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Summary

Objective: This study examined factors underlying racial differences in pain and function among patients with hip and/or knee
osteoarthritis (OA).

Methods: Participants were n¼ 491 African Americans and Caucasians enrolled in a clinical trial of telephone-based OA self-management.
Arthritis Impact Measurement Scales-2 (AIMS2) pain and function subscales were obtained at baseline. Potential explanatory variables
included arthritis self-efficacy, AIMS2 affect subscale, problem- and emotion-focused pain coping, demographic characteristics, body mass
index, self-reported health, joint(s) with OA, symptom duration, pain medication use, current exercise, and AIMS2 pain subscale (in models
of function). Variables associated with both race and pain or function, and which reduced the association of race with pain or function
by �10%, were included in final multivariable models.

Results: In simple linear regression models, African Americans had worse scores than Caucasians on AIMS2 pain (B¼ 0.65, P¼ 0.001) and
function (B¼ 0.59, P< 0.001) subscales. In multivariable models race was no longer associated with pain (B¼ 0.03, P¼ 0.874) or function
(B¼ 0.07, P¼ 0.509), indicating these associations were accounted for by other covariates. Variables associated with worse AIMS2 pain and
function were: worse AIMS2 affect scores, greater emotion-focused coping, lower arthritis self-efficacy, and fair or poor self-reported health.
AIMS2 pain scores were also significantly associated with AIMS2 function.

Conclusion: Factors explaining racial differences in pain and function were largely psychological, including arthritis self-efficacy, affect, and
use of emotion-focused coping. Self-management and psychological interventions can influence these factors, and greater dissemination
among African Americans may be a key step toward reducing racial disparities in pain and function.
Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Introduction

A number of studies have identified racial differences in
osteoarthritis (OA) symptoms, with African Americans
reporting greater pain and activity limitations than Cauca-
sians1e10. However, underlying factors are not well under-
stood, and identifying the key factors would represent an
important first step toward reducing disparities, particularly
if those factors were responsive to interventions. Research
to date has shown that, in general, racial differences in
arthritis-related pain and function have not been fully
explained by demographic factors and radiographic sever-
ity, meaning that psychosocial or other factors may play
an important role1,6e8. There is a need to examine other
possible contributors to these racial differences.

This study examined the potential role of several psycho-
logical variables that have not been previously examined
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with respect to racial differences in pain and function:
pain coping strategies, arthritis self-efficacy, and affect.
We chose to examine these particular psychological vari-
ables because they are known important contributors to
pain and functional limitations, but their potential contribu-
tion to racial disparities is not yet known. With respect to
pain coping strategies, external and emotion-focused cop-
ing strategies have been associated with worse pain and
other outcomes11,12, whereas active and problem-focused
coping strategies have been associated with better out-
comes11,13. Several studies have reported greater use of
external or emotion-focused pain coping strategies among
African Americans than Caucasians with OA and other
pain-related conditions12,14e16, yet analyses have not ex-
amined whether racial differences in pain coping strategy
use may underlie disparities in pain and functional out-
comes. Arthritis self-efficacy has been one of the strongest
and most consistent predictors of pain and function in
OA17e20, though racial differences have not been well stud-
ied. The association of affect with pain and function in OA
has not been well studied, but the Arthritis Impact Measure-
ment Scales 2 (AIMS2) affect subscale has found to be
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been significantly associated with both pain and function in
some research21. Further, some psychological variables re-
lated to affect, particularly depressive symptoms, have
been strongly associated with pain and function in previous
studies18,22. While racial differences in AIMS2 affect sub-
scales have not been reported, some studies of patients
with arthritis have shown that African Americans have
greater depressive symptoms than Caucasians8,10.

In this study we examined whether each of these psycho-
logical variables, arthritis self-efficacy, affect, and pain cop-
ing strategies, as well as other key demographic and clinical
factors, individually explained racial differences in pain and
function among patients with hip and/or knee OA. We then
used multivariable models to examine which factors may be
the strongest contributors to racial differences in pain and
function.
Methods
PARTICIPANTS AND RECRUITMENT
Participants were enrolled in the Self-Management of OsteoArthritis
(SeMOA) in Veterans Study (Department of Veterans Affairs, Health Ser-
vices Research & Development Study # 04-016). This study was reviewed
and approved by the Institutional Review Board of the Durham VA Medical
Center. Details of the SeMOA study have been published previously23. All
SeMOA participants were patients at the Durham VA Medical Center who
had symptomatic hip and/or knee OA, based on a clinician diagnosis and
accompanying radiograph. SeMOA participants were randomly assigned to
one of three groups for a 12-month study period: OA self-management,
health education (attention control), or usual care. All participants continued
with their care for OA at the Durham VA Medical Center.
MEASURES
All measures in this study were collected at baseline, prior to study group
randomization and delivery of any intervention.

