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Abstract

Negative cognitions are central to the perpetuation of chronic pain and sleep disturbances. Patients 

with temporomandibular joint disorder (TMJD), a chronic pain condition characterized by pain 

and limitation in the jaw area, have a high comorbidity of sleep disturbances that possibly 

exacerbate their condition. Ethnic group differences are documented in pain, sleep and coping, yet 

the mechanisms driving these differences are still unclear, especially in clinical pain populations. 

156 women (79% white, 21% African American (AA)) diagnosed with TMJD were recruited as 

part of a randomized controlled trial evaluating the effectiveness of interventions targeting sleep 

and pain catastrophizing on pain in TMJD. Analysis of baseline data demonstrated that relative to 

white participants, AA exhibited higher levels of clinical pain, insomnia severity and pain 

catastrophizing, yet there was no ethnic group difference in negative sleep-related cognitions. 

Mediation models revealed pain catastrophizing, but not sleep-related cognitions or insomnia 

severity, to be a significant single mediator of the relationship between ethnicity and clinical pain. 

Only the helplessness component of catastrophizing together with insomnia severity sequentially 

mediated the ethnicity-pain relationship. These findings identify pain catastrophizing as a 

potentially important link between ethnicity and clinical pain and suggest that interventions 

targeting pain-related helplessness could improve both sleep and pain especially for AA patients.
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Introduction

Temporomandibular Joint Disorder (TMJD) consists of a cluster of chronic pain conditions 

characterized by pain in the jaw or surrounding muscles, which can lead to significant 

distress and functional limitation 5, 26. While there are documented ethnic differences in 

acute and chronic pain31, the role of ethnicity in TMJD is somewhat inconsistent. The 

OPPERA study has recently reported higher pain sensitivity in African American (AA) 

individuals relative to Caucasian individuals42 and a greater new-onset rate of TMJD for 

AA48. However, earlier studies found a higher prevalence of TMJD in Caucasians relative to 

AA37, 43, 44, suggesting that ethnic differences in TMJD might be influenced by multiple 

factors.

One such factor is sleep disturbances, a common comorbidity of TMJD 2, 51, with patients 

reporting nightly awakenings due to pain7. Longitudinal data provide evidence for a strong 

relationship between sleep and pain in TMJD, indicating that insomnia symptom severity 

predicts subsequent pain a month later46 and decreased sleep quality predicts TMJD 

onset48, 49, 53. Ethnic differences in sleep have also been documented in the insomnia 

literature; AA report poorer sleep quality, longer sleep onset latency and shorter sleep 

duration compared to Caucasians15, 30, 61 yet paradoxically, AA women tend to report less 

trouble sleeping3. These disparities in sleep may in part account for the ethnic differences 

found in pain. Similarly, ethnic group differences are also found in stress and in the use of 

coping strategies39, 52, which may be a factor that contributes to the effects of ethnicity on 

sleep.

Negative cognitions play a critical role in the experience and maintenance of both chronic 

pain13, 21 and poor sleep4, 22, and may contribute to the ethnic differences frequently 

observed in laboratory33 and clinical pain27 including TMJD42. The most widely studied 

negative pain-related cognition is pain catastrophizing, a dysfunctional and exaggerated 

mental reaction to actual or anticipated pain57. It is comprised of three elements: (1) 

rumination and negative emotions, (2) magnification of, and directing excessive attention to, 

pain and (3) beliefs of helplessness57 and is one of the most robust predictors of pain and 

adjustment20. While AA with clinical pain report higher levels of dispositional (general trait-

like) pain catastrophizing 12, 39, it is not clear that pain catastrophizing mediates ethnic 

differences in clinical pain. There is evidence that the three components of catastrophizing 

might not contribute to pain and sleep in the same manner. For example, laboratory studies 

find that situation specific pain catastrophizing, mainly rumination, mediates the relationship 

between ethnicity and pain response 25, 40. In TMJD, we found that the relationship between 

rumination and clinical pain was mediated by sleep disturbance9. Thus, investigating the 

separate and combined dimensions of pain catastrophizing may yield important information 

about the cognitive mechanisms that contribute to ethnic differences in clinical pain.
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Negative sleep-related cognitions contribute to the perpetuation of poor sleep and include 

dysfunctional thoughts about sleep, worry and pre-sleep arousal22. In populations with 

comorbid chronic pain and insomnia, pain-related cognitions can also interfere with sleep55. 

