 
individual is in turn determined by the 
personality of the individual. A person prone to 
catastrophising may find a stressor negatively 
affecting his or her emotions. Studies have 
shown that women have a higher predilection 
for catastrophising (52), although other studies 
did not find significant differences between men 
and women (53,54). Animal studies have shown 
that oestrogen enhances pain sensitivity (55), and 
women smokers with low oestrogen levels exhibit 
lower pain perception (25). Studies examining 
pain and differences between the sexes revealed 
that women are more sensitive to threat-related 
stimuli and experience more negative affect than 
men, leading to an increased pain perception (50).
	 One oft-quoted early example of the 
interaction between pain and stress is the 
observation by Dr. Henry Beecher (56) of soldiers 
wounded in battle who needed less analgesic 
than civilians suffering equivalent injuries. This 
observation suggests that the amount of pain 
felt by a person is determined by how the person 
perceives the pain. The soldiers injured in battle 
were better able to address their pain because 
of their acceptance of injuries as being part and 
parcel of being in battle, and they are relieved that 
their injuries do not lead to death. The civilians, 
on the other hand, treat their injuries as a major 
tragedy, hence their heightened pain perception. 
This suggests that the amount of pain perceived 
by a person is governed not only by the amount 
of tissue injury present but also by emotional and 
psychological factors. The injury caused more 
distress to the civilians than to the soldiers, and 
this leads to more pain, i.e., hyperalgesia.
	 The motivation-decision model by Fields 
(57), states that analgesia may either be the 
avoidance of a bigger threat than pain or the 
anticipation of reward. In the face of menace, such 
as threat of a predator, attending to the dangerous 
situation takes precedence over attending to the 
pain, hence analgesia. Likewise, in situations 
where a reward can be gained, the motivation for 
reward attenuates the sensation of pain, resulting 
in analgesia. 
	 In the study reported by Stoeter et al (58), 
subjects performed a cognitive task and were 
subjected to an emotional stressor before they 

received a pin-prick pain stimulus. Pain ratings 
after both stressors were increased, indicating 
hyperalgesia. However, brain activation during 
pain stimuli after cognitive stress was reduced, 
whereas activations after emotional stressors 
were increased.
	 The pain stimulus used to inflict pain is 
another factor that determines the directionality 
of the effect that stress exerts on the pain response. 
An inescapable pain stimulus, such as capsaicin, 
causes more distress than an acute pain stimulus, 
such as thermal heat pain. In the study by Logan 
et al (59), stress due to a 20 minutes Stroop test 
followed by capsaicin injection enhanced pain 
intensity in women only, whereas men exhibited 
reduced pain. 

Stress-induced Analgesia

	 SIA is well documented in animal studies, 
and various manipulations have been employed 
to produce analgesia to pain stimulation, namely 
stress in the form of footshock (76), swimming 
(77), novel environment (78) or immobilization 
(79). Induction of SIA in laboratory animals 
showed that low levels of stress facilitated learning 
and responding, whereas high levels disrupted 
responding (80). Psychological stress and stress 
resulting from loud noise increased anxiety-like 
(81) and depressive-like behaviour (82, 83) but 
decreased working memory functioning (84, 83) 
in rats.
	 Animal studies of SIA are considered a 
model of the anecdotal reports of reduced pain 
sensation in humans during extreme situations 
(85). Extensive research on animal responses 
to stress and pain stimulation is not always an 
acceptable predictive model for SIA in humans. 
SIA is not easy to quantify in humans, given 
the obvious limitations involved in subjecting 
humans to stress and pain. Furthermore, the 
animal model is capable of distinguishing the 
specific pain modalities (86), whereas human 
pain includes overlapping aspects of specific 
types of pain. Clearly, the factor that separates 
the responses observed in animals and those in 
humans is the higher level cognitive processing 
that occurs in the human brain, and these in turn 
are determined by various factors, namely past 
experiences, learning, and memory moulded by 
the plasticity of the central nervous system (87). 
	 Early human studies on SIA by Willer used 
the expectation of noxious stimulation, i.e., a 
noxious footshock given at 7 to 8 times the pain 
threshold as the stressor, which inhibited the 
nociceptive flexion reflex (60, 61). Several other 
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studies have shown evidence of stress-induced 
analgesia using noxious heat (88) and physical 
stress (89).
	 In later studies, however, other means have 
been used to expose subjects to stress and have 
included manipulations of psychological (90) 
and cognitive stress (62). Bandura et al (62) used 
perceived coping inefficacy in a mathematical 
task to elicit SIA in a cold pressor test. The 
analgesia was blocked by naloxone, suggesting the 
opioidergic system meditated the response. For 
a review of the underlying mechanisms of SIA, 
please see Butler and Finn (91).

