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Abstract

Few studies have examined the underlying psychosocial mechanisms of pain in Asian Americans. 

Using the biopsychosocial model, we sought to determine whether variations in depression 

contribute to racial group differences in symptomatic knee osteoarthritis pain between Asian 

Americans and non-Hispanic whites. The sample consisted of 100 participants, including 50 Asian 

Americans (28 Korean Americans, 9 Chinese Americans, 7 Japanese Americans, 5 Filipino 

Americans, and 1 Indian American) and 50 age- and sex-matched non-Hispanic whites with 

symptomatic knee osteoarthritis pain. The Centers for Epidemiologic Studies Depression Scale 

was used to assess symptoms of depression, and the Western Ontario and McMaster Universities 

Osteoarthritis Index and the Graded Chronic Pain Scale were used to measure clinical pain. In 

addition, quantitative sensory testing was used to measure experimental sensitivity to heat- and 

mechanically-induced pain. The results indicated that higher levels of depression in Asian 

Americans may contribute to greater clinical pain and experimental pain sensitivity. These findings 

add to the growing literature regarding ethnic and racial differences in pain and its associated 

psychological conditions, and additional research is warranted to strengthen these findings.

Perspective—This article demonstrates the contribution of depression to clinical pain and 

experimental pain sensitivity in Asian Americans with knee osteoarthritis. Our results suggest that 

Asian Americans have higher levels of depressive symptoms and that depression plays a relevant 

role in greater clinical pain and experimental pain sensitivity in Asian Americans.
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Chronic pain affects 100 million people in the United States and accounts for annual costs of 

up to $635 billion.23, 30 Arthritis is one of the leading causes of pain and disability in people 

45 years and older,28, 33 and about half of the 53 million adults diagnosed with arthritis 

reported trouble performing their activities of daily living due to arthritis pain.7 Knee 

osteoarthritis (OA) is the most common of the arthritic conditions,19, 31, 33 and racial/ethnic 

group differences in knee OA prevalence and its adverse effects have been widely 

documented.3 Indeed, some evidence indicates that knee OA prevalence is 16–75% higher in 

Asian females than age-matched white females.3, 20, 60

While it is generally believed that Asian Americans' sensitivity to pain is comparable to or 

lower than that of non-Hispanic whites (NHWs),29 recent studies reported that Asian 

Americans had higher levels of pain.2, 15, 16 Indeed, a handful of studies in healthy young 

adults have reported greater experimental pain sensitivity in Asians compared to 

NHWs.27, 32, 36, 47 In addition, older Asian Americans with knee OA were shown to have 

greater clinical and experimental pain than NHWs.1 Even though Asian American was the 

fastest growing ethnic group in the United States between 2000 and 2010,53 most studies 

have not included significant numbers of Asian American participants, and therefore, little is 

known about Asian Americans' pain experiences.

Moreover, Asian Americans experience severe depressive symptoms as they deal with cross-

cultural stresses.38, 58 These negative psychological factors may lead to higher levels of pain 

in Asian Americans. However, few studies have examined the underlying psychosocial 

mechanisms of pain in Asian Americans and the contribution of these biopsychosocial 

factors to ethnic group differences in OA pain experiences.

The biopsychosocial model of pain hypothesizes that pain is influenced by biological factors 

(e.g., age, sex), psychological factors (e.g., depression), and sociocultural factors (e.g., race/

ethnicity).21 Using this model, we sought to determine whether variations in depression 

contribute to racial group differences in symptomatic knee OA pain between Asian 

Americans and age- and sex-matched NHWs. We hypothesized that high levels of 

depression contribute to clinical and experimental pain and that depression mediates the 

relationship between race and knee pain.

