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Aims: To determine whether shared genetic influences are responsi-
ble for the association between pain from temporomandibular disor-
ders (TMD) and migraine headache. Methods: Data were obtained
from 1,236 monozygotic and 570 dizygotic female twin pairs from
the University of Washington Twin Registry. TMD pain was assessed
with a question about persistent or recurrent pain in the jaw, temple,
in front of the ear, or in the ear. The presence of migraine head-
ache was determined by self-report of doctor-diagnosed migraine.
Univariate and bivariate structural equation models estimated the
components of variance attributable to genetic and environmental
influences. Results: The best fitting univariate models indicated that
additive genetic effects contributed 27% of the variance in TMD
pain (95% confidence interval = 15% to 38%) and 49% of the
variance in migraine headache (95% confidence interval = 40% to
57%). The best-fitting bivariate model revealed that 12% of the ge-
netic component of TMD pain is shared with migraine headache.
Conclusion: These preliminary findings suggest that the association
between TMD pain and migraine headache in women may be par-
tially due to a modest shared genetic risk for both conditions. Future
studies can focus on replicating these findings with symptom- and
diagnosis-based instruments. ] OROFAC PAIN 2012;26:91-98

emporomandibular disorders (TMD) are a heterogeneous

group of conditions characterized by pain in the temporo-

mandibular joint and/or masticatory muscle and limited or
painful jaw movements."> TMD are often associated with head-
aches,’ with women affected more frequently than men.® The mag-
nitude of association with TMD is highest for migraine compared
to other types of headache.** A recent study indicated that 73% of
patients with migraine headache also experience TMD and cutane-
ous allodynia.? In addition, the presence of TMD in patients with
migraine headache predicts migraine persistence and chronicity,
thus increasing the severity of pain.? The comorbidity of TMD and
migraine headache causes physical and psychological disability and
tremendous health care costs.”® Therefore, studies investigating the
nature of this comorbidity are warranted.

Multiple biopsychosocial factors including genetic and environ-
mental factors may play a substantial role in the pathology of these
conditions.”!® Both TMD and headache are mediated by the trigem-
inal nerve and characterized by pain in the head or face and pericra-
nial tenderness.*>!'"'> Dysregulation of pain modulatory mechanisms
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in the central and peripheral nervous systems have
been reported in both TMD and migraine head-
ache.’® ¢ In addition, inherent genetic differences
among individuals may play an important role in
the vulnerability to these types of pain.!'”!® In this
regard, several studies have demonstrated the herit-
ability of migraine headache!®"” and a few investiga-
tions have addressed the heritability of TMD signs
and symptoms.?’2? To the authors’ knowledge, no
studies have examined the shared genetic influences
that may be partially responsible for the association
between TMD and migraine headache.

Twin studies offer a unique opportunity to
investigate shared disease etiology by evaluating the
relative contributions of genetic and environmental
factors to more than one condition. This study
examines the shared genetic influences on pain
that is associated with TMD (ie, TMD pain) and
migraine headache among female twins enrolled
in a community-based twin registry in Washington
State. The aims were to determine whether shared
genetic influences are responsible for the association
between pain from TMD and migraine headache.

Materials and Methods
Sample

The University of Washington Twin Registry is a
community-based sample of twins derived from the
driver license applications of the Washington State
Department of Licensing.?? In Washington State,
driver license numbers are derived from a person’s
name and date of birth; thus, the Department of
Licensing asks every new applicant if she or he is a
twin to avoid issuing duplicate license and identifi-
cation numbers to twins. Because state agencies in
Washington are permitted by law to share data, the
Department of Licensing has provided a list of all
new drivers license applicants who are twins to the
University of Washington since 1998. Upon receiving
the names from the Department of Licensing, the
University of Washington Twin Registry staff sends
each twin an invitation to join, a brief survey to
complete, and an incentive. The co-twin is mailed a
survey using contact information provided by the in-
dex twin. The brief survey contains items on demo-
graphics, habits, doctor-diagnosed health conditions,
symptoms, health care use, and various abridged,
standardized measures of physical and mental
health. A detailed description of strategies used for
recruitment and maintaining the Twin Registry has
been published.?> All Registry procedures and data
collection involved in this study were approved by
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the University of Washington Institutional Review
Board. Informed consent was obtained from all
twins. All authors had full access to study data.

