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Tension-type headache (TTH) is the most common form of head-
ache and accounts for approximately 80% of headache diagnoses, 

yet its etiology remains uncertain (1). It is associated with significant 
socioeconomic impact through loss of employment productivity and 
increased health care costs, and with reduced quality of life (2). The 
chronic form of TTH (CTTH) (headache occurring >15 days per 
month), while less common, is more debilitating, ranking in the 
WHO’s top 10 illnesses according to disability (3). 

The pathophysiology of CTTH is largely unknown, although 
recent models suggest both central and peripheral nervous system 
mechanisms. It has been suggested that patients with CTTH exhibit 
reduced excitability of brain stem inhibitory neurons as well as 
reduced thresholds for nociceptive flexion reflexes and pain toler-
ance (4). These results suggest an imbalance in central nervous sys-
tem pain control mechanisms (1). In the peripheral nervous system, 
it is believed that CTTH is mediated by referred pain from 
myofascial trigger points mediated by central sensitization (5). 

However, what activates these peripheral trigger points is a matter of 
some debate. 

Recent work involving chronic pain models in animal systems 
indicates that cytokines play a role not only in establishing and main-
taining inflammation, but also in the generation and maintenance of 
some types of pain. In fact, recent work has implicated interleukin 
(IL)-6 as a factor in CTTH pain induction (6). Cytokines are believed 
to induce pain by directly binding to receptors on afferent neurons, 
including nociceptors. Proinflammatory cytokines, such as IL-1β, IL-6 
and tumour necrosis factor-alpha (TNF-α), can directly activate noci-
ceptive neurons, thereby generating action potentials and inducing 
pain hypersensitivity (7,8). 

The mechanisms by which cytokines alter neuronal excitability are 
the focus of ongoing investigations. Neurons, including peripheral sen-
sory afferents as well as those in spinal cord dorsal horn, express recep-
tors for cytokines (9). Neuronal excitability in the spinal dorsal horns is 
rapidly increased in response to these cytokines, suggesting a direct 
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BACkgRounD: Tension-type headache is the most common form of 
headache and its chronic form, chronic tension-type headache (CTTH), is 
one of the most difficult to treat. The etiology of CTTH is not well under-
stood, but is believed to be multifactorial and to vary among individuals. In 
the present study, the authors sought to identify common mechanisms of 
CTTH pathology. Empirical studies have implicated various immunomodu-
latory cytokines as mediators of chronic pain disorders, including CTTH.
oBjeCtiVeS: To determine the role of peripheral cytokines and genetic 
factors in the development of CTTH.
MethoDS: A panel of cytokines hypothesized to play a role in the 
pathogenesis of CTTH was measured using cytometric bead arrays and 
ELISAs in 56 individuals with CTTH and 42 healthy control participants 
between 18 and 65 years of age.
ReSultS: Levels of interleukin (IL)-1β were significantly elevated in 
participants diagnosed with CTTH relative to healthy controls, while 
IL-18 levels were found to be significantly elevated in men with CTTH. 
Because the levels of these immune mediators were increased in the appar-
ent absence of injury or infection, the authors sought to determine whether 
genetic changes were responsible for fluctuations in cytokine levels. 
Polymerase chain reaction and restriction fragment length polymorphism 
analyses were used to determine individual genotypes at key single nucle-
otide polymorphism positions in the IL-1B gene. No association was 
observed between CTTH and single nucleotide polymorphisms in the 
IL-1β gene.
ConCluSionS: These findings suggest that increases in key proinflam-
matory cytokine levels are associated with CTTH and the pathology of the 
disorder involves sterile neurovascular inflammation. 

