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Abstract
Background Chronic migraine (CM) and medication-over-
use headaches (MOH) are well-recognized disabling con-
ditions affecting a significant portion of the headache
population attending centers specialized in treating head-
aches. A dysfunctioning of the serotonergic system has
been demonstrated in MOH and CM patients. Here we
report on our assessment of the dysfunctioning of the
endocannabinoid system as a potential underlying factor in
pathogenic mechanisms involved in CM and MOH.
Method To test the hypothesis of an impairment in the
endocannabinoid system in patients with MOH and CM
and to assess its relationship with any disruption of the
serotonergic system, we determined the levels of the two
main endogenous cannabinoids, anandamide (AEA) and 2-
acylglycerol (2-AG), in platelets of 20 CM patients, 20

MOH patients and 20 control subjects and also measured
the platelet serotonin levels in the same patients.
Results We found that 2-AG and AEA levels were signifi-
cantly lower in MOH patients and CM patients than in the
control subjects, without significant differences between the
two patient groups. Serotonin levels were also strongly
reduced in the two patient groups and were correlated with 2-
AG levels, with higher values for MOH patients.
Conclusion These data support the potential involvement
of a dysfunctioning of the endocannabinoid and seroto-
nergic systems in the pathology of CM and MOH. These
systems appear to be mutually related and able to contribute
to the chronification of both CM and MOH.
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Introduction

Around 40% of all patients attending Headache Centers
complain of a chronic form of headache, mainly chronic
migraine (CM), and 80% of these patients excessively use
symptomatic drugs [1]. Although medication-overuse head-
ache (MOH) has a prevalence of 1–2% in the general
population, it represents a relevant health problem associated
with considerable long-term morbidity and disability [2].

The pathophysiology of CM is poorly understood, and
although several factors, such as analgesic and triptan
overuse, increasing age and psychiatric disorders, are reported
to play some role in the chronification of headache, the precise
cascade of events leading to this condition is still unclear. This
cascade may involve an impairment of nociceptive process-
ing, associated with an increased excitability and sensitization
of the dorsal horn neurons and neurons in the trigeminal
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nucleus caudalis and increased descending facilitation from
the rostral ventromedial medulla, which may contribute to this
increased excitability [3–5]. A dysfunctioning of the peri-
aqueductal grey matter, which is the center of a powerful
descending antinociceptive neuronal network projecting to
the rostral ventromedial medulla and subsequently to the
dorsal horn and which is also involved in the behavioral
response to drug withdrawal, may explain why frequent
analgesic use can result in MOH in migraineurs [6]. An
integrative hypothesis for compulsive reward-seeking be-
havior has been proposed in MOH, similar that seen in cases
of substance dependence and addiction. Medication-overuse
headache has also been recently associated with reversible
metabolic changes in some pain-processing structures and
with persistent orbitofrontal hypofunction even after the
withdrawal of analgesics [7, 8].

Human platelets share several receptors and transduction
signaling pathways with neuronal cells, and previous
findings suggest the possibility that platelets can be used
as a cellular model of the central nervous system (CNS) [9,
10]. An alteration in serotonin platelet concentration has
been found in patients with chronic headache consequent to
analgesic abuse, as has an up-regulation of 5-HT2 platelet
receptors, which has been correlated with chronification of
the headache [11–14]. A recent investigation has focused
on the endocannabinoid system, comprised of endocanna-
binoid receptors [the cannabinoid (CB) receptors], the
endocannabinoids thenselves, the proteins involved in
endocannabinoid synthesis and inactivation and the intra-
cellular signaling pathways affected by endocannabinoids.
Two lipidic mediators, acting through binding to both
central and peripheral receptors (CB1 and CB2), have been
demonstrated to be involved in the modulation of pain [15,
16]. Nevertheless, the role of endocannabinoids in primary
headache is not clear. Using an in vivo model, Akerman
et al. [17] demonstrated that anandamide (AEA), one of the
best-studied endocannabinoids, is able to inhibit trigeminal
neurons and dural blood vessel dilatation, mechanisms
implicated in the pathogenesis of migraine via the binding
to CB1 receptors on fibers of the spinal trigeminal tract and
nucleus caudalis. CB2 receptor activation also inhibits
inflammatory hyperalgesia, but no evidence is as yet
available in this context for the trigemino-vascular system
[18].