There is scant literature on ethnic differences in the negative cognitions related to poor sleep 

or sleep disorders such as insomnia. However, one study by Grandner and colleagues29 

found that AA tend to have a smaller appreciation for the impact of sleep on their health and 

have less motivation to make time for sleep.

While the individual relationships between ethnicity, negative cognitions, sleep and pain, 

have been investigated, to the best of our knowledge no study has tested all of these factors 

as a whole in clinical pain populations. In an attempt to explain the mechanism by which 

ethnicity affects clinical pain, we built upon our previous findings, that sleep disturbance 

mediates the relationship between pain catastrophizing and pain in TMJD (catastrophizing -

> sleep -> pain9) and have added ethnicity to this mediation model. This has resulted in a 

series of models which test whether ethnic differences in clinical pain are sequentially 

mediated by negative cognitions (related to sleep or to pain) and sleep disturbance (ethnicity 

-> negative cognitions -> sleep -> pain).

Methods

Procedure

Approval for this study was granted by the Institutional Review Board. Data were collected 

as part of the baseline assessment for an ongoing randomized clinical trial testing the 

effectiveness of different psychological interventions on sleep and pain in women with 

TMJD (ClinicalTrials.gov Identifier: NCT01794624). Participants were recruited through 

fliers, radio advertisements, mass mailing and referrals from dentists. Participants were first 

screened for eligibility through a telephone screening and scheduled for a baseline visit. 

Those who agreed to participate in the study signed an informed consent form approved by 

the university IRB and proceeded to complete self-report questionnaires. A comprehensive 

dental evaluation was performed and those who met the Research Diagnostic Criteria/

Temporomandibular Disorders (RDC/TMD) Axis I TMD diagnosis16, 50 were offered 

enrollment in the study.

Inclusion criteria included female participants between 18 and 60 years of age, reporting 

facial pain for at least 3 months, having pain for at least 10 out of the last 30 days and who 

also reported trouble initiating and/or maintaining sleep regularly (≥ 3 days/week) for at 

least 1 month.

Exclusion criteria included BMI of above 40, history of any type of Temporomandibular 

joint (TMJ) surgery or TMJ growth disturbances, neoplasm, or injury to the TMJ area within 

the past six months, scheduled surgery for TMJ during study participation period, history of 

major medical disease known to impact sleep, the CNS, or peripheral neuropathy, diagnosis 

of Raynaud’s Syndrome, unstable major psychiatric disorder or self-reported suicidal 

ideation, active [within 6 months] substance or alcohol abuse, regular (≥ 3x/week) use of 

opioids, benzodiazepines/benzodiazepine receptor agonists, or sedating tricyclic 
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antidepressants, stable preferred sleep phase between 10pm and 10am or self-reported 

variability in sleep due to changes in work shifts.

Self-report questionnaires—Clinical pain severity was assessed with the Brief Pain 

Inventory (BPI). This is an 11 item selfreport questionnaire that measures pain severity and 

pain-related interference in patients diagnosed with a variety of chronic pain conditions14, 59. 

Higher scores correspond to greater pain severity. Only the pain severity scale was used for 

the analyses. Internal consistency was Cronbach’s α= .87.

Insomnia severity was assessed with the Insomnia Severity Index (ISI)6. This 7-item 

measure identifies severity of sleep continuity disturbance, which is defined as difficulty in 

initiating sleep, staying asleep and early morning waking, rated on 5–point Likert scale. 

Higher scores correspond to greater sleep disturbance. Internal consistency was Cronbach’s 

α= .81.

Catastrophizing was assessed with the Pain Catastrophizing Scale (PCS)56. This 

questionnaire consists of 13 items rated on a 5-point scale ranging from 0 = “not at all” to 4 

= “all the time”. Subjects indicate the degree to which they have experienced thoughts and 

feelings when experiencing pain. This instrument assesses 3 domains of catastrophizing: 

rumination, magnification, and helplessness. Internal consistency for the full scale was 

Cronbach’s α= .90, for rumination subscale Cronbach’s α= .87, magnification subscale 

Cronbach’s α= .75 and helplessness subscale Cronbach’s α= .82.

