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A population-based cohort study (A STROBE-Compliant Article)
Shang-Lun Lin, MDa,h, Shang-Liang Wu, PhDb, Shun-Yao Ko, PhDc, Ching-Hsiang Lu, MDd,
Diew-Wei Wang, MDe, Ren-Jy Ben, MDf, Chi-Ting Horng, MDg, Jung-Wu Yang, DDSi,j,∗

Abstract
Numerous studies have investigated the relationship between depression and temporomandibular disorders (TMD), but the
conclusions remain vague. The aim of this study was to examine the causal effect between depression and TMD.
The reporting of this study conforms to the STROBE statement. In this retrospective cohort study, all samples were recruited from a

representative subdataset of 1 million insured persons for the year 2005 Longitudinal Health Insurance Database, who were randomly
selected from all beneficiaries enrolled in the National Health Insurance program of Taiwan. We used a propensity score and stratified
926,560 patients into 2 groups (propensity1=588,429 and propensity2=338,131) and 4 cohorts (propensity1 with depression=
18,038, propensity1without depression=570,391, propensity2with depression=38,656, propensity2without depression=299,475)
to detect the development of TMD among the depressive and nondepressive patients between 2004 and 2013.
The positive correlative factors of TMD included female, total number of times seeking medical advice (TTSMA) for anxiety state,

TTSMA for generalized anxiety disorder, TTSMA for mandible fracture, and TTSMA for unspecified anomaly of jaw size. The
propensity2 group was represented by elder and female-predominant patients who used more psychiatric health resources. Among
3 types of depression, only dysthymia (so-called chronic depression) had a causal impact on TMD in the propensity 2 group. In the
propensity 2 group, the hazard ratio of dysthymia for TMD measured by Cox’s regression was 1.64 (95% confidence interval
1.28–2.09), after adjusting for demographic factors, psychiatric comorbidities, and maxillofacial confounders. The first-onset mean
time of TMD as the consequence of dysthymia was 3.56 years (sd=2.74, min=0.08, median=2.99, max=9.73).
This study demonstrates that dysthymia increases the risk of TMD in elderly and female-predominant patients who use more

psychiatric health resources.

Abbreviations: DC/TMD = diagnostic criteria for TMD, HR = hazard ratios, ICD-9-CM = International Classification of Diseases,
9th Revision, Clinical Modification, LHID = Longitudinal Health Insurance Database, NHI = National Health Insurance, NHRI =
National Health Research Institute, OPD = outpatient department, PDS = pain dysfunction syndrome, SCI = Science citation index,
TMD = temporomandibular disorders, TTSMA = total number of times seeking medical advice, TTSMA-AS = total number of times
seekingmedical advice for anxiety state, TTSMA-GA= total number of times seeking medical advice for generalized anxiety disorder,
TTSMA-IO = total number of times seeking medical advice for impaction and received odontectomy, TTSMA-JS = total number of
times seeking medical advice for unspecified anomaly of jaw size, TTSMA-MF = total number of times seeking medical advice for
mandible fracture, TTSMA-P = total number of times seeking medical advice for panic disorder.
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1. Introduction

Temporomandibular disorders (TMD) are an enormous public
health problem, with a prevalence that ranges from 18% to 35%
in the general population.[1] TMD is the second most common
musculoskeletal pain, secondary only to chronic lower back
pain.[2] In an epidemiological study of Scandinavia and Northern
Europe, the lifetime prevalence of TMD reached 93%.[3] A
nationwide survey of Dutch adults revealed that 21.5% of the
adult population reported TMD, but 85% of these considered no
need for treatment, and only 15% of those sought help.[4] Most
TMD patients sought treatment due to pain involving the pre-
auricular region, jaw, head, and neck.[5] Fernandes et al[6]

recently reported that bodily pain complaints might also play an
important role in the presence of TMD pain in adolescents. TMD
has been considered a multifactorial disease.[7] The common
dental comorbidities of TMD include mandible fracture,[8]

impaction and received odontectomy,[8,9] and abnormal jaw
size with malocclusion.[10,11] Psychological factors might play a
major role in TMD.[12] Schiffman et al [2] recommended a new
dual-axis diagnostic criteria for TMD (DC/TMD), which
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includes 12 common physical diagnoses (Axis I) and psychosocial
status evaluation (Axis II).
Depression has become a global disease with an increasing

prevalence over time; in 2010, it was the second leading cause of
disability worldwide.[13] In a study of adolescents with signs and
symptoms of TMD, depression existed in 26.71% of subjects.[14]