key Words: Chronic tension-type headache; Genetics; Inflammation; 
Interleukin-1β; Interleukin-18

les taux d’interleukine-1β périphérique sont 
élevés chez les patients ayant des céphalées de 
tension chroniques

hiStoRiQue : La céphalée de tension est la principale forme de 
céphalée. Sa manifestation chronique, la céphalée de tension chronique 
(CTC), est l’une des plus difficiles à traiter. On comprend mal l’étiologie de 
la CTC, mais on pense qu’elle est multifactorielle et qu’elle varie selon les 
individus. Dans la présente étude, les auteurs ont cherché à déterminer les 
mécanismes courants de la pathologie de la CTC. Selon des études 
empiriques, diverses cytokines immunomodulatrices sont médiatrices des 
troubles de douleur chronique, y compris la CTC. 
oBjeCtiFS : Déterminer le rôle des cytokines périphériques et des fac-
teurs génétiques dans l’apparition des CTC.
MÉthoDologie : Au moyen d’essais à billes cytométriques et du test 
ELISA, les chercheurs ont mesuré un groupe rationnel de cytokines qui, 
selon leur hypothèse, jouerait un rôle dans la pathogenèse des CTC, et ce, 
auprès de 56 personnes ayant des CTC et de 42 sujets témoins en santé de 
18 à 65 ans.
RÉSultAtS : Les taux d’interleukine (IL)-1β étaient nettement plus 
élevés chez les participants à qui on avait diagnostiqué des CTC par rap-
port aux sujets témoins en santé, tandis que les taux d’IL-18 étaient nette-
ment élevés chez les hommes ayant des CTC. Puisque les taux de ces 
médiateurs immuns étaient plus élevés en l’absence apparente de lésion ou 
d’infection, les auteurs ont cherché à déterminer si les changements géné-
tiques étaient responsables des fluctuations des taux de cytokine. Ils ont 
analysé la réaction en chaîne de la polymérase et les polymorphismes de 
longueur des fragments de restriction pour déterminer les génotypes indivi-
duels à des positions clés des polymorphismes à nucléotide simple du gène 
IL-1B. Ils n’ont observé aucune association entre les CTC et les polymor-
phismes à nucléotide simple dans le gène l’IL-1β.
ConCluSionS : D’après ces observations, des augmentations des 
cytokines pro-inflammatoires clés s’associent aux CTC, et la pathologie de 
la maladie inclut une inflammation neurovasculaire stérile.
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effect on neurons. For example, IL-1β enhances neuronal N-methyl-D-
aspartate (NMDA) conductance, including in the spinal cord dorsal 
horn (10). TNF-α rapidly upregulates membrane expression of neuronal 
2-amino-3-(3-hydroxy-5-methyl-isoxazol-4-yl) propanoic acid (AMPA) 
receptors and increases AMPA conductance (11). TNF-α enhances 
neuroexcitability in response to glutamate, and IL-1β induces the release 
of the neuroexcitant ATP via an NMDA-mediated mechanism (12). In 
addition, proinflammatory cytokines can induce the production of a 
variety of neuroexcitatory substances, including nitric oxide, prostaglan-
dins and reactive oxygen species (13). Thus, proinflammatory cytokines 
exert multiple effects, which are predicted both to increase neuronal 
excitation and enhance pain signalling. 

Cytokine activity has also been found to correlate with acute 
experimental pain sensitivity in healthy individuals. IL-6 levels were 
found to be increased in the serum of healthy individuals after admin-
istration of noxious stimuli (heat and cold stimuli) (14). Similarly, a 
strong positive correlation between morphine-induced proliferation of 
peripheral blood mononuclear cells and tolerance to cold pressor pain 
has been reported, which indirectly suggests cytokine involvement in 
increased pain sensitivity through central nociceptive pathways (15). 
The proinflammatory cytokines IL-1β and TNF-α as well as IL-6 were 
found to be associated with increased pain sensitivity in rats after 
intraplantar, intracerebroventricular or intrathecal injection (16), fur-
ther highlighting the possibility that cytokines, in particular pro-
inflammatory cytokines, may be important in increased acute 
experimental pain sensitivity observed in both animals and humans. 