Negative sleep cognitions were assessed with the Dysfunctional Beliefs and Attitudes about 

Sleep (DBAS)18, 23. The DBAS evaluates sleep-disruptive cognitions including 

misattributions about the consequences of insomnia as well as unpredictability and lack of 

control over sleep. It contains 10-items and ratings are based on a 10 point Likert Scale 

where 0= “strongly disagree” and 10= “strongly agree.” Example items: “I am concerned 
that chronic insomnia may have serious consequences on my physical health”; “I am worried 
that I may lose control over my abilities to sleep”; “When I sleep poorly on one night, I 
know it will disturb my sleep schedule for the whole week”. Internal consistency was 

Cronbach’s α= .79.

Depressive symptoms were assessed with the Center for Epidemiologic Studies Depression 

Scale (CES-D)47. This is a 20-item self-report questionnaire in which participants indicate 

how often they experienced depressive symptoms in the past week using a 4-point scale (0–

3). The CES-D appears to discriminate well between pain patients with and without major 

depression 28. Internal consistency was Cronbach’s α= .88.

Statistical Analysis—Only participants who self-identified as AA or Caucasian where 

included in the analyses; 13 participants of other ethnicities were excluded from these 

analyses. In order to examine ethnic differences in clinical pain, insomnia severity, 

catastrophizing and sleep cognitions, independent sample t-tests were used. Hedges’ g was 

used as a measure of effect size since the groups have different sample sizes34. The 

interpretation of Hedges’ g is similar to that of Cohen’s d, yet it is calculated by using 

pooled weighted standard deviations (instead of pooled standard deviations), thereby, taking 
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into account the differences in group sizes that may impact the calculation of the mean. Zero 

order correlations were calculated to examine the relationship between the outcome variable 

(i.e. clinical pain) and the other study variables.

Sequential multiple mediation analyses were conducted in order to assess the role of 

negative cognitions (about pain and sleep) and insomnia severity on the relationship between 

ethnicity and clinical pain severity. In a sequential multiple mediation model two 

mediators (B and C) can be tested simultaneously (A->B->C->D), which can be done in 

parallel to testing the single or separate indirect effects of each mediator (A->B->D and A-

>C->D). Mediation was tested using the SPSS macro PROCESS32 (Model 6), which 

employs a bootstrapping technique, a non-parametric approach in which repeated random 

resampling is used to estimate the indirect effects and construct confidence intervals (CI). 

One thousand bootstrapping samples were used with a confidence interval (CI) of 95%. The 

indirect effect is interpreted as statistically significant if the bootstrapped CI does not include 

zero. This approach allows for no assumptions regarding distribution shape and there is a 

decreased chance of Type I and II errors45.

Five mediation models were tested, all testing mediators of the relationship between 

ethnicity and clinical pain severity. The first model tested if negative cognitions about sleep 

and insomnia severity sequentially mediated the relationship between ethnicity and clinical 

pain (ethnicity -> sleep cognitions -> insomnia -> pain). The second model tested if 

catastrophizing (PCS total score) and insomnia severity sequentially mediated the 

relationship between ethnicity and clinical pain (ethnicity -> catastrophizing -> insomnia -> 

pain). The last three models separately tested each one of the catastrophizing subscales 

(rumination, magnification and hopelessness) along with insomnia severity as sequential 

mediators of the ethnicity – clinical pain association. The confounding effects of education, 

depression and age, were controlled for in all models. Demographic variables that did not 

correlate with the outcome variables were not included in the models.

Results

Patient characteristics and univariate analyses

The sample included 156 women with TMJD with a mean age of 37 years (SD=11.8). 

Seventy-nine percent (n=123) were white and the rest African American (n=33; 21%). 

Sixty-two percent had a college degree, 46% had an annual household income of above 

$50,000. Forty-five percent were single, 40% percent married, 9% divorced or separated, 5% 

living with a partner and 1% was widowed. Demographic characteristics by ethnic group can 

be found in Table 1. Significant ethnic group differences were observed in age (t(154) = 

2.94, p < .01 Hedges’ g = .58), BMI (t(154) = 2.11, p < .05, Hedges’ g = .41), TMJD 

duration (t(149) = −2.40, p < .05, Hedges’ g = .48) and education (χ2=21.6, p<.001).