Stress-induced hyperalgesia

	 Animal studies have shown that acute stress, 
such as inescapable holding, (92) and chronic 
stress, such as repeated swim stress (93,94), 
actually induced hyperalgesia instead of analgesia. 
Chronic stress has been shown to attenuate 
dopaminergic activity in the nucleus accumbens, 
resulting in hyperalgesia (95). Rats exposed to 
chronic unavoidable stress exhibited a decrease 
in dopaminergic tone in the shell of the nucleus 
accumbens (96). The decrease in dopaminergic 
tone lasted up to 14 days after the stress exposure. 
Rats submitted to chronic stress also displayed 
hyperalgesia for up to 28 days (95). Chronic stress 
also caused decreased morphine sensitivity, 
suggesting that the opioidergic systems were 
modified. Quintero et al (93) demonstrated that 
hyperalgesia due to an inescapable subchronic 
stress is resulted from diminished central 5-HT 
activity. The underlying mechanisms for SIH are 
reviewed in Jennings et al (97).
	 A study in children with recurrent abdominal 
pain showed that stress reduced the pain threshold 
instead of causing analgesia (71). Chronic pain 
patients have reported enhanced pain during 
stress (42). Stress has been shown to exacerbate 
pain in gastro-oesophageal reflux patients 
(98). Modulation of oesophageal perception by 
anxiety, stress and depression cause patients to 
perceive low intensity oesophageal stimuli as 
being painful. Studies performed in fibromyalgia 
patients showed that stress causes an increase 
in musculoskeletal pain (99). Excessive stress 
beyond the control of the individual may be 
followed by dysphoria, reduced functioning 
(100) and eventually psychiatric (101) or somatic 
disease (3). Other findings show that prolonged 
stress causes dysfunction of the HPA axis, causing 
metabolic derangement that subsequently leads 
to obesity and other metabolic syndromes, such 

as Type 2 diabetes and atherosclerosis (102). 
Stress-reducing strategies have also been used 
to alleviate pain in patients undergoing surgery 
(103).	

Conclusion

	 Stress itself is subjective, with different 
emotions contributing to its manifestations, 
often with conflicting effects on pain perception 
as evidenced by the analgesic and hyperalgesic 
responses. The stress system does not function 
alone; the genetic and psychological makeup of 
a person, experience and environmental factors 
all contribute to the response to pain. The 
interactions among these factors subsequently 
result in the sequelae of survival, disease or even 
death. 

Acknowledgement

None.

Conflict of Interests

None.

Funds

This work was supported by Universiti Sains 
Malaysia RUI grant 1001/PPSP/812130.

Authors’ Contributions

None.

Correspondence

Dr Asma Hayati Ahmad
MBBS (Malaya), MSc (USM), DPhil (Oxon)
Department of Physiology, School of Medical Sciences
Universiti Sains Malaysia
16150 Kubang Kerian
Kelantan, Malaysia
Tel: +609-767 6163
Fax: +609-765 3370
Email: asmakck@usm.my

References

1.	 Pike IL. Maternal stress and fetal responses: 
evolutionary perspectives on preterm delivery. Am J 
Hum Biol. 2005;17(1):55–65. doi: doi.org/10.1002/
ajhb.20093.

2.	 Elenkov IJ, Chrousos GP. Stress system--
organization, physiology and immunoregulation. 
Neuroimmunomodulation. 2006;13(5-6):257–267. 



Special Issue - Neuroscience | Pain and Stress

www.mjms.usm.my 57

3.	 Tsigos C, Chrousos GP. Hypothalamic-pituitary-
adrenal axis, neuroendocrine factors and stress. J 
Psychosom Res. 2002;53(4):865–871. doi: doi.
org/10.1016/S0022-3999(02)00429-4.

4.	 Selye H. A syndrome produced by diverse 
nocuous agents. 1936. Nature. 1936;138:32–32. 
doi:10.1038/138032a0.

5.	 Makino S, Hashimoto K, Gold PW. Multiple feedback 
mechanisms activating corticotropin-releasing 
hormone system in the brain during stress. Pharmacol 
Biochem Behav. 2002;73(1):147–158. 

6.	 Brotman DJ, Golden SH, Wittstein IS. 
The cardiovascular toll of stress. Lancet. 
2007;370(9592):1089–1100. doi: doi.org/10.1016/
S0140-6736(07)61305-1.

7.	 Yamada K, Nabeshima T. Stress-induced behavioral 
responses and multiple opioid systems in the brain. 
Behav Brain Res. 1995;67(2):133–45. doi: doi.
org/10.1016/0166-4328(94)00150-E.

