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Abstract: The impact of comorbidities in fibromyalgia (FM) and temporomandibular disorders
(TMD) have been well documented, but whether TMD sub-diagnoses myalgia (MYA) and myofascial
pain with referral (MFP) differ regarding comorbidity is unclear. We aimed to elucidate this by
studying the presence and associations of comorbidities in FM, MFP and MYA. An extended version
of the Diagnostic Criteria for TMD axis II questionnaire was used to examine demographics, pain
and comorbidities in 81 patients with FM, 80 with MYA, and 81 with MFP. Patients with MFP and
FM reported a higher percentage of irritable bowel syndrome (IBS), depression, anxiety, somatic
symptoms, perceived stress, and insomnia compared to MYA. Patients with FM had more IBS,
depression, and somatic symptom disorder versus MFP. After adjusting for confounding variables,
participants with anxiety, somatic symptoms disorder, pain catastrophizing, and perceived stress, as
well as a greater number of comorbidities, were more likely to have MFP than MYA, whereas FM
participants were more associated with IBS, somatic symptoms and insomnia compared to MFP. The
number of comorbidities was significantly associated with widespread pain but not pain duration,
body mass index or being on sick leave. In conclusion, patients with MFP were more similar to
those with FM regarding comorbidity and should be differentiated from MYA in clinical settings and
pain management.

Keywords: chronic pain; musculoskeletal pain; comorbidity; self-reports; depression; anxiety; irrita-
ble bowel syndrome; insomnia; psychological distress; catastrophization

1. Introduction

Pain is a highly complex condition, defined as ‘an unpleasant sensory and emotional
experience associated with, or resembling that associated with, actual or potential tissue
damage’ [1]. It is a multidimensional phenomenon and perhaps more importantly, an
individual experience, influenced by memories, cultural background and present life
situations [1]. Chronic pain has a predicted prevalence of 20% in Europe and is more
common in women compared to men [2]. Musculoskeletal pain encompasses 90% of all
chronic pain conditions and is recognised as a major part in the global burden of pain [3].
Musculoskeletal pain can present in different forms, including a wide-spread bodily pain
as in fibromyalgia (FM) [4,5], or pain localized to a specific body region like the masticatory
muscles in temporomandibular disorders (TMD) [6].

FM is a well-known type of wide-spread chronic musculoskeletal pain with an occur-
rence of 2 to 4% in the adult population. Patients with FM often complain of increased
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tenderness in muscles, stress, morning stiffness, imbalance, body mass index (BMI) and
fatigue [5,7]. In the orofacial region, TMDs are the most frequent type of chronic pain affect-
ing 5 to 12% of the population. TMD is a collective term referring to pathological conditions
in the masticatory muscles and temporomandibular joints [6]. Among these, myogenous
TMD is the most common type in clinical settings. Myogenous TMD is characterized by
regional or localized pain of the masticatory muscles, but share many of the characteristics
of FM, including increased muscle tenderness, pain sensitivity and fatigue [6]. In the
validated Diagnostic Criteria for TMD (DC/TMD), myogenous TMD is sub-diagnosed to
myalgia (MYA) and myofascial pain with referral (MFP) [6]. This means that if palpation
of the masticatory muscle causes pain only at the site of palpation, it is classified as MYA
(local pain), and if it refers to structures outside of the muscle, it is classified as MFP
(regional pain) [6]. TMD and FM often co-exist in clinical settings and, similar to other
chronic pains, they are more prevalent in women [8]. Both conditions often also report
high comorbidity with insomnia, irritable bowel syndrome (IBS), somatic symptoms and
increased psychological distress (e.g., depression, anxiety, pain catastrophizing) [8–11].

It is suggested that as pain becomes chronic, the area of pain appears to broaden
and involve other structures, leading to an enhanced pain perception and development of
comorbid conditions [12]. There is sufficient evidence supporting the relationships between
widespread pain and comorbid conditions in patients with FM and TMD [8,9,11,13–15]. For
instance, the presence of multiple comorbidities not only increases the risk of developing
FM and TMD but has also been shown to contribute to persistence of pain and treatment
failure [14,16,17]. Although evidence and research regarding comorbidities within both
conditions is mounting and the diagnostic tools for both FM and TMD have been refined
(to include parameters beyond pain) [5,6], the diagnosis and management of the ‘comorbid
patient’ frequently presents as a challenge to healthcare providers. As a result, accurate
diagnosis and treatment of these patients may take several years, accentuating the indi-
viduals suffering as a whole. Chronic musculoskeletal pain is consequently a common
reason for sick leave, placing a huge economic burden on society in terms of healthcare
services, loss of workforce, and decreased productivity [18]. There is a need to increase
our knowledge within this field to improve management strategies and prognosis of these
conditions in order to potentially reduce patient suffering and lessen the economic burden.

Although well-studied in FM and other TMDs [8–11,15,17,19–21], the presence and
associations of comorbidities has yet to be explored among patients with MYA and MFP
distinguished from each other or in relation to FM. Likewise, it is unclear whether these
sub-diagnoses are relevant regarding demographics, pain variables, and BMI. TMD with
widespread pain have previously reported a higher presence and stronger associations of
comorbidities compared to those without [15,22]. In addition, longitudinal studies have
found that the presence of comorbidity and widespread pain in patients with TMD leads to
persistence of pain and poor treatment outcomes [23–25]. Considering that pain spreading
is a part of the MFP diagnosis, exploring the presence and associations of comorbidities
in FM, MFP, and MYA is relevant and could highlight possible intervention strategies.
Accordingly, the primary aim of this study was to compare the presence of comorbid
conditions between women with FM, MFP, and MYA and to investigate their associations
with pain diagnoses. Secondly, we aimed to examine the associations between the number
of comorbid conditions and pain duration, widespread pain, being on sick leave, and BMI.
Based on existing literature, the null hypotheses examined whether there are no significant
differences between FM, MYA, and MFP regarding comorbid conditions; and also whether
an increasing number of comorbidities is associated with widespread pain, pain duration,
being on sick leave, or BMI.

2. Materials and Methods
2.1. Study Design

This was a cross-sectional study investigating self-reported comorbidity in women
diagnosed with FM, MFP, and MYA. This study was approved by the regional ethical review
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board in Stockholm, Sweden and followed the guidelines according to the declaration of
Helsinki. Upon enrolment, all participants had signed an informed consent. The data
were collected between the years 2017 and 2020. The participants were recruited among
consecutive patients referred to the Department of Dental Medicine at Karolinska Institutet
(Huddinge, Sweden), Stockholm Spine Center (Stockholm, Sweden), or by advertisement.
All participants completed an extended version of the standardized and validated Swedish
version of the DC/TMD axis II questionnaire, including variables regarding demographics
(including age, birthplace, education level, marital status, and occupation), BMI, pain
duration, and comorbidities.

2.2. Participants

Prior to the start of the study, a sample size calculation was performed. Assuming a
small difference of 30% and a standard deviation of residuals of 45% as clinically significant
for the total number of comorbid conditions between groups, 80 participants in each group
would yield a power of more than 90% using a significance level of 5%.

Inclusion criteria were a diagnosis of FM, MYA, or MFS, an age between 18 and
75 years, and female sex. The reason for only including women was to avoid gender
differences as a potential confounding factor for the analysis. As noted previously, both
FM and TMD patients are predominantly female [8]. Exclusion criteria included male
sex but also an inability to understand the Swedish language, falling outside the age
range, an incomplete questionnaire, or any condition that interfered with completing
the questionnaire

2.2.1. Fibromyalgia

Participants diagnosed with FM were either recruited via advertisement through the
Swedish Rheumatism Association and the Fibromyalgia Association of Sweden or among
consecutive patients at Stockholm Spine Center, diagnosed using the American College of
Rheumatology (ACR) revised 2016 criteria [5].

2.2.2. Temporomandibular Disorders

Participants with TMD were recruited among consecutive patients referred to the
Orofacial Pain Clinics at the Department of Dental Medicine at Karolinska Institutet in
Huddinge, Sweden. All participants fulfilled a diagnosis of either MYA or MFP according
to the DC/TMD [6] and had a pain duration of at least 3 months. Additional exclusion
criterion to those described above was a pre-existing diagnosis of FM.