In another study, assessment of psychological status revealed that
39.8% of patients with TMD experienced moderate to severe
depression.[15] Several studies have reported that painful
temporomandibular disorders are strongly associated with high
levels of depression.[16–20] Furthermore, they are often bi-
directional and co-existent.[16,17] However, these studies were
unable to prove a causal relationship because of the cross-
sectional study design and case-control study with small sample
size. These studies did not consider the fact that anxiety disorders
and depression share the same serotonin circuitry.[21]

A prospective cohort study found that depression, perceived
stress, and mood were associated with pain sensitivity and were
predictive of 2- to 3e-fold increases in the risk of TMD (P<
0.05).[22] However, the study was limited by its small sample size
and inclusion of only 1 female. To our knowledge, only 1
population-based cohort study has proved a temporal relation-
ship between depression and TMD.[7] However, the authors were
unable to determine which type of depression would induce TMD
and failed to adjust for crucial confounders of comorbidities in
dental illness and anxiety disorders.
Propensity score, an adequate method for population alloca-

tion, can both maximize the differences between groups and
minimize the differences within groups. The bias of an
observational study can be minimized by propensity score
analysis and adjustment for key confounders.[23,24] No current
TMD studies have used propensity score for allocating a large
population and thereby maximizing the internal and external
validity.
The purpose of this study was to investigate the causal effect

between depression and TMD. We hypothesized that depression
is one of the risk factors of TMD, and patients with depression
have more opportunities to be diagnosed with and treated for
TMD compared with the general population. This study used
propensity scoring and stratified the claims data from The
National Health Insurance program of Taiwan into 2 groups
(propensity1 and propensity2) and 4 cohorts (propensity1 with
depression, propensity1 without depression, propensity2 with
depression, propensity2 without depression) to detect the
development of TMD among depressive and nondepressive
patients.
2. Materials and methods

The STROBE guidelines were used to ensure the reporting of this
observational study.
2.1. Data resources

This study used the claims data of The National Health
Insurance program of Taiwan, which has covered >98% of the
23 million people in this population and has contracted with
>93% of hospitals and clinics since 1996. The Department of
Health National Health Research Institute (NHRI) managed all
medical claims data recorded from the contracted health care
institutions. All sampled subjects were retrieved from the
Longitudinal Health Insurance Database (LHID2005). The
LHID2005 includes all of the original medical claims and
2

registration files for 1 million enrollees in the National Health
Insurance (NHI) program. The 1 million enrollees in the
LHID2005 were randomly selected from all insured persons
registered in the 2005 registry of beneficiaries (N=23.72
million).[25] This dataset consisted of the registry of medical
facilities, details of inpatient orders, ambulatory care (including
outpatient departments of hospitals or clinics), dental services,
and prescriptions linked with anonymized patient identification.
Many researchers have proved the high validity of these NHI
data,[26,27] and thousands of articles utilizing these data have
been published in Science citation index (SCI) journals.[28,29]

The LHID is exempt from full review by the institutional review
board in Taiwan because all patient identifications were
deidentified and released to the public for research purposes.
We still obtained an ethical certificate (protocol number
SLH919-104-007) from the Ethics Committee of Tainan Sin
Lau Hospital, the Presbyterian Church in Taiwan.
2.2. Study samples