Methods

Study participants

Detailed selection criteria and enrollment procedures were published has been described 

previously.2 Fifty Asian American participants with knee OA pain were recruited via posted 

fliers and an email advertisement sent to Asian community listservs in North Central Florida 

between June 2014 and October 2014, and 50 sex- and age-matched NHW individuals were 

randomly selected from a previous study conducted between January 2010 and October 

2013, Understanding Pain and Limitations in Osteoarthritic Disease (UPLOAD). Four age 

groups (45 to 55 years, 56 to 65 years, 66 to 75 years, and 76 to 85 years) were used for age 

matching. For both groups, individuals were included if they were 45–85 years old and had 

self-reported unilateral or bilateral knee OA pain. Asian Americans were considered eligible 

if they were Asian American by self-report and could speak and read English. Individuals 
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were excluded if they had a prosthetic knee replacement; had a serious medical illness, such 

as uncontrolled hypertension (blood pressure > 150/95), heart failure, or a history of acute 

myocardial infarction; had peripheral neuropathy; had a systemic rheumatic disorder such as 

rheumatoid arthritis, systemic lupus erythematosus, or fibromyalgia; used opioids daily; had 

cognitive impairment (< 23/30 on the Mini-Mental Status Examination); or had been 

hospitalized within the preceding year for psychiatric illness.

All procedures were approved by the Institutional Review Board of the affiliated university 

prior to commencement. After informed consent was obtained, the study participants 

completed a general health and demographic questionnaire, including age, sex, education 

level, height, weight, and employment status. For Asian Americans, we collected 

acculturation level using Suinn-Lew Asian Self Identity Acculturation scale (range 1-5, with 

higher scores indicating more acculturation to Western culture)48 and nativity or place of 

birth. The principal investigator and research data collector were of Asian American descent.

Self-reported measures of depression and clinical pain

The Centers for Epidemiologic Studies Depression Scale (CES-D)8 was used to assess 

symptoms of depression. The CES-D consists of 20 items that measure the frequency of 

depressive symptoms during the past week on a 4-point Likert scale that ranges from 0 

(rarely or none of the time) to 3 (most or all of the time). The total score of the CES-D 

(range 0-60, with more depressive symptoms) was used in this study. The CES-D has been 

studied over several years in various contexts and patient populations including Asian 

Americans.27

The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)9 pain 

subscale was used to assess pain symptoms of knee OA. The WOMAC pain subscale 

consists of 5 items that measure the severity of symptoms of arthritis pain in the past 48 

hours using a 5-point Likert scale that ranges from 0 (no pain) to 4 (extreme pain). The total 

score of the WOMAC Pain (range 0 -20, with higher scores indicating more severe 

symptoms of arthritis pain) was used in this study. The Graded Chronic Pain Scale (GCPS)54 

was used to measure global pain intensity and interference with activities. The GCPS 

consists of 3 items that measure current pain intensity and the worst and average pain 

intensity as well as 3 items that measure the degree to which the respondents' knee pain 

interfered with their daily activities during the past 6 months using a numeric scale ranging 

from 0 (no pain/interference) to 10 (pain as bad as could be/extreme change). These items 

were averaged and multiplied by 10 to generate a pain score and a disability score. Total 

score of GCPS Pain (range 0 -100, with higher scores indicating higher pain intensity during 

the past 6 months) and GCPS Disability (range 0 -100, with higher scores indicating more 

severe interference with daily activities during the past 6 months) were used in this study.

Quantitative sensory testing procedures

Thermal testing procedures—All thermal stimuli were delivered using a computer-

controlled Medoc Pathway neurosensory analyzer. Heat pain thresholds and heat pain 

tolerance were assessed on both the index knee and the ipsilateral ventral forearm using an 

ascending method of limits. The position of the thermode was moved among 3 sites between 
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trials to avoid sensitization and/or habituation of cutaneous receptors. From a baseline of 

32°C, the thermode temperature increased at a rate of 0.5°C per second until the participants 

responded by pressing a button on a handheld device. Participants were instructed to press 

the button when the sensation “first becomes painful” to assess the heat pain threshold and 

when they “no longer feel able to tolerate the pain” to assess their heat pain tolerance. The 

results of the 3 individual trials were averaged to generate an overall heat pain threshold 

temperature and heat pain tolerance temperature, which were used for analysis. We assessed 

both heat pain threshold and tolerance, as threshold is thought to reflect the sensory-

discriminative component of pain, while tolerance is thought to reflect the affective-

motivational dimension.

Mechanical testing procedures—We assessed two types of mechanical pain responses. 