Measures

Questions about childhood similarity that correctly
classify zygosity with an accuracy of 95% to 98%
compared with biological indicators were used to
determine zygosity.>*2’” Sociodemographic factors
included age, sex, race, education, and marital sta-
tus. The twins were given a list of conditions in-
cluding TMD and migraine headache and asked:
“Has your doctor ever told you that you have any
of the following conditions?” In addition, all twins
answered a question derived from the Life Pain
Questionnaire, which was developed by researchers
to screen for common chronic pain conditions such
as TMD pain and headaches.”® Twins were asked
about TMD pain as follows: “In the past 3 months,
have you had persistent or recurrent pain in the
face, jaw, temple, in front of the ear, or in the ear?”
This question has been validated and successfully
used by other investigators to screen for TMD pain.
The calculated sensitivity for a diagnosis of TMD
ranges from 89% to 100% and specificity from
37% to 69%.23° Because not all twins with TMD
pain may have been diagnosed by a physician, the
authors chose to use the TMD pain question as the
primary variable in the analyses.

Finally, twins responded to a list of symptoms
that accompany their typical headaches, including
feeling sick to the stomach or vomiting and greater
sensitivity to light and/or noise, two of the hallmark
symptoms of migraine headaches. Because the head-
ache symptom questions did not comprehensively
assess migraine headache, the authors chose to use
the self-reported physician’s diagnosis of migraine
headache as the primary variable from consecutive
twins in the analyses.

Statistical Analysis

Descriptive statistics for demographic and health
characteristics were calculated using means and
standard deviations for continuous variables and
percents for categorical variables. Logistic regres-
sion using generalized estimating equations to
account for clustering within twin pairs was used
to examine the association of TMD pain and head-
ache symptoms with self-reported physician’s diag-
nosis of TMDs and migraine headache, respectively.
The association between TMD pain and migraine
headache in monozygotic (MZ) and dizygotic (DZ)
pairs was assessed by three types of tetrachoric
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correlations: phenotypic, twin, and cross-twin,
cross-trait. Phenotypic correlations measure the
association of TMD pain and migraine headache
within individuals, whereas twin correlations exam-
ine the within-pair similarity for a trait. Cross-twin,
cross-trait correlations assess the degree of associa-
tion for two traits, eg, the relationship of TMD pain
in twin 1 and migraine headache in twin 2, as well
as TMD pain in twin 2 and migraine headache in
twin 1.

Classic twin analyses compare phenotypic similar-
ity in MZ twins and DZ twins; greater phenotypic
similarity in MZ than DZ twins indicates a genetic
component in the parameter of interest. The authors
used univariate structural equation modeling to es-
timate the proportions of variance due to additive
genetic (A), common environmental (C), and unique
environmental (E) influences on TMD pain and
migraine headache individually.’! Models were fitted
assuming an additive genetic correlation of 1.0 for
MZ and 0.5 for DZ twins, a shared environmental
correlation of 1.0 for all twins, and a unique envi-
ronmental correlation of 0.0 for all twins. Modeling
began by estimating parameters for the full model
(ACE), and then reduced models were constructed
by removing specific parameters. The goodness-of-fit
of each reduced model was compared with the full
model by using a likelihood ratio test. Parameter esti-
mates, 95% confidence intervals (Cls), and goodness-
of-fit statistics for the full model (ACE) are presented,
as well as models in which all variance was attrib-
utable to genetic and specific environmental factors
(AE), and common and specific environmental fac-
tors (CE). Parameters were removed from the model
if doing so did not result in a significant degradation
of model fit. Models were also evaluated using Akai-
ke’s Information Criterion (AIC),’> where a lower
value indicates a superior fit. Structural equation
modeling can also be used to estimate the variability
in two or more phenotypes due to shared vulnerabili-
ties. The analyses used bivariate structural equation
modeling to estimate shared genetic and environmen-
tal vulnerabilities with a full Cholesky decomposition
that specified a general multivariate covariance struc-
ture and allowed for both specific and shared influ-
ences on TMD pain and migraine headache. The final
best-fitting, most parsimonious model was identified
by removing parameters that did not significantly
degrade the fit of the model based on likelihood ratio
tests and the AIC.*> Goodness-of-fit statistics are pre-
sented for the full and reduced bivariate models, and
trait-specific and shared variance components for the
best-fitting model.