Anandamide has also been demonstrated to potentiate 5-
hydroxytryptamine (5-HT)1A and inhibit 5-HT2A receptors,
which are serotonin receptors, thereby supporting therapeu-
tic efficacy in acute and preventive migraine treatment. It is
also tonically active in the periaqueductal grey matter,
which has been hypothesized to be a putative migraine
generator [19–21].

The endocannabinoid system has been demonstrated to
be involved in the neurobiological mechanism underlying

drug addiction. The constituents of this system have in
fact been recognized to modulate glutamatergic cortico-
striatal transmission and influence the activity of the
mesolimbic reward system [22, 23]. As such, it is possible
that this system is active in drug-seeking and MOH
patients.

Enzyme fatty acid amide hydrolase (FAAH), which is
involved in endocannabinoid intracellular degradation, and
AEA membrane transporter have been characterized re-
cently in human platelets [24]. Human platelets have also
been shown to bind and degrade 2-acylglycerol (2-AG),
which activates these cellular elements through the CB1
cannabinoid receptor [25]. Anandamide also is able to
induce platelet activation via its cleavage by specific
hydrolase activity, leading to the release of arachidonic
acid (AA) which, in turn, activates platelets [26]. Moreover,
human platelets have been shown to respond to platelet-
activating factor (PAF) stimulation by producing both
monoacylglycerols [27].

Recent findings have demonstrated an increase in the
activity of AEA hydrolase and AEA transporter in female
but not male migraineurs, without any difference in
cannabinoid receptor expression between genders. These
results suggest that there is an increased degradation of
AEA in the platelets of migraineur women and, conse-
quently, a reduced concentration of AEA in the blood
which, in turn, may contribute to a reduced pain threshold
and possibly explain the prevalence of migraine in women
[28]. Experimental evidence also indicates a positive
relationship between the activation of the endocannabinoid
and serotonin systems in platelets, suggesting that the two
systems may also be working together in influencing the
central serotonergic pathways [21].

Platelets have been widely used as a model of the CNS.
Although there are some potential limitations in extrapo-
lating findings obtained using this peripheral model to
studies of the CNS, platelet models are a useful tool to
study the relationship between the serotonergic and
endocannabinoid systems in various pathological condi-
tions, including CM and MOH.

The aim of this study was to test the hypothesis of a
dysfunctioning (or part thereof) endocannabinoid system
related to a change in the serotonergic system in CM
patients with and without medication overuse. We therefore
determined the levels of two endogenous cannabinoids, 2-
AG and AEA, in platelets of 20 patients affected with CM
without medication overuse, 20 patients with MOH,
diagnosed according to the International Classification of
Headache Disorders-II (ICHD-II), and 20 age-matched
control nonheadache subjects. We also investigated the
relationship between the intraplatelet levels of the two
endocannabinoids and those of serotonin in both the patient
and control groups.
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Patients and methods

Patients and controls

The study protocol was approved by the Local Ethics
Committee; all patients provided their written consent to
participate in the study.

Twenty consecutive patients affected by CM and 20
MOH patients with a past history of migraine without
aura, based on ICHD-II, all of whom were attending the
Headache Center of the Neurologic Clinic of the Univer-
sity of Perugia, were admitted to the study. The latter group
fulfilled the diagnosis of analgesic or combination analge-
sic overuse according to the revised criteria of ICHD-II
[29–31].

Control values were obtained from 20 age-matched
subjects free of CNS or systemic diseases, as determined
by blood tests and various clinical examinations. All control
subjects were drug-free for at least 2 months prior to the start
of the study. In particular, they had not used illicit drugs and
medications, including both prescription drugs and over-the-
counter products. Moreover, none of the control subjects
were taking any medication at the time of blood sampling or
had a personal or family history of migraine or suffered from
tension-type headache.

Biochemical analysis of AEA and 2-AG

For the identification of AEA, platelets were isolated from
30-ml blood samples. Cells from platelet-rich plasma (PRP;
2×108/mL pure platelets) were suspended in Thyroid buffer
containing 200 μM phenylmethylsulfonylfluoride (PMSF)
to prevent the breakdown of AEA and 2-AG. Pelleted cells
were then extracted three times with 2 volumes of ethyl-
acetate; the organic phase was dried under nitrogen and
resuspended in ethanol. The extract was fractionated by
reverse phase high-performance liquid chromatography
(HPLC) in an acidified methanol:water gradient, as de-
scribed elsewhere [32]. The fractions corresponding to the
elution time of authentic AEA (95–103 min) were dried
under nitrogen and then derivatized with bis[trimethylsilyl]
trifluoroacetamide (BSTFA) for 1 h at 70°C.

