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Aims: To assess the degree and interrelationship of sleep disturbance and
plasma cytokine levels in temporomandibular disorder (TMD) pain patients.
Methods: Forty female TMD patients and 20 age-, sex-, and body mass index
(BMI)-matched healthy subjects were enrolled. TMD was diagnosed using the
Research Diagnostic Criteria for TMD. The TMD patients were classified as
having low or high disability according to Graded Chronic Pain Scale findings.
The Pittsburgh Sleep Quality Index (PSQl) and Epworth Sleepiness Scale (ESS)
were used to measure sleep quality. Plasma concentrations of interleukin (IL)-18,
IL-6, IL-10, tumor necrosis factor-a (TNF-a), and C-reactive protein (CRP) were
measured from blood samples collected between 9 am and noon. Statistical
analyses included Kruskal-Wallis and one-way analysis of variance tests to
compare results between different groups and multivariate general linear models
to evaluate the effect of sleep status on cytokine levels. Results: The high-
disability group had the highest PSQl and ESS scores (P < .001). Plasma levels
of IL-1B, IL-6, IL-10, and TNF-a were significantly higher in the patient groups,
with the high-disability group exhibiting the highest values (P = .001). The
plasma cytokine levels were significantly correlated with PSQl scores (P < .05).
Plasma levels of IL-10 and TNF-a were significantly associated with the disability
level after adjusting for both sleep indices (both P < .05). Conclusion: Patients
with TMD, especially those with high disability, had elevated plasma cytokine
levels and increased ESS and PSQI scores suggestive of sleep disturbance.
J Oral Facial Pain Headache 2016,30:27-33. doi: 10.11607/0fph.1367
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leep was once considered a passive state with low physiologic im-
portance but is now recognized as a dynamic and active state that
is essential for the normal functioning of an individual.' Furthermore,
the association between disturbed sleep and chronic pain syndromes,
including fibromyalgia, myofascial pain, and tension-type headache, is
now well known.??® A study comparing patients with temporomandibular
disorders (TMD), fibromyalgia, or chronic fatigue syndrome showed that
sleep disturbances were reported by approximately two-thirds of TMD
patients, more than half of whom reported fatigue lasting longer than 6
months.* Moreover, TMD patients had a high degree of primary insomnia
and associated hyperalgesia outside the orofacial region. These results
suggest that disturbed sleep may eventually increase pain levels in pa-
tients with pain disorders by means of central sensitization.®
The mechanisms by which abnormal sleep affects pain are still un-
clear. Decreased sleep time impairs the immune response, and immune
reactions affect sleep time and quality.® Changes in sleep duration alter
the level of inflammatory cytokines such as C-reactive protein (CRP), tu-
mor necrosis factor-a (TNF-a), and interleukin (IL)-1B, IL-5, and IL-6.7-°
Furthermore, elevated levels of CRP and IL-6 after prolonged sleep
deprivation have been found to increase pain sensitivity in healthy sub-
jects,'®and patients with disorders highly associated with sleep problems
(eg, fibromyalgia, chronic low back pain, chronic fatigue syndrome) have
been found to have altered cytokine levels."""® These findings suggest
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that chronic inflammation could be the underlying
mechanism responsible for the association between
abnormal sleep and chronic pain.

In addition to their main location in the peripheral
immune system, cytokines and their receptors also
reside in the brain. These brain cytokines are known
to regulate various processes including sleep.
Considerable evidence also shows that cytokines
play an important role in the modulation of nociceptive
processes in both peripheral tissues and the central
nervous system. Proinflammatory cytokines including
IL-1B induce cyclooxygenase-2 and prostaglandin E
synthase from cells of the blood-brain barrier, leading
to central hypersensitivity."® An animal study showed
that increased peripheral production of proinflam-
matory cytokines TNF-a and IL-18 and decreased
anti-inflammatory cytokine IL-10 levels may mediate
granulocyte-colony stimulating factor-induced hyper-
algesia.'® Moreover, a study reported that proinflam-
matory cytokine levels in pain patients significantly
increased and were positively correlated with the pa-
tients’ pain intensity."”

The aim of the present study was to assess the
degree and interrelationship of sleep disturbance and
plasma cytokine levels in TMD pain patients.