Descriptive analyses and tetrachoric correlations
were computed using Stata 10.1 for Windows (Stata
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Corp). Structural equation models were fit using
MxGui version 1.4.06 (Department of Psychiatry,
Virginia Commonwealth University). A P value of
.05 was considered the criterion for a significant
degradation of model fit.

Results
Twin Characteristics

The initial registry sample consisted of 1,919 same-
sex female pairs. Both members of 113 pairs were ex-
cluded because of undetermined zygosity or missing
data for one or both twins, leaving a total of 1,236
MZ and 570 DZ female pairs (n = 1,806 pairs).
The twins’ mean age was 32 years (SD = 15), with
a range of 18 to 90 years; 85% of the sample were
white, reflecting the demographics of Washington
State. The majority of the sample (93%) had com-
pleted at least a high school education, and 30%
had completed a 4-year college degree or higher;
43% were married or cohabitating.

TMD Pain and Migraine Headache
Characteristics

The overall prevalence of TMD pain was 13%. Sim-
ilarly, 20% of twins reported a doctor’s diagnosis
of migraine headache, and 4% reported both TMD
pain and migraine. Twins reporting TMD pain
were more likely than those without self-reported
TMD pain to endorse a doctor’s diagnosis of TMD
(20% versus 4%, P < .001). Compared to twins not
reporting a migraine headache diagnosis, twins who
had a doctor’s diagnosis of migraine headache more
frequently reported their typical headaches were
accompanied by nausea or vomiting (44% versus
11%, P < .001), and photophobia or phonophobia
(79% versus 41%, P < .001).

Tetrachoric Correlations

Table 1 presents phenotypic, twin, and cross-twin,
cross-trait tetrachoric correlations for TMD pain
and migraine headache by zygosity. Phenotypic cor-
relations ranged from 0.32 to 0.33 in MZ twins and
from 0.16 to 0.18 in DZ twins. Larger MZ than DZ
twin correlations for TMD pain (0.27 versus 0.10)
and migraine headache (0.50 versus 0.20) suggested
a genetic basis for each trait. The higher cross-twin,
cross-trait correlations in MZ compared with DZ
pairs suggested modest shared genetic influences on
both traits.
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Table 1

Tetrachoric Correlations for TMD Pain and Migraine Headache in Female Twin Pairs According to Zygosity

Twin 2
TMD pain Migraine TMD pain Migraine

MZ (n = 1,236 pairs)

Twin 1

TMD pain 1.00

Migraine 0.33(0.22, 0.44)* 1.00

Twin 2

TMD pain 0.27 (0.15, 0.40)* 0.18 (0.06, 0.30)* 1.00

Migraine 0.09 (-0.03, 0.21)* 0.50 (0.41, 0.59)t 0.32(0.21, 0.43)* 1.00
DZ (n = 570 pairs)

Twin 1

TMD pain 1.00

Migraine 0.16 (-0.03, 0.35)* 1.00

Twin 2

TMD pain 0.10 (-0.12, 0.31)f 0.14 (-0.04, 0.32)* 1.00

Migraine 0.03 (-0.17, 0.22)* 0.20 (0.04, 0.36)* 0.18 (0.00, 0.36)* 1.00

*Phenotypic correlation between TMD pain and migraine headache; "Twin correlation; *Cross-twin, cross-trait correlation.