Pressure pain thresholds (PPTs) assessed sensitivity to blunt mechanical pressure applied to 

deep tissues (i.e. muscle and joint). In addition, we used nylon monofilaments to assess 

cutaneous mechanical sensitivity to punctate stimuli.

PPTs were evaluated using a handheld Medoc digital pressure algometer (Algomed). A 

constant rate of 30 kPa per second was applied to measure the pressure pain threshold at 5 

sites: the medial aspect of the index knee, lateral aspect of the index knee, ipsilateral 

quadriceps, trapezius, and dorsal forearm. The order of the testing sites was counterbalanced 

and randomized. Participants were instructed to press the button when the sensation “first 

becomes painful” to assess the pressure pain threshold. The results of the 3 trials at each 

body site were averaged to generate pressure pain threshold at each site, and then, these 

pressure pain thresholds at 5 sites were averaged to derive an overall measure of pressure 

pain threshold.

Following the assessment of the pressure pain threshold, participants underwent a procedure 

to assess their sensitivity to punctate mechanical stimuli. A calibrated nylon monofilament 

delivering a target force of 300 grams was applied on both the index patella and the back of 

the ipsilateral hand to obtain verbal ratings of the pain intensity on a scale of 0 (no pain 

sensation) to 100 (the most intense pain sensation imaginable) following 10 contacts at a rate 

of 1 contact per second. The procedure was repeated twice, and the ratings were averaged to 

generate an overall punctate pain sensitivity.

Statistical analyses

Data were examined for missing and out-of-range values using descriptive statistics 

appropriate for the level of measurement. To form composite measures of quantitative 

sensory testing measures, z-scores were computed for heat pain threshold and heat pain 

tolerance measurements at the arm and knee; pressure pain threshold measurements at the 

medial knee, lateral knee, quadriceps, trapezius, and dorsal forearm; and punctate pain 

measurements at the patella and hand. Then, those z-scores for each pain measure were 

averaged across body sites to derive an overall measure of heat pain threshold, heat pain 

tolerance, pressure pain threshold, and punctate pain for use in the analyses.

Separate path analytic models (Figure 1) were estimated to evaluate indirect effects 

(mediation) for ethnicity (coded 0 for NHW and 1 for Asian American) operating through 
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depression on each of seven measures of clinical and experimental pain. The path models 

enabled the testing of both direct and indirect effects. Model fit, path coefficient estimates, 

and 95% highest posterior density (HPD) credibility intervals (CIs) for parameter estimates 

were produced using the Bayesian estimation method in Mplus, version 7.4. 5, 40 Bayesian 

estimation was chosen because of its advantages over and superior performance relative to 

frequentist estimation methods (e.g., maximum likelihood), especially when used with 

relatively small samples. Specific advantages include (a) better parameter estimates; (b) 

better accuracy (in terms of stability and coverage rate) for confidence (credibility in 

Bayesian terms) intervals, even in the presence of non-normal distributions such as occur 

with mediation effects;11, 56 and (c) more reliable small-sample model-rejection 

performance than likelihood-ratio tests.4 HPD credibility intervals contain the highest 

posterior density.24, 40 Model fit was evaluated using criteria and methods recommended by 

Muthén and colleagues.39 Path coefficients with a 95% CI that did not include the value 0 

were considered significant.

Results

Participants

A total of 100 participants (50 Asian Americans and 50 NHWs) were enrolled in the study. 

The Asian American group included 28 Korean Americans, 9 Chinese Americans, 7 

Japanese Americans, 5 Filipino Americans, and 1 Indian American. Forty-six participants 

(92%) were born in Asian Countries, and only 4 (8%) were born in the United States. On 

average, Asian Americans had lived in the United States for about 21 ± 15 years, and they 

were mildly acculturated to the Western culture (Suinn-Lew Asian Self Identity 

Acculturation score = 2.18 ± 0.55).