Materials and Methods

Subjects

The study involved 40 consecutive female TMD
pain patients (mean age * standard deviation [SD],
32.9 + 13.3 years) who attended the Seoul National
University Dental Hospital and 20 age-, sex-, and
body mass index (BMI)-matched healthy subjects,
10 of whom were dental school students (mean age
+ SD, 32.4 + 12.0 years)

TMD was diagnosed according to the Research
Diagnostic Criteria for TMD."® The clinical examina-
tion was performed by two specialists in TMD and
orofacial pain (J.W.P. and J.W.C.) who had more than
5 years of clinical experience. The patients were clas-
sified as having low or high disability according to
Graded Chronic Pain Scale (GCPS) findings."® The
characteristics and demographic information of both
groups are shown in Table 1.

Exclusion criteria for patients and control subjects
included history of other pain disorders in the previ-
ous 6 months, history of psychiatric, cardiovascular,
kidney, liver, endocrine, immune, rheumatologic dis-
eases or primary sleep disorders, intake of medica-
tion in the previous 4 months that could affect the
results (eg, oral or local corticosteroids, nonsteroidal
anti-inflammatory drugs, anticytokine antibody ther-
apy, analgesics, hormones, sedatives, antipsychot-
ics), history of trauma (diagnosed from history and
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radiographic examination), an acute or chronic active
inflammation or infection in other body parts, and
positivity for rheumatoid factor and fluorescent anti-
nuclear antibody. Control subjects were also exclud-
ed if they had a history of TMD or if they had sought
medical help for any other type of pain in the 6 months
before the study. Exclusion criteria were assessed
during a comprehensive screening, and blood tests
including complete blood cell count with differential,
erythrocyte sedimentation rate, and blood chemistry
were performed before the TMD examinations.

The study was reviewed and approved by the in-
stitutional review board of Seoul National University
Dental Hospital (CRI 09011). Informed consent was
obtained from each subject.

Evaluation of Sleep Quality

Sleep quality was evaluated by means of the
Pittsburgh Sleep Quality Index (PSQI)?° and day-
time sleepiness by means of the Epworth Sleepiness
Scale (ESS).?' Subjects with a PSQI score of more
than 6 are considered to have poor-quality sleep and
those with an ESS score of more than 10 to have ex-
cessive daytime sleepiness. The internal consistency
of the PSQl is 0.83 (Cronbach alpha),?° and that of
the ESS is 0.75 (Cronbach alpha).?"

Collection of Plasma

Plasma samples of all subjects were obtained from
the antecubital vein and stored in lavender tubes
coated with ethylenediaminetetraacetic acid (Becton
Dickinson Vacutainer System). All samples were col-
lected between 9 am and noon. The plasma was im-
mediately centrifuged (2,000 rpm) for 10 minutes at
4°C and stored at —70°C before analysis.

Quantification of CRP and Inflammatory
Cytokines

The plasma concentrations of proinflammatory cyto-
kines IL-1B3, IL-6, TNF-«, and the anti-inflammatory
cytokine IL-10 were measured by means of Procarta
cytokine assays (Panomics). The assays are multiplex
immunoassays based on xMAPtechnology (Luminex).
Each cytokine-specific antibody was coupled with a
different microsphere labeled with a unique fluores-
cent dye through covalent bonding. All specimens
were incubated in a 96-well microtiter filter plate with
the microspheres at 500 rpm for 60 minutes at room
temperature. After the specimens were washed with
assay wash buffer, diluted biotinylated secondary anti-
body was added and they were incubated at 500 rpm
for 30 minutes. After washing, streptavidin-phycoeryth-
rin was added and incubated for 30 minutes. After an-
other washing, the plate was evaluated with Bio-Plex
200 analyzer (BIO-RAD Laboratories) to assess the
concentration of the cytokines. Plasma samples were
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Table 1 Characteristics of the Study Population