The present study examined the hypothesis that proinflammatory 
cytokines play a role in the pathophysiology of CTTH. To test this 
hypothesis, cytokine levels were measured in a population of individ-
uals diagnosed with CTTH and compared with those of age- and sex-
matched healthy control individuals. CTTH is not associated with any 
particular type of injury or infection. Therefore, it is not clear why 
levels of immune mediators should be elevated. One possibility is that 
CTTH patients carry genetic polymorphisms that lead to increased 
cytokine gene expression. To test this hypothesis, polymerase chain 
reaction (PCR) and restriction fragment length polymorphism (RFLP) 
analysis was used to determine individual genotypes at key single 
nucleotide polymorphism (SNP) positions in the IL-1β gene. 

MethoDS
Study population
Ethics approval for the present study was granted by the Human 
Research Ethics Committee at the University of South Australia 
(Adelaide, Australia). All participants were recruited from the general 
population via advertisements in local media requesting volunteers for 
a study on headaches. Informed consent was obtained from each study 
participant. For the CTTH group, 105 volunteers between 18 and 
65 years of age were screened from the general population, with 
56 meeting the inclusion criteria. 

Forty-two healthy control participants between 18 and 65 years of 
age were recruited from the general population (Table 1). CTTH 
patients underwent a structured diagnostic interview based on the 
International Classification of Headache Disorders (ICHD), previ-
ously validated and used by the authors’ group (17). Inclusion criteria 
for the CTTH group were: satisfying ICHD-II criteria for CTTH; not 
currently receiving (or having received in the last 12 months) inter-
vention for headache; no psychiatric or major medical condition cur-
rently or in the last 12 months; and no comorbid headache or pain 
symptoms or diagnoses (other than CTTH) as previously described 
(18). Putative TTH volunteers taking analgesic medication other than 
≤1000 mg daily of acetylsalicylic acid or acetaminophen for more than 
15 of 30 consecutive days of the previous 90 days were excluded from 
the present study. Age- and sex-matched healthy control subjects 
experienced no headache or other chronic pain activity in the past six 
months and <10 previous headaches. Subjects were required to be pain 
free on the day of testing and not have taken any analgesic medication 
for two weeks before testing or on the day of testing. 

the Depression Anxiety Stress Scales-21 
The Depression Anxiety Stress Scales-21 (DASS-21) is a 21-item self-
report questionnaire containing subscales for measuring levels of 
depression, anxiety and stress symptoms in healthy and clinical popu-
lations. Scores range from 0 to 42 for each subscale. The DASS has 
high internal consistency, and moderately high construct and conver-
gent validity, detailed elsewhere (19).

headache diaries
Participants were given a clinical diary detailed elsewhere (20) to rec-
ord headache activity in for two weeks postinterview. The diary yields 
measures of mean headache intensity (0 to 5 scale), frequency (num-
ber of days on which headache occurred) and duration (h). 

Blood collection and processing
Blood samples (9 mL) were collected via venipuncture by a phleboto-
mist nurse at the School of Psychology, University of South Australia. 
Blood was drawn between 09:00 and 11:00 in all patients to control for 
circadian variation in cytokine levels. Samples were collected in 
EDTA and serum-clotting tubes, and transported in biohazard con-
tainers to the Experimental Therapeutics Laboratory, Hanson Institute. 
The tubes were centrifuged at 2500 × g for 10 min at room temper-
ature, and the blood components (serum, plasma, buffy coat cells) 
were aliquoted separately (500 µL) into labelled 1.8 mL cryovials 
(Nunc, Denmark). The cryovials were snap frozen in liquid nitrogen 
and stored at −70°C until analysis.

Determination of cytokine levels
Cytokine levels in serum samples were analyzed using an established 
cytometric bead array (CBA) kit (FlowCytomix; Bender MedSystems, 
Austria) according to the manufacturers’ instructions. The kit reagents 
were diluted 1:2 for each run, and all samples were run in duplicate. 
The cytokines analyzed were interferon-gamma (IFN-γ), IL-1β, IL-2, 
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-18, TNF-α and TNF-β. 
Standard curves for each cytokine were included in each run, and 
sample concentrations were calculated using FlowCytomix Pro 
software.