The two ethnic groups were similar in terms of sex (62% females in each), age (mean [M] = 

55 years, standard deviation [SD] = 8 in both groups), and employment status (70% of Asian 

Americans and 62% of NHWs were employed). NHW participants had a higher body mass 

index than Asian Americans (NHWs: M=28.63, SD=6.05; Asian Americans: M=24.16, 

SD=3.03, P < .001), and a lower proportion of NHWs had graduate degrees (NHW: 18%; 

Asian: 40%; overall: likelihood ratio χ2=10.45, DF=4; P=0.03; cell χ2=2.09). Descriptive 

statistics for variables used in the path models appear in Table 1, and the augmented 

correlation matrix for model variables is provided in Table 2. A majority of the latter 

bivariate correlations could be qualitatively characterized as weak or smaller. Given the 

sample size, absolute values for correlations would need to be greater than .26 to achieve 

statistical significance at the two-tailed .01 level.

From a theoretical perspective, there may be a feedback loop between depressive symptoms 

and pain, with pain influencing depressive symptoms and depressive symptoms in turn 

influencing pain.21 Within a path analytic framework, that would produce a non-recursive 

relationship between CES-D and Pain. Non-recursive models were examined for each of the 

pain outcomes, but none converged due to collinearity introduced by the non-recursive path.
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Model results

Fit for each of the models was acceptable, with all 95% CIs for the difference between 

observed and replicated χ2 values encompassing 0, all posterior predictive values > .45, and 

convergence of posterior parameter trace plots. Table 3 provides results from the path 

analyses, including direct and indirect effects and the 95% HPD credibility intervals for each 

of the pain measure models. The direct effect for race on pain outcome represents the 

difference in mean between Asian and non-Hispanic whites after controlling for depression, 

and the direct effect for depression on pain represents the effect of depression on pain after 

controlling for race. The indirect effect represents the effect of race on pain operating 

through depression. In each of the models, the direct effect for race on depression indicated 

that Asian Americans had higher mean CES-D scores than NHWs (difference in means = 

6.7; 95% CI: 3.31, 10.31).

Direct effect of race on pain measures after controlling for depression

There were significant direct effects for race on pain measures after controlling for 

depression. The direct effect of race on the GCPS pain score (c = 8.26) and punctate pain 

score (c = 0.90) indicated that Asian American participants had higher mean scores on those 

pain measures than NHWs after controlling for CES-D scores. Based on the direct effect of 

race on the heat pain threshold (c = -1.21), heat pain tolerance (c = -1.17), and pressure pain 

threshold (c = -0.91), Asian Americans demonstrated lower mean scores on those 

experimental pain measures than NHWs after controlling for CES-D scores. After 

controlling for CES-D score, Asian American and Non-Hispanic Whites were found to have 

similar means for WOMAC Pain and GCPS Disability.

Direct and indirect effect of depression on pain measures

Depression exhibited positive direct effects, and race exhibited positive indirect effects 

through CES-D scores on the WOMAC pain score (b =0.20, c′=1.29), GCPS pain score (b = 

0.50, c′ = 3.23), GCPS disability score (b = 0.78, c′ = 5.09), and punctate pain score (b = 

0.03, c′ = 0.18). These results indicate that participants with higher CES-D scores tended to 

have higher values on those pain measures after controlling for race. Considering that race 

had no direct effects on the WOMAC pain score or GCPS disability score but had indirect 

effects through CES-D scores, race effects were likely fully mediated through CES-D scores 

for those measures. Also, given the direct effects for race on the GCPS pain and punctate 

pain scores, along with the indirect effects of race on those measures operating through 

CES-D scores, race effects on those measures were partially mediated through CES-D 

scores.

In addition, depression exhibited negative direct effects, and race exhibited negative indirect 

effects through CES-D scores on heat pain tolerance (b = -0.02, c′ = -0.13). Those effects 

indicate that, after controlling for CES-D, Asian American participants had lower mean heat 

pain tolerance than NHWs, participants with higher CES-D scores tended to have lower heat 

pain tolerance, and race effects on heat pain tolerance were partially mediated through CES-

D scores. However, we did not find direct effects for depression on the heat pain threshold or 

pressure pain threshold after controlling for race.
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Discussion

Using the biopsychosocial model of pain,21 we sought to determine whether variations in 

depression mediated racial group differences in clinical pain and experimental pain 

sensitivity between Asian Americans and age- and sex-matched NHWs. Asian Americans 

have been understudied in pain research, possibly owing to the misconception that Asian 

Americans are stoic and less sensitive to pain, as previous studies of racial or ethnic group 

differences in pain have largely focused on African Americans.13 The results of our 

mediational analysis suggest that higher levels of depression in Asian Americans may 

contribute to their higher levels of clinical pain and experimental pain sensitivity; however, 

the mediating effects of race through depression were more consistently observed for 

clinical pain measures.

