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Introduction
The chronic daily headache (CDH) is characterized by the
daily or almost-daily occurrence of headache. Its pattern is
usually episodic in the beginning, either in the form of
migraine or tension-type headache. In some cases the
headache can be daily ab initio. According to the temporal
courses and patterns, this syndrome can be classified into
four categories, including transformed migraine, chronic
tension-type headache, new daily persistent headache, and
hemicrania continua [1]. The varieties of its natural history
and clinical presentations also imply the heterogeneity of
this syndrome.

No clear explanation exists regarding the pathogenesis
of headache transformation. Despite its clinical varieties,
the development of daily headache from an initial episodic
character, either migraine or tension-type headache, may
share some common mechanisms. Various factors, includ-
ing overuse of analgesics, associated psychiatric disorders,

chronobiological factors, and so forth, have been proposed
to be accounted for this process. This article reviews the
biological changes observed in the patient with CDH. The
possible mechanism underlying the process of headache
transformation is also proposed. Special attention is paid
to the possible pathogenesis of analgesics abuse headache.

The Clinical Standpoint
Chronic daily headache and its episodic counterpart differ
both in frequency and headache characters. Comparison
between migraine and transformed variants, headache in
the latter, tends to be more bilateral and persistent dull
pressure-like in nature [2]. These characters resemble the
headaches observed in chronic tension-type headache than
those of migraine. Cutaneous allodynia, in the form of
scalp tenderness, is frequently observed. The associated
symptoms such as nausea, vomiting, photophobia, and so
forth appear not very often. The recent survey showed the
significant associated factors of this headache to be analge-
sic overuse, history of migraine, and depressive mood [3].
Sleep difficulties are also a common symptom, which coin-
cides with the daily headache. Recently, Spierings et al. [4]
showed that daily headaches did not differ in their features
regardless of whether the initial headaches were migraine
or tension-type headache. They also showed that when
daily headache became intermittent again, it reassumed
the features of initial headache.

These clinical presentations may offer some clues for
the possible mechanisms underlying the process of head-
ache transformation. Decreased pulsating pain may reflect
the changes in the primary organ of the headache genera-
tor from cranial vessels. Spreading of the headache area
and cutaneous allodynia may indicate the change in the
receptive field and sensitivity of the central nociceptive
neurons. The similarities in the daily headache characters,
regardless of the types of initial headache, might imply that
the process of transformation finally results in the com-
mon pathophysiologic state. It is known that serotonin (5-
hydroxytryptamine [5-HT]) plays an important role in the
pathogenesis of depressive disorder and sleep disturbance.
Therefore, coexistence of these associated psychiatric symp-
toms may indicate the role of a certain neurotransmitter,
particularly 5-HT, in this process.

Despite no clear explanation of the mechanism underlying 
chronic daily headache, sensitization of central nociceptive 
neurons is one possibility. Either prolonged activation of 
peripheral nociceptors or any factors that can alter the 
endogenous pain control system can trigger this process. A 
decrease in platelet serotonin has been observed in 
patients with chronic tension-type headache as well as 
migraine patients with medication-induced headache. It was 
also shown that chronic analgesic exposure led to changes 
in the serotonin content and the density of the 5-HT2A 
receptor in the cerebral cortex. The plasticity of the sero-
tonin-dependent pain control system may facilitate the pro-
cess of sensitization and results in the development of 
chronic daily headache.
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Sensitization and Pathogenesis 
of Chronic Daily Headache
Pathophysiologic processes underlying CDH can be classi-
fied, according to the pain generators, into peripheral and
central mechanisms. The peripheral mechanism is related
to the changes in nociceptor function, especially those
innervating the cranial vessels and pericranial myofascial
tissues. The central mechanisms comprise physiologic
changes in the neural pathway, subserving the transmis-
sion and modulation of cranial nociceptive information.

Peripheral mechanisms
Activation of the trigeminal nerve is known to be the final
common pathway of all forms of headache. Perivascular
and pericranial myofascial nociceptors exert an important
role in the generation of headache in migraine and ten-
sion-type headache, respectively. The activation of nocicep-
tive fibers then triggers the release of algogenic peptides,
including substance P and calcitonin gene-related peptide
(CGRP), from its terminals. The released mediators can
induce mast cell activation, nociceptor sensitization, and
perivascular protein extravasation. Coupling of these
ligands with their receptors, mainly G protein-coupled
subtype, can then trigger phosphorylation of various pro-
teins, including ion channels. Phosphorylation of sensory
neuron-specific tetrodotoxin-resistant sodium channels as
well as calcium channels will decrease the threshold of the
nociceptor membrane (Fig. 1). As a result, the nociceptor
becomes more ready to fire and some inactive or “silent”
nociceptors are turned on. This process is known as periph-
eral sensitization. Sensitization of perivascular nociceptors
is possibly responsible for the development of the pulsat-
ing headache developed during the migraine attacks.
Repeated episodes of trigeminal nerve activation may
chronically sensitize nociceptors and thus contribute to the
development of CDH.