2.3. Widespread Pain

The widespread pain index (WPI) is a self-report measure that assesses and quantifies
the level of widespread pain in the body [26,27]. The WPI assesses the presence of pain in
19 specific body regions over the past seven days, divided into axial (chest, abdomen, neck,
upper back, lower back), upper body right and left side (jaws, shoulders, upper arms, lower
arms) and lower body right and left side (hips, upper legs, lower legs). Each item/pain
region is equivalent to a score of 1. The total number of regions (0–19) is calculated as WPI,
with a higher score indicating more widespread pain. A score 0–5 is considered as local
pain, whereas a score of 6–19 is considered as widespread pain [5].

According to the ACR 2016 criteria [5], the WPI in conjunction with the Symptom
Severity Scale (SSS) can be used to diagnose FM. The SSS consists of three questions about
fatigue, tiredness, and cognitive problems that are answered on a Likert scale ranging from
0 to 3 where 0 is ‘no symptoms’ and 3 corresponds to ‘severe symptoms’. For participants
with MFP and MYA, these two scales were used to detect self-reported FM. In order to
receive a self-reported FM diagnosis, the participants should report: ‘(1) a WPI score ≥ 7
and SSS score ≥ 5 or a WPI 4 to 6 and SSS ≥ 9; (2) a generalized pain defined as pain
in at least 4 out of 5 body regions (axial, upper right, upper left, lower right, lower left;
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where jaws, chest and abdomen are excluded); and (3) pain symptoms present for at least
3 months’ [5].

2.4. Specific Comorbid Conditions

The presence of seven comorbid conditions (IBS, depression, anxiety, somatic symp-
toms, pain catastrophizing, perceived stress, insomnia) was identified using a battery of
validated instruments, presented below. The specific comorbid conditions examined in
this study was based on the growing evidence of their involvement in FM and TMD [8–11]
and are included in an extended version of the DC/TMD axis II questionnaire used in the
Specialist Clinic for Orofacial Pain at the University Dental Clinic, Karolinska Institutet.

2.4.1. Irritable Bowel Syndrome

Participants were evaluated for comorbid IBS using the Rome IV Criteria [28]. The
Rome IV Criteria defines GI disorders as a function of the gut–brain interaction, meaning
that many different body processes can lead to a functional GI disorder. The questionnaire
consists of five questions, wherein the first assesses the frequency of bowel pain ranging
from ‘never’ (0) to ‘several times every day’ (8). The second question assesses the duration
of bowel pain, defined as more or less than 6 months. Thereafter, questions three to five
evaluate the frequency (in percent) of bowel pain that is associated with defecation as
well as variation in the regularity and shape of faeces. In order to receive a diagnosis of
IBS using the Rome IV Criteria, the patient needs to present with repeated abdominal
pain a minimum of once day per week in the last three months (score 4, question 1) with
manifestation of symptoms 6 months prior or more (question two), and report a frequency
of 30 percent or higher on at least two out of questions three to five [28].

2.4.2. Depression

Participants were evaluated for symptoms of depression such as tiredness, bad ap-
petite, loss of interest/pleasure experienced during the last two weeks using the 9-item
Patient History Questionnaire (PHQ-9) [29]. The PHQ-9 is a reliable and valid instrument
which was initially developed as a diagnostic tool. It consists of 9 questions in which the
participant can choose from answers on a Likert scale ‘never’ = 0, ‘several days’ = 1, ‘more
than half of the days’ = 2, and ‘almost every day’ = 3. The scores range from 0 to 27, where
cut-off points 5, 10, 15, and 20 represent mild, moderate, moderate severe, and severe levels
of depression, respectively. The PHQ-9 can also be used categorically to detect the presence
of a depressive disorder, in which case a cut-off score of 10 or more is accepted as clinically
relevant and has a specificity and sensitivity of 88% [29].

2.4.3. Anxiety

Participants were evaluated for anxiety symptoms such as feelings of nervousness,
irritation, and restlessness during the last 2 weeks using the reliable and validated Gen-
eralized Anxiety Disorder-7 (GAD-7). It consists of 7 questions in which the participant
can chose from answers on a Likert scale ‘never’ = 0, ‘several days’ = 1, ‘more than half
of the days’ = 2, and ‘almost every day’ = 3. The scoring of GAD-7 ranges from 0 to 21,
where cut-off points of 5, 10, and 15 represent mild, moderate, and severe levels of anxiety,
respectively. A score of 10 or more indicates the presence of an anxiety disorder with a
sensitivity of 89% and a specificity of 82% [30].

2.4.4. Somatic Symptoms

Presence of somatic symptoms was measured in participants using the 15-item PHQ.
This questionnaire includes the most prevalent symptoms included in the DSM-IV som-
atization disorder (renamed to somatic symptom disorder in DSM-V) [31]. Participants
were asked to rate the severity of symptoms such as bowel pain, headache, dizziness, and
fainting spells during the last 4 weeks on a Likert scale where 0 = ‘not bothered at all’,
1 = ‘bothered a little’, and 2 = ‘bothered a lot’. The scoring ranges from 0 to 30, where cut-off
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points of 5, 10, and 15 represent mild, moderate, and severe levels of somatic symptoms,
respectively. A score of 10 or more indicates the presence of a somatic symptom disorder.
Previous studies have found that the use of PHQ-15 has a high reliability and validity in
healthcare [32,33].

2.4.5. Pain Catastrophizing

The pain catastrophizing scale (PCS) was used to help quantify participants’ individual
pain experience, asking about how they feel and what they think about when they are in
pain [34]. It consists of 13 questions where participants are asked to indicate the degree to
which they have the abovementioned thoughts/feelings when experiencing pain using a
Likert scale of 0 (not at all) to 4 (all the time). The scoring of PCS ranges from 0 to 52, where
cut-off points of 20 and 30 represent the risk and the high risk of pain catastrophizing,
respectively. A score of more than 30 or more is the validated cut-off for clinically relevant
pain catastrophizing [34].

2.4.6. Perceived Stress

The Perceived Stress Scale (PSS-10) was used to evaluate how often the participants
had experienced life as unpredictable, uncontrollable, or overburdening. PSS-10 is a widely
used questionnaire with a high reliability and validity [35]. It consists of 10 questions where
the participant answers using a Likert scale of 0 = ‘never’ to 4 = ‘very often’. The scoring
ranges from 0 to 40, where cut-off points of 13 and 21 represent the moderate and high
level of perceived stress, respectively. There are no official cut-off points when interpreting
PSS-10. A previous study on psychometric evaluation and normative data of the Swedish
version of PSS-10 reported the average score of 13.5 [35], and hence a score of 15 or over
could indicate stress problems. Based on this, the cut-off score for comorbid perceived
stress was put at 15 in our study.

2.4.7. Insomnia

The Insomnia Severity Index (ISI) was used to evaluate sleep disturbances in partic-
ipants. It consists of seven questions evaluating sleep difficulties, early wakeups, being
well-rested, and the effects of participant sleeplessness (among others). The participants
used answers on a Likert scale from 0 = ‘never’ to 4 = ‘very often’. The scoring of ISI
ranges from 0 to 28, where cut-off points of 8, 15, and 22 represent mild, moderate, and
severe insomnia, respectively. A score of than 15 or more represents clinically significant
insomnia [36].

2.5. Number of Comorbid Conditions

The total number of comorbid conditions in this study is based on the abovementioned
seven questionnaires (i.e., Rome IV Criteria for IBS, PHQ-9, GAD-7, PHQ-15, PCS, PSS-10,
and ISI). The presence of specific comorbid conditions (IBS, depression, anxiety, somatic
symptoms disorder, pain catastrophizing, perceived stress, insomnia) was identified using
validated and clinically relevant cut-off points (stated above). From these, the total number
of comorbid conditions for each participant was calculated as the sum of all the above-
mentioned comorbid conditions. Hence, a participant could have a maximum of seven
comorbid conditions.