Our results are consistent with previous findings showing that Asians have more severe 

depressive symptoms than whites. For example, Young and colleagues58 reported that Asian 

American college students exhibited significantly higher levels of depression than whites, 

which is similar to the findings reported by Okazaki.41 Similarly, Williams and colleagues57 

found that healthy Asian adults had higher depressive symptoms than white adults in the 

United Kingdom. One possible explanation is that Asian Americans may develop cross-

cultural stresses from conflicting Asian and American cultural norms, and these stresses may 

then lead to more severe depressive symptoms.25, 38 Moreover, a previous study showed that 

Asian Americans were less likely than European Americans to seek social support for 

managing stress. 50 Cross-cultural stresses and a lack of social support may interact to 

increase pain. These two factors could interact to increase pain and depression, as social 

support represents an important buffer against stress35, 46; hence, the combination of 

acculturation stress and low social support may be particularly potent. In addition, the 

impact of acculturation stress and low social support may be magnified among Asian 

Americans with comorbid pain and depression; both are risk factors for pain and 

depression,34, 37, 45, 59 which can, in turn, be mutually exacerbating. Moreover, cultural 

traditions that emphasize stoicism (e.g., Confucianism) may prevent Asian Americans from 

seeking adequate treatment for pain and depression; consequently, the severity of their pain 

and depressive symptoms may increase.27, 52 Collectively, our results extend the associations 

among these factors to the subgroup of older Asian Americans with knee OA.

Our results are also consistent with previous findings in which depressive symptoms were 

associated with clinical pain and experimental pain sensitivity. For example, Axford and 

colleagues6 reported that increased depression was associated with greater clinical pain in 

170 persons with knee OA. Moreover, Euteneuer and colleagues18 reported that 37 

outpatients with depression had greater experimental pain sensitivity than 48 healthy 

controls. In contrast, a recent meta-analysis found that depressed patients had higher 

experimental pain thresholds than controls, while pain tolerance was not different.51 

However, it is important to note that patients in our study generally showed low to moderate 

depressive symptoms and would not meet the criteria for a depressive disorder. Our study 

extends these findings and has addressed the contribution of depression to ethnic group 

differences in clinical pain and experimental pain sensitivity between Asian Americans and 

NHWs. In this study, depression was not significantly associated with experimental pain 
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thresholds (heat pain threshold and pressure pain threshold) after controlling for race, which 

may be a result of having an insufficient sample size to detect those differences. It is also 

interesting to note that racial/ethnic concordance between researchers and study participants 

may contribute to levels of expressed pain. Hsieh et al. (2011) found that Chinese 

participants exposed to Chinese researchers reported higher affective pain and more 

nonverbal pain behavior than Chinese participants exposed to Euro-Canadian researchers.26

Pain and depression share multiple, putative biological pathways, yet the biological 

mechanisms for the intersection of pain and depression are not yet clear.44 Shared molecular 

mechanisms underlying the relationship between depression and pain could include 

monoamine neurotransmitters such as norepinephrine, serotonin, and dopamine; substance P 

and corticotrophin-releasing factor14; and amino acid neurotransmitters including γ-

aminobutyric acid and glutamate.10 Similar alterations in the sympathoadrenal and 

hypothalamo-pituitary-adrenal axis may also contribute to the comorbidity of pain and 

depression.12 Further, elevated levels of proinflammatory cytokines, such as tumor necrosis 

factor-α and interleukin-6, may contribute to both pain and depression.55 Recently, the 

endogenous cannabinoid system was implicated in reciprocal interactions between 

depression and pain.22

Our findings should be interpreted in light of our study's limitations. First, we included a 

small sample of Asian Americans and were unable to examine differences within different 