Table 2 Univariate Structural Equation Models of TMD Pain and Migraine Headache in Female Twin Pairs

Estimates of variance components* Test of model fit

Additive Common Unique
Model genetic (A) environment (C)  environment (E) X2 df P value AICt
TMD pain
ACE 0.27 (0.00, 0.38)  0.00 (0.00, 0.31) 0.73(0.61, 0.86) = = = =
AE 0.27 (0.15, 0.38) - 0.73 (0.62, 0.85) 0.00 1 >.99 -2.00
CE - 0.23(0.12,0.33) 0.77 (0.67, 0.88) 1.70 1 19 -0.30
Migraine headache
ACE 0.49(0.23,0.57)  0.00 (0.00, 0.23)  0.51 (0.43, 0.60) - - - -
AE 0.49 (0.40, 0.57) - 0.51 (0.43, 0.60) 0.00 1 >.99 -2.00
CE - 0.41(0.33,0.49) 0.59 (0.53, 0.67) 10.73 1 < .01 8.73

*Proportion of variance (and 95% ClI) caused by additive genetics, common environment, and unique environment according to each model; TAIC
is a global measure of goodness of fit; the best-fitting and most parsimonious models are shown in bold.

Table 3 Bivariate Structural Equation Models of TMD Pain and Migraine Head-

ache in Female Twin Pairs

Shared component* X2 df P value AIC
ACE - - - -

CE 0.94 1 §6S -1.07
AE 0.00 1 .99 -2.00
AC 12.92 1 < .01 10.92
A 12.92 2 < .01 8.92
C 19.15 2 < .01 15.15
E 9.14 2 .01 514

*The best-fitting and most parsimonious model is shown in bold.
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Table 4 Unique and Shared Additive Genetic and Environmental Effects for TMD Pain and Migraine Headache in Female

Twin Pairs™

Proportion of variance (95% ClI)

Effect

Additive genetic (A)

Common environment (C)

Unique environment (E)

Trait specific
TMD pain
Migraine
Shared

0.26 (0.01, 0.38)
0.49 (0.25, 0.57)
0.12

0.00 (0.00, 0.24)
0.00 (0.00, 0.21)

0.74 (0.65, 0.86)
0.51 (0.43, 0.60)
0.06

*Based on best-fitting bivariate model specified in Table 3.

Fig 1 Path diagram depicting
additive genetic and unique envi-
ronmental effects shared by TMD
pain and migraine headache (dot-
ted lines) plus additive genetic (A),
common environmental (C), and

0.70
- (0.50, 0.76)

unique environmental (E) effects

unique to each trait (solid lines). TMD pain

Migraine

The parameter estimates and 95% 0.01
CI are path coefficients, indicating 0
the relative importance of the
latent variables A, C, and E to
TMD pain and migraine headache.

0.83
(0.76, 0.90)

0.22
(0.10,0.34) _--

Lo 0.71
(0.65, 0.77)

Univariate Structural Equation Modeling

Table 2 shows the results of the univariate structural
equation models for TMD pain and migraine head-
ache. The best-fitting model for TMD pain included
both additive genetic effects (27 %) and unique envi-
ronmental effects (73%). The best-fitting model for
migraine headache included additive genetic effects
(49%) and unique environmental exposures (51%).

Bivariate Structural Equation Modeling

The best-fitting, most parsimonious bivariate model
included shared additive genetic and unique envi-
ronmental influences for TMD pain and migraine
headache, as presented in Table 3. Based on the
best-fitting model, it was estimated that 12% of
the genetic component of TMD pain is shared with
migraine headache (Table 4). Figure 1 illustrates the
best-fitting model with standardized pathway coef-
ficients and the relative magnitude of shared and
unique influences on both traits.

Discussion

To the authors’ knowledge, this is the first study to
examine the shared genetic contribution to TMD

pain and migraine headache in a twin population.
TMD pain was associated with self-reported phy-
sician’s diagnosis of migraine headache. A modest
but significant genetic component to TMD pain
and a significant genetic component to migraine
headache in female twins was found. The analyses
also suggested that the association between TMD
pain and migraine headache in women may be par-
tially due to shared genetic risk factors for both
conditions.