2.6. Statistical Analyses

The statistical analyses were performed using SigmaPlot v.14.0 (Systat Software, Inc.,
San Jose, CA, USA) and SPSS 27.0 (IBM Corp, Armonk, NY, USA). A threshold of alpha
level equal to 0.05 was used for statistical significance. Pain diagnosis (i.e., MYA, MFP
or FM) was considered the dependent variable whereas demographics, BMI, pain dura-
tion, widespread pain, and comorbidities (i.e., IBS, depression, anxiety, somatic symptoms
disorder, pain catastrophizing, perceived stress, insomnia) were defined as independent
variables. Descriptive statistics were used to characterize the sample and compare demo-
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graphics, pain variables, and comorbidities between participants with MYA, MFP, and FM.
As the variables analyzed in the present study were either ordinal or had a non-normal
distribution, non-parametric statistics (chi-squared test or ANOVA on ranks/Kruskal–
Wallis test) were used to identify the statistical differences between the pain groups. The
Bonferroni correction test and Dunn’s test were used to adjust for multiple comparisons
in case of significant differences. We used a multinomial logistic regression model anal-
ysis to test for the associations between the pain groups and (1) each specific comorbid
condition as well as (2) the number of comorbid conditions. When setting up our analysis,
individuals with MFP were set as a reference group against which MYA and FM were
compared. To further explore whether the number of comorbidities was associated with
widespread pain, pain duration, sick leave, and BMI, an ordinal logistic regression was
performed. In this model, the number of comorbidities was considered as the dependent
variable. Multiple imputation with chained equations was used for missing data. All the
above-mentioned regression models were controlled for demographics, BMI, pain duration,
and widespread pain.

3. Results
3.1. Sample Characteristics

Out of 434 participants that were offered to participate in the study, 123 participants
dropped out before enrolment. Upon enrolment, 69 participants (FM: 24, TMD: 45) were
excluded for not completing the questionnaires used to detect comorbidities, voluntary
drop-out, or due to a previous diagnosis of FM (for TMD participants). As a result, a
total of 242 participants were included in the study (80 MYA, 81 MFP, and 81 FM). Table 1
summarizes participants’ demographics, BMI, pain variables, and comorbidity scoring by
pain diagnosis (i.e., MYA, MFP, FM).

Table 1. Descriptive characteristics of 80 women with myalgia (MYA), 81 with myofascial pain (MFP),
and 81 with fibromyalgia (FM).

MYA MFP FM

Age, years, median (IQR) 49.4 (25.7) 45.7 (19.9) 53.3 (14.5)
Born in Scandinavia, n (%) 63 (78.9) 60 (74.1) 75 (92.6) a,b

University graduate, n (%) 40 (50.0) 39 (48.1) 39 (48.1)
On Sick leave, n (%) 5 (6.2) 25 (31.0) A 39 (48.1) A,b

Married/Co-habitant, n (%) 50 (61.7) 45 (55.6) 58 (71.6) b

BMI, median (IQR) 24.0 (4.6) 24.3 (7.7) 28.4 (7.6) A,B

Pain duration, median, yr (IQR) 2.0 (4.1) 5.0 (8.0) a 20.5 (20.0) A,B

WPI, median (IQR) 4.0 (4.0) 8.0 (7.5) A 14.0 (7.0) A,B

PHQ-9, median (IQR) 5.0 (8.0) 11.0 (10.0) A 13.0 (7.5) A

GAD-7, median (IQR) 3.0 (7.0) 7.0 (11.0) A 7.0 (9.0) A

PHQ-15, median (IQR) 8.0 (7.0) 14.0 (7.5) A 17.0 (5.5) A

PCS, median (IQR) 9.0 (17.6) 21.5 (24.6) a 16.0 (18.0)
PSS-10, median (IQR) 12.0 (13) 20.0 (12.0) A 22.0 (13.5) A

ISI, median (IQR) 10.0 (11.6) 15.0 (11.0) a 17.0 (9.0) A

BMI: Body mass index; PHQ: patient health questionnaire; GAD-7: Generalised anxiety disorder, 7-item scale;
PHQ-15: Patient health questionnaire, 15 item scale; PCS: Pain catastrophizing scale; PSS-10: perceived stress
scale, 10 items; ISI: Insomnia severity index; IQR: interquartile range; Significance indicated with a capital letter if
p < 0.001 or with a lowercase letter if p < 0.05. A or a = significant compared to myalgia, B or b significant compared
to myofascial pain with referral.

3.1.1. Demographics

Overall, the median participant age was 50.1 (IQR: 18.2) years and did not differ
significantly between the groups. Although most participants (77.3%) were born in Scan-
dinavia, the FM group differed significantly from the MYA and MFP groups. Moreover,
significantly more participants with FM were married or were co-habitants compared to
MFP, but not compared to MYA. Almost 50% of participants with FM and 30% with MFP
were reported to be on sick leave, which differed significantly to the MYA group (5.1%). A
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significant difference was also found between the FM and MFP groups regarding sick leave.
No significant difference could be found between the pain groups regarding educational
level (Table 1).

3.1.2. BMI

Participants with FM had a significantly higher median self-reported BMI compared
to both MFP and MYA (Table 1).

3.1.3. Pain Duration and Widespread Pain

Median and interquartile range (IQR) pain duration and WPI score can be found in
Table 1. Participants with FM reported a median pain duration of 20.5 (IQR 20.0) years,
which was significantly longer compared to both MYA and MFP. Participants with MFP
also reported a significantly longer median pain duration compared to MYA. The median
WPI differed significantly between all pain groups, where FM reported the highest median
WPI score and MYA reported the lowest. Only WPI scores for FM and MFP indicated a
presence of widespread pain (WPI > 5).

3.2. Specific Comorbid Conditions

Table 1 shows the scoring of the questionnaires included in the study to assess co-
morbidity. Participants with MYA scored significantly lower on all scales compared to the
other pain groups, except for pain catastrophizing, where MYA differed significantly only
from those with MFP. FM and MFP differed significantly regarding the level of somatic
symptoms, where MFP reported a lower median score.

The presence of specific comorbid conditions in the study sample can be found in
Table 2. Significantly more participants with MFP fulfilled the ACR 2016 criteria for FM
compared to MYA (45.7% versus 12.5%, p < 0.001). Because of this high comorbidity,
we compared MFP participants with and without FM regarding demographic, pain, and
comorbidity variables and found only significant differences regarding the presence of
somatic symptoms and mean (SD) BMI (See Supplementary Materials, Table S1).

Table 2. Presence of self-reported comorbid conditions in each study group based on questionnaires.
Data are presented as number (%) of participants with the specific comorbid condition.

MYA
N (%)

MFP
N (%)

FM
N (%)

IBS 20 (25.0) 37 (45.8) a 53 (65.4) A, b

Depression 22 (27.5) 45 (55.6) A 63 (77.8) A, b

Anxiety 9 (11.3) 34 (42.0) A 31 (38.3) A

Somatic symptoms 35 (43.8) 63 (77.8) A 75 (92.6) A, b

Pain catastrophizing 10 (12.5) 23 (28.8) a 14 (17.3)
Perceived stress 31 (38.8) 56 (69.1) A 60 (74.1) A

Insomnia 25 (31.3) 56 (69.1) A 55 (67.9) A

MYA: Myalgia; MFP: myofascial pain with referral; FM: fibromyalgia; IBS: Irritable bowel syndrome; Significance
is indicated with a capital letter if p < 0.001 or with a lowercase letter if p < 0.05. A or a = significant compared to
myalgia, B or b significant compared to myofascial pain with referral.

Compared to MYA, participants with MFP and FM reported a higher percentage of
self-reported IBS, depression, anxiety, somatic symptoms disorder, perceived stress, and
insomnia (Table 2).

Participants with FM had a significantly higher percentage of self-reported IBS, de-
pression, and somatic symptoms disorders compared to MFP. On the other hand, MFP
had a significantly higher percentage of pain catastrophizing compared to MYA and FM
participants, but the difference was only significant when compared to MYA (Table 2).