Pain intensity

Age (y)* BMI2 Sleep time (h)° Pain duration (d)°< (VAS score)bd
Disability group Mean + SD Mean + SD Median (IQR) Median (IQR) Median (IQR)
High (2) (h = 20) 33.00 £ 12.17 20.66 + 2.44 5.00 (4.13-7.00) 112.50 (30.00-318.72)  60.00 (560.00-70.00)
Low (1) (n = 20) 32.85 + 1450 20.67 + 2.30 5.95 (5.00-6.75) 30.00 (11.00-303.75) 20.00 (12.50-37.50)
Control (0) (n = 20) 32.35+ 1202 20.69 + 2.00 6.00 (6.00-7.38) 0.00 (0.00-0.00) 0.00 (0.00-0.00)

Pvalue .99 .98
Post hoc comparison® - -

10 .00 .00

Ovs 1*
Ovs 2*
1vs 2%

Results were obtained using one-way analysis of variance.
Results were obtained using the Kruskal-Wallis test.

Sleep time was time spent sleeping the night before blood collection (reported by patient).

dPain was measured on a visual analog scale (VAS) ranging from 0 to 100.

Post hoc analyses for multiple comparisons between disability and control groups were performed using the Tukey test: *P < .001.

BMI = body mass index; IQR = interquartile range; SD = standard deviation.

diluted three-fold with assay diluents. In each plate, the
standards and a quality control pool were tested three
times, and the 60 samples were tested twice.

Plasma concentrations of CRP were analyzed
by means of a highly sensitive immunoturbidi-
metric assay autoanalyzer (Hitachi 7180, Hitachi
High-Technologies). The person conducting the
measurements was blinded to subject information.

Statistical Analyses

The Kolmogorov-Smirnov test was used to check for
normality of the data. Nonparametric tests were ap-
plied when data were not normally distributed. The
Kruskal-Wallis test was used to compare sleep time,
pain duration, pain intensity, CRP, and cytokine lev-
el (IL-1B, IL-6, IL-10, and TNF-a) findings between
the three groups. One-way analysis of variance was
used to compare age, BMI, ESS, and PSQI between
the different groups. Post hoc analyses for multiple
comparisons were performed by means of the Tukey
post hoc test. The Fisher exact test was used to com-
pare the number of subjects with an ESS score =
10 or PSQlI score = 6 between the different groups.
Correlations between CRP and cytokines as well as
the sleep scores (ESS, PSQI) were analyzed using
the Spearman rank correlation coefficient. To eval-
uate the effect of sleep status on cytokines, multi-
variate general linear models were used involving
disability group (normal, low, and high as an inde-
pendent variable and CRP and cytokine levels as de-
pendent variables) after adjusting for the effect of the
ESS and PSQI scores. Because of positive skewed
distribution, the values of plasma IL-1j3, IL-6, IL-10,
and TNF-a were normalized using log-transformation
to approximate a normal distribution before being en-
tered into the models. A probability level of P < .05
was considered statistically significant.

Results

Clinical Characteristics and Demographic
Features

Age, BMI, and hours of sleep during the night before
blood collection did not vary significantly between
the groups (P > .05). The low-disability group com-
prised 20 patients, 10 with both arthrogenous and
myogenous pain, 3 with myogenous pain, and 7 with
arthrogenous pain. The high-disability group com-
prised 20 patients, 15 patients with arthrogenous
and myogenous pain, 2 with myogenous pain, and 3
with arthrogenous pain. The disability groups did not
significantly differ in TMD diagnoses (P > .05), but
pain duration and intensity were significantly differ-
ent between the groups (P < .001). These results are
shown in Table 1.

Sleep Scores
The ESS and PSQI scores significantly differed
between the groups (both P < .001), with the high-
disability group exhibiting the highest scores for both
measures. The difference of ESS scores was signif-
icant between the high- and low-disability groups
(P < .01). The ESS score of the control group was
higher than that of the low-disability group, but the
difference was not statistically significant (P > .05).
The differences in PSQI scores were significant be-
tween the disability groups and the control group
(P < .05 and P < .001, respectively) and also be-
tween the low- and high-disability groups (P < .001).
The number of subjects who scored ESS = 10
or PSQI = 6 differed between the groups (P < .001
for both indices), with the high-disability group hav-
ing the highest number of subjects with these scores
(55% with an ESS > 10 and 95% with a PSQl > 6).
The results are shown in Table 2.
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Table 2 Sleep Indices of the Study Population

ESS? ESS = 10° PSQl? PSQl = 6°
Disability group Mean *+ SD n (%) Mean *+ SD n (%)
High (2) (h = 20) 9.74 + 1.42 11 (65) 11.40 + 3.42 19 (95)
Low (1) (n = 20) 5.74 + 1.39 3 (15) 6.60 + 3.35 11 (65)
Control (0) (n = 20) 6.35 + 0.87 3(15) 3.756 + 2,15 4 (20)

Pvalue .00 .00 .00 .00
Post hoc comparison® 1vs 2% - Ovs 17 -
0 vs 2%
1vs 2%

“Results were obtained using one-way analysis of variance.