Only a handful of twin studies have examined
the heritability of TMD pain and symptoms,>**!
with equivocal findings. For example, Makchalow-
icz and colleagues found a nonsignificant heritabil-
ity of 24% in a small sample of twins, concluding
that individualized environmental factors were the
major determinants of variance.”! Given the pre-
sent finding of a significant heritability of 27% in a
much larger sample of twins, it is possible that the
Makchalowicz et al study was hampered by issues
of statistical power. In addition, the present find-
ings are consistent with candidate gene studies that
have identified several polymorphisms that may be
involved in the development of TMD.3?

The finding of a significant genetic basis to migraine
headache supports previous research on the topic.
Migraine headache appears to be a familial disor-
der,’*3¢ with a multifactorial inheritance pattern.®
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Twin studies consistently have documented'®3”-3
heritability estimates ranging from 34 %1 to 61 %,
with stronger genetic effects in women.3*

The association between TMD pain and migraine
headache could be due to multiple biopsychologi-
cal factors, including the influence of each trait on
the other, shared environmental determinants, and
shared genetic factors. Both TMD and headache are
mediated by the trigeminal nerve and manifest pain
in the head or face and pericranial tenderness.>!'"1?
In both TMD and migraine headache, dysregulation
of pain modulatory mechanisms in the central and
peripheral nervous systems has been reported.'’-'°
The present study revealed a modest overlap in the
genetic risk factors that increase liability to both
TMD pain and migraine headache. However, a re-
view of the relevant literature indicates that studies
on shared genetics of the two conditions are lack-
ing. Since both conditions appear to be polygenic,
multiple genes likely contribute small amounts to
each condition. Recent studies have identified sev-
eral candidate genes related to TMD and pain sen-
sitivity, such as catecholamine-O-methyltransferase,
beta-2 and -3 adrenergic, and serotonin transporter
genes.”* Although findings have been mixed,**
other investigations also have found variants of the
serotonin transporter gene to be related to migraine
headache, especially in women.*#” These findings
further highlight the potential for shared genetic
influences on TMD pain and migraine headache. By
focusing attention on shared pathways, researchers
can better elucidate two common health conditions
simultaneously.

A common feature of TMD and migraine head-
ache is the role of female hormones in the timing
and severity of symptoms.* Hormonal mediation
based on genetic susceptibility also could account
for the link between TMD pain and migraine head-
ache. For example, hormonally related candidate
gene studies are examining the interaction of female
hormones and genetic susceptibility in migraine
headache during specific points during the menstru-
al cycle.*»° The authors’ own epidemiological data
on the comorbidity of TMD with severe headache
have substantiated a high prevalence during the
reproductive years that decreases in later life, again
pointing to potential shared hormonal mediation.*!

The present findings also suggest that unique
environmental and behavioral factors play a role
in the influence of each trait on the other. Marital
status and psychosocial stress are among commonly
reported factors involved in both conditions.’?3
Clearly, identifying modifiable behavioral factors
such as managing stress or changing eating hab-
its, as well as examining the genetic, environmen-
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tal, social, and cultural mechanisms underlying the
relationship between TMD and migraine headache
inform effective prevention and treatment strategies
for both conditions.

This study had several limitations. First, because
the variables were intended as screening items on
a large survey, the study was limited to the use of
self-reported doctor-diagnosed conditions and brief
symptom questions. Of note, however, the study’s
prevalence estimates for both TMD pain (13%)
and migraine headache (20%) were consistent with
previous reports of these conditions in women."8
Nonetheless, the potentially high level of error in
brief assessments would be expected to reduce
estimates of genetic effects. Therefore, the estimates
of the shared genetic contribution to TMD pain and
migraine headache are likely conservative. Second,
self-reported physician’s diagnosis of migraine head-
ache could have resulted in response biases or mis-
classification, especially since many individuals with
migraine headache may not have been diagnosed by
a physician. Furthermore, there was a high correla-
tion between diagnosis and self-reported symptoms
characteristic to migraine. However, because both
TMD pain and migraine headache were assessed
through self-report, potential misclassification due
to self-report is unlikely to affect significantly the
estimates of association and would not be expected
to differ between MZ and DZ twin pairs. Third, it
is possible that the phenotypic association of TMD
pain and migraine headache in this study is an over-
estimate because the TMD pain measure included
pain in the temple, which is also a symptom of
migraine headache.’* Therefore, the study should
be replicated with validated measures of TMD pain
and migraine headache. Fourth, no measure of cur-
rent migraine headache was available, thus the find-
ings are restricted to the association between current
TMD pain and lifetime migraine headache. Finally,
because the sample was overwhelmingly white and
highly educated, the authors were unable to address
the role of these factors in the relationship between
TMD pain and migraine headache.