The associations between each comorbid condition and pain diagnosis are shown in
Table 3. After adjusting for demographics, BMI, and pain duration, we found that MYA
participants were significantly less associated with comorbid depression, anxiety, somatic
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symptoms disorder, pain catastrophizing, perceived stress, and insomnia as compared
to participants with MFP. FM participants were significantly more likely to present with
comorbid IBS, depression, and somatic symptoms disorder, both in the crude and in the
adjusted model.

Table 3. Multinomial logistic regression analyses assessing the association between each specific comorbidity and the pain
groups (dependent variable). In these analyses, individuals with MFP were set as a reference against which the other groups
were compared.

Comorbidity

MYA vs. MFP FM vs. MFP

Crude Adjusted 1 Crude Adjusted 1

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

IBS 0.42 0.21–0.81 ** 0.53 0.26–1.08 2.37 1.26–4.46 ** 2.79 1.26–6.19 **
Depression 0.30 0.16–0.59 *** 0.42 0.20–0.87 * 2.44 1.25–4.76 ** 2.69 1.12–6.43 *

Anxiety 0.18 0.08–0.40 *** 0.18 0.07–0.43 *** 0.86 0.46–1.61 1.10 0.49–2.48
Somatic symptoms 0.22 0.11–0.44 *** 0.25 0.12–0.53 *** 3.57 1.34–9.54 ** 4.62 1.32–16.2 *

Pain catastrophizing 0.30 0.13–0.70 ** 0.34 0.14–0.87 * 0.50 0.24–1.05 0.79 0.29–2.13
Stress 0.27 0.14–0.51 *** 0.30 0.14–0.59 *** 1.20 0.60–2.40 1.21 0.53–2.80

Insomnia 0.33 0.17–0.63 *** 0.47 0.23–0.96 * 1.45 0.76–2.74 1.25 0.56–2.80

MYA: Myalgia; MFP: myofascial pain with referral; FM: fibromyalgia; OR: Odds ratio; CI: confidence interval; IBS: Irritable bowel syndrome;
1 Adjusted for age, demographics, BMI, pain duration; Statistical significance is indicated by * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

3.3. Number of Comorbid Conditions

Participants with FM and MFP reported a significantly higher number of total comor-
bidities compared to MYA (FM = 5.0 (IQR 3.0), MFP = 4.0 (IQR 3.5) versus MYA = 1.0 (IQR
3.8), p < 0.001). Participants with MFP and FM did not differ significantly from each other
regarding the number of comorbidities. The associations between the number of comorbid
conditions and pain diagnosis are shown in Table 4. The odds ratio of 0.69 for MYA versus
MFP (p = 0.006) indicate that participants with a higher number of comorbid conditions
were more likely to be MFP participants than those with a lower number of comorbid
conditions. No significant differences were found when FM was compared to MFP.

Table 4. Multinomial logistic regression analyses assessing the association between the number of
comorbid conditions and diagnosis (dependent variable). In this analysis, individuals with MFP
were set as a reference against which the other groups were compared.

Crude Adjusted 1

OR 95% CI OR 95% CI

MYA vs. MFS 0.64 0.54–0.75 *** 0.69 0.57–0.82 ***
FM vs. MFS 1.14 0.97–1.33 1.23 0.99–1.51

MYA: Myalgia; MFP: myofascial pain with referral; FM: fibromyalgia. OR: Odds ratio, CI: confidence interval.
1 Adjusted for age, demographics, BMI, pain duration. Statistical significance is indicated by *** p ≤0.001.

Table 5 shows a summary of the generalized ordinal logistic regression analysis of
the association between the number of comorbid conditions and widespread pain, pain
duration, being on sick leave, and BMI. There was a significant positive association between
increased widespread pain and a greater number of comorbidities. Pain duration and being
on sick leave were also positively associated with a greater number of comorbidities. The
total number of comorbid conditions was not related to BMI. All of the above-presented
associations were controlled for age, demographics, BMI, and pain duration but not for
widespread pain. However, when widespread pain was included in the multivariable
model, the association between pain duration or being on sick leave and the number of
comorbidities were no longer significant.
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Table 5. Generalized ordinal logistic regression assessing the association between the total number of comorbid conditions
(dependent variable) and WPI, pain duration, sick leave, and BMI in pain groups.

Crude Adjusted 1 Fully Adjusted Model 2

B SE OR (95% CI) B SE OR (95% CI) B SE OR (95% CI)

BMI 0.04 0.02 1.04 (1.00–1.08) 0.03 0.02 1.03 (0.99–1.08) 0.02 0.03 1.02 (0.97–1.07)
Pain duration 0.04 0.01 1.04 (1.02–1.06) *** 0.03 0.01 1.04 (1.01–1.06) ** −0.00 0.01 1.00 (0.97–1.02)

WPI 0.20 0.02 1.22 (1.16–1.27) *** 0.19 0.04 1.21 (1.13–1.30) *** 0.19 0.04 1.21 (1.13–1.30) ***
Being on sick leave 1.21 0.26 3.34 (2.02–5.55) *** 1.09 0.32 2.98 (1.60–5.54) *** 0.47 0.33 1.60 (0.83–3.08)

WPI: widespread pain index; BMI; body mass index; SE: standard error; OR: odds ratio; CI: confidence intervals. 1 Adjusted for age,
demographics, body mass index, pain duration. 2 Adjusted for age, demographics, body mass index, pain duration, and widespread pain
index. Significance is indicated by ** p < 0.01, *** p < 0.001.

4. Discussion

This cross-sectional study showed that participants with self-reported anxiety, somatic
symptoms disorder, pain catastrophizing, and perceived stress, as well as a greater total
number of comorbidities, were significantly more likely to have a TMD sub-diagnosis of
MFP compared to MYA. On the other hand, FM in comparison to MFP only reported a
significant association with IBS, somatic symptoms disorder, and insomnia. We also found
that widespread pain, pain duration, and being on sick leave, but not BMI, increased the
likelihood of having more comorbidities. Interestingly, when including widespread pain in
the multivariable model, a significant association was only found between widespread pain
and number of comorbidities, suggesting that the pain duration and sick leave were related
to the likelihood of increasing comorbidities and may be modified by widespread pain.

This is the first study, to the best of our knowledge, that explores the relationships
between comorbidities in women with MYA, MFP, and FM. The results of this study
corroborated previous data regarding the strong association between comorbidities and
widespread pain [8–11,15,17,19–21], while also revealing some novel findings such as
the clear differences between the sub-groups of TMD and their different likelihoods of
reporting comorbidities, where those with MFP presented with a profile more similar to
the FM group.

The percentage of most self-reported comorbidities, as well as the number of comorbid
conditions in this study, were the highest for FM and the lowest for MYA, whereas MFP
mostly represented an intermediate group between MYA and FM. Notably, MFP and FM
did not differ significantly regarding the number of comorbidities they presented with.
Self-reported somatic symptoms disorder and depression differed the most between MYA,
MFP, and FM, which coincides with similar previous research in patients with and without
widespread pain [15,22,37,38]. For instance, previous findings show that 88.9% with FM
and 28.5–76.6% with TMD (unknown sub-diagnosis) presented with moderate to severe
somatic symptoms [39,40]. Somatic symptoms are common among FM patients and are
also closely related to widespread pain and disability [41], which could explain its high
comorbidity with FM found in our study, as well as in other studies. Overall, the observed
presence of comorbidities increasing from MYA via MFP to FM agrees with previous similar
studies [42–45]. In our study, widespread pain differed significantly between the groups
and was the highest in FM and the lowest in MYA, which was expected as the diagnosis
of both FM and MFP require the spread of pain [5,6]. Widespread pain has previously
also been found to correlate linearly with pain duration, as well as negatively impacting
biopsychosocial factors, work-status, and patients’ quality of life [46–48]. This may partly
explain the differences found in our study regarding pain duration and sick leave between
all the pain groups. Moreover, the substantial difference in the frequency of MFP patients
being on sick leave compared to MYA (30 versus 5 percent) is notable and reflective of
the increased pain-related disability and poor treatment outcomes previously found in
TMD patients with pain spreading [49,50]. These results indicate that MFP could be a more
severe condition compared to MYA and perhaps a transition phase towards FM [51,52],
highlighting the importance of the early detection/intervention of these patients (e.g., by
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screening, education, and raising awareness) as well as differentiation between MFP and
MYA in clinical settings.