Although the nociceptor sensitization seems to explain
the pathogenesis of CDH, lack of definite evidence renders
this as a speculation. Concerning chronic tension-type
headache, Sakai et al. [5] found that patients with chronic
tension-type headache had a higher degree of trapezius
muscle hardness than the controls. More recently, a signifi-
cant relationship between hardness and tenderness of the
trapezius muscle was demonstrated in the patients suffer-
ing from this condition [6]. Because there is no difference
in hardness recorded on days with and days without head-
ache, such an increase in muscle hardness is unlikely to be
a consequence of actual pain. These findings may reflect an
increase in the sensitivity of nociceptors distributed in the
pericranial muscles. The possible beneficial effect of botu-
linum toxin injection in the treatment of migraine as well
as its transformed variants also indicates the role of muscle
nociceptors in the process [7–9]. The exact mechanism
inducing this peripheral sensitization is still unknown.

The evidence of peripheral sensitization in CDH patients,
other than chronic tension-type headache, is still lacking.
Change in the peripheral nervous system reported so far is

the autonomic dysfunction. In 1998, Evers et al. [10] studied
the peripheral sympathetic activity in headache patients by
measuring the peripheral autonomous potential (PAP). They
observed that patients with headache of any type had longer
latency of PAP. This observation seemed to be specific for
only headache because it was not observed in patients with
low back pain. They also found that patients with medica-
tion-induced headache had increased PAP latencies com-
pared to those with other forms of headache. Based on this
observation, they concluded that sympathetic hypofunction
as evidenced by prolonged PAP latencies is a general phe-
nomenon in headache, and drug abuse may lead to an exag-
geration of this phenomenon. The clinical significance of
this finding is unclear.

Central mechanisms
Any processes leading to an increased excitability of neu-
rons in the central nociceptive pathway can be responsible
for the development of chronic pain syndromes including
headaches. At the level of the spinal dorsal horn neuron, its
excitability depends on the input from primary afferent as
well as segmental and supraspinal pain-modulating cir-
cuits. One important feature of synaptic transmission
between primary nociceptive afferents and dorsal horn
neurons that underlies the plasticity of dorsal horn neu-
rons is the complexity of its neurotransmitter system. Cen-
tral terminals of C-fiber neurons contain multiple
transmitters including glutamate and the peptides, sub-
stance P, and CGRP. Various forms of receptors, both iono-
tropic and metabotropic types, are expressed on the cell
membrane of postsynaptic dorsal horn and trigeminal
nucleus caudalis neurons. The combination of these chem-
ical reactions elicits long-lasting synaptic potentials. This
slow synaptic potential promotes temporal summation
and is responsible for the development of a physiologic
phenomenon known as “wind-up.” This phenomenon was
described as progressively increasing activity in dorsal horn
cells following repetitive activation of primary afferent C-
fibers. This response is nonlinear and activity-dependent.
The nonlinear nature of this increment can be explained by
the recruitment of N-methyl-D-aspartate (NMDA) recep-
tors through the removal of voltage-dependent blockade
by magnesium ions. Activation of the NMDA receptor as
well as other metabotropic receptors, eg, neurokinin-1
receptor, results in an increase in the intracellular calcium
in the postsynaptic neurons. The rising of intracellular cal-
cium will lead to substantial changes in the postsynaptic
function. The increased calcium will activate nitric oxide
synthase and increase the production of nitric oxide. This
gaseous molecule then diffuses back to the presynaptic ter-
minals and stimulates transmitter release (Fig. 2), which
results in the long-term strengthening of the synaptic func-
tion and leads to the development of central sensitization.
Central sensitization is both induced and maintained in a
transcription-independent manner.