As seen in Table 2, ethnic group differences were observed on the Brief Pain Inventory 

(severity subscale), such that AA reported higher levels of pain compared to whites t(153) = 

4.66, p < .001; Hedges’ g = .83). Similarly, AA reported higher levels of catastrophizing 

(total scale: t(154) = 2.58, p = .01; Hedges’ g = .50), which was due to group differences in 

rumination (t(154) = 2.36, p < .05; Hedges’ g = .46) and magnification (t(154) = 2.93, p < .
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01; Hedges’ g = .57), but not helplessness (t(154) = 1.65, p = .10). AA reported poorer sleep, 

reporting greater insomnia severity as compared to whites (t(154) = 1.95, p = .05; Hedges’ g 
= .38); there were no ethnic group differences in dysfunctional thoughts about sleep (t(149) 

= 0.42, p = .68).

Zero-order correlations among clinical measures of catastrophizing, sleep, and pain as well 

as demographic variables are presented in Table 3. As expected, correlates of pain included 

catastrophizing (total scale: r = .47; rumination: r = .40; magnification: r = .36; helplessness: 

r = .45), insomnia severity (r = .50), and dysfunctional sleep thoughts (r = .21). Since 

correlates of pain also included depression (r = .24) it was carried forward as a covariate in 

the multivariate models. BMI and TMJD duration did not correlate with pain and thus were 

not controlled for in the models.

Negative Pain and Sleep related Cognitions and Insomnia as Mediators of Ethnic Group 
Differences in Pain

We conducted a series of analyses testing the role of negative pain related cognitions (i.e. 

catastrophizing and the PCS subscales) and negative sleep-related cognitions (DBAS) as 

well as insomnia severity as mediators of the relationship between ethnicity and clinical pain 

using sequential multiple mediation models controlling for age, education, and depression 

(see Figure 1). Due to the high correlation between education and ethnicity, all models were 

also tested without education as a covariate and the same pattern of results was maintained. 

Path coefficients, standard error, confidence intervals for each path of the mediation models 

are found in Table 4.

The first model included the two mediators, negative sleep-related cognitions (DBAS) and 

insomnia severity, and accounted for 39% of the variance in pain [F(6,144)=15.35, p<.001]. 

Only the direct effect of ethnicity on pain was significant in this model (effect size = −.92; 

95% CI: −1.51 to −.32). None of the indirect effects were significant.

The second model included total pain catastrophizing score and insomnia severity and 

accounted for 50% of the variance in pain [F(6,147)=24.64, p<.001]. While the direct effect 

of ethnicity on pain remained (effect size = −.57; 95% CI: −1.13 to −.01), we found a 

significant indirect effect of catastrophizing mediating the relationship between ethnicity and 

pain (effect size = −.32; 95% CI: −.69 to −.05), but no sequential effect of insomnia severity 

or indirect mediating effect of insomnia severity.

The next set of models tested the sequential mediation of each of the three subscales of the 

pain catastrophizing scale. The third model, including rumination and insomnia severity, 

accounted for 42% of the variance in pain [F(6,147)=17.82, p<.001]. While the direct effect 

of ethnicity on pain remained (effect size = −.72; 95% CI: −1.29 to −.15), we found a 

significant indirect effect of rumination mediating the relationship between ethnicity and 

pain (effect size = −.21; 95% CI: −.45 to −.05), with no mediating or sequential effect of 

insomnia severity. Similarly, the fourth model, testing magnification and insomnia severity, 

accounted for 41% of the variance in pain [F(6,147)=16.71, p<.001]. Again, the direct effect 

of ethnicity on pain remained significant (effect size = −.75; 95% CI: −1.33 to −.17), and we 

found a significant indirect effect of magnification mediating this relationship (effect size = 
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−.17; 95% CI: −.44 to .03). There was no mediating or sequential effect of insomnia 

severity. Finally, a fifth model included helplessness and insomnia severity and accounted 

for 44% of the variance in pain [F(6,147)=19.36, p<.001]. Again, the direct effect of 

ethnicity on pain remained significant (effect size = −.73; 95% CI: −1.29 to −.17); however, 

in this model the indirect sequential mediation by helplessness and insomnia severity was 

significant (effect size = −.04; 95% CI: −.15 to −.01).