Our results demonstrate stronger associations of a specific and greater number of
comorbidities in MFP compared to MYA, and were overall in line with previous simi-
lar/relevant research demonstrating sub-group differences between those with localized
and widespread/generalized pain [14,15,22,53]. For instance, patients with pain in mul-
tiple pain regions have reported relevant associations with anxiety [54], psychological
distress [55], insomnia, and somatic symptoms [15,22] as well as multiple comorbid con-
ditions compared to those without widespread pain. In contrast to our results, studies of
TMD patients with widespread pain have previously found additional significant associ-
ations with, e.g., IBS [22]. Probable explanations for these discrepancies could be due to
differences in classification of pain spreading and the analysis methods used. Regardless,
although causality cannot be evaluated due to the design of the present study, these find-
ings raise the hypothesis that MYA and MFP could have separate mechanisms that may
contribute to their distinct pain and comorbidity characteristics. Previously, the presence of
comorbidities in TMD has signified a more complex disorder and been explained as a dys-
regulation of pain modulatory systems involving central and peripheral sensitization [56].
This could additionally explain our findings of increased pain duration and widespread
pain in MFP (compared to MYA) and that it may be a transition phase to FM. Interest-
ingly, Jasim et al. (2020) [57] recently reported that patients with MYA and MFP differed
from each other in the salivary expression of some metabolic, stress, and immune-related
proteins, which supports our hypothesis and additionally suggests a potential role for
these proteins.

On the other hand, we found that FM was only significantly associated with self-
reported IBS, depression, and somatic symptoms. Previous observational studies have
found that TMD and FM, compared to their pain-free counterparts, are more likely to have
depression, IBS, and somatic symptoms, as well as many other comorbidities [14,58,59].
The lack of significance regarding other associations between FM and MFP is unclear but
could be due to the high presence of self-reported FM in the participants with MFS (45.6%)
(although TMD participants with a pre-diagnosed FM were excluded). Previous studies
have shown that the prevalence of FM in TMD patients varies from approximately 7%
to 60% [60], depending on e.g., study methods and/or TMD diagnosis used. Neverthe-
less, having a widespread pain, such as FM, has previously been linked to altered pain
processing, dysregulation of the immune system, and brain alterations [60]. It has also
been found to negatively impact biopsychosocial conditions of patients [60]. For instance,
TMD patients with FM have reported more severe and sustained pain, more comorbidities,
worse TMD problems and treatment difficulties compared to those without [61]. The high
comorbidity and similarities in patient characteristics between FM and MFP found in this
study may suggest that these two conditions could share common pathophysiological
pathways.

We also found that increased widespread pain, pain duration, or being on sick leave
increased the likelihood of presenting more comorbidities, which are in line with previous
research in both FM and TMD, but also other chronic pain conditions. However, the associ-
ation between comorbidities, pain duration, and sick leave did not remain significant in the
multivariable model when we adjusted for widespread pain, suggesting that widespread
pain might play a role in these associations. Similarly, exploratory analysis showed that
the associations of depression, IBS, insomnia, and somatic symptoms between the pain di-
agnosis were modified by WPI (see Supplementary Materials, Table S2), further indicating
a role of widespread pain in these associations. The reason for these findings is unclear.
Although controversial, it has previously been proposed that overlapping comorbidities
such as widespread pain, FM, some cases of TMD, IBS, sleep disturbances, depression, and
somatic symptoms should be considered as a single entity (such as ‘Overlapping Chronic
Pain Conditions’) rather than many distinct conditions with separate etiologies [62]. This is
because these conditions often share similar patient characteristics/symptoms, treatment
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difficulties, and pathophysiology. Thus, the similarities between MFP and FM and the
potential modifying effect of widespread pain in this study could be due to these patients
being a part of this continuum of overlapping comorbidities. Future studies are warranted
to elucidate this hypothesis.

There are some limitations to our study. Firstly, a major limitation is that approximately
50 percent of the participants with MFP fulfilled the criteria for FM according to ACR
2016, although MFP patients with a pre-existing FM were excluded. In addition to this,
we did not control for TMD in the FM group. As a result, the comparisons in this study
may be biased and ambiguous. Due to this, we compared MFP participants with and
without FM regarding demographic, pain, and comorbidity variables and found only
significant differences regarding the presence of somatic symptoms disorder and BMI
(See Supplementary Materials, Table S1). Secondly, we used self-reported questionnaires
to detect comorbidities and widespread pain, which may have given rise to recall bias.
Although the questionnaires (and cut-off points) used in this study were validated, there
is the possibility of nondifferential misclassification due to patient overreporting that in
turn may have exaggerated the associations found in this study. Thirdly, patient history
regarding pre-diagnosed comorbidities, medications, or current undergoing treatment was
not taken into consideration and may have impacted on our results. Our findings may
therefore be biased as a result of unmeasured confounding variables not included in the
study. Fourth, due to our study design, the direction of associations found in the present
study are ambiguous. Fifth, we only included female pain participants in the current study,
which as a result limits the generalizability of our findings. Although both TMD and FM
have a female predominance [8], future studies should include males to study potential
sex differences. Lastly, we have to discuss the possibility of selection bias in our study.
Selective recruitment may have occurred because of the relatively long and demanding
questionnaire that potentially could lead to some participants not participating in the study
or not completing the questionnaire. Moreover, pain patients were recruited from tertiary
care clinics and our findings may therefore not be generalizable to the general population.
Future studies should address these limitations.

The main strength of this study is that we classified and differentiated between
widespread, regional, and local pain using specific pain diagnoses based on valid, interna-
tionally accepted criteria; the DC/TMD and ACR 2016 [5,6]. Using MFP as a reference in
our analysis allowed us to easily detect how this pain group differentiates from MYA and
FM. Possible confounder variables such as age, country of birth, education, and work-status
were collected for adjustment purposes. In addition, we excluded pre-diagnosed FM to
improve the precision of the TMD classification and comorbid status. Based on our power
calculation, the sample size included in the current study can establish clinically significant
associations of comorbidities in these pain groups. As a result, this study has several
clinical implications. Our findings indicate MFP to be a more complex pain condition
compared to MYA, and perhaps a transition phase to FM as they retained clinical, pain,
and comorbidity characteristics similar to FM that previously also have been found to
complicate TMD pain management and worsen prognosis [56,61]. Hence, this study high-
lights the importance of differentiating between MFP and MYA and further confirms the
need to acknowledge the presence of comorbidities and widespread pain in the evaluation,
management, and intervention strategies. Failure to recognize and manage the entire pain
problem, co-morbidities, and other contributing factors may lead to treatment failure and
further prolong the pain [16,56]. Evaluation of these pain groups, using questionnaires
or comparable patient interviews, can help identify comorbidities and widespread pain
in an easy way and thus potentially improve pain management. If identified, these pa-
tient cases could be acknowledged as more complex and may best be managed using an
interdisciplinary approach with relevant medical specialties working together [56].
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5. Conclusions

Overall, our results showed that the presence of comorbidities were significantly more
associated with MFP compared to MYA, whereas FM and MFP did not differ as much
from each other. Given the similarities between MFP and FM, these findings not only
highlight the importance of differentiating between MFP and MYA in clinical settings,
but also raise the hypothesis that MFP may be a transition phase towards FM. Moreover,
this study also confirms the need for recognizing widespread pain and comorbidities in
assessments of these pain groups and that the presence of one should raise suspicion of
the other. As management of comorbidities in chronic pain conditions result in greater
success in long-term treatment and prognosis [56], it is important to detect these patients
early and provide a multimodal treatment approach. Further studies are warranted for
evaluating and identifying the biological mechanisms underlying these associations and
potential multimodal intervention strategies for improving pain management.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10143138/s1. Table S1: Patient characteristics of 37 MFP participants with FM and 44 MFP
participants without FM, Table S2: Fully adjusted/exploratory multinomial logistic regression
analyses assessing the association between each specific comorbidity and the pain groups (dependent
variable). In this analysis, individuals with MFP were set as a reference against which the other
groups were compared.