In selecting samples analyzed in this retrospective cohort study,
we first recruited 948,339 outpatients between 2004 and 2013
from a representative subdatasets of 1 million for the year 2005.
The samples were selected by using (ICD-9-CM) (International
Classification of Diseases, 9th Revision, Clinical Modification)
codes for depression (ICD-9-CM code 296.2X, 296.3X, 300.4,
and 311) and TMD (ICD-9-CM code 524.60, 524.61, 524.62,
524.63, 524.69). In our study design, the independent variables
were 3 common types of depression: major depressive disorder
(ICD-9-CM code 296.2X and ICD-9-CM code 296.3X),
dysthymia (ICD-9-CM code 300.4), and depressive disorder
not elsewhere classified (ICD-9-CM code 311). To avoid a
selection bias of depression and TMD diagnoses, we only
included those patients who had at least 3 appointments for
depression and TMD care during the follow-up period after the
index date. This study excluded the following cases: depression as
the consequence of TMD (168 patients) and total ambulatory
care (including outpatient departments of hospitals or clinics)
visits for depression or TMD <3 (11,596 patients). In turn, the
remaining cases (936,575 patients) were stratified by the
propensity score (10,015 patients excluded) with 11 confounding
factors, including age, sex, monthly income, and total number of
times of seeking medical advice (TTSMA) for the following
illnesses: anxiety state (ICD-9-CM 300.00), panic disorder (ICD-
9-CM 300.01), generalized anxiety disorder (ICD-9-CM
300.02), obsessive compulsive disorders (ICD-9-CM 300.03),
psychiatric diseases (ICD-9-CM 290-319, except depression) as
other psychiatric comorbidities, mandible fracture (ICD-9-CM
802.2, 802.3), impaction (ICD-9-CM 520.6) and received
odontectomy (treatment code 92015, 92016, 92063), and
abnormal jaw size plus malocclusion (ICD-9-CM 524.0-
524.5). Finally, 926,560 outpatients were allocated into 2
groups and 4 cohorts (Fig. 1).

2.3. Study starting point and ending point

For patients without depression, the starting point was the first
ambulatory care visit (including outpatient departments of
hospitals or clinics); for those with depression, the starting point
was time of first diagnosis with depression. For patients without
TMD, the end point was the last ambulatory care visit; for those
with TMD, the end point was the time of first diagnosis with
TMD between January 1, 2004, and December 31, 2013.



Figure 1. Flowchart of sample selection. Note: OPD=outpatient department.
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2.4. Statistical analysis

We compared the 11 (no cases of obsessive compulsive disorders
[ICD-9-CM 300.03] were coded) confounders of demographic
variables and comorbidities between depression and nondepres-
sion patients using the propensity score. Cox’s regression analysis
with hazard ratios (HR) was used to estimate the risk of TMD
associated with depression after adjusting for confounders. The
onset time of TMD as the consequence of depression was
calculated.
All analyses were performed with SPSS statistical software

(version 20 for windows; IBM; NY).
3

3. Results

Table 1 compares the continuous variables of confounders
between patients with/without depression in 2 propensity groups.
In the propensity1 group, patients were younger (28.3y/o vs 51.7
y/o) and underwent odontectomy more often (0.045 times vs
0.020 times). Those in the propensity2 group sought medical
advice more frequently for following disorders: anxiety state
(nondepression: 1.26±4.54 outpatient department [OPD] visits
vs 0.10±0.64 OPD visits; depression: 5.02±8.54 OPD visits
vs 0.72±1.71 OPD visits), panic disorder (nondepression:
0.02 ±0.39 OPD visits vs 0.00±0.05 OPD visits; depression:

http://www.md-journal.com


Table 1

Comparisons in continuous variables of confounders between patients with and without depression for 2004–2013.

Variables Depression

Propensity1 group Propensity2 group

n Mean sd min. max. n mean sd min. max.

MI No 570,391 23,098.94 24,553.20 0 182,000 299,475 26,952.93 26,348.65 0 182,000
Yes 18,038 26,070.01 22,033.40 0 182,000 38,656 24,382.46 23,083.41 0 182,000

Age No 570,391 26.18 13.00 1 59 299,475 52.95 14.27 1 107
Yes 18,038 30.45 10.52 1 59 38,656 50.54 15.12 1 99

TTSMA-MF No 570,391 0.00 0.12 0 15 299,475 0.00 0.21 0 31
Yes 18,038 0.00 0.15 0 11 38,656 0.01 0.26 0 23

TTSMA-JS No 570,391 0.07 0.39 0 15 299,475 0.09 0.54 0 37
Yes 18,038 0.08 0.40 0 7 38,656 0.08 0.45 0 16

TTSMA-IO No 570,391 0.04 0.24 0 4 299,475 0.02 0.19 0 4
Yes 18,038 0.05 0.25 0 4 38,656 0.02 0.18 0 4

TTSMA-AS No 570,391 0.10 0.64 0 29 299,475 1.26 4.54 0 75
Yes 18,038 0.72 1.71 0 26 38,656 5.02 8.54 0 65

TTSMA-P No 570,391 0.00 0.05 0 8 299,475 0.02 0.39 0 23
Yes 18,038 0.02 0.24 0 6 38,656 0.28 1.53 0 22