Conclusions

The present findings from a community-based sam-
ple of twins provide evidence for a modest shared
genetic vulnerability to TMD pain and migraine
headache in women. Although these results need to
be confirmed in future studies using standardized
clinical criteria to diagnose TMD pain and migraine
headache, this effort highlights the need for more
systematic approaches to examining shared genetic
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and environmental factors that link these two con-
ditions. Such research may yield new insights into
the common pathophysiology and risk factors
for these conditions. Additionally, examining the
environmental, social, and cultural mechanisms in
these two conditions jointly can identify targets for
effective prevention and treatment strategies for
individuals with comorbid TMD pain and migraine

headache.

Acknowledgments

The authors wish to thank the twins for taking part in the
University of Washington Twin Registry and for their time
and enthusiasm. This research was supported by US National
Institutes of Health awards RO1AR051524 (Dr Afari) and
RC2HL103416 (Dr Buchwald). Dr Plesh is supported in part by
NIH RO3DE01253. Dr Afari is also supported by the VA Center
of Excellence for Stress and Mental Health.

References

1. LeResche L, Drangsholt M. Epidemiology of orofacial pain.
In: Sessle B, Levigne GP, Lund JP, Dubner R (eds). Orofacial
Pain, ed 2. Chicago: Quintessence; 2008:13-18.

2. Drangsholt M, LeResche L. Temporomandibular disorder
pain. In: Crombie I, Croft PR, Liton S] (eds). Epidemiology
of Pain. Seattle: IASP, 1999:203-233.

3. Bevilaqua-Grossi D, Lipton RB, Napchan U, Grosberg B,
Ashina S, Bigal ME. Temporomandibular disorders and cuta-
neous allodynia are associated in individuals with migraine.
Cephalalgia 2010;30:425-432.

4. Goncalves DA, Bigal ME, Jales LC, Camparis CM, Speciali
JG. Headache and symptoms of temporomandibular disor-
der: An epidemiological study. Headache 2009;50:231-241.

5. Goncalves DA, Camparis CM, Speciali JG, Franco AL, Bigal
ME. Temporomandibular disorders are differentially associ-
ated with headache diagnoses. A controled study. Clin J Pain
2011;27:611-615.

6. Goncalves DA, Dal Fabbro AL, Campos JA, Bigal ME,
Speciali JG. Symptoms of temporomandibular disorders
in the population: An epidemiological study. ] Orofac Pain
2010;24:270-278.

7. Munakata J, Hazard E, Serrano D, et al. Economic burden
of transformed migraine: Results from the American mi-
graine prevalence and prevention (AMPP) study. Headache
2009;49:498-508.

8. Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML,
Stewart WE Migraine prevalence, disease burden, and the
need for preventive therapy. Neurology 2007;68:343-349.

9. LeResche L. Epidemiology of temporomandibular disorders:
Implications for the investigation of etiologic factors. Crit
Rev Oral Biol Med 1997;8:291-305.

10. Mulder EJ, Van Baal C, Gaist D, et al. Genetic and environ-
mental influences on migraine: A twin study across six coun-
tries. Twin Res 2003;6:422-431.

11. Graff-Radford SB. Temporomandibular disorders and head-
ache. Dent Clin North Am 2007;51:129-144.

12. Svensson P. Muscle pain in the head: Overlap between tem-
poromandibular disorders and tension-type headaches. Curr
Opin Neurol 2007;20:320-325.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Plesh et al

Ayesh EE, Jensen TS, Svensson P. Hypersensitivity to
mechanical and intra-articular electrical stimuli in per-
sons with painful temporomandibular joints. ] Dent Res
2007;86:1187-1192.