To confirm IL-1β CBA results, an ELISA was performed using the 
BD OptEIA Human IL-1β ELISA kit (BD Biosciences, USA) accord-
ing to the manufacturers’ instructions. Coating buffer (0.713 g sodium 
hydrogen carbonate, 0.159 g sodium carbonate, pH 9.5; quantum satis 
to 100 mL), assay diluent (1× phosphate buffered saline [PBS] with 
10% fetal calf serum, pH 7.0; quantum satis to 100 mL) and wash buf-
fer (1× PBS and 0.05% Tween-20) were freshly prepared. The TMB 
Substrate Set (BD Biosciences, USA) was used to produce the sub-
strate solution for this assay as recommended (H2O2, 3,3',5,5' tetram-
ethylbenzidine) and 1 M phosphoric acid was used as the stop solution. 
The standard curve and samples were analyzed in duplicate, and the 
absorbance of each sample was measured at 450 nm using a microplate 
reader (Ultra Microplate Reader EL808; BioTek Instruments Inc, 
USA).

DnA isolation
Genomic DNA of the participants was extracted and purified from 
previously aliquoted buffy coat cells using a commercially available 
DNA extraction kit (Purelink Genomic DNA Mini Kit; Invitrogen by 
Life Technologies, USA). Each genomic DNA sample was eluted to a 
total volume of 50 μL and stored at −20°C until analysis.

IL-1B genotyping
IL-1B genotypes at positions −511, −31 and +3954 were determined 
using PCR and RFLP assays as previously described (21). All PCR 
reactions were performed in a 50 µL volume containing between 
100 ng and 200 ng genomic DNA, 0.5 µmol/L of each primer and 
1× DyNAzyme II PCR Master Mix (Finnzymes Oy, Finland; distrib-
uted by Thermo Fisher Scientific Australia Pty Ltd, Australia). The 
reactions were performed in a programmable thermal cycler (PTC-200, 
MJ Research Inc, Canada; distributed by GeneWorks Pty Ltd, 
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Australia) for 12 min at 94°C followed by 35 cycles of 94°C for 30 s, 
54°C for 1 min and 72°C for 30 s, after which a final incubation at 
72°C was performed. 

For the RFLP analyses, the amplified products were digested using 
AvaI for the IL-1β −511C→T (1 U, 16 h at 37°C and then 20 min at 
80°C; New England Biolabs, distributed by Genesearch Pty Ltd,  
Australia); AluI for IL-1β −311T→C (1 U, 16 h at 37°C and then 
20 min at 65°C; New England Biolabs); and TaqI for IL-1β 3954C→T 
(1 U, 4 h at 65°C and then 20 min at 80°C; New England Biolabs). 
The digest products were visualized using gel electrophoresis on a 2% 
agarose gel. All assays were run with no-template negative controls to 
ensure that contamination was not present. 

Statistical analysis
Differences between groups in age, stress, anxiety and depression were 
examined using independent groups t tests. The χ2 test was used to 
examine group differences in sex ratios. 

Results of the cytokine levels were expressed as mean ± SEM. The 
statistical analyses were performed using GraphPad Prism version 5.01 
(GraphPad Software, USA). Cytokine levels were assessed using the 
unpaired two-tailed t test or Mann-Whitney test as appropriate, after 
first assessing the data for normality using the D’Agostino and Pearson 
omnibus normality test. The significance threshold for all results was 
set to P<0.05.

Genotype distribution was examined for significant departure from 
Hardy-Weinberg equilibrium using the χ2 test. Allele frequencies 
between the groups were compared using the Fisher’s exact test with ORs 
and 95% CIs. OR (95% CI) data were converted to effect size and SE. 
Genotype frequencies between groups were compared using the χ2 test; 
P≤0.05 was considered to be statistically significant. 

ReSultS
Sociodemographic and headache data for Ctth and healthy 
individuals
There were no significant differences between the groups on measures 
of age, stress, depression or anxiety (Table 1). Stress and depression 
levels were in the normal range for both groups, while both groups had 
anxiety levels bordering normal to mild. Headache profiles for the 
CTTH group are presented in Table 2. 