Asian subgroups. Although our sample included individuals from multiple Asian countries, 

most participants were Korean. Thus, our sample was somewhat homogenous and not fully 

representative of the Asian American population, which limits the generalizability of the 

study findings. Second, we measured self-reported depressive symptoms using the CES-D 

and did not assess the underlying mechanisms of higher levels of depression in Asian 

Americans. However, we can speculate that Asian Americans may develop cross-cultural 

psychological distress and have higher depressive symptoms. Third, owing to the cross-

sectional nature of our study, the causality and directionality of associations were derived 

solely from theoretical predictions and cannot be empirically established. Indeed, it could be 

argued that greater pain contributes to higher depression levels in Asian Americans. Fourth, 

we included patients with self-reported knee OA pain without radiographic examination. 

This radiographic information would strengthen the interpretation and generalizability of 

these results; however, some literature shows that radiographic findings have not been a 

strong predictor of clinical symptoms such as pain. 43,49 Finally, we did not include other 

potential factors related to pain, such as anxiety, fatigue, or sleep problems, and, due to 

collinearity, we were unable to model the feedback loop between depression and pain.

Given these caveats, the results from this study could have important clinical implications 

after further replication. Our findings support the need for increased attention to the 

assessment and treatment of depressive symptoms in Asian Americans in the management of 

their pain.Importantly, given the cultural traditions that emphasize Asians' stoicism,27 health 

care providers may need to more systematically assess pain and depression among their 

Asian American patients, as these patients may be less likely to report these symptoms. 

Moreover, understanding the factors that may contribute to depressive symptoms in Asian 

Americans experiencing pain could lead to improved treatment of both pain and depressive 
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symptoms. For example, if acculturation stress is found to influence depressive and/or pain 

symptoms among Asian Americans, then culturally sensitive stress management 

interventions would be indicated.17, 38, 42 Similarly, to mitigate the impact of low social 

support on these comorbid symptoms, clinicians should encourage patients to enhance social 

networks through communication skills and valued social activities.

The findings from this study also provide a foundation for future research. Also, 

comprehensive psychological and sociocultural variables as well as radiographic 

examination of OA severity prior to study entry are needed to generalize these findings. 

First, future studies with larger samples of Asian Americans are needed to validate the 

findings of these path analyses. Larger samples would provide for a more sensitive test of 

model fit, as well as allow the testing of structural equation models incorporating 

measurement models and non-recursive relationships. Larger samples and more complex 

models would also allow for the inclusion of comprehensive psychological and sociocultural 

variables, and the inclusion of radiographic measures of OA severity are also needed to 

generalize these findings. Second, additional research is needed to identify barriers to pain 

and depression management in Asian Americans with knee OA pain. Future studies should 

assess Asian Americans' interactions with healthcare providers, particularly those from non-

concordant ethnic groups to whom Asian Americans may be reluctant to describe the 

severity of their symptoms.

Few studies have examined the link between pain and depression in Asian Americans, the 

fastest growing ethnic minority group in the United States. Our results suggest that 

depression plays a relevant role in the racial and ethnic group differences in pain between 

Asian Americans and NHWs and add to the body of literature regarding ethnic and racial 

differences in pain and its associated psychological conditions. Future longitudinal 

randomized controlled trials with rigorous depression treatment methodologies and adequate 

numbers of Asian Americans are needed to determine the clinical implications of these 

findings.
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Highlights

• Asian Americans have higher levels of depression and pain than non-Hispanic 

whites.

• Higher levels of depression in Asian Americans contribute to their higher 

levels of clinical pain.