Racial status

Participants reported the racial group they most closely identified them-
selves with, from the following list: White/Caucasian, Black/African Ameri-
can, Asian, Hawaiian/Pacific Islander, American Indian/Alaska Native,
Don’t Know, and Other. The analyses reported in this paper focused on
comparisons between those who indicated being White/Caucasian vs
Black/African American because prior research has identified differences
in OA-related pain and function among these two racial groups specifi-
cally2,4,8,10 and because other racial groups were not well represented in
SeMOA. Among 516 participants enrolled in SeMOA, N¼ 5 reported a spe-
cific race other than White/Caucasian or Black/African American. In addition,
N¼ 6 responded ‘‘Don’t Know’’ to the question about race, and N¼ 4 indi-
cated ‘‘Other’’; these individuals were also excluded from these analyses.
SeMOA participants also reported whether they were from Hispanic or Latino
descent (irrespective of the racial group indicated). Because prior studies
have also shown that Hispanic individuals have more arthritis-related pain
and functional limitations than Caucasian non-Hispanics4,8,9, those reporting
Hispanic ethnicity were excluded from the White/Caucasian racial group in
this study (N¼ 8). For consistency, we also excluded individuals who
reported being Black/African American and Hispanic (N¼ 2). Thus, the final
sample size for these analyses was N¼ 491.
Pain and function measures

The AIMS2 is an arthritis-specific health status measure with well docu-
mented internal consistency, test-retest reliability, construct validity, and sen-
sitivity to change within the context of arthritis-specific interventions24e30.
The AIMS2 pain subscale consists of five items that assess typical pain,
pain severity, and pain during specific times of the day, using a 5-point Likert
scale (‘‘all days’’ to ‘‘no days’’). The total possible range of scores for the
AIMS2 subscale is 1e10, with higher scores corresponding to greater
pain. The AIMS2 physical function subscale includes 28 items that measure
aspects of mobility, walking and bending, hand and finger function, arm func-
tion, self-care, and household tasks. The total possible range of scores for
the AIMS2 function subscale is 1e10, with higher scores corresponding to
worse function.
Potential explanatory variables

We selected the following potential explanatory variables based on prior
research showing they may be associated with race, pain, and/or
function1,8,10,14,16e18,31e41:

Psychological variables. Arthritis Self-Efficacy Scale42; AIMS2 affect subscale
(range of 1e10, higher scores¼worse mood and tension); pain coping strate-
gies. The Arthritis Self-Efficacy Scale includes 8-items asking respondents
how certain they are that they can perform specific activities or tasks. Items
are scored on a Likert Scale (1¼ very uncertain to 10¼ very certain). The
AIMS2 affect subscale includes 10 items the assess mood (including questions
related to depressive symptoms) and level of tension. All items are measured on
a 5-point Likert scale (1¼ all days to 5¼ no days), and scores are standardized
to a scale from 1¼ 10, with higher scores pertaining to worse mood and tension.
Pain coping was assessed using Stone and Neale’s Daily Coping Inventory
adapted for pain coping43,44. This inventory asks participants to indicate whether
they have used each of seven different activities or thought processes to cope
with OA-related pain. These seven activities were divided into two subscales:
problem-focused coping (specific action to reduce pain, relaxation, distraction;
possible score range of 0e3) and emotion-focused coping (redefinition of
pain, venting emotions, seeking spiritual comfort, and seeking emotional sup-
port; possible score range of 0e4). A prior study has confirmed the 2-factor
model of this scale, using principal component analysis45. The two subscales
were examined separately in these analyses. All items on this inventory were
asked with respect to pain coping behaviors used during the past week.

Demographic variables. Age; gender; marital status (married vs not mar-
ried); education (completed at least some college vs no college); employ-
ment status (working full- or part-time vs not working); perceived income
status (described below), health literacy using the Rapid Estimate of Adult
Literacy (REALM; range of 0e66, higher scores¼ greater health literacy)46.
Regarding perceived income status, participants were asked to describe
their current household financial situation as one of the following: (1) After
paying the bills, you still have enough money for special things that you
want. (2) You have enough money to pay the bills, but little spare money
to buy extra or special things. (3)You have money to pay the bills, but only
because you have to cut back on things. (4)You are having difficulty paying
the bills, no matter what you do. Participants were classified as having
‘‘Perceived Inadequate Income’’ if they selected one of the two latter responses.