Author Contributions: Conceptualization, M.E.; Data curation, G.B. and M.E.; Formal analysis,
G.B. and A.M.V.; Funding acquisition, M.E.; Investigation, G.B. and M.E.; Methodology, G.B. and
M.E.; Project administration, G.B. and M.E.; Resources, E.K., B.H.-M. and M.E.; Supervision, M.E.;
Validation, G.B., A.M.V. and M.E.; Writing—original draft, G.B.; Writing—review and editing,
E.K., B.H.-M., A.M.V. and M.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Stockholm County Council (ALF project, SLL20180426 and
SOF project), Karolinska Institutet (Clinical Scientist Training Programme, 2-281-2017), the Swedish
Rheumatism Association, and the Swedish Dental Association.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Regional Ethic Review Board in Stockholm (2018/1614-31/2).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request, without undue reservation.

Acknowledgments: The authors thank all the participants and funders as well as the two dental
students Lamyae Senhaji and Refka Khalid for aiding in the recruitment of participants.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.J.; Mogil, J.S.; Ringkamp, M.; Sluka, K.A.; et al. The

revised International Association for the Study of Pain definition of pain: Concepts, challenges, and compromises. Pain 2020, 161,
1976–1982. [CrossRef] [PubMed]

2. Breivik, H.; Collett, B.; Ventafridda, V.; Cohen, R.; Gallacher, D. Survey of chronic pain in Europe: Prevalence, impact on daily life,
and treatment. Eur. J. Pain 2006, 10, 287. [CrossRef]

3. Blyth, F.M.; Briggs, A.M.; Schneider, C.H.; Hoy, D.G.; March, L.M. The Global Burden of Musculoskeletal Pain—Where to From
Here? Am. J. Public Health 2019, 109, 35–40. [CrossRef] [PubMed]

4. Wolfe, F.; Smythe, H.A.; Yunus, M.B.; Bennett, R.M.; Bombardier, C.; Goldenberg, D.L.; Tugwell, P.; Campbell, S.M.; Abeles, M.;
Clark, P.; et al. The american college of rheumatology. Criteria for the classification of fibromyalgia. Arthritis Rheum. 1990, 33,
160–172. [CrossRef] [PubMed]

5. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Häuser, W.; Katz, R.L.; Mease, P.J.; Russell, A.S.; Russell, I.J.; Walitt, B.
2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin. Arthritis Rheum. 2016, 46, 319–329. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm10143138/s1
https://www.mdpi.com/article/10.3390/jcm10143138/s1
http://doi.org/10.1097/j.pain.0000000000001939
http://www.ncbi.nlm.nih.gov/pubmed/32694387
http://doi.org/10.1016/j.ejpain.2005.06.009
http://doi.org/10.2105/AJPH.2018.304747
http://www.ncbi.nlm.nih.gov/pubmed/30495997
http://doi.org/10.1002/art.1780330203
http://www.ncbi.nlm.nih.gov/pubmed/2306288
http://doi.org/10.1016/j.semarthrit.2016.08.012


J. Clin. Med. 2021, 10, 3138 13 of 15

6. Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.-P.; List, T.; Svensson, P.; Gonzalez, Y.; Lobbezoo, F.; et al.
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research Applications: Recommendations of
the International RDC/TMD Consortium Network and Orofacial Pain Special Interest Group. J. Oral Facial Pain Headache 2014, 28,
6–27. [CrossRef]

7. Chiaramonte, R.; Bonfiglio, M.; Chisari, S. Multidisciplinary protocol for the management of fibromyalgia associated with
imbalance. Our experience and literature review. Rev. Assoc. Med. Bras. 2019, 65, 1265–1274. [CrossRef] [PubMed]

8. Moreno-Fernández, A.M.; Jiménez-Castellanos, E.; Iglesias-Linares, A.; Bueso-Madrid, D.; Fernández-Rodríguez, A.; De Miguel,
M. Fibromyalgia Syndrome and Temporomandibular Disorders with Muscular Pain. A Review; Taylor & Francis: Milton Park, UK, 2017;
pp. 210–216.

9. Costa, Y.M.; Conti, P.C.R.; de Faria, F.A.C.; Bonjardim, L.R. Temporomandibular disorders and painful comorbidities: Clinical
association and underlying mechanisms. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2017, 123, 288–297. [CrossRef]

10. Walitt, B.; Nahin, R.L.; Katz, R.S.; Bergman, M.J.; Wolfe, F. The Prevalence and Characteristics of Fibromyalgia in the 2012 National
Health Interview Survey. PLoS ONE 2015, 10, e0138024. [CrossRef]

11. Hoffmann, G.R.; Kotchen, M.J.; Kotchen, A.T.; Cowley, W.T.; Dasgupta, W.M.; Cowley, W.A. Temporomandibular Disorders and
Associated Clinical Comorbidities. Clin. J. Pain 2011, 27, 268–274. [CrossRef]

12. Okeson, J.P. The processing of pain at the supraspinal level. In Bell’s Oral and Facial Pain, 7th ed.; Huffman, L., Ed.; Quintessence
Publishing Co, Inc: Hanover Park, IL, USA, 2014; pp. 93–100.

13. Kindler, L.L.; Bennett, R.M.; Jones, K.D. Central Sensitivity Syndromes: Mounting Pathophysiologic Evidence to Link Fibromyal-
gia with Other Common Chronic Pain Disorders. Pain Manag. Nurs. 2011, 12, 15–24. [CrossRef] [PubMed]

14. Velly, A.M.; Mohit, S. Epidemiology of pain and relation to psychiatric disorders. Prog. Neuropsychopharmacol. Biol. Psychiatry
2018, 87, 159–167. [CrossRef] [PubMed]

15. Chen, H.; Slade, G.; Lim, P.F.; Miller, V.; Maixner, W.; Diatchenko, L. Relationship Between Temporomandibular Disorders,
Widespread Palpation Tenderness, and Multiple Pain Conditions: A Case-Control Study. J. Pain 2012, 13, 1016–1027. [CrossRef]

16. Borchers, A.T.; Gershwin, M.E. Fibromyalgia: A Critical and Comprehensive Review. Clin. Rev. Allergy Immunol. 2015, 49,
100–151. [CrossRef] [PubMed]

17. Harper, D.; Schrepf, A.; Clauw, D. Pain Mechanisms and Centralized Pain in Temporomandibular Disorders. J. Dent. Res. 2016,
95, 1102–1108. [CrossRef] [PubMed]

18. Lundberg, D.; Axelsson, S. Treatment of chronic pain—A systematic literature review. SBU’s summary and conclusions.
Lakartidningen 2006, 103, 1297–1300.