8.	 Marinelli PW, Quirion R, Gianoulakis C. An in vivo 
profile of beta-endorphin release in the arcuate 
nucleus and nucleus accumbens following exposure 
to stress or alcohol. Neuroscience. 2004;127(3):777–
84.

9.	 Contet C, Gavériaux-Ruff C, Matifas A, Caradec C, 
Champy MF, Kieffer BL. Dissociation of analgesic and 
hormonal responses to forced swim stress using opioid 
receptor knockout mice. Neuropsychopharmacology. 
2006;31(8):1733–1744. doi: doi.org/10.1038/
sj.npp.1300934.

10.	  McEwen BS. Physiology and neurobiology of stress 
and adaptation: central role of the brain. Physiol 
Rev. 2007;87(3):873–904. doi: doi.org/10.1152/
physrev.00041.2006.

11.	 Keay KA, Bandler R. Parallel circuits mediating 
distinct emotional coping reactions to different types 
of stress. Neurosci Biobehav Rev. 2001;25(7-8):669–
678. doi: doi.org/10.1016/S0149-7634(01)00049-5.

12.	 Vaughan CW. Stressed-out endogenous cannabinoids 
relieve pain. Trends Pharmacol Sci. 2006;27(2):69–
71. doi: doi.org/10.1016/j.tips.2005.11.011.

13.	 Carlson LE, Ursuliak Z, Goodey E, Angen M, Speca 
M. The effects of a mindfulness meditation-based 
stress reduction program on mood and symptoms 
of stress in cancer outpatients: 6-month follow-up. 
Support Care Cancer. 2001;9(2):112–123. doi: doi.
org/10.1007/s005200000206.

14.	 Cohen S, Kamarck T, Mermelstein R. A global 
measure of perceived stress. J Health Soc Behav. 
1983:24(4);385–396. doi: doi.org/10.2307/2136404.

15.	 Salahuddin L, Cho J, Jeong MG, Kim D. Ultra short 
term analysis of heart rate variability for monitoring 
mental stress in mobile settings. Conf Proc IEEE Eng 
Med Biol Soc. 2007:4656–4659. doi: doi.org/10.1109/
IEMBS.2007.4353378.

16.	 Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi 
K, Nishikawa Y. Gender-specific differences in 
salivary biomarker responses to acute psychological 
stress. Ann N Y Acad Sci. 2007;1098:510–515. doi: 
doi.org/10.1196/annals.1384.014.

17.	 Brydon L, Wright CE, O'Donnell K, Zachary I, Wardle 
J, Steptoe A. Stress-induced cytokine responses 
and central adiposity in young women. Int J Obes 
(Lond). 2008;32:443–450. doi: doi.org/10.1038/
sj.ijo.0803767.

18.	 Dickerson SS, Mycek PJ, Zaldivar F. Negative 
social evaluation, but not mere social presence, 
elicits cortisol responses to a laboratory stressor 
task. Health Psychol. 2008;27:116–121. doi: doi.
org/10.1037/0278-6133.27.1.116.

19.	 Fechir M, Breimhorst M, Kritzmann S, Geber C, 
Schlereth T, Baier B, Birklein F. Naloxone inhibits not 
only stress-induced analgesia but also sympathetic 
activation and baroreceptor-reflex sensitivity. Eur 
J Pain. 2012;16(1):82–92. doi: doi.org/10.1016/j.
ejpain.2011.06.009.

20.	 Slawomira JD, Wessa M, Ridder S, Lang S, Diers 
M, Steil R, Flor H. Enhanced stress analgesia to 
a cognitively demanding task in patients with 
posttraumatic stress disorder. J Affect Disord. 
2012;136(3):1247–1251.

21.	 Ahmad A. The role of the Prefrontal Cortex in Pain 
Modulation [DPhil thesis]. Oxford (US): University of 
Oxford; 2012.

22.	 Kirschbaum C, Pirke KM, Hellhammer DH. The 
'Trier Social Stress Test'--a tool for investigating 
psychobiological stress responses in a laboratory 
setting. Neuropsychobiology. 1993;28(1-2):76–81.

23.	 Jones AK, Derbyshire SW. Reduced cortical responses 
to noxious heat in patients with rheumatoid arthritis. 
Ann Rheum Dis. 1997;56:601–607. doi: doi.
org/10.1136/ard.56.10.601.

24.	 Dedovic K, Renwick R, Mahani NK, Engert V, Lupien 
SJ, Pruessner JC. The Montreal Imaging Stress 
Task: using functional imaging to investigate the 
effects of perceiving and processing psychosocial 
stress in the human brain. J Psychiatry Neurosci. 
2005;30(5):319–325. 