The samples were dried again and resuspended in n-
hexane. The trimethylsilylether derivatives were subjected
to gas chromatography/mass spectrometry (GC/MS) as
described previously [32]. Anandamide eluted from the
GC (model 5890, Hewlett-Packard, Palo Alto, CA) column
at approximately 23.2 min. Based on the electron impact
spectrum of AEA, selected ion monitoring analyses were
performed on m/z 85, m/z 116 and m/z 404. The amount of
2-AG in the GC elution peaks was estimated using a
calibration curve generated with 0.5, 2, 5, 10, and 20 ng 2-
AG. The limit of sensitivity for 2-AG was 100 pg.

Using the same reverse phase HPLC system as for AEA,
authentic 2-AG eluted between 105 and 115 min. These
fractions were pooled, dried under nitrogen and derivatized
with BSTFA, as described above. The GC/MS analysis of
2-AG was carried out under the same conditions as that for
AEA except that a different GC column (SPB-5; 30 m×
0.25 mm×0.25 μm) was used. 2-Acylglycerol eluted from
this GC column at approximately 26.9–27.0 min. Based on
the electron impact spectrum of authentic 2-AG, selected
ion monitoring analyses were performed on m/z 103, m/z
129, m/z 147, m/z 432, m/z 451 and m/z 507.

Data were expressed as picograms per milliliter PRP
(≅2×108 platelets).

Platelet serotonin content

The platelet pellet was separated from platelet-poor plasma
by centrifuging the PRP at 70,000 g for 10 min. The pellet
was then washed twice in HEPES-thyroid buffer [145 mM
NaCl, 5 mM KCl, 1 mM MgSo4, 10 mM N-2-hydroxye-
thilpiperazine-n-2-ethan sulfonic acid (HEPES) and 1 mM
glucose/L, pH=7.4]. All platelets were resuspended at a
concentration of 1×109/ml and frozen at −80°C until the
assay. Immediately prior to the assay, the samples were
thawed at room temperature and sonicated. Platelet 5-HT
was measured using HPLC with electrochemical detection.
The chromatographic system included a Kontron instrument
(model 420) with a 5-μm particle diameter, tracer analytic
ODS and a Il C4b amperometric detector. The mobile phase
consisted of 0.1 M phosphoric acid and 0.1 mM EDTA,
adjusted to pH 2.85 with 4 M KOH solution. The internal
standard was 3,4-dihydroxybenzylamine. Platelet 5-HT
levels were expressed as nanograms per 109 platelets.

Statistical analysis

Data were expressed as the mean ± SD. The ANOVA and
the least significant difference (LSD) as post-hoc test were
used for the comparison of the means among the three
groups. Correlation between clinical variables and endo-
cannabinoid and serotonin levels in all groups were
calculated using the Pearson correlation test. P values less
than 0.05 were considered to be significant.

Results

Details of patient and control groups are reported in Table 1.
Drugs abused by MOH patients are shown in Table 2.

The content of 2-AG in the platelets of both the patients
and control subjects was 20-fold greater than that of AEA.
The levels of 2-AG and AEA were significantly lower in
MOH patients and CM patients than in the controls (p<
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0.0001 for both), but there were no significant differences
between the two patient groups. Females in the CM and
MOH groups showed significantly lower levels of AEA, 2-
AG and serotonin than males (Table 3).

Serotonin levels were strongly reduced in the two patient
groups (p<0.001 and p<0.002, respectively) with lower
values detected in females than in males. They were also
significantly correlated with 2-AG levels, with higher
correlation coefficients for MOH (0.49, p<0.02 and 0.82,
p<0.0001, respectively) (Fig. 1), but not with AEA levels.

No correlation was found between the intraplatelet levels
of 2-AG, AEA and serotonin and age, age of headache
onset (years), number of days with headache/month,
headache index and number of drugs taken/month.