°Results were obtained using the Fisher exact test.

°Post hoc analyses for multiple comparisons between disability and control groups were
performed using the Tukey test: *P < .05, **P < .01, ***P < .001.

ESS = Epworth sleepiness scale; PSQl = Pittsburgh sleep quality index.

Table 3 Median (IQR) Cytokine Levels of the Groups?

=
[e]

Disability CRP IL-1B8 IL- IL-10 TNF-a
group (mg/dL)  (pg/mbL)  (pg/mL)  (pg/mbL)  (pg/mL)
High (2) 0.07 0.75 0.88 1.65 4.55
(n=20) (0.03-0.13) (0.44-177) (0.50-1.75) (0.92-4.67) (1.65-10.71)
Low (1) 0.05 0.43 0.54 1.00 1.86
(n=20) (0.04-0.07) (0.33-1.28) (0.33-0.92) (0.78-4.42) (0.17-13.46)
Control (0) 0.06 0.35 0.23 0.76 0.11
(n=20) (0.04-0.13) (0.00-0.42) (0.00-0.41) (0.24-0.88) (0.00-1.11)
Pvalue 61 .00 .00 .00 .00
Post hoc - - Ovs 2% Ovs 2% Ovs 1*
comparison® Ovs 2**

?Results were obtained using the Kruskal-Wallis test.

°Post hoc analyses for multiple comparisons between disability and control groups were
performed using the Tukey test: *P < .01, **P < .001.

CRP = C-reactive protein; GCPS = Graded Chronic Pain Scale; IOR = interquartile range;
IL = interleukin; TNF = tumor necrosis factor.

Table 4 Spearman Rank Correlations of Inflammatory Cytokine

Plasma Levels and Sleep Indices

Sleep index CRP IL-1B IL-6 IL-10 TNF-a ESS
ESS -0.208 0.312* 0.154 0.349*  0.161 -
pPSal —-0.180 0.494 0449  0.304" 0.430**  0.426**

*P<.05,*P < .01.
CRP = C-reactive protein; IL = interleukin; ESS = Epworth Sleepiness Scale;
PSQI = Pittsburgh Sleep Quality Index; TNF = tumor necrosis factor.

Inflammatory Cytokine Levels
The CRP values were highest in the high-disability group, but be-
tween-group differences were not statistically significant (P > .05).
The levels of the proinflammatory cytokines IL-13, IL-6, and TNF-«
differed significantly between the groups (P = .001 for all). The
high-disability group had the highest levels of all tested proinflammato-
ry cytokines. Significant differences were found between the high-dis-
ability group and the control group for IL-6 (P < .01) and between the
disability groups and the control group for TNF-a (P < .01 and P <
.001, respectively). The between-group differences were not statisti-
cally significant for IL-1B. Anti-inflammatory cytokine IL-10 levels were
significantly different between the groups (P < .001), with the high-dis-
ability group having the highest plasma level. The difference in IL-10
levels among groups was significant between the high-disability and
control groups (P < .01). The results are shown in Table 3.
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Correlations of Inflammatory
Cytokine Plasma Levels and
Sleep Indices

The IL-1B (P < .05) and IL-10 (P <
.01) levels were significantly associ-
ated with the ESS scores, whereas
the IL-1B (P < .01), IL-6 (P < .01), IL-
10 (P < .05), and TNF-a (P < .01)
levels showed a statistically sig-
nificant association with the PSQI
scores. ESS and PSQlI scores were
significantly correlated (P < .01). The
results are shown in Table 4.