25.	 Girdler SS, Maixner W, Naftel HA, Stewart PW, 
Moretz RL, Light KC. Cigarette smoking, stress-
induced analgesia and pain perception in men and 
women. Pain. 2005;114(3):372–385. doi: doi.
org/10.1016/j.pain.2004.12.035.

26.	 Alexander JK, Hillier A, Smith RM, Tivarus ME, 
Beversdorf DQ. Beta-adrenergic modulation of 
cognitive flexibility during stress. J Cogn Neurosci. 
2007;19(3):468–478. doi: doi.org/10.1162/jocn. 
2007.19.3.468.

27.	 Peacock EJ, Wong PT. The Stress Appraisal Measure 
(SAM): A multidimensional approach to cognitive 
appraisal. Stress Medicine. 1990;6:227–336.

28.	 Grillon C, Duncko R, Covington MF, Kopperman L, 
Kling MA. Acute stress potentiates anxiety in humans. 
Biol Psychiatry. 2007;62(10):1183–1186. doi: doi.
org/10.1016/j.biopsych.2007.06.007.

29.	 Pruessner JC, Dedovic K, Pruessner M, Lord C, Buss 
C, Collins L, Dagher A, Lupien SJ. Stress regulation in 
the central nervous system: evidence from structural 
and functional neuroimaging studies in human 
populations - 2008 Curt Richter Award Winner. 
Psychoneuroendocrinology. 2010;35(1):179–191. 
doi: 10.1016/j.psyneuen.2009.02.016.



58 www.mjms.usm.my 

Malays J Med Sci. Dec 2015; Special Issue: 51-60

30.	 Schweinhardt P, Bushnell MC. Neuroimaging of 
pain: insights into normal and pathological pain 
mechanisms. Neurosci Lett. 2012;520(2):129–130. 
doi: 10.1016/j.neulet.2012.06.014. 

31.	 Huettel SA, Song AW, McCarthy G. Functional 
Magnetic Resonance Imaging.1st ed.  Sinauer (MA): 
Associates Inc Sunderland; 2003.

32.	 Porro CA. Functional imaging and pain: 
behavior, perception, and modulation. 
Neuroscientist. 2003;9(5):354–369. doi: doi.
org/10.1177/1073858403253660.

33.	 Ploghaus A, Narain C, Beckmann CF, Clare S, Bantick 
S, Wise R, Matthews PM, Rawlins JN, Tracey I. 
Exacerbation of pain by anxiety is associated with 
activity in a hippocampal network. J Neurosci. 
2001;21(24):9896–9903. 

34.	 Kalisch R, Wiech K, Critchley HD, Seymour 
B, O'Doherty JP, Oakley DA, Allen P, Dolan 
RJ. Anxiety reduction through detachment: 
subjective, physiological, and neural effects. J 
Cogn Neurosci. 2005;17(6):874–883. doi: doi.
org/10.1162/0898929054021184.

35.	 Wise RG, Tracey I. The role of fMRI in drug discovery. 
J Magn Reson Imaging. 2006;23(6):862–876. doi: 
10.1515/revneuro-2014-0031.

36.	 Maihöfner C, Ringler R, Herrndobler F, Koppert 
W. Brain imaging of analgesic and antihyperalgesic 
effects of cyclooxygenase inhibition in an 
experimental human pain model: a functional MRI 
study. Eur J Neurosci. 2007;26(5):1344–1356. doi: 
doi.org/10.1111/j.1460-9568.2007.05733.x.

37.	 Ahmad AH, Abdul Aziz CB. The Brain in Pain. Malays 
J Med Sci. 2014;21(Spec Issue):46–54.

38.	 Wang J, Rao H, Wetmore GS, Furlan PM, 
Korczykowski M, Dinges DF, Detre JA. Perfusion 
functional MRI reveals cerebral blood flow pattern 
under psychological stress. Proc Natl Acad Sci USA. 
2005;102(49):17804–17809. doi: doi.org/10.1073/
pnas.0503082102.

39.	 Gazzaniga MS, Ivry RB, Mangun GR. Cognitive 
Neuroscience. 2nd ed. Cambrige (USA): V  MIT Press; 
2002.

40.	 Davidson RJ, Irwin W, Anderle MJ, Kalin NH. The 
neural substrates of affective processing in depressed 
patients treated with venlafaxine. Am J Psychiatry. 
2003;160(1):64–75. doi: doi.org/10.1176/appi.ajp. 
160.1.64.