Discussion

In this sample of women with TMJD selected for elevated insomnia and pain catastrophizing 

scores, we find ethnic differences in clinical pain, insomnia severity, and pain 

catastrophizing, yet no ethnic differences in negative sleep-related cognitions. Single 

mediator models revealed pain catastrophizing, but not insomnia severity, to be a significant 

mediator of the relationship between ethnicity and clinical pain, even after controlling for 

other pertinent clinical and demographic variables. Further analyses revealed that each of the 

three pain catastrophizing elements played a role in the single mediator models.

Our primary goal was to explore whether both negative sleep or pain cognitions and 

insomnia severity sequentially mediated the ethnicity-pain relationship. This sequential 

model derived from our previous work in TMJD that found sleep disturbances to mediate the 

relationship between pain catastrophizing and clinical pain (i.e., pain catastrophizing -> 

sleep disturbance -> clinical pain9), after statistically controlling for ethnic differences. In 

our current models, we did not find an indirect or sequential effect of insomnia on clinical 

pain. When we investigated the individual contributions of the three pain catastrophizing 

components, only the helplessness component produced a sequential mediation effect. 

Namely, ethnic differences contributed to elevated pain-helplessness, in turn contributing to 

elevated insomnia severity, which finally resulted in elevated clinical pain. As the 

helplessness subscale was the only subscale that did not show any ethnic group differences, 

this pattern of findings suggests a complex relationship between helplessness and insomnia 

severity. Feelings of helplessness are central to the maintenance of primary insomnia11 and 

individuals with facial pain can feel estranged and misunderstood due to their condition35. 

Combined with the finding that AA express helplessness in response to pain that is 

associated with racial disparities in medical treatment31, 38, 41, it is possible that AA may be 

more sensitive to the effects of pain-related helplessness on sleep in the context of chronic 

pain. The significant, yet small, effect must be interpreted with caution and requires future 

replication. Still, we believe this to be an interesting finding especially since this relationship 

involving helplessness is independent of depressive symptoms.

Contrary to our current findings, previous work found the rumination component of 

catastrophizing to be the strongest predictor of pain. Our group has reported that 

dispositional rumination-catastrophizing had an indirect effect on clinical pain through its 

association with sleep disturbance in TMJD 9. Laboratory studies have also reported that 

situational ruminationcatastrophizing mediated the relationship between ethnicity and 

laboratory pain responses in healthy volunteers25, 40. Rumination is the tendency to think 

and worry about pain which may maintain one’s vigilance to pain and other threats17. The 

higher levels of rumination in AA women with TMJD we report here and previously9, may 
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be related to differences in the treatment and management of both acute and chronic pain 

between ethnic groups. AA and other minorities tend to have reduced access to healthcare 

and receive less treatment31 which has been associated with elevated worry and 

rumination58. This is the first study to explore sequential mediation with rumination and 

insomnia severity in a clinical pain population and to test direct effects of ethnic differences 

rather than independent effects using ethnicity as a covariate. These inconsistencies indicate 

that more work is needed to investigate the role of both the helplessness and the rumination 

components of pain catastrophizing as mediators of ethnic differences in clinical pain.

AA women in our study reported greater insomnia severity, a finding that is consistent with 

the large body of literature that generally finds AA to have poorer sleep than 

Caucasians15, 30, 61. Interestingly, we did not find ethnic differences in the severity of 

negative sleep-related cognitions as measured by the DBAS, regardless of their known 

associations with the perpetuation of sleep disturbances22. This suggests that a mechanism 

not related to sleepcognitions may be driving the ethnic differences we found in insomnia 

severity. Literature on ethnic differences in sleep-related cognitions is very scarce with only 

one study showing that AA and Caucasian women tended to endorse different dysfunctional 

thoughts about sleep29. It is possible that other types of negative cognitions may be relevant 

in understanding why AA exhibit poorer sleep compared to Caucasians. For example, 

feelings of ethnic discrimination have been associated with sleep disparities between ethnic 

groups, possibly since these feelings may increase psychological and physiological stress 

and chronic sympathetic nervous system activation that may impede sleep54. Ethnic 

discrimination has also been linked to worse pain management24 and is a strong predictor of 

the report of back pain in AA women19. Future studies should test the contribution and role 

for other types of negative cognitions, including ethnic discrimination, in TMJD patients.