Several different intracellular signal transduction cas-
cades converge on mitogen-activated protein kinase
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(MAPK), the activation of which appears to be a master
switch or gate for the regulation of central sensitization. In
addition to post-translational regulation, the MAPK path-
way may also regulate long-term pain hypersensitivity, via
transcriptional regulation of key gene products [11•]. As a
result of sensitization, these central nociceptive neurons
will become responsive to low-intensity stimuli as well as
increase their responses to suprathreshold stimuli. These
functional changes underlie the allodynia and hyperalge-

sia observed in the patients with chronic pain as well as
chronic headache. The process of central sensitization also
enlarges the receptive fields of these neurons, thus
expanding the pain area. Burstein et al. [12] demonstrated
that sensitized trigeminal caudalis neurons initiated by
chemical stimulation of the intracranial dura showed an
increased response to facial stimulation. Unlike the wind-
up, central sensitization does not depend on the activity
of primary afferents.

Figure 1. Biochemical pathway underlying 
the sensitization of the peripheral nociceptor. 
Various mediators released from injured 
tissues, circulating cells, and activated noci-
ceptors will interact with their receptors, 
mainly the G protein-coupled subtype. 
cAMP—cyclic AMP; PKA—cAMP-depen-
dent protein kinase; TTX-R INa–tetrodotoxin-
resistant sodium channel; TTX-S INa–tetrodo-
toxin-sensitive sodium channel.

Figure 2. Synaptic mechanism underlying wind-up and central sensitization. Prolonged and repetitive activation of primary afferent fibers can trigger 
the release of glutamate and algogenic peptide, ie, substance P (SP). The slow synaptic potential promotes temporal summation and is responsible for 
the development of wind-up. Activation of the N-methyl-D-aspartate (NMDA) receptor results in an increase in the intracellular calcium; the 
increased calcium will activate nitric oxide synthase (NOS) and increase the production of nitric oxide. This gaseous molecule then diffuses back to 
the presynaptic terminals and stimulates transmitter release, resulting in the long-term strengthening of the synaptic function and leading to the devel-
opment of central sensitization. Activation of the G protein-coupled receptor as well as an increase in cellular calcium can trigger several kinase sys-
tems, thus altering the genetic transcription. CAM-K—Ca2+/calmodulin-dependent protein kinase; MAP—mitogen-activated protein.
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The induction of peripheral and central sensitization has
been proposed to be significant steps in the development of
headache and allodynia in migraine patients. In 2000,
Burstein et al. [13••,14,15] described the temporal pattern
of cutaneous allodynia developed during the migrainous
attack. The mechanical and cold allodynia progressed from
the ipsilateral head to the contralateral side and finally
involved the forearm area. Based on this temporal profile,
they proposed that the chemical activation of dural nocicep-
tors developed during the migrainous attack could lead to
the peripheral sensitization of these nociceptors to intracra-
nial mechanical stimulation. The barrage of impulses that
comes from peripheral nociceptor activates the second-
order neurons and initiates their sensitization. Conse-
quently, the barrage of impulses from the sensitized second-
order neurons activates and eventually sensitizes third-order
neurons. These findings provide the evidence for the induc-
tion of peripheral and central sensitization along trigemi-
novascular pain pathways by visceral input from the
intracranial dura. They also explain the roles of peripheral
and central sensitization in the development of throbbing
pain in migraine and scalp tenderness, respectively. Abnor-
mal sensitization has also been proposed to underlie the
development of pain in various conditions including
chronic tension-type headache [16••] and fibromyalgia
[17]. Chronic activation of the intracranial nociceptors may
enhance these processes and result in CDH.

Neurophysiologic Evidences Supporting 
Central Mechanism
Changes in psychophysical measures supporting the sensi-
tization theory have been reported in headache patients.
Lowering in the pain threshold after prolonged heat stimu-
lation in headache patients implied the sensitization in the
spinal level [18]. Abnormal pericranial tenderness was also
demonstrated in patients with CDH. Alteration of central
excitation circuits has been proposed in these patients.
Fusco et al. [19] demonstrated that the temporal summa-
tion of the second pain, the psychophysical correlate of the
excitatory pain circuits, was greater in these patients in
comparison with patients with migraine or episodic ten-
sion-type headache. They also showed that this facilitation
could be normalized after drug discontinuation.