41.	 Pruessner JC, Dedovic K, Khalili-Mahani N, 
Engert V, Pruessner M, Buss C, Renwick R, Dagher 
A, Meaney MJ, Lupien S. Deactivation of the 
Limbic System During Acute Psychosocial Stress: 
Evidence from Positron Emission Tomography and 
Functional Magnetic Resonance Imaging Studies. 
Biol Psychiatry. 2008;63(2):234–240. doi: doi.
org/10.1016/j.biopsych.2007.04.041.

42.	 Niddam DM, Chan RC, Lee SH, Yeh TC, Hsieh JC. 
Central representation of hyperalgesia from myofascial 
trigger point. Neuroimage. 2008;39(3):1299–1306. 
doi: doi.org/10.1016/j.neuroimage.2007.09.051.

43.	 Petrovic P, Petersson KM, Ghatan PH, Stone-
Elander S, Ingvar M. Pain-related cerebral activation 
is altered by a distracting cognitive task. Pain. 
2000;85(1-2):19–30. doi: doi.org/10.1016/S0304-
3959(99)00232-8.

44.	 Bantick SJ, Wise RG, Ploghaus A, Clare S, Smith SM, 
Tracey I. Imaging how attention modulates pain in 
humans using functional MRI. Brain. 2002;125(Pt 
2):310–319. doi: doi.org/10.1093/brain/awf022.

45.	 Valet M, Sprenger T, Boecker H, Willoch F, Rummeny 
E, Conrad B, Erhard P, Tolle TR. Distraction 
modulates connectivity of the cingulo-frontal cortex 
and the midbrain during pain - an fMRI analysis. 
Pain. 2004;109(3):399–408. doi: doi.org/10.1016/j.
pain.2004.02.033.

46.	 Pruessner JC, Champagne F, Meaney MJ, Dagher A. 
Dopamine release in response to a psychological stress 
in humans and its relationship to early life maternal 
care: a positron emission tomography study using 
[11C]raclopride. J Neurosci. 2004;24(11):2825-31. 
doi: doi.org/10.1523/JNEUROSCI.3422-03.2004.

47.	 Scott DJ, Heitzeg MM, Koeppe RA, Stohler CS, Zubieta 
JK. Variations in the human pain stress experience 
mediated by ventral and dorsal basal ganglia 
dopamine activity. J Neurosci. 2006;26(42):10789–
95. doi: doi.org/10.1523/JNEUROSCI.2577-06.2006.

48.	 Yilmaz P, Diers M, Diener S, Rance M, Wessa M, Flor 
H. Brain correlates of stress-induced analgesia. Pain. 
2010;151:522–529. doi: 10.1016/j.pain.2010.08.016.

49.	 Amit Z, Galina ZH. Stress-induced analgesia: adaptive 
pain suppression. Physiol Rev. 1986;66(4):1091–
1120. 

50.	 Rhudy JL, Williams AE. Gender differences in pain: 
do emotions play a role? Gend Med. 2005;2(4):208–
226. doi: doi.org/10.1016/S1550-8579(05)80051-8.

51.	 Rhudy JL, Meagher MW. Fear and anxiety: 
divergent effects on human pain thresholds. Pain. 
2000;84(1):65–75. doi: doi.org/10.1016/S0304-
3959(99)00183-9.

52.	 Edwards RR, Haythornthwaite JA, Sullivan MJ, 
Fillingim RB. Catastrophizing as a mediator of 
sex differences in pain: differential effects for 
daily pain versus laboratory-induced pain. Pain. 
2004;111(3):335–341. doi: doi.org/10.1016/j.
pain.2004.07.012.

53.	 Robinson ME, Dannecker EA, George SZ, Otis J, 
Atchison JW, Fillingim RB. Sex differences in the 
associations among psychological factors and pain 
report: a novel psychophysical study of patients with 
chronic low back pain. J Pain. 2005;6(7):463–470. 
doi: doi.org/10.1016/j.jpain.2005.02.007.

54.	 Hooten WM, Townsend CO, Decker PA. Gender 
differences among patients with fibromyalgia 
undergoing multidisciplinary pain rehabilitation. 
Pain Med. 2007;8(8):624–632. doi: doi.org/10.1111/
j.1526-4637.2006.00202.x.

55.	 Ratka A, Simpkins JW. Effects of estradiol and 
progesterone on the sensitivity to pain and on 
morphine-induced antinociception in female 
rats. Horm Behav. 1991;25(2):217–228. doi: doi.
org/10.1016/0018-506X(91)90052-J.