Health-related variables. Self-rated health (excellent/very good/good vs fair/
poor); body mass index (BMI; continuous variable based upon self-reported
height and weight); site(s) of OA (knee only, hip only or both, based on radio-
graph reports in Durham VA electronic medical records); self-reported duration
of OA symptoms in years; self-reported current pain medication use for OA
(yes or no); self-report of current exercise Regarding current exercise, partici-
pants were asked to indicate the amount of time they spent during the past
week on each of four categories of exercises: aerobic (with examples: walking,
biking, swimming), strengthening, stretching, and other. Possible responses
were: 0 min,>0 but<30 min, 30e60 min,>1 but<3 h, and>3 h. For each ex-
ercise type, individuals who reported doing 0 min per week were treated as the
referent category, to which the other four response categories were compared.
For analyses of the AIMS2 function subscale, the AIMS2 pain subscale was
also included as a potential explanatory variable, since prior research has
shown that pain is a key predictor of functional decline17,41.
ANALYSES
Our analytic strategy was based on the approach described by Baron
and Kenny for examining potential mediator variables47 and involved five
steps. Step 1: We examined whether there were racial differences in
pain and function, using simple linear regression models. Step 2: We ex-
amined whether each potential explanatory variable was associated with
race at the P< 0.1 level, using Chi-Square and t-tests for categorical
and continuous variables, respectively. We chose to evaluate these asso-
ciations at the P< 0.1 level in order to avoid excluding any variables that
may become important in subsequent multivariable analyses; however, we
repeated these analyses using a criterion of P< 0.05, and results of our
final multivariable model (described below) were unchanged. Step 3: For
all potential explanatory variables that were associated with race, we con-
ducted simple linear regression models to examine whether each variable
was associated with pain and function, separately (P< 0.05). Step 4: For
potential explanatory variables that were associated with pain or function
in the simple regression models, we conducted linear regression models
that included both race and the potential explanatory variable. Step 5:
All potential explanatory variables that reduced the association between
race and the outcome variable (pain or function) by at least 10% (i.e.,
based on the difference between coefficients for race in models from steps
1 and 4 above) were included in a final multivariable linear regression
model. The threshold of 10% was chosen based on recommendations



Table I
Participant characteristics according to race

African American (N¼ 221) Caucasian (N¼ 270) P-value*

Psychological variables
Mean arthritis self-efficacy score (SD) 5.5 6.0 0.014
Mean problem-focused coping score (SD) 2.4 2.2 0.017
Mean emotion-focused coping score (SD) 2.1 1.5 <0.001
Mean AIMS affect score (SD) 4.0 3.2 <0.001

Demographic variables
Mean age (SD) 57.1 (10.2) 62.6 (9.7) <0.001
% Female 9.1 4.8 0.062
% Married 63.4 72.6 0.028
% With some college education 67.4 66.7 0.860
% Working full or part time 41.1 36.1 0.307
% With perceived inadequate income 34.3 20.4 <0.001
Mean REALM literacy score (SD) 68.9 62.8 0.257

Health-related variables
% With perceived fair or poor health 38.5 27.0 0.007
Mean body mass index (SD) 32.9 33.1 0.849
Joints with documented OA

Knee only (%) 80.1 78.9
Hip only (%) 14.5 16.3
Knee and hip (%) 5.4 4.8 0.831

Mean # years with OA symptoms (SD) 15.1 16.9 0.103
% Taking pain medication for OA 85.1 85.2 0.971
% Performing aerobic exercises 65.2 64.1 0.803
% Performing strengthening exercises 49.8 56.7 0.128
% Performing stretching exercises 65.2 65.2 0.995
% Performing other exercises 11.2 15.9 0.141

*P¼ values calculated from t-test for continuous variables and Chi-Square tests for categorical variables.
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for epidemiological studies, as well as procedures used in similar previous
research48,49. For all linear regression models we report the regression
coefficients (B), which represent the change in AIMS2 pain or function
scores per unit change in the potential explanatory variable. SAS version
9.1.3 (Cary, NC, USA) was used for all statistical analyses. We conducted
a sensitivity analysis using the SAS procedure GLMSELECT to examine if
the final multivariable model would vary depending on the selection proce-
dure used. We used two selection methods: least absolute shrinkage and
selection operator (LASSO)50,51 and backward selection, and we used
both Schwarz Bayesian Information Criteria (SBC) and Akaike Information
Criteria (AIC) for choosing models.
Results