TTSMA-GA No 570,391 0.01 0.14 0 9 299,475 0.13 1.13 0 36
Yes 18,038 0.10 0.54 0 9 38,656 0.85 3.00 0 40

TTSMA-PD No 570,391 0.42 2.37 0 64 299,475 2.30 10.18 0 174
Yes 18,038 2.02 4.49 0 62 38,656 8.10 16.83 0 164

Depression: 296.2, 296.3, 300.4, 311 (ICD-9 codes).
max.=maximum, MI=monthly income, min.=minimum, sd= standard deviation, TTSMA-AS= total times of seeking medical advice for anxiety state, TTSMA-GA= total times of seeking medical advice for
generalized anxiety disorder, TTSMA-IO= total times of seeking medical advice for impaction plus received odontectomy, TTSMA-JS= total times of seeking medical advice for unspecified anomaly of jaw size,
TTSMA-MF= total times of seeking medical advice for mandible fracture, TTSMA-P= total times of seeking medical advice for panic disorder, TTSMA-PD= total times of seeking medical advice for psychiatric
diseases (ICD-9 codes: 290.X-319) except depression.
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0.28±1.53 OPD visits vs 0.02±0.24 OPD visits), generalized
anxiety disorder (nondepression: 0.13±1.13OPD visits vs 0.01±
0.14OPD visits; depression: 0.85±3.00OPD visits vs 0.10±0.54
OPD visits), and other psychiatric disease (nondepression: 2.30±
10.18 OPD visits vs 0.42±2.37 OPD visits; depression: 8.10±
16.83 OPD visits vs 2.02±4.49 OPD visits) except depression.
Table 2 compares the gender distribution of patients with/

without depression in the 2 propensity groups. More women
were in the propensity2 group than in the propensity1 group
(nondepression: 73.3% vs 36.7%; depression: 72.3% vs 37.4%).
In Table 3, multivariate Cox’s regression analysis shows that

the risk of TMD was significantly greater in the dysthymia (ICD-
9-CM 300.4) of the propensity2 group (HR 1.64, 95% CI: 1.28,
2.09) under adjusting for 11 confounders. Five confounders
demonstrated a significant positive correlation with TMD in both
groups: sex (HR 0.42, 95% CI: 0.36,0.50 vs HR 0.59, 95% CI:
0.49,0.71), TTSMA for mandible fracture (TTSMA-MF, HR
1.36, 95% CI: 1.11,1.68 vs HR 1.16, 95% CI: 1.08,1.25),
TTSMA for unspecified anomaly of jaw size (TTSMA-JS, HR
1.20, 95% CI: 1.06,1.36 vs HR 1.14, 95% CI: 1.07,1.20),
TTSMA for anxiety state (TTSMA-AS, HR 1.16, 95% CI:
Table 2

Gender comparisons of confounders between patients with and
without depression for 2004–2013.

gender

Depression in the
propensity1 group

Depression in the
propensity2 group

No Yes No Yes

Female n 209,544 6744 219,560 27,934
% 36.7% 37.4% 73.3% 72.3%

Male n 360,847 11,294 79,915 10,722
% 63.3% 62.6% 26.7% 27.7%
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1.09,1.23 vs HR 1.03, 95% CI: 1.02,1.04), and TTSMA for
generalized anxiety disorder (TTSMA-GA, HR 1.53, 95% CI:
1.30,1.81 vs HR 1.05, 95% CI: 1.02,1.08). Three confounders
demonstrated a significant positive correlation with TMD in the
propensity1 group: age (HR 1.01, 95% CI: 1.01, 1.02), TTSMA
for impaction and received odontectomy (TTSMA-IO, HR 1.74,
95%CI: 1.45, 2.07), and TTSMA for panic disorder (TTSMA-P,
HR 1.67, 95% CI: 1.17, 2.41).
Table 4 demonstrates that the mean enrolled time was 8.84±

2.04 versus 8.55±2.42 years in the propensity1 and propensity2
groups, respectively. In the propensity2 group, the time from
dysthymia to onset of TMD was 3.56±2.74 years.
4. Discussion