Serum cytokine levels in Ctth compared with healthy individuals
Levels of IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-18, IFN-γ, 
TNF-α and TNF-β were measured using a CBA kit in CTTH patients 
and healthy control individuals (Figure 1). Levels of IL-4 and IL-12 were 
higher in healthy controls compared with CTTH individuals; however, 
these results were not statistically significant (P=0.20 and P=0.25, 

respectively). Similarly, nonsignificant increases in TNF-α, IFN-γ and 
IL-8 levels were observed in CTTH individuals relative to healthy con-
trols. Levels of IL-5, IL-6, IL-10 and TNF-β were not detectable in the 
present assay. Serum IL-18 levels were notably higher in CTTH patients 
compared with healthy controls (Figure 1D). The mean value for 
healthy individuals was 125.8±15.70 (n=38) with the mean for CTTH 
individuals being 162.7±13.85 (n=56). This difference, however, was 
not statistically significant (P=0.09).

Serum il-1β levels in Ctth compared with healthy individuals
As measured by CBA, IL-1β levels were significantly higher in CTTH 
patients compared with healthy individuals (P=0.03) (Figure 2A). 
However, CBA measurements were near the lower limit of detection; 
thus, an ELISA assay was performed to confirm the significance of 
these results. ELISA results confirmed those obtained by CBA, with 
IL-1β levels significantly higher in CTTH patients than negative con-
trols (P<0.001) (Figure 2B). 

Sex differences in cytokine levels in Ctth compared with healthy 
individuals
Because CTTH exhibits a significantly higher prevalence in women 
than men, cytokine levels were analyzed according to sex. Male 
CTTH individuals were compared with healthy male controls and 
female CTTH individuals with healthy female controls. There were 
no significant sex differences in levels of IL-1β, IL-2, IL-4, IL-8, 
IL-12, IFN-γ or TNF-α between CTTH and healthy control individ-
uals. IL-5, IL-6, IL-10 and TNF-β were not detectable. However, 
male CTTH patients exhibited significantly higher levels of IL-18 
than healthy males (two-tailed t test, P=0.0436), while the differ-
ence in IL-18 levels in female participants was not significant 

Figure 1) Comparison of secreted cytokine levels in chronic tension-type 
headache (CTTH) individuals and healthy controls. Serum cytokine levels 
as measured by cytometric bead array in CTTH individuals (grey) and 
healthy control individuals (white) (P>0.05). Conc Concentration; IFN-g 
Interferon-gamma; IL Interleukin; TNF-a Tumour necrosis factor-alpha

Table 1
Sociodemographic data for chronic tension-type headache 
(CTTH) and healthy control (HC) groups

CTTH (n=56) HC (n=42) Test value‡

Age, years 45.5±13.4 41.0±10.5 1.92§

Male sex, % 19±34 18±43 0.81§

Headache characteristics*
   Intensity (0–5) 2.20±0.59 – –

   Frequency (number of  
   days of headache)  

10.0±3.5 – –

   Duration, h 7.62±5.3 – –

Stress† 16.5±8.2 13.4±9.1 1.76§

Anxiety† 7.7±7.3 7.7±7.7 0.01§

Depression† 9.4±7.9 8.5±8.9 0.48§

Data presented as mean ± SD unless otherwise indicated. *Headache activity 
from two-week headache diary; †Depression Anxiety Symptom Scale; ‡t test, 
df=96, except sex (χ2 test, df=1); §P>0.05, two tailed

TabLe 2
Headache profiles in the chronic tension-type headache 
group
Profile characteristic n (%)
Bilateral location 38 (68)
Pressing/tightening quality 47 (84)
Mild to moderate intensity 50 (89)
Aggravated by routine physical activity 16 (29)
Nausea 12 (21)
Vomiting 0 (0)
Phonophobia 17 (30)
Photophobia 13 (23)

The mean (± SD) duration of illness was 19.9±13.8 years
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(Figure 3). However, IL-18 levels were positively correlated with 
IL-1β levels regardless of sex (Spearman correlation, rs=0.281, 
P=0.01).