African Americans had higher (worse) mean AIMS2 pain
scores than Caucasians (6.3 vs 5.6, P¼ 0.001), as well as
higher mean AIMS2 function scores (2.8 vs 2.3, P< 0.001).
In Step 1 of our analyses, both the AIMS2 pain subscale
(B¼ 0.65, P¼ 0.001) and function subscale (B¼ 0.59,
P< 0.001) differed according to race in simple linear re-
gression models (Tables II and III). Participant characteris-
tics according to race are shown in Table I. In Step 2 of our
analyses, the following characteristics differed according to
race at the P< 0.1 level: arthritis self-efficacy, AIMS2 affect
subscale, problem-focused coping, emotion-focused cop-
ing, age, gender, marital status, perceived inadequate
income, perceived fair or poor health, and current use of
strengthening exercises. These variables were further eval-
uated for associations with pain and function, as the next
step in assessing whether they may explain racial
differences.
STEPS 3 e 5 FOR AIMS2 PAIN SUBSCALE SCORES
In Step 3, participant characteristics associated with the
AIMS2 pain subscale in simple (unadjusted) linear
regression models included: arthritis self-efficacy, AIMS2
affect subscale, problem-focused coping, emotion-focused
coping, age, perceived inadequate income, and perceived
fair or poor health (Table II). In Step 4, when each of the
following variables was included (separately) in a linear
regression models with race, the association of race with
AIMS2 pain subscale was reduced by at least 10%: arthritis
self-efficacy, AIMS2 affect subscale, emotion-focused cop-
ing, age, perceived inadequate income, and perceived fair
or poor health (Table II). In the model including race and
AIMS2 affect scores, race was no longer associated with
AIMS2 pain scores. For all other variables, the association
of race with AIMS2 pain scores was still significant at the
0.05 level; this indicates these variables only partially
accounted for the association of race with pain. In Step 5,
which was a multivariable regression model including all
variables that reduced the association of AIMS2 pain
scores in Step 4, the following were associated with worse
scores on the AIMS2 pain subscale (Table II): higher
(worse) scores on the AIMS2 affect subscale score
(B¼ 0.29), greater use of emotion-focused coping strate-
gies (B¼ 0.15), and perceived fair or poor health
(B¼ 0.64); greater arthritis self-efficacy scores were associ-
ated with lower (better) scores on the AIMS2 pain subscale
(B¼�0.30) The association of race with AIMS2 pain
scores was reduced from B¼ 0.65 (unadjusted) to
B¼ 0.03 (P¼ 0.874) in the final model.
STEPS 3 e 5 FOR AIMS2 FUNCTION SUBSCALE SCORES
In Step 3, participant characteristics associated with the
AIMS2 function subscale in simple (unadjusted) linear re-
gression models included: arthritis self-efficacy, AIMS2 affect
subscale, problem-focused coping, emotion-focused coping,
perceived inadequate income, perceived fair or poor health,



Table II
Unadjusted and adjusted associations of participant characteristics with AIMS2 pain scores

Unadjusted Race adjusted Final multivariable model

B [95% CI]* P-value B [95% CI] P-value for
potential mediator

B [95% CI] P-value
for race

B [95% CI] P-value

African American race 0.65 [0.26, 1.04]
P¼ 0.001

e e 0.03 [�0.320.38]
P¼ 0.874

Psychological variables
Arthritis self-efficacy �0.53 [�0.62, �0.45]

P< 0.001
�0.52 [�0.61, �0.44]
P< 0.001

0.42 [0.07, 0.77]
P¼ 0.020

�0.30 [�0.39, �0.20]
P< 0.001

AIMS2 affect 0.51 [0.43, 0.59]
P< 0.001

0.50 [0.42, 0.58]
P< 0.001

0.23 [�0.12, 0.58]
P¼ 0.202

0.29 [0.20, 0.38]
P< 0.001

Problem-focused coping 0.38 [0.14, 0.62]
P¼ 0.002

0.34 [0.10, 0.58]
P¼ 0.005

0.59 [0.20, 0.98]
P¼ 0.004

e

Emotion-focused coping 0.35 [0.20, 0.50]
P< 0.001

0.31 [0.15, 0.46]
P< 0.001

0.46 [0.05, 0.86]
P¼ 0.026

0.15 [0.02, 0.29]
P¼ 0.028

Demographic variables
Age �0.04 [�0.06, �0.02]

P< 0.001
�0.03 [�0.05, �0.01]
P< 0.001

0.46 [0.06, 0.87]
P¼ 0.025

�0.01 [�0.03, 0.00]
P¼ 0.080

Female �0.37 [�1.16, 0.43]
P¼ 0.365

e e e

Not married �0.16 [�0.59, 0.26]
P¼ 0.456

e e e

Perceived inadequate income �0.99 [�1.43, �0.55]
P< 0.001

�0.89 [�1.34, �0.45]
P< 0.001

0.56 [0.16, 0.95]
P¼ 0.006

0.19 [�0.58, 0.20]
P¼ 0.342

Health-related variables
Fair or poor health 1.37 [0.96, 1.78]

P< 0.001
1.30 [0.90, 1.71]
P< 0.001

0.50 [0.12, 0.88]
P¼ 0.010

0.64 [0.26, 1.01]
P< 0.001

Strengthening exercises
0 min/week e e e e
<30 min/week 0.34 [�0.24, 0.93]

P¼ 0.251
30e60 min/week 0.25 [�0.35, 0.85]