There are rare studies investigating the relationship between
depression and TMD by using a population-based cohort study
design. The aim of our study was to determine whether
depression is a risk factor of TMD. To ensure the external
validity, the cases were stratified into 2 totally different groups by
propensity score, which can absolutely represent 2 age groups
and gender groups of 23 million Taiwanese people. To avoid
sacrificing internal validity due to large sample size, both
psychiatric depressive comorbidities and TMD confounders were
adjusted in Cox’s regression. This approach not only provides the
internal validity but also maximizes the external validity.
Elevated levels of cytokines in the synovial fluid have been

associated with inflammation in patients with TMD.[30] Raised
cytokine interleukin-8 production capacity is positively associat-
ed with severity of depressive disorders.[31] Both TMD and
depressive disorders are related to higher levels of cytokines.
These findings can explain the association between TMD
and depression. Painful temporomandibular disorders have
been strongly associated with high levels of depression.[16,20]



Table 3

Hazard ratio of temporomandibular disorder in depression
adjusted for confounders in Cox’s regression analysis.

Variables
HR (95% CI) for
Propensity1 group

HR (95% CI) for
Propensity2 group

T296, yes/no 0.90 (0.35,2.28) 1.08 (0.76,1.54)
T300.4, yes/no 1.09 (0.59,2.00) 1.64 (1.28,2.09)
T311, yes/no 0.99 (0.36,2.76) 0.89 (0.60,1.32)
MI 1.00 (1.00,1.00) 1.00 (1.00,1.00)
Age 1.01 (1.01,1.02) 0.99 (0.99,1.00)
TTSMA-MF 1.36 (1.11,1.68) 1.16 (1.08,1.25)
TTSMA-JS 1.20 (1.06,1.36) 1.14 (1.07,1.20)
TTSMA-IO 1.74 (1.45,2.07) 0.93 (0.68,1.27)
TTSMA-AS 1.16 (1.09,1.23) 1.03 (1.02,1.04)
TTSMA-P 1.67 (1.17,2.41) 1.06 (0.99,1.14)
TTSMA-GA 1.53 (1.30,1.81) 1.05 (1.02,1.08)
TTSMA-PD 0.99 (0.96,1.03) 1.00 (0.99,1.00)
Sex, male/female 0.42 (0.36,0.50) 0.59 (0.49,0.71)

HR=Hazard ratio, MI=monthly income, T296=Ever seeking medical advice for major depressive
disorder, T300.4=Ever seeking medical advice for dysthymia, T311=Ever seeking medical advice
for depressive disorder, not elsewhere classified, TTSMA-AS= total number of times seeking medical
advice for anxiety state, TTSMA-GA= total number of times seeking medical advice for generalized
anxiety disorder, TTSMA-IO= total number of times seeking medical advice for impaction and received
odontectomy, TTSMA-JS= total number of times seeking medical advice for unspecified anomaly of
jaw size, TTSMA-MF= total number of times seeking medical advice for mandible fracture, TTSMA-
P= total number of times seeking medical advice for panic disorder, TTSMA-PD= total number of
times seeking medical advice for psychiatric diseases (ICD-9 codes: 290.X-319) except depression.
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However, studies showing this are cross-sectional models and
thus only present a possible association and not a causal effect
relationship. Although Macfarlane et al[17] found in their case-
control study that people with PDS (pain dysfunction syndrome)
were characterized by high levels of psychological distress, they
still could not prove whether depression occurred before the
onset of TMD or as a consequence of TMD, as a result of the
case-control study design with a small sample size. Slade et al
reported that depression was one of the predicted risk factors of
first-onset TMD in their “3 years” follow-up prospective cohort
study.[22] However, limitations to that study were its small
sample size and only female gender. Another prospective cohort
study confirmed that psychological distress can predict first-onset
of TMD.[32] However, that study collected information of
participants based on questionnaires, telephone calls, and/or
email, so might not adequately represent clinical diagnoses. Liao
et al[7] revealed a temporal relationship between depression and
TMD in their population-based cohort study. However, there
were still several limitations to their research. First, the definitive
criterion of depression was at least 3 visits, but the criterion for
TMD was only 1 visit during the follow-up period. Second, the
Table 4

Duration of follow-up and the time from dysthymia to onset of TMD
in 2 groups.

N Mean (y) sd min. max.