19. Reiter, S.; Emodi-Perlman, A.; Goldsmith, C.; Friedman-Rubin, P.; Winocur, E. Comorbidity Between Depression and Anxiety in
Patients with Temporomandibular Disorders According to the Research Diagnostic Criteria for Temporomandibular Disorders. J.
Oral Facial Pain Headache 2015, 2, 135–143. [CrossRef]

20. Slade, G.D.; Ohrbach, R.; Greenspan, J.D.; Fillingim, R.B.; Bair, E.; Sanders, A.E.; Dubner, R.; Diatchenko, L.; Meloto, C.B.;
Smith, S.; et al. Painful Temporomandibular Disorder: Decade of Discovery from OPPERA Studies. J. Dent. Res. 2016, 95,
1084–1092. [CrossRef]

21. Fitzcharles, M.A.; Perrot, S.; Häuser, W. Comorbid fibromyalgia: A qualitative review of prevalence and importance. Eur. J. Pain
2018, 22, 1565–1576. [CrossRef]

22. Suvinen, T.I.; Kemppainen, P.; Le Bell, Y.; Kauko, T.; Forssell, H. Assessment of Pain Drawings and Self-Reported Comorbid
Pains as Part of the Biopsychosocial Profiling of Temporomandibular Disorder Pain Patients. J. Oral Facial Pain Headache 2016, 30,
287–295. [CrossRef]

23. Velly, A.M.; Look, J.O.; Schiffman, E.; Lenton, P.A.; Kang, W.; Messner, R.P.; Holcroft, C.A.; Fricton, J.R. The effect of fibromyalgia
and widespread pain on the clinically significant temporomandibular muscle and joint pain disorders—A prospective 18-month
cohort study. J. Pain 2010, 11, 1155–1164. [CrossRef]

24. Krogstad, B.S.; Jokstad, A.; Dahl, B.L.; Vassend, O. Relationships between risk factors and treatment outcome in a group of
patients with temporomandibular disorders. J. Orofac. Pain 1996, 10, 48–53.

25. Velly, A.M.; Look, J.O.; Carlson, C.; Lenton, P.A.; Kang, W.; Holcroft, C.A.; Fricton, J.R. The effect of catastrophizing and depression
on chronic pain—A prospective cohort study of temporomandibular muscle and joint pain disorders. Pain 2011, 152, 2377–2383.
[CrossRef] [PubMed]

26. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, I.J.; Winfield, J.B.; Yunus,
M.B. The American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and measurement of symptom
severity. Arthritis Care Res. 2010, 62, 600–610. [CrossRef]

27. Clauw, D.J. Fibromyalgia: A clinical review. JAMA 2014, 311, 1547–1555. [CrossRef] [PubMed]
28. Schmulson, M.J.; Drossman, D.A. What Is New in Rome IV. J. Neurogastroenterol. Motil. 2017, 23, 151–163. [CrossRef] [PubMed]
29. Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ- 9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16,

606. [CrossRef]
30. Spitzer, R.L.; Kroenke, K.; Williams, J.B.W.; Löwe, B. A Brief Measure for Assessing Generalized Anxiety Disorder: The GAD-7.

Arch. Intern. Med. 2006, 166, 1092–1097. [CrossRef] [PubMed]
31. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-IV-TR, 4th ed.; American Psychiatric

Association: Washington, DC, USA, 2000.

http://doi.org/10.11607/jop.1151
http://doi.org/10.1590/1806-9282.65.10.1265
http://www.ncbi.nlm.nih.gov/pubmed/31721958
http://doi.org/10.1016/j.oooo.2016.12.005
http://doi.org/10.1371/journal.pone.0138024
http://doi.org/10.1097/AJP.0b013e31820215f5
http://doi.org/10.1016/j.pmn.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/21349445
http://doi.org/10.1016/j.pnpbp.2017.05.012
http://www.ncbi.nlm.nih.gov/pubmed/28522289
http://doi.org/10.1016/j.jpain.2012.07.011
http://doi.org/10.1007/s12016-015-8509-4
http://www.ncbi.nlm.nih.gov/pubmed/26445775
http://doi.org/10.1177/0022034516657070
http://www.ncbi.nlm.nih.gov/pubmed/27422858
http://doi.org/10.11607/ofph.1297
http://doi.org/10.1177/0022034516653743
http://doi.org/10.1002/ejp.1252
http://doi.org/10.11607/ofph.1589
http://doi.org/10.1016/j.jpain.2010.02.009
http://doi.org/10.1016/j.pain.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21871734
http://doi.org/10.1002/acr.20140
http://doi.org/10.1001/jama.2014.3266
http://www.ncbi.nlm.nih.gov/pubmed/24737367
http://doi.org/10.5056/jnm16214
http://www.ncbi.nlm.nih.gov/pubmed/28274109
http://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171


J. Clin. Med. 2021, 10, 3138 14 of 15

32. de Vroege, L.; Hoedeman, R.; Nuyen, J.; Sijtsma, K.; van der Feltz-Cornelis, C.M. Validation of the PHQ-15 for somatoform
disorder in the occupational health care setting. J. Occup. Rehabil. 2012, 22, 51–58. [CrossRef]

33. Kroenke, K.; Spitzer, R.L.; Williams, J.B.; Löwe, B. The Patient Health Questionnaire Somatic, Anxiety, and Depressive Symptom
Scales: A systematic review. Gen. Hosp. Psychiatry 2010, 32, 345–359. [CrossRef]

34. Sullivan, M.J.L.; Bishop, S.R.; Pivik, J. The Pain Catastrophizing Scale: Development and Validation. Psychol. Assess. 1995, 7,
524–532. [CrossRef]

35. Nordin, M.; Nordin, S. Psychometric evaluation and normative data of the Swedish version of the 10-item perceived stress scale.
Scand. J. Psychol. 2013, 54, 502–507. [CrossRef] [PubMed]

36. Bastien, C.H.; Vallières, A.; Morin, C.M. Validation of the Insomnia Severity Index as an outcome measure for insomnia research.
Sleep Med. 2001, 2, 297–307. [CrossRef]

37. Kleykamp, B.A.; Ferguson, M.C.; McNicol, E.; Bixho, I.; Arnold, L.M.; Edwards, R.R.; Fillingim, R.; Grol-Prokopczyk, H.; Turk,
D.C.; Dworkin, R.H. The Prevalence of Psychiatric and Chronic Pain Comorbidities in Fibromyalgia: An ACTTION systematic
review. Semin. Arthritis Rheum. 2020, 51, 166–174. [CrossRef] [PubMed]

38. Fillingim, R.B.; Ohrbach, R.; Greenspan, J.D.; Sanders, A.E.; Rathnayaka, N.; Maixner, W.; Slade, G.D. Associations of Psychologic
Factors with Multiple Chronic Overlapping Pain Conditions. J. Oral Facial Pain Headache 2020, 34, s85–s100. [CrossRef] [PubMed]

39. Wolfe, F.; Walitt, B.T.; Katz, R.S.; Häuser, W. Symptoms, the nature of fibromyalgia, and diagnostic and statistical manual 5
(DSM-5) defined mental illness in patients with rheumatoid arthritis and fibromyalgia. PLoS ONE 2014, 9, e88740. [CrossRef]

40. De La Torre Canales, G.; Câmara-Souza, M.B.; Muñoz Lora, V.R.M.; Guarda-Nardini, L.; Conti, P.C.R.; Rodrigues Garcia, R.M.;
Del Bel Cury, A.A.; Manfredini, D. Prevalence of psychosocial impairment in temporomandibular disorder patients: A systematic
review. J. Oral Rehabil. 2018, 45, 881–889. [CrossRef]

41. Häuser, W.; Brähler, E.; Wolfe, F.; Henningsen, P. Patient Health Questionnaire 15 as a generic measure of severity in fibromyalgia
syndrome: Surveys with patients of three different settings. J. Psychosom. Res. 2014, 76, 307–311. [CrossRef]

42. Grimby-Ekman, A.; Gerdle, B.; Björk, J.; Larsson, B. Comorbidities, intensity, frequency and duration of pain, daily functioning
and health care seeking in local, regional, and widespread pain—A descriptive population-based survey (SwePain). BMC
Musculoskelet. Disord. 2015, 16, 165. [CrossRef]

43. Kamaleri, Y.; Natvig, B.; Ihlebaek, C.M.; Benth, J.S.; Bruusgaard, D. Number of pain sites is associated with demographic, lifestyle,
and health-related factors in the general population. Eur. J. Pain 2008, 12, 742–748. [CrossRef]

44. Nicholl, B.I.; Mackay, D.; Cullen, B.; Martin, D.J.; Ul-Haq, Z.; Mair, F.S.; Evans, J.; McIntosh, A.M.; Gallagher, J.; Roberts, B.; et al.
Chronic multisite pain in major depression and bipolar disorder: Cross-sectional study of 149,611 participants in UK Biobank.
BMC Psychiatry 2014, 14, 350. [CrossRef]

45. Morales-Espinoza, E.M.; Kostov, B.; Salami, D.C.; Perez, Z.H.; Rosalen, A.P.; Molina, J.O.; Gonzalez-de Paz, L.; Momblona, J.M.S.;
Àreu, J.B.; Brito-Zerón, P.; et al. Complexity, comorbidity, and health care costs associated with chronic widespread pain in
primary care. Pain 2016, 157, 818–826. [CrossRef] [PubMed]

46. Gerdle, B.; Rivano Fischer, M.; Cervin, M.; Ringqvist, Å. Spreading of Pain in Patients with Chronic Pain is Related to Pain
Duration and Clinical Presentation and Weakly Associated with Outcomes of Interdisciplinary Pain Rehabilitation: A Cohort
Study from the Swedish Quality Registry for Pain Rehabilitation (SQRP). J. Pain Res. 2021, 14, 173–187.