Special Issue - Neuroscience | Pain and Stress

www.mjms.usm.my 59

56.	 Brill C, Post JS, Ferguson T, Shabsin H, Tenberg J, 
Wooding K, Lauffer M, Thomas R, Buchmeier MA. 
Columbia Medical Plan Pain Management Group 
Manual. In: Richard eds. Weiner Pain Management – 
A Practical Guide for Clinicians.  6th ed. 2002:69–70.

57.	 Fields HL. Understanding how opioids contribute 
to reward and analgesia. Reg Anesth Pain Med. 
2007;32(3):242–246. doi: doi.org/10.1016/j.
rapm.2007.01.001.

58.	 Stoeter P, Bauermann T, Nickel R, Corluka L, Gawehn 
J, Vucurevic G, Vossel G, Egle UT. Cerebral activation 
in patients with somatoform pain disorder exposed 
to pain and stress: an fMRI study. Neuroimage. 
2007;36(2):418–430. doi: doi.org/10.1016/j.
neuroimage.2007.01.052

59.	 Logan H, Lutgendorf S, Rainville P, Sheffield D, 
Iverson K, Lubaroff D. Effects of stress and relaxation 
on capsaicin-induced pain. J Pain. 2001;2(3):160170. 
doi: doi.org/10.1054/jpai.2001.21597.

60.	 Willer JC, Albe-Fessard D. Electrophysiological 
evidence for a release of endogenous opiates in 
stress-induced'analgesia' in man. Brain Res. 
1980;198(2):419–426. doi: doi.org/10.1016/0006-
8993(80)90755-6.

61.	 Willer JC, Dehen H, Cambier J. Stress-induced 
analgesia in humans: endogenous opioids and 
naloxone-reversible depression of pain reflexes. 
Science. 1981;212(4495):689–691. doi: doi.
org/10.1126/science.6261330.

62.	 Bandura A, Cioffi D, Taylor CB, Brouillard ME. 
Perceived self-efficacy in coping with cognitive 
stressors and opioid activation. J Pers Soc Psychol. 
1988;55(3):479–488. doi: doi.org/10.1037/0022-
3514.55.3.479.

63.	 Janssen SA, Arntz A. Anxiety and pain: attentional 
and endorphinergic influences. Pain. 1996;66(2-
3):145–150. doi:10.1016/0304-3959(96)03031-X.

64.	 Bragdon EE, Light KC, Girdler SS, Maixner W. Blood 
pressure, gender, and parental hypertension are 
factors in baseline and poststress pain sensitivity in 
normotensive adults. Int J Behav Med. 1997;4(1):17-
38. doi: doi.org/10.1207/s15327558ijbm0401_2.

65.	 Caceres C; Burns JW. Cardiovascular reactivity to 
psychological stress may enhance subsequent pain 
sensitivity. Pain. 1997;69(3):237–244. doi: doi.
org/10.1016/S0304-3959(96)03289-7.

66.	 Washington LL, Gibson SJ, Helme RD. Age-related 
differences in the endogenous analgesic response to 
repeated cold water immersion in human volunteers. 
Pain. 2000;89(1):89–96. doi: doi.org/10.1016/
S0304-3959(00)00352-3.

67.	 Flor H, Birbaumer N, Schulz R, Grüsser SM, Mucha 
RF. Pavlovian conditioning of opioid and nonopioid 
pain inhibitory mechanisms in humans. Eur J 
Pain. 2002;6(5):395–402. doi: doi.org/10.1016/j.
rapm.2007.01.001.

68.	 al'Absi M, Petersen KL. Blood pressure but not cortisol 
mediates stress effects on subsequent pain perception 
in healthy men and women. Pain. 2003;106(3):285–
295. doi: doi.org/10.1016/S0304-3959(03)00300-2.

69.	 Logan HL, Gedney JJ, Sheffield D, Xiang Y, 
Starrenburg E. Stress influences the level of negative 
affectivity after forehead cold pressor pain. J 
Pain. 2003;4(9):520–529. doi: doi.org/10.1016/j.
jpain.2003.09.001.

70.	 Wiech K, Kalisch R, Weiskopf N, Pleger B, Stephan KE, 
Dolan RJ. Anterolateral prefrontal cortex mediates 
the analgesic effect of expected and perceived control 
over pain. J Neurosci. 2006;26:11501–11509. doi: 
doi.org/10.1523/JNEUROSCI.2568-06.2006.

71.	 Dufton LM, Konik B, Colletti R, Stanger C, Boyer 
M, Morrow S, Compas BE. Effects of stress on pain 
threshold and tolerance in children with recurrent 
abdominal pain. Pain. 2008;136(1-2):38–43. doi: 
doi.org/10.1016/j.pain.2007.06.012.