Olesen J, Burstein R, Ashina M, Tfelt-Hansen P. Origin of
pain in migraine: Evidence for peripheral sensitisation. Lan-
cet Neurol 2009;8:679-690.

Maixner W, Fillingim R, Booker D, Sigurdsson A. Sensitiv-
ity of patients with painful temporomandibular disorders to
experimentally evoked pain. Pain 1995;63:341-351.

Lipton RB, Bigal ME, Ashina S, et al. Cutaneous allodynia in
the migraine population. Ann Neurol 2008;63:148-158.
Diatchenko L, Nackley AG, Tchivileva IE, Shabalina SA,
Maixner W. Genetic architecture of human pain perception.
Trends Genet 2007;23:605-613.

Lacroix-Fralish ML, Mogil JS. Progress in genetic stud-
ies of pain and analgesia. Annu Rev Pharmacol Toxicol.
2009;49:97-121.

Stewart WE, Bigal ME, Kolodner K, Dowson A, Liber-
man JN, Lipton RB. Familial risk of migraine: Variation
by proband age at onset and headache severity. Neurology
2006;66:344-348.

Matsuka Y, Nagamatsu C, Itoh S, et al. Comparison of in-
ter-twin concordance in symptoms of temporomandibular
disorders: A preliminary investigation in an adolescent twin
population. Cranio 2007;25:23-29.

Makchalowicz BS, Pihlstrom BL, Hodges JS, Bouchard TJ Jr.
No heritability of temporomandibular joint signs and symp-
toms. ] Dent Res 2000;79:1573-1578.

Plesh O, Afari N, Noonan C, Arguelles LM, Goldberg J,
Buchwald D. TMJMD-type pain: A twin study. ] Dent Res
2007;86(special issue A):263.

Afari N, Noonan C, Goldberg J, et al. University of Wash-
ington twin registry: Construction and characteristics of
a community-based twin registry. Twin Res Hum Genet
2006;9:1023-1029.

Eisen S, Neuman R, Goldberg ], Rice ], True W. Determining
zygosity in the Vietnam era twin registry: An approach using
questionnaires. Clin Genet 1989;35:423-432.

Magnus P, Berg K, Nance WE. Predicting zygosity in
Norwegian twin pairs born 1915-1960. Clin Genet
1983;24:103-112.

Reed T, Plassman BL, Tanner CM, Dick DM, Rinehart SA,
Nichols WC. Verification of self-report of zygosity deter-
mined via DNA testing in a subset of the NAS-NRC twin reg-
istry 40 years later. Twin Res Hum Genet 2005;8:362-367.
Torgersen S. The determination of twin zygosity by means of
a mailed questionnaire. Acta Genet Med Gemellol (Roma)
1979;28:225-236.

Von Korff M, Dworkin SE, Le Resche L, Kruger A. An
epidemiologic comparison of pain complaints. Pain
1988;32:173-183.

Plesh O, Sinisi SE, Crawford PB, Gansky SA. Diagnoses based
on the research diagnostic criteria for temporomandibular
disorders in a biracial population of young women. J Orofac
Pain 2005;19:65-75.

Drangsholt M, Mancl LA, LeResche L. Relationship of self-
report of temporomandibular pain with RDC/TMD diagnos-
tic examination in adolescents. ] Dent Res 2003;82(special
issue):B178.

Neale M, Cardon L. Methodology for the Study of Twins
and Families. Dordrecht, The Netherlands: Kluwer Academ-
ic, 1992.

Akaike H. Factor analysis and AIC. Psychometrika.
1987;52:327-332.

Journal of Orofacial Pain 97

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Plesh et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Oakley M, Vieira AR. The many faces of the genetics contri-
bution to temporomandibular joint disorder. Orthod Crani-
ofac Res 2008;11:125-135.