Our results have important clinical implications, especially since higher levels of 

catastrophizing have been associated with poorer treatment response in TMJD36. In treating 

pain in AA patients, focusing on catastrophizing in general and specifically the helplessness 

component, appears to be important in the context of sleep disturbances. Focusing on 

maladaptive sleep-related cognitions can be beneficial regardless of ethnic background; 

however, a greater sensitivity should be used to assess negative pain-related cognitions and 

feelings of discrimination which may be more pronounced in AA patients. This is consistent 

with at least one prior study demonstrating that negative thoughts about pain were more 

robustly associated with poor sleep than negative thoughts about sleep in a heterogeneous 

sample of chronic pain patients55. Adapting specific interventions and communication styles 

to be more appropriate to patient’s social context and ethnic background can increase 

treatment effectiveness for AA and other ethnic minorities8, as well as for low-SES and low 

literacy individuals with chronic pain 60. This form of adaptation may be particularly 

important when addressing pain and sleep in different ethnic groups.

A number of limitations should be mentioned. No men were included in this study, and the 

women who participated were selected to demonstrate at least moderate levels of insomnia 

severity and catastrophizing in addition to meeting other inclusion criteria as described in 

the methods section. Thus, generalization of the findings to men and women without sleep 

disturbances or low catastrophizing should be done with caution. We did not oversample AA 
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in our study, leading to a relatively small percent (21%) of AA; however, our sampling is in 

line with lower rates of TMJD found in AA in population based studies 43. Given this small 

percentage, replication in future studies is required. These findings are just one step in 

understanding the contribution of factors such as negative cognition and insomnia to the 

complex relationship between ethnicity and clinical pain. We believe that despite this 

limitation, these findings provide important information on the unique contribution of 

different aspects of pain related cognitions and have important clinical implications. It is 

possible that the self-report measures for insomnia and sleep-related cognitions used in this 

study did not capture the full magnitude or subtle differences of the manifestation of 

insomnia in AA, possibly since AA tend to under report trouble sleeping despite having 

shorter sleep durations3. This might have contributed to insomnia not emerging as a 

mediator of the relationship between ethnicity and clinical pain in our analyses. It may be 

that a more specific scale for assessing pain-related cognitions about sleep1 could provide 

better information than the DBAS in TMJD populations and might help explain the complex 

relationship between ethnicity, sleep and pain in this group. Due to the cross-sectional nature 

of this study, the temporal relationship assumed in the mediation analyses should be 

interpreted with caution. Finally, the effect size for the sequential mediation effect involving 

helplessness and insomnia was small and thus should be replicated in future studies.

It is important to note that in our analyses, controlling for education level did not change the 

pattern of the results. Yet, there is evidence that both ethnicity and education have a 

significant impact on the relationship between coping and clinical pain10. Many studies that 

demonstrate ethnic differences do not control for education level or use homogenous 

samples of college students25, 40, which does not allow for the assessment of the impact of 

education on their results. In our sample there was substantial overlap between indicators of 

socioeconomic status namely ethnicity, education and income which did not allow us to test 

their individual contribution. Future studies should include socioeconomically diverse 

populations in order to allow a more in depth understanding of the complex relationship 

between ethnicity and other socioeconomic factors.

Conclusions

Despite our fairly small sample, the higher levels of pain catastrophizing, sleep disturbances 

and pain found in the AA women with TMJD suggest that more effort should be made to 

assess and treat this group, addressing their distress and multiple symptoms. Our results 

suggest that pain catastrophizing is a potentially important mechanism accounting for some 

of the ethnic differences in clinical pain, with pain-specific helplessness linking ethnicity, 

sleep and clinical pain. AA are underrepresented in TMJD research probably due to the 

smaller prevalence in this population; however, the recent finding that AA have a greater rate 

of new diagnoses of TMJD53 along with the current findings suggest that more resources 

should be allocated for studying AA with TMJD.
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Highlights

• Ethnic differences were found in clinical pain, insomnia and pain 

catastrophizing

• No ethnic group difference were found in negative sleep-related cognitions

• Pain catastrophizing mediated the relationship between ethnicity and clinical 

pain

• Helplessness and insomnia sequentially mediated the ethnicity-pain 

relationship
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Perspective

Pain related helplessness and insomnia severity contribute to ethnic differences found in 

clinical pain among woman with temporomandibular joint disorder. Findings can 

potentially inform interventions that target insomnia and catastrophizing to assist in 

reducing ethnic disparities in clinical pain.
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Figure 1: Sequential mediation model for the effects of ethnicity on pain
Indirect effect of ethnicity on pain through negative cognitions (about sleep or pain) = a1b1
Indirect effect of ethnicity on pain through insomnia = a2b2
Indirect effect of ethnicity on pain through sequential negative cognitions and insomnia = a1 
d21 b2
Direct effect of ethnicity on pain = c’
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Table 1:

Demographic and clinical characteristics by ethnic group

Variable Values = mean (SD) or N

AA N=33 White N=123 Total Sample
N=156

Age* 42.24 (11.42) 35.63 (11.49) 37.03 (11.76)

BMI* 28.71 (5.21) 26.45 (5.52) 26.93 (5.52)

TMJD duration (in months)* 70.28 (80.58) 120.92 (111.45) 110.19 (107.44)

Apnea Hypopnea Index (AHI) 2.10 (2.52) 1.40 (2.06) 1.52 (2.18)

Medication

    OTC pain (Motrin, Tylenol) 13 56 69

    OTC sleep (Benadryl) 0 5 5

Hispanic heritage

    Hispanic 0 7 7

    Non-Hispanic 30 109 139

    Not reported 3 7 10

Education*

    No college degree 24 35 59

    College degree 9 88 97

Annual income

    < $50,000 17 46 63

    > $50,000 10 65 75

    Not reported 6 12 18

Marital status

    Single 17 51 68

    Cohabitated or married 9 55 64

    Living alone
    (widowed/divorced/separated)

3 10 13

    Not reported 4 7 11

BMI = Body Mass Index; TMJD = Temporomandibular Joint Disorder

*
Statistically significant difference between AA and white groups, p < .05
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Table 2:

Ethnic group differences in the study variables

Variable AA Mean (SD) White Mean (SD) Total sample Mean (SD) t value Effect size

Pain 5.56 (1.82) 4.10 (1.52) 4.41 (1.69) 4.66** .83

Insomnia 17.85 (4.97) 16.02 (4.74) 16.40 (4.38) 1.95* .38

PCS total 25.18 (10.90) 20.34 (9.21) 21.37 (9.76) 2.58* .50

PCS rumination 9.27 (4.15) 7.53 (3.66) 7.90 (3.82) 2.36* .46

PCS magnification 5.51 (3.29) 3.90 (2.66) 4.24 (2.87) 2.93** .57

PCS helplessness 10.39 (4.71) 8.91 (4.56) 9.22 (4.62) 1.65 .32

Sleep cognitions 6.55 (2.01) 6.41 (1.51) 6.44 (1.62) 0.42 .09

Depression 18.97 (9.48) 19.15 (8.72) 19.11 (8.86) −0.1 .02

*
p ≤ .05

**
p ≤ .01

†
χ2 value

PCS = Pain Catastrophizing Scale; AA = African American
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Table 4:
Results of the mediation analyses.

Path coefficients, standard error, confidence intervals for each path of the model. Effect size is presented for 

the indirect effects. Each of the paths are represented in Figure 1. Mediation can be assumed when the indirect 

effect is significant, represented by CI that do not cross zero.

Model Path coefficient
a SE t Test statistic 95% CI

Lower Upper

Model 1: SLP-COG & Insomnia

Direct effect: Ethnicity -> SLP-COG (a1) .08 .33 .24 −.57 .73

Direct effect: Ethnicity -> insomnia (a2) −.55 .83 −.67 −2.18 1.08

Direct effect: SLP-COG ->Pain (b1) −.18 .09 −2.08* −.35 −.01

Direct effect: insomnia ->Pain (b2) .17 .03 5.69** .11 .23

Direct effect: SLP-COG ->insomnia (d21) 1.33 .21 6.41** .92 1.75

Direct effect: Ethnicity ->Pain (c’) −.92 .30 −3.07* −1.51 −.33

Indirect effect: Ethnicity->SLP-COG->Pain (a1b1) [−.01] .07 −.19 .12

Indirect effect: Ethnicity->Insomnia->Pain (a2b2) [−.09] .15 −.46 .20

Indirect effect: Ethnicity->SLP-COG->Insomnia ->Pain (a2 d21 b2) [.02] .09 −.16 .19