Over-consumption of analgesics, the factor related to
the development of CDH, is also associated with changes
in some electrophysiologic parameters. Using the critical
flicker frequency (CFF) analysis, Schnider et al. [20,21]
showed that the vigilance or attentive system was impaired
in the patients with analgesic abuse headache. They also
demonstrated that the decreased CFF value became nor-
malized after analgesic withdrawal. Evers et al. [22] showed
that the ergotamine abuse could affect information pro-
cessing as evidenced by an increase in P3 latency of the
event-related potential compared with migraine patients.
However, whether or not patients with CDH have impair-

ment in certain cognitive functions is still a question. A
more recent study showed that the difference in CFF value
disappeared after correction for total SCL-90 scores, a psy-
chological measure [23]. This finding implies that ergota-
mine abuse is associated with psychological distress but
not with structural impaired cognitive functioning.

Contingent negative variation (CNV) is the surface nega-
tive slow potential elicited in expectancy conditions. An
increased negativity of the early and late component of this
electrophysiologic phenomenon due to reduced habituation
has been observed in migraine patients [24]. This phenome-
non can be interpreted as an enhanced self-regulatory mecha-
nism necessary for migraine patients to cope with the possible
genetic cortical hypersensitivity. Change in this electrophysio-
logic characteristic has been observed in migraine patients
with superimposed CDH. In 1998, Siniatchkin et al. [25]
demonstrated the reduction of the negativity of the late com-
ponent and pronounced postimperative negative variation in
migraine patients who eventually developed CDH. Because
the amplitude of the negativity of CNV has been proposed to
reflect the degree of the self-regulatory mechanism, the
observed reduction might indicate a loss of this compensa-
tory mechanism in CDH. It should be noted that the same
pattern of CNV abnormality could also be observed in the
patients with depression, a major comorbidity of CDH.

Dysfunction of Central Serotonin System 
As a Mechanism of Analgesic-induced CDH
The excitability of the dorsal horn as well as trigeminal cau-
dalis neurons is under the strong influence of supraspinal
controls. A number of brain stem nuclei exert their nocicep-
tive modulation effect via the downward projection to the
spinal dorsal horn. The belief has long been held that 5-HT
plays a pivotal role in the process of endogenous pain modu-
lation. Several lines of evidence have shown that the analge-
sic efficacy of various pain control measures is possibly
mediated via this neurotransmitter. For instance, Linderoth et
al. [26] demonstrated that electrical stimulation of the dorsal
column, a measure that is used for pain attenuation, can
increase in tissue levels of 5-HT in the spinal dorsal horn.
Recent evidence has indicated that antinociceptive efficacy of
various analgesics, either narcotic or non-narcotic, depends
on the integrity of the central 5-HT system. An increase in tis-
sue levels of 5-HT has been observed after administration of
analgesic compounds. Pini et al. [27] showed that an acute
administration of acetaminophen could increase the levels of
5-HT in the cerebral cortex and pons. An increased tissue
level of 5-HT was also observed in the spinal cord after a sys-
temic administration of a nonsteroidal anti-inflammatory
drug, diclofenac [28]. Therefore, alteration of this system can
change the pain susceptibility, thus resulting in the develop-
ment of chronic pain syndromes. Failure of the serotonergic
analgesia has also been proposed to underlie the pathogene-
sis of fibromyalgia, the syndrome characterized by wide-
spread aching and pain [29].
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The abuse of analgesics is an important factor that
accounts for the development of CDH. Accumulating evi-
dence showed that analgesics may be involved in this pro-
cess by interfering with the 5-HT-dependent endogenous
analgesia system. Alterations in this neurotransmitter sys-
tem have been demonstrated in the patients with medica-
tion-induced CDH. Platelet 5-HT content has been
observed to be decreased in these patients [30,31,32•]. This
change is reversible because it can be normalized after drug
withdrawal [33]. A decrease in 5-HT content coincided
with an upregulation in 5-HT2A receptors on platelet mem-
brane that was also reversible after drug discontinuation
[34,35]. This finding is in accordance with the observation
that chronic analgesic consumption has a significant effect
on signal transduction mechanism. In 1993, Hering et al.
[36] found that analgesic withdrawal can induce a normal-
ization of the abnormally upregulated thrombin-stimu-
lated inositol phosphate production in platelet in a time-
dependent manner. They also found that this downregula-
tion correlated with the improvement of headache. The
reduction of platelet 5-HT content is possibly secondary to
the abnormal release mechanism, as evident by an obser-
vation of abnormal dilatation of intraplatelet canaliculi
[31]. More recently, Sarchielli et al. [32•] showed that
platelet, taken from the analgesic abuse migraineurs, exerts
an increase in nitric oxide and cyclic GMP production as
well as increases intracytosolic calcium after stimulation
with collagen. This evidence implies the alteration of plate-
let 5-HT system in this condition.