Correlation of il-1β and il-18 levels with headache profiles
Relationships between IL-1β and IL-18 levels and headache activity 
were examined using Pearson’s r correlations. Neither IL-1β nor IL-18 
levels were significantly correlated with headache intensity, frequency 
or duration as recorded in the headache diary (all P<0.05).

IL-1B genotyping
There were no significant differences in allele frequency (data not 
shown) or genotype frequencies (Table 3) in any of the three IL-1B 
SNPs analyzed. While CTTH patients were more likely to be 

homozygous for the T/T genotype at IL-1B −31T→C locus, this was 
merely a trend in this population. Neither were levels of IL-1B expres-
sion, as assessed using ELISA or CBA, across the two groups related to 
genotype in this sample population (data not shown). 

DiSCuSSion
The chronic daily form of TTH is considered to be one of the more 
treatment-resistant headache syndromes and, thus, a mechanistic 
understanding of its pathogenesis is highly desirable. Previous studies 
have found that there is a significant increase in proinflammatory 
cytokine levels and a decrease in anti-inflammatory cytokine levels in 
some chronic pain disorders in humans (22,23). In fact, the proinflam-
matory cytokine IL-6 has been shown to be increased in individuals 
with both the episodic and chronic forms of TTH (6). We sought to 
determine the roles that inflammatory mediators play in the develop-
ment of CTTH. 

The results of the present study reveal that serum IL-1β levels are 
increased in CTTH individuals compared with healthy controls. 
Nociceptors express receptors for cytokines, chemokines and other 
inflammatory mediators that are produced in inflamed tissues, and are 
able to respond to these mediators (7). IL-1β is one of several mediators 
that can cause action potential discharge by increasing sodium and cal-
cium currents at the peripheral terminal through postreceptor signalling 
cascades (24). In addition, IL-1β enhances neuronal NMDA conduct-
ance and can induce the release of ATP, a neuroexcitant, via an 
NMDA-mediated mechanism (12). The release of these inflammatory 
mediators also acts on the microglial cells in the central nervous system, 
initiating an internal mechanism to enhance cytokine expression and 
the propagation of this signalling cascade in the central nervous system 
(25). Increased levels of IL-1β have also been found to be elevated in 
jugular vein blood during migraine attacks (26,27). IL-1β may play a 
causative role in migraine by activating neuronal and glial cells to 
release cyclo-oxygenase-2 (28), which in turn could induce neuro-
inflammation. However, the roles for sterile inflammation are likely 
distinct between TTH and migraine. The levels of N-acetyl-aspartate, a 
biomarker of neuronal integrity, are significantly lower in migraine than 
in TTH, suggesting that migraine involves some level of neuronal deg-
radation that is not a factor in TTH (29,30).

There was a trend toward an increase in serum IL-18 levels in 
CTTH individuals compared with healthy controls and a statistically 
significant increase in IL-18 levels in male CTTH individuals. IL-18 
levels were also found to be positively correlated with IL-1β levels, 
suggesting that these two proinflammatory cytokines are regulated in a 
similar manner. Nevertheless, the relatively small number of patients 
should be considered to be a limitation of the present study. IL-18 is a 
proinflammatory cytokine that is structurally homologous to but func-
tionally distinct from IL-1β (31). In relation to this chronic pain study, 
both microglia and astrocytes in the central nervous system have been 

Figure 3) Comparison of secreted interleukin-18 levels by sex in individuals 
with chronic tension-type headache (CTTH) and healthy control individ-
uals. Serum interleukin-18 levels as measured by cytometric bead array in 
male and female individuals with CTTH (grey) and healthy control individ-
uals (white). Male, P=0.0436; female, P=0.432. Conc Concentration

Table 3
Comparison of interleukin-1β genotype frequencies 
between chronic tension-type headache (CTTH) and healthy 
control groups

SNP Genotype CTTH
Healthy  
control χ2 P

−511 C/C 1 (2.0) 0 (0.0)
C/T 32 (64) 21 (62) 0.80 0.67
T/T 17 (34) 13 (38)

−31 T/T 6 (12) 1 (2.9)
T/C 12 (24) 12 (35) 2.9 0.23
C/C 32 (64) 21 (62)