Association of Inflammatory
Cytokines and GCPS After
Adjusting for the Effect of Sleep
Quality

IL-10 (low-disability group, P = .01;
high-disability group, P = .03) and
TNF-a (low-disability group, P = .00,
high-disability group, P = .02) main-
tained a significant association with
the disability groups after adjusting for
the effect of ESS and PSQI scores.
The results are shown in Table 5.

Discussion

The findings of this study suggest
that sleep disturbance is common
in TMD patients, especially in those
with a high degree of disability. The
mean PSQI score of both disability
groups was = 6. Moreover, in the
high-disability group, 95% of pa-
tients had a PSQIl score = 6, and
more than half (65%) had an ESS
score of = 10, which represents a
high likelihood of having a primary
sleep disorder and therefore a need
for evaluation and possibly therapy.
These findings emphasize the fact
that sleep disturbance could be a
more serious problem than generally
thought, especially in TMD patients
with a higher degree of disability,
and how it is important for clinicians
to evaluate sleep quality in the treat-
ment of TMD patients.

Interestingly,  although  ESS
scores did not differ significantly be-
tween the low-disability and control
groups, PSQl scores did. Moreover,
PSQl scores differed significantly
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Table 5 Multivariate General Linear Models for Inflammatory Cytokine

Plasma Levels According to the Different GCPS Disability
Groups After Adjusting for the Effect of ESS and PSQlI Scores

Dependent variable  Independent variable P value

(cytokine level) (disability group) Coefficient B value Pvalue fortrend

CRP Low -0.278 0.767 44 37
High 0,501 1651 29

18 Low 0.393 1.481 23 40
High 0.362 1.429 .38

IL-6 Low 0.667 1.948 Al 19
High 0.691 1.996 21

IL-10 Low 0.902 2.463 .01 .03
High 0.975 2,651 03

TNF-at Low 1.862 6.437 00 03
High 1.795 6.021 .02

CRP = C-reactive protein; ESS: = Epworth Sleepiness Scale; GCPS = Graded Chronic Pain Scale;
IL = interleukin; PSQI = Pittsburgh Sleep Quality Index; TNF = tumor necrosis factor.

between the disability groups. Thus, the PSQl may
be a more sensitive tool than the ESS for diagnosing
poor sleep quality in TMD patients. This observation
may be explained by the fact that PSQI scores are
more closely related to psychological disorders than
are ESS scores.”?

Both ESS and PSQI scores were higher than
those in previous studies, which reported that 19% of
TMD patients had excessive daytime somnolence.?%2
The lower ESS and PSQI scores reported in these
studies are likely a result of the fact that the patients
were not separated according to their degree of dis-
ability, therefore leading to an underestimation of the
seriousness of sleep problems in TMD patients with
high disability.

The level of proinflammatory cytokines IL-13, IL-
6, and TNF-a were significantly elevated in the dis-
ability groups compared with the control group, thus
confirming the findings of previous investigations that
showed elevated levels of circulating concentrations
of proinflammatory cytokines, including TNF-c, IL-
1B, IL-6, and IL-8, in patients with chronic pain syn-
dromes compared with healthy control subjects.?%2¢
In addition, the results of the present study showed
a significant increase of IL-10, which corroborates
the results of other studies showing an elevation of
both pro- and anti-inflammatory cytokines in such
conditions.?””2° The increase in IL-10 levels may be
related to the TMD patients’ low quality of sleep, be-
cause anti-inflammatory cytokines are known to have
a sleep-disrupting effect."* However, not all studies
investigating the relationship between sleep duration
and inflammatory markers have shown a significant
increase in the same categories of cytokines that
were examined.”'° This inconsistency may result from
a number of factors: first, the lack of a gold standard to
measure cytokine levels and the poor reliability among
different assay methods.®® In the present study, the
Luminex technology was used, as it has been shown

that this technique is the only one able to differentiate
fibromyalgia patients from control subjects.?” Second,
the diurnal variations in cytokine expression may have
contributed to the variable findings.®' To reduce this
variation source, all blood samples in the present
study were collected between 9:00 am and noon.
Third, cytokine levels are affected by a number of fac-
tors such as age, sex, medication intake, and pain du-
ration. The present study was designed to keep such
factors to a minimum by excluding patients who had
taken medication that could affect test results and by
age- and sex-matching the study groups before divid-
ing them into disability groups according to GCPS.
Because of such efforts, the present results provide
a relatively more accurate comparison between differ-
ent disability groups than previous studies.