• Higher levels of depression in Asian Americans contribute to their higher 

levels of experimental pain sensitivity.
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Figure 1. 
Mediation model. CES-D = Centers for Epidemiologic Studies Depression Scale. a = direct 

effect of race on CES-D; b = direct effect of CES-D on pain measures after controlling for 

race; c = direct effect of race on pain measures after controlling for CES-D. c′= indirect 

effect of race on pain measures operating through CES-D. For pain measures (dependent 

variables), we measured on the WOMAC Pain (range 0 -20, with higher scores indicating 

more severe symptoms of arthritis pain), GCPS Pain (range 0 -100, with higher scores 

indicating higher pain intensity during the past 6 months), and GCPS Disability (range 0 

-100, with higher scores indicating more severe interference with daily activities during the 

past 6 months). To produce composite quantitative sensory testing measures, average z-

scores were computed for heat pain threshold and heat pain tolerance measurements at the 

arm and knee; pressure pain threshold measurements at the medial knee, lateral knee, 

quadriceps, trapezius, and dorsal forearm; and punctate pain measurements at the patella and 

hand.
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Table 1
Descriptive Statistics for depressive and pain-related characteristics among Asian 
American and Non-Hispanic White participants (N = 100)

Variable, Mean (SD) NHW (n = 50) Asian (n = 50)

WOMAC Pain 5.32 (3.48) 7.44 (3.59)

GCPS Pain 39.67 (15.78) 51.33 (18.02)

GCPS Disability 30.46 (19.53) 39.27 (22.86)

Heat Pain Threshold† 0.62 (0.61) -0.62 (0.81)

Heat Pain Tolerance† 0.65 (0.49) -0.65 (0.91)

Pressure Pain Threshold† 0.51 (0.94) -0.51 (0.48)

Punctate Pain† -0.55 (0.63) 0.55 (0.91)

CES-D 8.56 (8.73) 15.34 (8.73)

Note.

†
Average z-score; SD = standard deviation; NHW = non-Hispanic white; CES-D = Centers for Epidemiologic Studies Depression Scale. Measured 

on the CES-D total scores range from 0 - 60, with higher scores indicating more severe depressive symptomatology; WOMAC = Western Ontario 
and McMaster Universities Osteoarthritis Index. Measured on the WOMAC Pain, total scores range from 0 -20, with higher scores indicating more 
severe symptoms of arthritis pain; GCPS = Graded Chronic Pain Scale. Measured on the GCPS Pain, total scores range from 0 -100, with higher 
scores indicating higher pain intensity during the past 6 months. Measured on the GCPS Disability, total scores range from 0 -100, with higher 
scores indicating more severe interference with daily activities during the past 6 months. To produce composite quantitative sensory testing 
measures, average z-scores were computed for heat pain threshold and heat pain tolerance measurements at the arm and knee; pressure pain 
threshold measurements at the medial knee, lateral knee, quadriceps, trapezius, and dorsal forearm; and punctate pain measurements at the patella 

and hand. As we have previously reported,2 significant group differences emerged for each of these variables.
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Table 3
Results of Bayesian analysis: estimated direct and indirect effects with 95% credibility 
interval (N = 100)

Pain Variables (R2) c (95% CI) b (95% CI) c′ (95% CI)

WOMAC Pain (0.30) 0.79 (-0.57, 1.94) 0.20 (0.12, 0.27) 1.29 (0.51, 2.19)

GCPS Pain (0.17) 8.26 (1.13, 15.28) 0.50 (0.12, 0.88) 3.23 (0.64, 7.02)

GCPS Disability (0.15) 3.48 (-5.29, 12.12) 0.78 (0.31, 1.26) 5.09 (1.61, 10.14)

Heat Pain Threshold† (0.42) -1.21 (-1.53, -0.91) -0.01 (-0.02, 0.01) -0.03 (-0.16, 0.09)

Heat Pain Tolerance† (0.47) -1.17 (-1.48, -0.87) -0.02 (-0.04, .-0.00) -0.13 (-0.28, -0.01)

PPT† (0.33) -0.91 (-1.24, -0.60) -0.02 (-0.03, 0.00) -0.10 (-0.24, 0.02)

Punctate Pain† (0.38) 0.90 (0.57, 1.22) 0.03 (0.01, 0.05) 0.18 (0.04, 0.35)

NOTE:

†
Average z-score; CI = credibility interval; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; GCPS = Graded Chronic 

Pain Scale; PPT = pressure pain threshold. c = direct effect of race on pain measures after controlling for the Centers for Epidemiologic Studies 
Depression Scale (CES-D); b = direct effect of CES-D score on pain measures after controlling for race; c′= indirect effect of race on pain 
measures operating through CES-D scores.
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