The hypothesis of analgesic-induced derangement in the
5-HT system has been furtherly determined in the central
nervous system. Srikiatkhachorn et al. [37,38•] demonstrated
that the density of the 5-HT2A serotonin receptors rapidly
changes in response to analgesic administration. A 15-day
course of acetaminophen led to a downregulation of the 5-
HT2A receptor and an upregulation of the 5-HT transporter
in the frontal cortex. These changes were accompanied by an
increase in 5-HT levels in platelets. Because changes in the
platelet and the neuronal 5-HT system were demonstrated to
be parallel, the observed change in the platelet 5-HT reported
here may reflect the concurrent change in the 5-HT level in
the central nervous system [39]. A higher degree of the 5-HT
receptor and transporter plasticity was observed in animals
receiving the higher dose of acetaminophen. Interestingly,
the degree of receptor downregulation as well as transporter
upregulation became less evident after a more prolonged
administration of the drug. The decreases in degree of recep-
tor downregulation and transporter upregulation coincide
with the decrease in analgesic efficacy of acetaminophen. The
same correlation between the pattern of receptor plasticity
and antinociceptive efficacy has been observed by Pini et al.
[40] in their study on the effect of acetylsalicylate. These find-
ings suggest that chronic analgesic consumption can alter the
central 5-HT system.

The findings in the human platelet model and in ani-
mals suggest that chronic analgesic exposure can alter the 5-
HT system by induction of the low 5-HT state. It has
recently been shown that the cerebral microvascular dilata-
tion in response to systemic administration of nitroglyc-
erin, a nitric oxide-donating compound, was enhanced in
the 5-HT-depleted animals [41]. This observation might be
interesting because nitric oxide is believed to be involved in
the pathogenesis of migraine headache. The depletion of 5-
HT will subsequently lead to the upregulation of the 5-HT2
receptor as well as the change in the intracellular signaling
mechanism. This alteration in the central pain modulation
system may account for the perpetuation of headache via
several possible mechanisms. The reduction of the nocicep-
tive inhibitory control may enhance the process of central
sensitization, activate the nociceptive facilitating system, or
enhance the process of kindling. It has been observed that
the 5-HT2A receptor may have a nociceptive-potentiating
effect by enhancing the release of substance P from the pri-
mary afferent [42]. Supraspinal mechanism of this 5-HT2A-
induced nociceptive facilitation has also been suggested
[43]. Because hydrolysis of phosphoinositol is a transduc-
tion cascade of this receptor type, the occupation of these
receptors will activate the release of calcium from its intra-
cellular store and increase the cytoplasmic calcium concen-
tration. A rising in the intracellular calcium is an important
step in the development of long-term potentiation and cen-
tral sensitization. Therefore, an upregulation of this type of
receptor as a result of chronic medication use may increase
the sensitivity to pain perception and result in the CDH.

Conclusions and Hypothesis
Based on available evidence, it can be proposed that cen-
tral sensitization is a possible mechanism of the develop-
ment of CDH. Repeated activation of trigeminal
nociceptors can lead to the wind-up, and finally sensitiza-
tion of higher-order nociceptive-processing neurons in the
central nervous system. This phenomenon resembles the
process of kindling, which underlies the development of
epileptogenic focus. Derangement in the endogenous 5-
HT-dependent antinociceptive system, either by chronic
analgesic consumption or associated psychiatric condi-
tions, might facilitate this process (Fig. 3). The reduction of
this transmitter can lead to an upregulation of its postsyn-
aptic 5-HT2A receptor. Activation of these receptors will
increase the intracellular calcium via the process of phos-
phoinositol hydrolysis. The rise in the intracellular calcium
then facilitates the process of central sensitization as well
as other long-term plasticity in the neurons of the nocicep-
tive pathway. Because activation of the NMDA receptor and
the rising of intracellular calcium are important steps in
the biochemical process of sensitization, modulation of
both steps may be possible treatment targets [44,45].
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Figure 3. Possible mechanisms involved in the development of chronic daily headache. A, The activity of the thalamic projection neurons in the 
trigeminal nucleus caudalis is controlled by both peripheral input and segmental and supra-segmental influence. The repetitive activation of 
trigeminal nociceptors will trigger the processes of wind-up and central sensitization. B, Any factors leading to the derangement in the endoge-
nous pain control system either by attenuating the analgesia system or by enhancing the pain-facilitating systems will expedite this process.
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