Although this study did not analyze the ratio be-
tween pro- and anti-inflammatory cytokine levels, the
increase in IL-10 level suggests that TMD patients
show a shift in the balance between anti- and proin-
flammatory cytokines as in fibromyalgia patients.3?
Studies of the role of cytokines in TMD pain patients
are limited to the analysis of temporomandibular joint
synovial fluid.?334 Also, because a relationship seems
to exist between chronic pain and increased levels
of certain plasma cytokines, it cannot be excluded
that the pain in chronic TMD pain patients may be
modulated by systemic factors rather than localized
inflammatory mediators. This hypothesis has yet
to be proven but is supported by a previous study
showing that the intensity of temporomandibular joint
(TMJ) pain on jaw movements and the pressure pain
thresholds of rheumatoid arthritis patients correlated
only with systemic pain mediators.® Considering this
possibility, the present results that are based on plas-
ma cytokine levels may more accurately reflect the
general impact of TMD pain compared with an analy-
sis based on specimens obtained from areas limited
to the TMJ.
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The multivariate general linear model and correla-
tion analysis showed that plasma TNF-a and IL-10
levels were significantly associated with the degree
of GCPS disability even after adjusting for sleep in-
dices. This finding implies that the plasma levels of
certain cytokines may be more affected by pain in-
tensity than by sleep. In fact, it has been postulated
that increased proinflammatory cytokine levels may
contribute to the establishment of chronic pain.®®
Cytokines interact with various systems including
those involved in pain processing and facilitation.®”:%8
In an animal study, exogenous administration of proin-
flammatory cytokines elicited pain and hyperalgesia,
whereas their neutralization blocked it.®° The positive
association between the severity of headache and
muscle pain occurring with infection and IL-6 levels
expressed from peripheral mononuclear cells may
also support the role of cytokines in the elicitation of
pain.*°

A complex and bidirectional interaction exists be-
tween sleep, systemic cytokine levels, and pain, al-
though the cause and effect relationship between
these factors is yet to be understood. Disturbed sleep
alters systemic cytokine levels and vice versa.5™®
Disturbed sleep is present in many disorders accom-
panied by pain®*and can enhance pain sensitivity by
itself by means of shared pathways.®'*4! |In addition,
cytokines may directly cause more pain,*>*3 and pain
disturbs sleep.** So, it cannot be concluded solely
from the results of the present study whether the dis-
turbed sleep of TMD pain patients caused cytokine
dysregulation or vice versa. However, the results of this
study and many previous studies suggest a close and
intertwined correlation between these three facets.

The present study had several limitations. First, the
exclusion of subjects with a history of other pain dis-
orders within 6 months of study initiation was based
solely on the subjects’ history and did not involve a
thorough examination. Future studies should be more
careful in diagnosing comorbidities, as the results may
be affected by their presence and severity.***¢ Second,
the TMD patients were divided into low- and high-
disability groups. Grouping the patients according to
the origin of TMD pain may have yielded more insights
into the effect of the origin of TMD pain on sleep and
cytokine aberrance. Third, the study revealed no evi-
dence that the measured peripheral cytokine levels re-
flected their levels in the central nervous system, which
are more directly associated with central sensitization.
Fourth, the duration of sleep disruption was not con-
sidered. It is possible that long-term sleep disturbance
can further alter cytokine levels. Studies with grouping
according to sleep disturbance duration could reveal
more information.

This study was based on the hypothesis that dis-
turbances in the cytokine-sleep network may play a
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role in TMD pain. The results showed that TMD pain
patients with high disability had increased plasma
cytokine levels and more sleep disturbance. This as-
sociation, however, does not allow for the establish-
ment of their role in TMD pain. Further studies are
needed to investigate how and whether the increase
in sleep problems and plasma levels of both pro- and
anti-inflammatory cytokines are related to TMD pain
patients with a high degree of disability and whether
these factors should be considered in the treatment
of TMD pain patients.

Conclusions

Patients with TMD, especially those with GCPS
scores indicative of high disability, had elevated plas-
ma cytokine levels and increased ESS and PSQl
scores suggestive of sleep disturbance.
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