Stewart WE, Staffa ], Lipton RB, Ottman R. Familial
risk of migraine: A population-based study. Ann Neurol
1997;41:166-172.

Russell MB, Iselius L, Olesen J. Migraine without aura and
migraine with aura are inherited disorders. Cephalalgia
1996;16:305-309.

Merikangas KR, Risch NJ, Merikangas JR, Weissman MM,
Kidd KK. Migraine and depression: Association and familial
transmission. J Psychiatr Res 1988;22:119-129.

Gervil M, Ulrich V, Kaprio J, Olesen J, Russell MB. The rela-
tive role of genetic and environmental factors in migraine
without aura. Neurology 1999;53:995-999.

Larsson B, Bille B, Pedersen NL. Genetic influence in head-
aches: A Swedish twin study. Headache 1995;35:513-519.
Diatchenko L, Anderson AD, Slade GD, et al. Three major
haplotypes of the beta2 adrenergic receptor define psycho-
logical profile, blood pressure, and the risk for development
of a common musculoskeletal pain disorder. Am ] Med Gen-
et B Neuropsychiatr Genet 2006;141B:449-462.
Diatchenko L, Slade GD, Nackley AG, et al. Genetic basis
for individual variations in pain perception and the de-
velopment of a chronic pain condition. Hum Mol Genet
2005;14:135-143.

Nackley AG, Tan KS, Fecho K, Flood P, Diatchenko L,
Maixner W. Catechol-O-methyltransferase inhibition in-
creases pain sensitivity through activation of both beta2- and
beta3-adrenergic receptors. Pain 2007;128:199-208.

Ojima K, Watanabe N, Narita N, Narita M. Temporoman-
dibular disorder is associated with a serotonin transporter
gene polymorphism in the Japanese population. Biopsycho-
soc Med 2007;1:3.

Karwautz AF, Campos de Sousa S, Wober C, et al. Family-
based analysis of serotonin transporter gene polymor-
phisms in migraine with and without aura. Cephalalgia
2007;27:773-780.

98 Volume 26, Number 2, 2012

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Wieser T, Dresler K, Evers S, et al. No influence of S-HTTLPR
gene polymorphism on migraine symptomatology, comorbid
depression, and chronification. Headache 2010;50:420-430.
Bayerer B, Engelbergs ], Savidou I, et al. Single nucleotide
polymorphisms of the serotonin transporter gene in mi-
graine: An association study. Headache 2010;50:319-322.
Marino E, Fanny B, Lorenzi C, et al. Genetic bases of comor-
bidity between mood disorders and migraine: Possible role of
serotonin transporter gene. Neurol Sci 2010;31:387-391.
Schurks M, Rist PM, Kurth T. STin2 VNTR polymorphism
in the serotonin transporter gene and migraine: Pooled and
meta-analyses. ] Headache Pain 2010;11:317-326.
MacGregor EA. Oestrogen and attacks of migraine with and
without aura. Lancet Neurol 2004;3:354-361.

Colson N, Fernandez F, Griffiths L. Genetics of menstrual
migraine: The molecular evidence. Curr Pain Headache Rep
2010;14:389-395.

Oterino A, Toriello M, Cayon A, et al. Multilocus analyses
reveal involvement of the ESR1, ESR2, and FSHR genes in
migraine. Headache 2008;48:1438-1450.

Plesh O, Adams S, Gansky SA. Temporomandibular joint and
muscle disorder-type pain and comorbid pains in a national
US sample. ] Orofac Pain 2011;25:190-198.

Scher Al Stewart WEF, Buse D, Krantz DS, Lipton RB.
Major life changes before and after the onset of chronic
daily headache: A population-based study. Cephalalgia
2008;28:868-876.

Slade GD, Diatchenko L, Bhalang K, et al. Influence of psy-
chological factors on risk of temporomandibular disorders. J
Dent Res 2007;86:1120-1125.

Anderson GC, John MT, Ohrbach R, Nixdorf DR, Schiff-
man EL. Influence of headache frequency on clinical signs
and symptoms of TMD in subjects with temple headache and
TMD pain. Pain 2011;152:765-771.

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