3954 C/C 30 (54) 22 (59)
C/T 10 (18) 4 (11) 0.9 0.6
T/T 16 (29) 11 (30)

Data presented as n (%) unless otherwise indicate. P values are corrected for 
false discovery rate. SNP Single nucleotide polymorphism

Figure 2) Comparison of secreted interleukin-1β levels in individuals with 
chronic tension-type headache (CTTH) and healthy control individuals. 
Serum cytokine levels as measured by cytometric bead array (A) and 
ELISA (B) in CTTH individuals (grey) and healthy control individuals 
(white). *Cytokine bead array, P=0.04; ***ELISA, P<0.001. Conc 
Concentration
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found to secrete functional IL-18. In addition, in vitro IL-18 stimulates 
the production of IL-1β in astrocytes and blood mononuclear cells, 
indicating that IL-18 may play a role in modulating IL-1β (32). In the 
present study, the increase in IL-1β levels in CTTH individuals may 
occur as a result of the apparent increase in IL-18 levels. 

IL-1β and IL-18 are typically released in response to tissue injury or 
pathogen infection, which has not been demonstrably implicated in 
cases of CTTH. However, family studies have shown that genetic factors 
are important in the etiology of CTTH (33). We hypothesized that 
genetic changes may be responsible for the observed increase in IL-1β 
expression observed in CTTH individuals. As a complex trait, CTTH 
would be expected to have a polygenic nature modified by environ-
mental stressors. A number of chronic pain conditions have been found 
to be associated with genetic polymorphisms, including genes that code 
for cytokines or their receptors (34). Therefore, one possibility is that 
CTTH patients carry genetic polymorphisms that lead to increased gene 
expression of IL-1B. Several SNPs have been identified in the IL-1B 
gene that may affect IL-1B expression including two promoter poly-
morphisms IL-1B −511C→T (rs16944) and IL-1B −31T→C 
(rs1143627), and the coding region polymorphism IL-1B 3954C→T 
(rs1143634). These IL-1B polymorphisms have been linked to a number 
of neurobehavioural conditions including impaired emotion processing 
in major depression (35), alcoholism and opioid dependence (21), as 
well as chronic pain conditions such as vulvar vestibulitis syndrome (36) 
and burning mouth syndrome (37). We did not find an association 
between three functional SNPs in the IL-1B gene and CTTH. We did 
intentionally select polymorphic loci that have been shown to result in 
changes in IL-1B gene expression, with the expectation that a mutation 
in the promoter of the gene may result in an increase or decrease in 
transcription. However, the small study population is a limitation in this 
type of association analysis. In addition, upstream regulators of IL-1B 
transcription could be responsible for the changes in serum levels that 
we detected. 

ConCluSion 
We have shown that IL-1β levels are increased in CTTH individuals 
as well as an increase in IL-18 expression in males. We propose a 
model in which the elevation in peripheral proinflammatory cytokine 
levels leads to an increase in neuronal conduction in peripheral noci-
ceptive neurons and, thus, increased peripheral nociceptive input, 
which may contribute to central sensitization and the enhanced gen-
eral hyperalgesia that are well documented in CTTH (18,38). The 
potential involvement of these two early immune mediators suggests a 
role for the inflammasome in CTTH pathophysiology, and future work 
examining the role of inflammasome components, such as caspase-1, 
could provide insight into a potential role of sterile tissue injury in 
CTTH. 

SuMMARy
The etiology of CTTH is not well understood. In the present study, 
we sought to identify common mechanisms of CTTH pathology. 
Proinflammatory cytokines have been proposed to play a role in the 
generation and maintenance of some types of pain. We show that 
levels of the proinflammatory cytokine IL-1β are increased in CTTH 
individuals. We propose a model in which the elevation in periph-
eral proinflammatory cytokine levels leads to an increase in neuronal 
conduction in peripheral nociceptive neurons and, thus, increased 
peripheral nociceptive input, which may contribute to central sensi-
tization and the enhanced general hyperalgesia common in CTTH.
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