Model 2: PCS & Insomnia

Direct effect: Ethnicity -> PCS (a1) −4.78 1.82 −2.63** −8.37 −1.18

Direct effect: Ethnicity -> insomnia (a2) −.28 .94 −.30 −2.14 1.58

Direct effect: PCS ->Pain (b1) .06 .01 4.76** .04 .08

Direct effect: insomnia ->Pain (b2) .12 .02 5.01** .08 .17

Direct effect: PCS ->insomnia (d21) .05 .04 1.29 −.03 .13

Direct effect: Ethnicity ->Pain (c’) −.64 .28 −2.26* −1.21 −.08

Indirect effect: Ethnicity->PCS->Pain (a1b1) [−.28]* .14 −.65 −.05

Indirect effect: Ethnicity->Insomnia->Pain (a2b2) [−.03] .13 −.34 .18

Indirect effect: Ethnicity->PCS->Insomnia->Pain (a2 d21 b2) [−.03] .03 −.14 .01

Model 3: PCS-R & Insomnia

Direct effect: Ethnicity -> PCS-R (a1) −1.74 .74 −2.34* −3.21 −.27

Direct effect: Ethnicity -> insomnia (a2) −.41 .94 −.43 −2.26 1.45

Direct effect: PCS-R ->Pain (b1) .12 .03 3.75** .06 .18

Direct effect: insomnia ->Pain (b2) .13 .03 5.17** .08 .18

Direct effect: PCS-R ->insomnia (d21) .07 .10 .72 −.12 .27

Direct effect: Ethnicity ->Pain (c’) −.72 .29 −2.48* −1.29 −.15

Indirect effect: Ethnicity->PCS-R->Pain (a1b1) [−.21]* .10 −.45 −.05

Indirect effect: Ethnicity->Insomnia->Pain (a2b2) [−.03] .09 −.22 .11

Indirect effect: Ethnicity->PCS-R->Insomnia->Pain (a2 d21 b2) [−.01] .02 −.06 .01
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Model Path coefficient
a SE t Test statistic 95% CI

Lower Upper

Model 4: PCS-M & Insomnia

Direct effect: Ethnicity -> PCS-M (a1) −1.33 .59 −2.27* −2.49 −.17

Direct effect: Ethnicity -> insomnia (a2) −.55 .94 −.59 −2.41 1.31

Direct effect: PCS-M ->Pain (b1) .13 .04 3.14** .05 .21

Direct effect: insomnia ->Pain (b2) .14 .03 5.36** .09 .19

Direct effect: PCS-M ->insomnia (d21) −.01 .13 −.11 −27 .24

Direct effect: Ethnicity ->Pain (c’) −.75 .29 −2.56* −1.33 −.17

Indirect effect: Ethnicity->PCS-M->Pain (a1b1) [−.17*] .10 −.44 −.02

Indirect effect: Ethnicity->Insomnia->Pain (a2b2) [−.08] .14 −.37 .15

Indirect effect: Ethnicity->PCS-M->Insomnia ->Pain (a2 d21 b2) [.01] .03 −.06 .06

Model 5: PCS-H & Insomnia

Direct effect: Ethnicity -> PCS-H (a1) −1.70 .86 −1.97* −3.41 .01

Direct effect: Ethnicity -> insomnia (a2) −.21 .92 −.23 −2.04 1.61

Direct effect: PCS-H ->Pain (b1) .12 .03 4.46** .07 .17

Direct effect: insomnia ->Pain (b2) .12 .03 4.62** .07 .17

Direct effect: PCS-H ->insomnia (d21) .19 .08 2.20* .02 .36

Direct effect: Ethnicity ->Pain (c’) −.73 .28 −2.57* −1.29 −.17

Indirect effect: Ethnicity->PCS-H->Pain (a1b1) [−.21]* .13 −.53 −.01

Indirect effect: Ethnicity->Insomnia->Pain (a2b2) [−.03] .12 −.56 .12

Indirect effect: Ethnicity->PCS-H->Insomnia->Pain (a2 d21 b2) [−.04]* .03 −.14 −.01

SE – Standard error; CI – Confidence interval; IV – Independent variable; SLP-COG = Negative sleep cognitions; PCS – Pain Catastrophizing 
Scale

a
For the indirect effect this represents effect size in brackets [] and not a path coefficient

*
p < .05

**
p < .001.
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