P¼ 0.421
>60 min, <3 h/week �0.03 [�0.64, 0.59]

P¼ 0.934
>3 h/week �0.06 [�0.75, 0.62]

P¼ 0.852

*B¼ regression coefficient; CI¼ confidence interval.
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current use of strengthening exercises, and AIMS2 pain sub-
scale (Table III). In Step 4, when each of these variables was
included (separately) in a linear regression model with race,
the following reduced the association of race with AIMS2
function subscale by at least 10%: arthritis self-efficacy,
AIMS2 pain subscale, emotion-focused coping, perceived
inadequate income, perceived fair or poor health, and
AIMS2 affect subscale (Table II). In each of these models,
the association of race with AIMS2 function scores was still
significant at the 0.05 level, indicating that the potential medi-
ators only partially accounted for the association of race with
pain. In Step 5, which was a multivariable regression model
including all variables that reduced the association of
AIMS2 function scores in Step 4, the following were associ-
ated with worse scores on the AIMS2 function subscale
(Table III): higher (worse) scores on the AIMS2 affect
subscale scores (B¼ 0.17), greater use of emotion-focused
coping strategies (B¼ 0.15), perceived fair or poor health
(B¼ 0.79), and higher (worse) scores on the AIMS2 pain sub-
scale scores (B¼ 0.20); greater arthritis self-efficacy scores
were associated with lower (better) scores on the AIMS2
function subscale (B¼�0.11). The association of race with
AIMS2 function scores was reduced from B¼ 0.59 (unad-
justed) to B¼ 0.07 (P¼ 0.509) in the final model.

In the sensitivity analyses using different variable selec-
tion methods we found similar results to our multivariable
models for both pain and function. The psychological
variables were still the most important variables explaining
racial differences in pain, and race was not significantly
associated with pain or function in final models using any
selection scenario we applied.
Discussion

We found that among patients with hip and/or knee OA,
African Americans reported worse pain and poorer function
than Caucasians, which is consistent with previous
research1e10. The racial differences in AIMS2 pain and
function scores in this study were relatively small (<1 point).
However, it should be noted that the AIMS2 subscales com-
prise a small range of scores (1e10), and African Ameri-
cans’ mean scores on the pain and function subscales
were 13% and 22% worse than Caucasians’ mean scores,
respectively. While clinically meaningful differences in
AIMS2 scores among patients with lower extremity OA
have not been reported, data regarding another measure
of lower extremity pain and function indicate differences
as small as 12% may be clinically meaningful52.

This study extends prior research, showing that for both
pain and function, factors explaining racial differences
were arthritis self-efficacy, affect (mood and level of ten-
sion), emotion-focused coping, and general self-rated
health. It is particularly interesting that a constellation of



Table III
Unadjusted and adjusted associations of participant characteristics with aims2 function scores

Unadjusted Race adjusted Final multivariable model

B [95% CI]*
P-value

B [95% CI] P-value for
Potential Mediator

B [95% CI] P-value
for Race

B [95% CI] P-value

African American race 0.59 [0.30, 0.87]
P< 0.001

e e 0.07 [�0.14, 0.29]
P¼ 0.509

Psychological Variables
Arthritis self-efficacy �0.37 [�0.43, �0.31]

P< 0.001
�0.36 [�0.42, �0.29]
P< 0.001

0.43 [0.17, 0.68]
P¼ 0.001

�0.11 [�0.17, �0.04]
P< 0.001

AIMS2 affect 0.40 [0.35, 0.46]
P< 0.001

0.39 [0.34, 0.45]
P< 0.001

0.26 [0.01, 0.50]
P¼ 0.038

0.17 [0.11, 0.23]
P< 0.001

Problem-focused coping 0.25 [0.07, 0.42]
P¼ 0.005

0.21 [0.04, 0.38]
P¼ 0.017

0.55 [0.27, 0.83]
P< 0.001

–

Emotion-focused coping 0.34 [0.24, 0.45]
P< 0.001

0.31 [0.19, 0.42]
P< 0.001

0.39 [0.11, 0.67]
P¼ 0.007

0.15 [0.07, 0.24]
P< 0.001

Demographic Variables
Age 0.00 [�0.01, 0.02]

P¼ 0.751
e e e

Female �0.17 [�0.74, 0.39]
P¼ 0.546

e e e

Not married 0.01 [�0.30, 0.31]
P¼ 0.960

e e e

Perceived inadequate income �0.86 [�1.17, �0.54]
P< 0.001

�0.77 [�1.08, �0.45]
P< 0.001

0.50 [0.22, 0.78]
P< 0.001

0.12 [�0.13, 0.36]
P¼ 0.356

Health-Related Variables
Fair or poor health 1.45 [1.18, 1.73]