Discussion

In the study reported here, we used platelets as a peripheral
model of some pathogenic mechanisms of CM and MOH.
The choice of this model is based on the classical concepts
developed from a comparison of the properties of blood
platelets and serotonergic synaptosomes, which suggest that
human platelets can serve as an appropriate model for the
transport, metabolism and release of serotonin (5-HT) by
CNS serotonergic neurons [32]. Although confirmation is
necessary, it would appear that the relationship between
different indices of 5-HT binding in the brain and 5-HT
uptake characteristics in platelets is complex, nonuniform,
and possibly gender-specific and that this observation can be
extended to serotonin content. However, information from
this model should be taken with caution when extrapolating
the results to CNS serotonergic pathways [33].

Platelets have also classically been considered to be a
suitable model for studying other forms of neurotransmit-
ter and neuromodulator dysfunctioning, including endo-
cannabinoids. Human platelets have been shown to
possess the biochemical machinery to degrade AEA,
which is a selective transporter of AEA and a fatty acid
amide hydrolase (FAAH); they also bind and degrade 2-
arachidonoylglycerol, which activates these cells through a
cannabinoid receptor [24, 25].

However, to date, no studies have been conducted to
compare data from platelets model and serotonergic path-
ways in terms of endocannabinoids and transporter and
receptor expression with the aim of determining whether
the findings from this peripheral model are reliably
extendable to CNS pathways. Moreover, there are some
recent data emphasizing the released of endocannabinoids,
in particular anandamide, from blood cells ex vivo at a very
high rate. Therefore, blood levels (in plasma and cellular
elements) of these substances are strongly influenced by
time and mode of storage until determination. This can
influence their levels in blood cells, including platelets,
which necessitates the application of strictly standardized
pre-analytical protocols [34].

Despite the above limitations, platelets remain a useful
tool to study both the serotonergic and endocannabinoid
system due to the ease of collecting and separating these
blood elements in several pathological conditions, includ-
ing CM and MOH. We therefore hypothesize that our
finding of reduced 2-AG and AEA levels in platelets related
to reduced serotonin levels may reflect an imbalance in the
endocannabinoid system which occurs in parallel with
serotonergic dysfunctioning in these two chronic head pain
conditions.

An increased degradation of AEA in platelets related to
variations in the activity of AEA transporter and AEA
hydrolase in peripheral platelets, compared with controls,

Table 1 Details of patients

CM patients MOH Controls

Number of patients 20 20 20
Male 7 6 7
Female 13 14 13
Age (years) 45.7±4.1 47.4±5.6 41.3±4.6
Duration of chronic pain
(years)

11.5±5.3 13.6±4.8

Headache frequency
(days/month)

25.4±4.9 25.2±5.3

Number of drugs taken/month 12.05±3.8 61.4±5.2
VASa 75.4±13.7 78.3±13.7

CM, Chronic migraine; MOH, medication-overuse headache
a All patients were asked to make one assessment of pain by means of
a visual analogue scale (VAS; 0–100 score) during the 3 months of
diary recording. Mean values are presented

Table 2 Analgesics abused by medication-overuse headache patients

n %

Simple analgesics/NSAIDs
Acetaminophen 13 65
Diclofenac 9 45
Ketorolac 10 50
Naproxen 8 30
Nimesulide 7 35
Piroxicam 5 25
Combination of analgesics
Butalbital + propyphenazone +Caffeine 9 45
Indomethacin + prochlorperazine + caffeine 7 35

NSAIDs, Non-steroidal anti-inflammatory drugs
The sum of the percentages exceeds 100% because the majority of
patients used more than one simple analgesic or combination of
analgesic in association with one simple analgesic

4 Eur J Clin Pharmacol (2008) 64:1–8



consistently with a lowered endocannabinoid level has been
recently shown in females with episodic migraine, but not
in their male counterparts [28].

We confirmed the failure of the endocannabinoid system
that had been previously demonstrated in episodic migrai-
neurs, and in accordance with these previous findings we
demonstrated significantly lower levels of 2-AG and AEA in
females compared to males in both the CM and MOH groups.
Values measured in males in both patients groups, however,
were significantly reduced compared to those of the controls
(when compared to only males or to the total group).