Duration of follow-up
propensity1 588429 8.84 2.04 0.0027 10
Propensity2 338131 8.55 2.42 0.0027 10
Total 926560 8.73 2.19 0.0027 10
The time from dysthymia to onset of TMD in 2 groups
propensity1 12 4.23 2.88 0.21 8.29
propensity2 99 3.56 2.74 0.08 9.73
Total 111 3.64 2.75 0.08 9.73

max.=maximum, min.=minimum, sd= standard deviation, TMD= temporomandibular disorders.
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internal validity was diminished by 2 factors: the confounding
factors of maxillofacial comorbidities for TMD were not
adjusted, and significant difference existed in 6 demographic
characteristics between their 2 cohorts. Third, the external
validity decreased because their sample size was not enough to
represent 23 million Taiwanese people. Fourth, the study did not
differentiate which type of depression had the exact causal impact
on TMD.
Our study was similar to previous research showing that

females have a higher rate of TMD than males,[7,33] and elderly
depressive patients also have a higher risk of TMD.[7] These
previous studies might explain our findings: the age of
propensity1 group was positively correlated with TMD.
Concerning the differences between the propensity1 and
propensity 2 groups, the propensity2 group had more females,
elderly people, depression cases, and a higher use of psychiatric
health resources, especially for anxiety disorders. In other words,
the propensity2 group represented older female-predominant
patients with low serotonin activity.[21] Patients with depression
usually have lower serotonin activity than do those with anxiety
disorders.[21] The Cox regression analysis of the propensity2
group revealed that dysthymia, so-called chronic depression of
lower serotonin activity, had a definite causal effect on older and
female patients; the Cox regression analysis of the propensity1
group hinted at a correlative effect of anxiety disorders. The
hazard ratio of dysthymia on TMD in propensity2 group was
1.64, which is lower than that of the previous Taiwanese
population-based study, at 2.21.[7] This might be because the
causal effect of dysthymia was confounded by other subtypes of
depression and 11 confounding factors. Our study revealed the
existence of a higher risk of TMD problems among the female
and the elderly depressive population. The strengths of our study,
which has superior validity, are as follows: our study contained 2
completely distinct subgroups, which can represent 23 million
Taiwanese people in the domains of gender and age. The study
ensures external validity. In addition, our study included a 10-
year follow-up period, the definition of depression, and TMD
were based on diagnoses by specialists and required at least 3
visits, depression as a consequence of TMD was excluded, and
both the psychiatric comorbidities of depression and confound-
ing factors of TMD were adjusted for in Cox regression analysis.
All of these factors ensured minimal differences between each
group and powerfully increased our internal validity. Therefore,
the incidence of TMD in our study is more valid. In addition, we
found that only dysthymia (ICD-9-CM 300.4) could induce
TMD. This finding hinted at the fact that mood disorder and pain
might have similar neurobiological mechanisms and neuro-
anatomical substrates, especially chronic mood disorder.[34]

Depressive patients had more symptoms of pain and consumed
more health resources than nondepressed patients. Therefore,
dysthymia (so-called chronic depression) patients with temporo-
mandibular pain had more opportunities to acquire a diagnosis
of TMD during the usual process of seeking medical advice. Our
findings correspond with the fact that dysthymia patients had the
most statistically significant pain symptoms.[34] Successful
depression treatment might alleviate the pain of TMD.[35] Our
research also determined that the first-onset time of TMD as the
consequence of dysthymia (ICD-9-CM 300.4) is 3.56 years (sd=
2.74, min=0.08, median=2.99, max=9.73).
There are still some limitations to our study. First, orthodontic

treatment, orthognathic surgery, and partially or completely
edentulous patients with denture treatment are not included in
The National Health Insurance program, and patients have to

http://www.md-journal.com
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pay without assistance from insurance program. Therefore, we
could not code the ICD-9-CM from the insurance program, with
which our confounding factors of TMDwould bemore complete.
Second, pharmacotherapy for depression and occlusal splint
therapy for TMD could not be coded from theNHI program, and
these technical problems are still existent; otherwise these
treatment codes will help the inclusive criteria more valid. Third,
clinical symptoms such as bruxism, which might highly affect
TMD, could not code with ICD-9-CM. Fourth, our study design
did not allow us to present the causal effects of key confounders.
Further studies of different independent variables might help
clarify these issues. Finally, we found it difficult to categorize the
subtypes of TMD (disc displacement with or without reduction)
from the database; therefore, further evaluation of which subtype
of TMD is more likely to impact depression is arduous.
5. Conclusion

In conclusion, dysthymia increases the risk of TMD in elderly and
female-predominant patients who use more psychiatric health
resources, and the mean duration between the onsets of the 2
diseases is 3.56 years on average. These results suggest that
psychological evaluation should be part of the management of
TMD, and these patients should be referred to a psychiatrist as
needed. Further cohort studies are needed to assess topics such as
whether TMD has a causal effect on depression, how different
types of depression influence different subtypes of TMD, and
whether maxillofacial comorbidities (e.g., mandible fracture,
odontectomy, and anomaly of jaw size) can be causative risk
factors for depression.
Acknowledgments

The authors would like to thank Prof. Shang-LiangWu for advice
about statistical methods, study design, and performance of the
calculations.
References

[1] Naeije M, Veldhuis A, Veldhuis E, et al. Disc displacement within the
human temporomandibular joint: a systematic review of a ‘noisy
annoyance’. J Oral Rehab 2013;40:139–58.