72.	 Strigo IA, Simmons AN, Matthews SC, Craig AD, 
Paulus MP. Association of major depressive disorder 
with altered functional brain response during 
anticipation and processing of heat pain. Arch Gen 
Psychiatry. 2008;65(11):1275–1284. doi: 10.1001/
archpsyc.65.11.1275.

73.	 Kuehl LK, Michaux GP, Richter S, Schächinger H, 
Anton F. Increased basal mechanical pain sensitivity 
but decreased perceptual wind-up in a human model 
of relative hypocortisolism. Pain. 2010;149(3):539–
546. doi: 10.1016/j.pain.2010.03.026. 

74.	 Gibbons CH, Adler GK, Bonyhay I, Freeman R. 
Experimental hypoglycemia is a human model of stress-
induced hyperalgesia. Pain. 2012;153(11):2204–
2209. doi: 10.1016/j.pain.2012.06.030. 

75.	 Crettaz B, Marziniak M, Willeke P, Young P, 
Hellhammer D, Stumpf A, Burgmer M. Stress-induced 
allodynia--evidence of increased pain sensitivity 
in healthy humans and patients with chronic pain 
after experimentally induced psychosocial stress. 
PLoS One. 2013;8(8):e69460. doi: 10.1371/journal.
pone.0069460.

76.	 Zou CJ, Liu JD, Zhou YC. Roles of central 
interleukin-1 on stress-induced-hypertension and 
footshock-induced-analgesia in rats. Neurosci 
Lett. 2001;311(1):41–44. doi: 10.1016/S0304-
3940(01)02140-1.

77.	 Hayati AA, Zalina I, Myo T, Badariah AA, Azhar A, 
Idris L. Modulation of formalin-induced Fos-like 
Immunoreactivity in the spinal cord by swim stress-
induced analgesia, morphine and ketamine. German 
Medical Science (e-journal). 2008;6.

78.	 Abbott FV, Franklin KBJ, Connell B. The stress of a 
novel environment reduces formalin pain: possible 
role of serotonin. Eur. J. Pharmacol. 1986;126:141–
144. doi: doi.org/10.1016/0014-2999(86)90750-8.

79.	 Goyal R, Anil K. Protective effect of alprazolam in acute 
immobilization stress-induced certain behavioral and 
biochemical alterations in mice. Pharmacol Rep. 
2007;59(3):284–290.

80.	 Amit Z, Galina ZH. Stess induced analgesia plays 
an adaptive role in the organization of behavioral 
responding. Brain Res Bull. 1988;21(6):955–958. 



60 www.mjms.usm.my 

Malays J Med Sci. Dec 2015; Special Issue: 51-60

81.	 Al-Rahbi B, Zakaria R, Othman Z, Hassan A, 
Ahmad AH. Protective effects of Tualang honey 
against oxidative stress and anxiety-like behaviour 
in stressed ovariectomized rats. International 
Scholarly Research Notices. 2014. p. 10. doi: doi.
org/10.1155/2014/521065.

82.	 Al-Rahbi B, Zakaria R, Othman Z, Hassan A, Ahmad 
AH. Enhancement of BDNF concentration and 
restoration of the hypothalamic-pituitary-adrenal 
axis accompany reduced depressive-like behaviour 
in stressed ovariectomised rats treated with either 
Tualang honey or estrogen. Scientific World J. 
2014;310821. doi: 10.1155/2014/310821.

83.	 Azman KF, Zakaria R, Abd Aziz CB, Othman Z, 
Al-Rahbi B. Tualang honey improves memory 
performance and decreases depressive-like behavior 
in rats exposed to loud noise stress. Noise Health. 
2015;17(75):83–89. doi: 10.4103/1463-1741.153388. 

84.	 Al-Rahbi B, Zakaria R, Othman Z, Hassan A, Mohd 
Ismail ZI, Muthuraju S. Tualang honey supplement 
improves memory performance and hippocampal 
morphology in stressed ovariectomized rats. Acta 
Histochem. 2014;116(1):79–88. doi: 10.1016/j.
acthis.2013.05.004. 

85.	 Vierck Jr CJ. Animal models of pain. In:McMahon SB 
and Koltzenburg M, eds. Wall and Melzack’s Textbook 
of Pain. 5th ed. New York (NY): Elsevier; 2006. 

86.	 Furst DE, Manning DC.   Future directions in pain 
management. Clin Exp Rheumatol. 2001;19(6 Suppl 
25):S71–S76.

87.	 Benfenati F. Synaptic plasticity and the neurobiology of 
learning and memory. Acta Biomed. 2007;78(Suppl 
1):58–66. 