The failure of the endocannabinoid system observed
at the peripheral level may be related to a dysfunctioning
of the serotonergic system and can be hypothesized to
occur within the CNS as well. To support this hypothesis,
we refer to a recent finding of our group in which reduced
levels of AEA and palmitylethanolamide were determined
in the cerebrospinal fluid (CSF) of both CM and MOH
patients, suggesting an imbalance in endogenous cannabi-
noid signaling that may contribute to chronic head pain
through increased calcitonin gene-related peptide (CGRP)
and nitric oxide (NO) production [35].

As found in previous CSF studies,, the reduced levels of
both AEA and 2-AG do not seem to be specific to patients
with CM because they are also evident – to an even greater
extent – in patients with MOH. Consequently, it would
appear that reduced levels of AEA and 2-AG are related to
chronic head pain per se.

Based on previous CSF studies and actual platelet
findings it is not possible to determine whether reduced

endocannabinoid levels are a consequence of chronic
pain in migraine patients. Although the precise cascade
causing CM, both with and without medication overuse,
is complex and has yet to be elucidated, the binding of
endogenous cannabinoids to CB1 receptors is involved in
the modulation of pain in general and chronic pain in
particular. More specifically, the stimulation of the CB1
receptors is able to inhibit trigeminal neurons and dural
blood vessel dilation, both mechanisms implicated in the
pathogenesis of pain induction and maintenance in
migraine [17, 36]. As such, it would seem that the chronic
pain is likely stemming from a dysfunction in the CB
system and not vice-versa. Moreover, the greater decrease
in 2-AG in MOH patients relative to CM patients suggests
that endocannabinoid dysfunctioning could also also play a
potential role in the ‘addiction’ aspect in the drug-seeking
behavior of MOH patients.

CB1 receptors are expressed in the mesolimbic reward
circuit and modulate the dopamine-releasing brain reward
systems. Endocannabinoids are also involved in the
motivation to seek drugs by a dopamine-independent
mechanism, known for psychostimulants and opioids but
not yet demonstrated for other abused drugs, such as non-
steroidal anti-inflammatory drugs (NSAIDs) and triptans
[37]. It can be hypothesized that in MOH patients, a
dysfunctioning of the endocannabinoid system can result in
a defect of endogenous brain reward processes and reward-
related behaviors. This can underlie or reinforce motiva-
tional effects and relapse to the seeking behavior for abused
drugs, such as NSAIDs and triptans [38]. These drugs may

Table 3 Levels of AEA and 2-AG, both expressed as pg/ml platelet-rich plasma (2×108 platelets), and serotonin (ng/109 platelets) in CM, MOH
and control subjects

AEAa 2-AGb Serotoninc

Chronic migraine (CM)
All (n=20) 0.089±0.010* 1.74±0.20* 49.57±4.01**
Males (n=7) 0.099±0.005^ 1.91±0.16§ 52.38±4.41
Females (n=13) 0.084±0.009 1.65±0.15 48.06±2.94

Medication-overuse headache (MOH)
All (n=20) 0.078±0.007* 1.65±0.16* 48.57±3.31***
Males (n=6) 0.089±0.008^^ 1.84±0.15§§ 51.36±3.78
Females (n=14) 0.075±0.006 1.56±0.12 45.78±2.85

Control subjects (C)
All (n=20) 0.140±0.024 2.62±0.22 67.29±4.46
Males (n=7) 0.149±0.016 2.64±0.26 69.57±5.13
Females (n=13) 0.135±0.026 2.60±0.20 68.14±4.28

AEA, Anandamide; 2-AG, 2-acylglycerol
Statistical significance from ANOVA and post-hoc analysis ©, controls; M, males; F, females):
a AEA. Total group: CM vs. C, and MOH vs. C, *p<0.0001; CM vs. MOH, p<0.052 (n.s); gender difference: CM: M vs. F, ^p<0.03; MOH: M
vs. F, ^^p<0.006; Controls: M vs. F, p<0.05
b 2-AG. Total group: CM vs. C, and MOH vs. C, *p<0.0001; CM vs. MOH, p<0.16 (n.s.); gender difference: CM: M vs. F, §p<0.002; MOH: M
vs. F: §§p<0.004; Controls: M vs. F, p=0.51 (n.s.)
c Serotonin. Total group: CM vs. C, **p<0.005; MOH vs. C: ***p<0.003; CM vs. MOH, p<0.17 (n.s.); gender difference: CM: M vs. F, p<0.19
(n.s); MOH: M vs. F, p<0.08 (n.s.); Controls: M vs. F, p=0.68 (n.s.)
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act, like other substances involved in addiction, as reward-
enhancing drugs in that they increase neural firing and
dopamine tone within the structures of mesolimbic reward
systems. On the other hand, chronic exposure to such drugs
can reduce endocannabinoid levels in different brain
regions, such as the midbrain, hippocampus, striatum and