P< 0.001
1.40 [1.12, 1.68]
P< 0.001

0.43 [0.17, 0.69]
P¼ 0.001

0.79 [0.55, 1.02]
P< 0.001

Strengthening exercises
0 min/week e e e e
>0 but<30 min/week 0.32 [�0.09, 0.74]

P¼ 0.127
0.34 [�0.07, 0.75]
P¼ 0.714

0.56 [0.28, 0.85]
P< 0.001

30e60 min/week �0.24 [�0.67, 0.18]
P¼ 0.265

�0.23 [�0.65, 0.20]
P¼ 0.109

> 60 min but <3 h/week �0.16 [�0.60, 0.27]
P¼ 0.466

�0.08 [�0.51, 0.35]
P¼ 0.013

>3 h/week �0.66 [�1.15, �0.18]
P¼ 008

�0.61 [�1.09, �0.13]
P¼ 0.017

AIMS2 pain 0.40 [0.35, 0.45]
P< 0.001

0.39 [0.34, 0.44]
P< 0.001

0.33 [0.09, 0.57]
P¼ 0.006

0.20 [0.14, 0.26]
P< 0.001

*B¼ regression coefficient; CI¼ confidence interval.
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psychological variables (self-efficacy, affect, and emotion-
focused coping) were key factors that reduced the racial
differences in OA-related pain and function. Prior studies
have shown that arthritis self-efficacy is a key factor asso-
ciated with OA-related outcomes17,20. However, to our
knowledge this is the first study showing that arthritis
self-efficacy is a potentially important contributor to racial
differences in OA-related pain and function. It is well es-
tablished that psychological health is strongly associated
with pain and function18,53, and in some studies of pa-
tients with arthritis, African Americans have reported
greater depressive symptoms than Caucasians8,10. This
study shows that aspects of psychological health, particu-
larly mood and level of tension (as measured by the
AIMS2 affect subscale) are important in explaining racial
differences in pain and function among patients with
OA. These results are in agreement with recent analyses
of the Johnston County Osteoarthritis Study cohort, in
which depressive symptoms were an important factor ex-
plaining racial differences in pain and function among pa-
tients with knee OA10. It is also noteworthy that the AIMS2
affect subscale was the only variable that resulted in
a non-significant association of race with AIMS2 pain
scores in a model that did not include other covariates.
This indicates that affect had a particularly strong role in
explaining racial differences in pain.

Studies have also shown that greater use of emotion-
focused coping strategies is associated with worse OA-re-
lated outcomes11,12 and that African Americans are more
likely than Caucasians to employ these types of pain coping
strategies12,14e16. This study adds to prior research in this
area, indicating that use of emotion-focused coping is also
an important contributor to racial differences in OA-related
pain and function. Self-management programs, coping
skills training, and other psychosocial and behavioral inter-
ventions have been shown to improve arthritis self-efficacy,
depressive symptoms, psychological disability, and confi-
dence in coping with pain, as well as downstream clinical
outcomes such as improved pain and function54e61. Greater
dissemination of these types of programs among African
Americans may be an important step toward reducing racial
disparities in OA-related pain and function.

It is not surprising that poorer overall self-reported health
was associated with worse pain and function. While the
AIMS2 pain and function scales ask patients specifically
about arthritis-related pain and functional limitations, it is
possible that other chronic health problems could have
influenced participants’ reports. In addition, individuals
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with overall poorer health may be less active, leading to
worse OA-related symptoms18. African American partici-
pants in this sample (as well as in the general US popula-
tion62) had poorer health status, and this difference partly
explained differences in OA-related pain and function. In
clinical practice, as well as in the delivery of psychosocial
interventions, consideration should be given to the possible
greater burden of comorbid illness among African Ameri-
cans, which may impact ability to perform some self-man-
agement behaviors such as exercise.

Prior research, including longitudinal studies, has shown
that pain severity is an important predictor of function in
OA10,17,41. The present results provide evidence that racial
differences in pain are important in explaining racial differ-
ences in function. However, it also important to note that
the other factors described above (arthritis self-efficacy,
emotion-focused coping, affect, and general self-rated
health) were still important in explaining racial differences
in function when controlling for pain.

Interestingly, demographic factors were not significantly
associated with pain or function in final multivariable
models. Income levels in particular were strongly associ-
ated with pain and function in bivariate analyses but were
markedly reduced in final models. Lower income is gener-
ally associated with poorer psychological health63. There-
fore, although lower income was not significantly
associated with pain or function in final models, socioeco-
nomic status may still be an important contributor to pain
and function, via its influence on psychological profiles
(i.e., poorer affect, lower arthritis self-efficacy).