[2] Schiffman E, Ohrbach R, Truelove E, et al. Diagnostic criteria for
temporomandibular disorders (DC/TMD) for clinical and research
applications: recommendations of the International RDC/TMD Consor-
tium Network and Orofacial Pain Special Interest Group. J Orofac pain
2014;28:6–27.

[3] Carlsson GE. Epidemiology and treatment need for temporomandibular
disorders. J Orofac Pain 1999;13:232–7.

[4] De Kanter R, Kayser A, Battistuzzi P, et al. Demand and need for
treatment of craniomandibular dysfunction in the Dutch adult popula-
tion. J Dent Res 1992;71:1607–12.

[5] Auvenshine RC. Temporomandibular disorders: associated features.
Dent Clin North Am 2007;51:105–27. vi.

[6] Fernandes G, Selms M, Gonçalves D, et al. Factors associated with
temporomandibular disorders pain in adolescents. J Oral Rehabil
2015;42:113–9.

[7] Liao CH, Chang CS, Chang SN, et al. The risk of temporomandibular
disorder in patients with depression: a population-based cohort study.
Community Dent Oral Epidemiol 2011;39:525–31.

[8] Akhter R, Hassan NM, Ohkubo R, et al. The relationship between jaw
injury, third molar removal, and orthodontic treatment and TMD
symptoms in university students in Japan. J Orofac Pain 2008;22:50–6.

[9] Juhl GI, Jensen TS, Norholt SE, et al. Incidence of symptoms and signs of
TMD following third molar surgery: a controlled, prospective study. J
Oral Rehabil 2009;36:199–209. Research Support, Non-U S Gov’t.
6

signs of temporomandibular disorders in children with severe malocclu-
sion. Eur J Orthod 1998;20:543–59.

[11] Barrera-Mora JM, Espinar Escalona E, Abalos Labruzzi C, et al. The
relationship between malocclusion, benign joint hypermobility syn-
drome, condylar position and TMD symptoms. Cranio 2012;30:121–30.

[12] Niemi PM, Le Bell Y, Kylmälä M, et al. Psychological factors and
responses to artificial interferences in subjects with and without a history
of temporomandibular disorders. Acta Odontologica Scandinavica
2006;64:300–5.

[13] Smits F, Huijts T. Treatment for depression in 63 countries worldwide:
describing and explaining cross-national differences. Health Place
2015;31:1–9.

[14] Bonjardim LR, Gaviao M, Pereira LJ, et al. Anxiety and depression in
adolescents and their relationship with signs and symptoms of
temporomandibular disorders. Int J Prosthodont 2004;18:347–52.

[15] Yap A, Dworkin SF, Chua E, et al. Prevalence of temporomandibular
disorder subtypes, psychologic distress, and psychosocial dysfunction in
Asian patients. J Orofac Pain 2002;17:21–8.

[16] Fernandes G, Goncalves DAdG, Siqueira JTTd, et al. Painful
temporomandibular disorders, self reported tinnitus, and depression
are highly associated. Arquivos Neuro-psiquiatria 2013;71:943–7.

[17] Macfarlane T, Gray R, Kincey J, et al. Factors associated with the
temporomandibular disorder, pain dysfunction syndrome (PDS): Man-
chester case–control study. Oral Dis 2001;7:321–30.

[18] Auerbach SM, Laskin DM, Frantsve LME, et al. Depression, pain,
exposure to stressful life events, and long-term outcomes in temporo-
mandibular disorder patients. J Oral Maxillofac Surg 2001;59:628–33.

[19] Epker J, Gatchel RJ. Coping profile differences in the biopsychosocial
functioning of patients with temporomandibular disorder. Psychosom
Med 2000;62:69–75. Research Support, U S Gov’t, P H S.