cerebral cortex [39, 40]. This mechanism can further
contribute to the decreased levels of AEA and 2-AG found
in MOH patients. The above observation seems to be not
true for AEA content in the limbic forebrain; some animal
models of chronic exposure to habit-forming drugs have
demonstrated that AEA content increases in this brain

Fig. 1 Plots of the levels of 2-
acylglycerol (2-AG; pg/mL
platelet-rich plasma) and seroto-
nin (ng/109 platelets) in patients
with chronic migraine (a) and
medication-overuse headaches (b)
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region [39]. Knowing that this region is a key area for the
reinforcing properties of many abused drugs and taking into
account the key importance of the CB1 receptor in the
relapse and reinstatement of drug-seeking behavior, it
remains to be established if similar modifications occur in
the brain of MOH patients. Animal models aimed at
studying this aspect should be developed as they could be
helpful in investigating the usefulness of potential targeting
of the endocannabinoid system in MOH, taking into
account the complex intervention of this system in drug
abuse mechanisms [41, 42].

On the basis of previous findings, it is possible to
suggest that reduced endocannabinoid levels in platelets
may be the consequence of an alteration in their degrading
machinery. However, if this is the consequence of chronic
pain maintenance, its cause remain to be established.
Another question remaining to be answered is whether the
reduction in AEA and 2-AG levels can be due to the
expression of a particular genetic background in this
subpopulation of headache patients that would influence
both pain processing and threshold and/or be associated to
drug abuse and dependence. This possibility is suggested
by recent experimental findings [22, 35, 43].

This parallelism in the failure of endocannabinoids and
serotonin is in line with experimental findings of a mutual
interaction of 2-AG and 5-HT in modulating different
signaling pathways involved in pain control. 2-Acylglycerol
and 5-HT have been recognized to reinforce each other in
terms of binding to their respective receptor on the platelet
surface [25]. Therefore, altered expression of 5-HT2A

receptors and reduced serotonin content, both of which are
important mechanisms in the pathogenic mechanisms of
CM, can themself contribute to the disruption of the
endocannabinoid system. This impairment can further be
impaired by chronic symptomatic exposure in MOH
patients.

The mutual interaction between 2-AG and 5-HT is also
supported by experimental data that demonstrate that 5-
HT2A receptor stimulation leads to the release of 2-AG
through the activation of phosphatidylinositol and phos-
pholipase C. The consequence of this is the stimulation of a
CB1 receptor by endocannabinoids released consequent to
the 5-HT2A receptor activation; this step can represent a
regulatory mechanism by which postsynaptic G-protein-
coupled receptors can modulate presynaptic neurotransmit-
ter release and neuronal plasticity [44]. A failure of this
system can contribute to the abnormal modulation of brain
nociceptive systems, leading to central sensitization which,
in turn, may explain the shift in the migraine phenotype
from episodic to chronic headache and to the maintenance
of chronicity by the abuse of symptomatic medications.

Conversely, endogenous cannabinoids can surely affect
the 5-HT system, as demonstrated by the finding that

selective inhibition of the enzyme FAAH, which catalyzes
the intracellular hydrolysis of anandamide, results in the
increased firing activity of serotonergic neurons in the
dorsal raphe nucleus and noradrenergic neurons in
the nucleus locus ceruleus. This action is related to the
increase in the endocannabinoid AEA and is prevented by
CB1 antagonists [45]. Consequently, it cannot be excluded
that a dysfunction in other endocannabinoids, such as 2-AG
decrease, is ultimately causing the imbalance in the 5-HT
system in CM and MOH. Further experimental studies
aimed at targeting the specific enzyme participating in the
degradation of this ester, the monoglyceride lipase, are
needed [46].

Inhibitors of endocannabinoid degradation seem to be
necessary tools for the development of endocannabinoid
therapeutics, which is a subject attracting the growing
interest of pharmacologists given their multiple potentials
in terms of chronic pain and depression [47].
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