There are some differences between these results and
those recently reported for the Johnston County Osteoar-
thritis Study cohort, which to our knowledge is the only other
study to date that has systematically examined factors
explaining racial differences in pain and function among
individuals with OA10. Specifically, gender, education, and
BMI were significantly associated with pain and function
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores in the Johnston County group,
but not in the present study. This is likely because our study
involved a veteran patient sample, in which there were very
few females, and education and BMI did not significantly dif-
fer according to race (and therefore did not explain racial
differences in pain and function).

There are several limitations to this study. First, radio-
graphic severity of hip and knee OA were not known and
could therefore not be controlled for in analyses. Radio-
graphic severity has not mediated racial differences in
pain or function in prior research7,10. However, it is still
possible that radiographic severity may have contributed
to racial differences in pain and/or function in this sample.
Second, this veteran sample included mostly men, and
the generalizability of the findings to women may therefore
be limited. Third, there were also very few Hispanic partici-
pants in this study, therefore this ethnic group could not be
included in these analyses. Since studies have also shown
poorer outcomes among Hispanic individuals with arthritis
(compared with Caucasian non-Hispanics8,64), this is an im-
portant area for future research. Fourth, African Americans
and Caucasians in this sample were more similar in some
characteristics (i.e., BMI, education, literacy) than what
may be observed in other patient samples. Therefore it is
possible that these factors play a more important in explain-
ing racial differences in OA outcomes in other samples.
Fifth, because this was a cross-sectional study causality
cannot be inferred. For example, these results cannot deter-
mine whether poorer psychological variables (i.e., affect,
self-efficacy, emotion-focused coping) led to worse pain
and function, or whether worse pain and function caused
poorer psychological variables.

In summary, this study showed that among a group of
patients with knee and/or hip OA, important factors explaining
racial differences in pain and function were largely psycholog-
ical in nature, including arthritis self-efficacy, use of emotion-
focused coping, and affect (mood and level of tension). This
is an important finding, since factors mediating these racial dif-
ferences have not previously been identified. While there may
be other variables not examined in this study that may also
contribute to racial differences in OA-related pain and function,
the factors identifiedhere canbemodifiedviapreviously tested
interventions. Therefore an important next step in this area of
research is to proceed with efforts to more widely disseminate
interventions that can improve arthritis self-efficacy, coping ef-
fectiveness, and psychological health among African Ameri-
cans with OA. In some cases this may require adaptation of
existing interventions into formats that take into account issues
of cultural sensitivity and relevance. In addition, this will require
consideration of the most appropriate approaches of interven-
tiondelivery amongAfricanAmericans, suchas targeted, com-
munity-based outreach.
Conflict of interest

None of the authors have any conflicts of interest to
disclose regarding this manuscript, including employment,
consultancies, stock ownership, honoraria, paid expert
testimony, patient applications, or grants/funding.
Acknowledgements

Funding: This study was supported by the Department of
Veterans Affairs, Veterans Health Administration, Health
Services Research and Development Service (IIR 04-
016). The views expressed in this manuscript are those of
the authors and do not necessarily represent the views of
the Department of Veterans Affairs.
References

1. Golightly YM, Dominick KL. Racial variations in self-reported osteoar-
thritis symptom severity among veterans. Aging (Milano) 2005;17:
264e9.

2. Groeneveld PW, Kwoh CK, Mor MK, Appelt CJ, Geng M, Gutierrez JC,
et al. Racial differences in expectations of joint replacement surgery
outcomes. Arthritis Rheum 2008;59(5):730e7.

3. Jordan JM, Luta G, Renner JB, Dragomir A, Hochberg MC, Fryer JG.
Ethnic differences in self-reported functional status in the rural south:
the Johnston County Osteoarthritis Project. Arthritis Care Res 1996;
9(6):483e91.

4. Centers for Disease Control and Prevention. Racial/ethnic differences in
the prevalence and impact of doctor-diagnosed arthritis e United
States, 2002. MMWR 2005;54:119e23.

5. McIlvane JM, Baker TA, Mingo CA. Racial differences in arthritis-related
stress, chronic life stress, and depressive symptoms among women
with arthritis: a contextual perspective. J Gerontol B Psychol Sci
Soc Sci 2008;63B(5):S320e7.

6. McIlvane JM. Disentangling the effects of race and SES on arthritis-
related symptoms, coping, and well-being in African American and
White women. Aging Ment Health 2007;11(5):556e69.

7. Burns R, Graney MJ, Lummus AC, Nichols LO, Martindale-Adams J.
Differences in self-reported osteoarthritis disability and race. J Natl
Med Assoc 2007;99(9):1046e51.

8. Song J, Chang HJ, Tirodkar M, Chang RW, Manheim LM, Dunlop DD.
Racial/ethnic differences in activities of daily living disability in older
adults with arthritis: a longitudinal study. Arthritis Care Res 2007;
57(6):1058e66.