47. Vincent, A.; Benzo, R.P.; Whipple, M.O.; McAllister, S.J.; Erwin, P.J.; Saligan, L.N. Beyond pain in fibromyalgia: Insights into the
symptom of fatigue. Arthritis Res. Ther. 2013, 15, 221. [CrossRef]

48. Gerdle, B.; Björk, J.; Cöster, L.; Henriksson, K.; Henriksson, C.; Bengtsson, A. Prevalence of widespread pain and associations
with work status: A population study. BMC Musculoskelet. Disord. 2008, 9, 102. [CrossRef] [PubMed]

49. John, M.T.; Miglioretti, D.L.; LeResche, L.; Von Korff, M.; Critchlow, C.W. Widespread pain as a risk factor for dysfunctional
temporomandibular disorder pain. Pain 2003, 102, 257–263. [CrossRef]

50. Raphael, K.G.; Marbach, J.J. Widespread pain and the effectiveness of oral splints in myofascial face pain. J. Am. Dent. Assoc.
2001, 132, 305–316. [CrossRef]

51. Markkula, R.A.; Kalso, E.A.; Kaprio, J.A. Predictors of fibromyalgia: A population-based twin cohort study. BMC Musculoskelet.
Disord. 2016, 17, 29. [CrossRef]

52. Forseth, K.O.; Husby, G.; Gran, J.T.; Førre, O. Prognostic factors for the development of fibromyalgia in women with self-reported
musculoskeletal pain. A prospective study. J. Rheumatol. 1999, 26, 2458–2467.

53. Dahan, H.; Shir, Y.; Velly, A.; Allison, P. Specific and number of comorbidities are associated with increased levels of temporo-
mandibular pain intensity and duration. J. Headache Pain 2015, 16, 1–10. [CrossRef]

54. Gureje, O.; Von Korff, M.; Kola, L.; Demyttenaere, K.; He, Y.; Posada-Villa, J.; Lepine, J.P.; Angermeyer, M.C.; Levinson, D.; De
Girolamo, G.; et al. The relation between multiple pains and mental disorders: Results from the World Mental Health Surveys.
Pain 2008, 135, 82–91. [CrossRef]

55. Visscher, C.M.; Lobbezoo, F.; de Boer, W.; van der Meulen, M.; Naeije, M. Psychological distress in chronic craniomandibular and
cervical spinal pain patients. Eur. J. Oral Sci. 2001, 109, 165–171. [CrossRef]

56. Velly, A.M.; Fricton, J. The impact of comorbid conditions on treatment of temporomandibular disorders. J. Am. Dent Assoc. 2011,
142, 170–172. [CrossRef] [PubMed]

57. Jasim, H.; Ernberg, M.; Carlsson, A.; Gerdle, B.; Ghafouri, B. Protein Signature in Saliva of Temporomandibular Disorders Myalgia.
Int. J. Mol. Sci. 2020, 21, 2569. [CrossRef] [PubMed]

http://doi.org/10.1007/s10926-011-9320-6
http://doi.org/10.1016/j.genhosppsych.2010.03.006
http://doi.org/10.1037/1040-3590.7.4.524
http://doi.org/10.1111/sjop.12071
http://www.ncbi.nlm.nih.gov/pubmed/24118069
http://doi.org/10.1016/S1389-9457(00)00065-4
http://doi.org/10.1016/j.semarthrit.2020.10.006
http://www.ncbi.nlm.nih.gov/pubmed/33383293
http://doi.org/10.11607/ofph.2584
http://www.ncbi.nlm.nih.gov/pubmed/32975543
http://doi.org/10.1371/journal.pone.0088740
http://doi.org/10.1111/joor.12685
http://doi.org/10.1016/j.jpsychores.2014.01.009
http://doi.org/10.1186/s12891-015-0631-1
http://doi.org/10.1016/j.ejpain.2007.11.005
http://doi.org/10.1186/s12888-014-0350-4
http://doi.org/10.1097/j.pain.0000000000000440
http://www.ncbi.nlm.nih.gov/pubmed/26645546
http://doi.org/10.1186/ar4395
http://doi.org/10.1186/1471-2474-9-102
http://www.ncbi.nlm.nih.gov/pubmed/18627605
http://doi.org/10.1016/S0304-3959(02)00404-9
http://doi.org/10.14219/jada.archive.2001.0173
http://doi.org/10.1186/s12891-016-0873-6
http://doi.org/10.1186/s10194-015-0528-2
http://doi.org/10.1016/j.pain.2007.05.005
http://doi.org/10.1034/j.1600-0722.2001.00008.x
http://doi.org/10.14219/jada.archive.2011.0060
http://www.ncbi.nlm.nih.gov/pubmed/21282683
http://doi.org/10.3390/ijms21072569
http://www.ncbi.nlm.nih.gov/pubmed/32272779


J. Clin. Med. 2021, 10, 3138 15 of 15

58. Aggarwal, V.R.; McBeth, J.; Zakrzewska, J.M.; Lunt, M.; Macfarlane, G.J. The epidemiology of chronic syndromes that are
frequently unexplained: Do they have common associated factors? Int. J. Epidemiol. 2006, 35, 468–476. [CrossRef] [PubMed]

59. Velly, A.; List, T.; Lobbezooe, F. Comorbid Pain and Psychological Conditions in Patients with Orofacial Pain. In Orofacial Pain:
Recent Advances in Assessment, Management, and Understanding of Mechanisms; Sessle, B., Ed.; IASP Press: Washington, DC, USA,
2014; pp. 53–73.

60. Velly, A.M. Temporomandibular Disorders and Its Relationship with Fibromyalgia. In Handbook of Pain and Palliative Care;
Moore, R., Ed.; Springer: Berlin/Heidelberg, Germany, 2018.

61. Pfau, D.B.; Rolke, R.; Nickel, R.; Treede, R.D.; Daublaender, M. Somatosensory profiles in subgroups of patients with myogenic
temporomandibular disorders and Fibromyalgia Syndrome. Pain 2009, 147, 72–83. [CrossRef]

62. Maixner, W.; Fillingim, R.B.; Williams, D.A.; Smith, S.B.; Slade, G.D. Overlapping Chronic Pain Conditions: Implications for
Diagnosis and Classification. J. Pain 2016, 17 (Suppl. 9), T93–T107. [CrossRef]

http://doi.org/10.1093/ije/dyi265
http://www.ncbi.nlm.nih.gov/pubmed/16303810
http://doi.org/10.1016/j.pain.2009.08.010
http://doi.org/10.1016/j.jpain.2016.06.002

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Fibromyalgia 
	Temporomandibular Disorders 

	Widespread Pain 
	Specific Comorbid Conditions 
	Irritable Bowel Syndrome 
	Depression 
	Anxiety 
	Somatic Symptoms 
	Pain Catastrophizing 
	Perceived Stress 
	Insomnia 

	Number of Comorbid Conditions 
	Statistical Analyses 

	Results 
	Sample Characteristics 
	Demographics 
	BMI 
	Pain Duration and Widespread Pain 

	Specific Comorbid Conditions 
	Number of Comorbid Conditions 

	Discussion 
	Conclusions 
	References