[20] Fernandes G, Franco A, Siqueira J, et al. Sleep bruxism increases the risk
for painful temporomandibular disorder, depression and non-specific
physical symptoms. J Oral Rehabil 2012;39:538–44.

[21] Albert PR, Vahid-Ansari F, Luckhart C. Serotonin-prefrontal cortical
circuitry in anxiety and depression phenotypes: pivotal role of pre-and
post-synaptic 5-HT1A receptor expression. Front BehavNeurosci 2014;8:

[22] Slade G, Diatchenko L, Bhalang K, et al. Influence of psychological factors
on risk of temporomandibular disorders. J Dent Res 2007;86:1120–5.

[23] Tanaka S, Tanaka S, Kawakami K. Methodological issues in
observational studies and non-randomized controlled trials in oncology
in the era of big data. Jpn J Clin Oncol 2015;45:323–7.

[24] Anglemyer A, Horvath HT, Bero L. Healthcare outcomes assessed with
observational study designs compared with those assessed in randomized
trials. Cochrane Database Syst Rev 2014;4: MR000034. DOI: 10.1002/
14651858.MR000034.pub2.

[25] Administration NHI. https://www.gender.ey.gov.tw/gecdb/Stat_Statis
tics_DetailData.aspx?sn=u4ceyDJ9iGzBYUGlJC0z7w%3D%3D&d=
Rv%2B7HVE3GXFIi8TeyUcZrw%3D%3D. 2015.

[26] Cheng CL, Kao YHY, Lin SJ, et al. Validation of the National Health
Insurance Research Database with ischemic stroke cases in Taiwan.
Pharmacoepidemiol Drug Saf 2011;20:236–42.

[27] Keller JJ, Wu CS, Chen YH, et al. Association between obstructive sleep
apnoea and chronic periodontitis: a population-based study. J Clin
Periodontol 2013;40:111–7.

[28] Keller JJ, Wu CS, Lin HC. Chronic rhinosinusitis increased the risk of
chronic periodontitis. Laryngoscope 2013;123:1323–7.

[29] Chen Y-C, Wu J-C, Chen T-J, et al. A publicly available database
accelerates academic production. BMJ 2011;342:d637.

[30] Kellesarian SV, Al-Kheraif AA, Vohra F, et al. Cytokine profile in the
synovial fluid of patients with temporomandibular joint disorders: A
systematic review. Cytokine 2016;77:98–106.

[31] Vogelzangs N, De Jonge P, Smit J, et al. Cytokine production capacity in
depression and anxiety. Transl Psychiatry 2016;6:e825.

[32] Fillingim RB, Ohrbach R, Greenspan JD, et al. Psychological factors
associated with development of TMD: the OPPERA prospective cohort
study. J Pain 2013;14:T75–90.

[33] Macfarlane TV, Blinkhorn AS, Davies RM, et al. Oro-facial pain in the
community: prevalence and associated impact. Community Dent Oral
Epidemiol 2002;30:52–60.

[34] Agüera-Ortiz L, Failde I, Mico J, et al. Pain as a symptom of depression:
prevalence and clinical correlates in patients attending psychiatric clinics.
J Affect Disord 2011;130:106–12.

[35] Kroenke K, Shen J, Oxman TE, et al. Impact of pain on the outcomes of
depression treatment: results fromtheRESPECTtrial. Pain2008;134:209–15.

https://www.gender.ey.gov.tw/gecdb/Stat_Statistics_DetailData.aspx?sn=u4ceyDJ9iGzBYUGlJC0z7w%253D%253D%26d=Rv%252B7HVE3GXFIi8TeyUcZrw%253D%253D
https://www.gender.ey.gov.tw/gecdb/Stat_Statistics_DetailData.aspx?sn=u4ceyDJ9iGzBYUGlJC0z7w%253D%253D%26d=Rv%252B7HVE3GXFIi8TeyUcZrw%253D%253D
https://www.gender.ey.gov.tw/gecdb/Stat_Statistics_DetailData.aspx?sn=u4ceyDJ9iGzBYUGlJC0z7w%253D%253D%26d=Rv%252B7HVE3GXFIi8TeyUcZrw%253D%253D

	Dysthymia increases the risk of temporomandibular disorder
	1 Introduction
	2 Materials and methods
	2.1 Data resources
	2.2 Study samples
	2.3 Study starting point and ending point
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgments
	References