88.	 Willer JC, De Broucker T, Le Bars D. Encoding 
of nociceptive thermal stimuli by diffuse noxious 
inhibitory controls in humans. J Neurophysiol. 
1989;62(5):1028–1038. 

89.	 Janal MN, Colt EW, Clark WC, Glusman M. Pain 
sensitivity, mood and plasma endocrine levels in man 
following long-distance running: effects of naloxone. 
Pain. 1984;19(1):13–25. doi: doi.org/10.1016/0304-
3959(84)90061-7.

90.	 Flor H, Grüsser SM. Conditioned stress-induced 
analgesia in humans. Eur J Pain. 1999;3(4):317–
324. doi: doi.org/10.1016/S1090-3801(99)90013-7.

91.	 Butler RK, Finn DP. Stress-induced analgesia. Prog 
Neurobiol. 2009;88(3):184–202. doi: 10.1016/j.
pneurobio.2009.04.003. 

92.	 Vidal C, Jacob JJ. Stress hyperalgesia in rats: 
an experimental animal model of anxiogenic 
hyperalgesia in human. Life Sci. 1982;31:1241–1244. 
doi: doi.org/10.1016/0024-3205(82)90352-6.

93.	 Quintero L, Moreno M, Avila C, Arcaya J, Maixner 
W, Suarez-Roca H. Long-lasting delayed hyperalgesia 
after subchronic swim stress. Pharmacol Biochem 
Behav. 2000;67(3):449–458. doi: doi.org/10.1016/
S0091-3057(00)00374-9.

94.	 Suarez-Roca H, Quintero L, Arcaya JL, Maixner 
W, Rao SG. Stress-induced muscle and cutaneous 
hyperalgesia: differential effect of milnacipran. 
Physiol Behav. 2006;88(1-2):82–87. doi: doi.
org/10.1016/j.physbeh.2006.03.010.

95.	 da Silva Torres IL, Cucco SN, Bassani M, Duarte MS, 
Silveira PP, Vasconcellos AP, Tabajara AS, Dantas G, 
Fontella FU, Dalmaz C, Ferreira MB. Long-lasting 
delayed hyperalgesia after chronic restraint stress in 
rats-effect of morphine administration. Neurosci Res. 
2003;45(3):277–283. doi: doi.org/10.1016/S0168-
0102(02)00232-8.

96.	 Gambarana C, Masi F, Tagliamonte A, Scheggi S, 
Ghiglieri O, De Montis MG. A chronic stress that 
impairs reactivity in rats also decreases dopaminergic 
transmission in the nucleus accumbens: a 
microdialysis study. J Neurochem. 1999;72(5):2039–
2046. doi: doi.org/10.1016/S1090-3801(99)90013-7.

97.	 Jennings EM, Okine BN, Roche M, Finn DP. Stress-
induced hyperalgesia. Prog Neurobiol. 2014;121:1–
18. doi:10.1016/j.pneurobio.2014.06.003. 

98.	 Fass R, Tougas G. Functional heartburn: the stimulus, 
the pain, and the brain. Gut. 2002;51(6):885–892. 
doi: doi.org/10.1016/j.pain.2004.07.012.

99.	 Nilsen KB, Westgaard RH, Stovner LJ, Helde G, Rø 
M, Sand TH. Pain induced by low-grade stress in 
patients with fibromyalgia and chronic shoulder/
neck pain, relation to surface electromyography. Eur 
J Pain. 2006;10(7):615–627. doi: doi.org/10.1016/j.
ejpain.2005.10.001.

100.	August KJ, Rook KS, Newsom JT. The joint effects 
of life stress and negative social exchanges on 
emotional distress. J Gerontol B Psychol Sci Soc 
Sci. 2007;62(5):S304–S314. doi: doi.org/10.1093/
geronb/62.5.S304.

101.	 Swaab DF, Bao AM, Lucassen PJ. The stress 
system in the human brain in depression and 
neurodegeneration. Ageing Res Rev. 2005;4(2):141–
194. doi: doi.org/10.1016/j.arr.2005.03.003.

102.	Kyrou I, Chrousos GP, Tsigos C. Stress, visceral 
obesity, and metabolic complications. Ann N Y 
Acad Sci. 2006;1083:77–110. doi: doi.org/10.1196/
annals.1367.008.

103.	Faymonville ME, Mambourg PH, Joris J, Vrijens B, 
Fissette J, Albert A, Lamy M. Psychological approaches 
during conscious sedation. Hypnosis versus stress 
reducing strategies: a prospective randomized study. 
Pain. 1997;73(3):361–367. doi: doi.org/10.1016/j.
pain.2004.07.012.