166 K. D. Allen et al.: Racial differences in osteoarthritis pain and function
9. Theis KA, Murphy L, Hootman JM, Helmick CG, Yelin E. Prevalence and
correlates of arthritis-attributable work limitation in the US population
among persons ages 18e64: 2002 National Health Interview Survey
data. Arthritis Care Res 2007;57(3):355e63.

10. Allen KD, Helmick CG, Schwartz TA, DeVellis B, Renner JB, Jordan JM.
Racial differences in self-reported pain and function among individ-
uals with radiographic hip and knee osteoarthritis: the Johnston
County Osteoarthritis Project. Osteoarthritis Cartilage 2009;17(9):
1132e6.

11. Rapp SR, Rejeski WJ, Miller ME. Physical function among older adults
with knee pain: the role of pain coping skills. Arthritis Care Res 2000;
13:270e9.

12. Tan G, Jensen MP, Thornby J, Anderson KO. Ethnicity, control
appraisal, coping, and adjustment to chronic pain among black and
white Americans. Pain Med 2005;6(1):18e28.

13. Lopez-Lopez A, Montorio I, Izal M, Velasco L. The role of psychological
variables in explaining depression in older people with chronic pain.
Aging Ment Health 2008;12(6):735e45.

14. Jones AC, Kwoh CK, Groeneveld PW, Mor M, Geng M, Ibrahim SA.
Investigating racial differences in coping with chronic osteoarthritis
pain. J Cross Cult Gerontol 2008;23:339e47.

15. Allen KD, Golightly YM, Olsen MK. Pilot study of pain and coping among
patients with osteoarthritis: a daily diary analysis. J Clin Rheumatol
2006;12(3):118e23.

16. Cano A, Mayo A, Ventimiglia M. Coping, pain severity, interference, and
disability: the potenital mediating and moderating roles of race and ed-
ucation. J Pain 2006;7(7):459e68.

17. Sharma L, Cahue S, Song J, Hayes K, Pai YC, Dunlop D. Physical func-
tioning over three years in knee osteoarthritis: role of psychosocial,
local mechanical, and neuromuscular factors. Arthritis Rheum 2003;
48(12):3359e70.

18. van Dijk GM, Dekker J, Veenhof C, van den Ende CH. CARPA study
group. Course of functional status and pain in osteoarthritis of the
hip and knee: a systematic review of the literature. Arthritis Care
Res 2006;55(5):779e85.

19. Rejeski WJ, Craven T, Ettinger WH, McFarlane M, Shumaker S. Self-
efficacy and pain in disability with osteoarthritis of the knee. J Geron-
tol: Psychol Sci 1996;51B(1):P24e9.

20. Rejeski WJ, Miller ME, Foy C, Messier S, Rapp S. Self-efficacy and the
progression of functional limitations and self-reported disability in
older adults with knee pain. J Gerontol B Psychol Sci Soc Sci 2001;
56B(5):S261e5.

21. Ren XS, Kazis L, Meenan RF. Short-form arthritis impact measurement
scales 2: tests of reliability and validity among patients with osteoar-
thritis. Arthritis Care Res 1999;12(3):163e71.

22. Dunlop D, Semanik P, Song J, Manheim LM, Shih V, Chang RW. Risk
factors for functional decline in older adults with arthritis. Arthritis
Rheum 2005;52(4):1274e82.

23. Allen KD, Oddone EZ, Stock J, Coffman CJ, Lindquist JH, Juntilla KA,
et al. The self-management of osteo arthritis in veterans (SeMOA)
study: design and methodology. Contemp Clin Trials 2008;29:
596e607.

24. Meenan RF, Anderson JJ, Kazis LE, Egger MJ, Altz-Smith M,
Samuelson CO, et al. Outcome assessment in clinical trials: evidence
for the sensitivity of a health status measure. Arthritis Rheum 1984;
27(12):1344e52.

25. Eyigor S, Hepguler S, Capaci K. A comparison of muscle training
methods in patients with knee osteoarthritis. Clin Rheumatol 2004;
23(2):109e15.

26. Hammond A, Freeman K. One-year outcomes of a randomized con-
trolled trial of an educational-behavioral joint protection programme
for people with rheumatoid arthritis. Rheumatology (Oxford) 2001;
40(9):1044e51.

27. Listrat V, Ayral X, Patarnello F, Bonvarlet JP, Simonnet J, Amor B, et al.
Arthroscopic evaluation of potential structure modifying activity of hy-
aluronan (Hyalgan) in osteoarthritis of the knee. Osteoarthritis Carti-
lage 1997;5(3):153e60.

28. Maisiak R, Austin J, Heck L. Health outcomes of two telephone interven-
tions for patients with rheumatoid arthritis or osteoarthritis. Arthritis
Rheum 1996;39(8):1391e9.

29. Gaines JM, Metter EJ, Talbot LA. The effect of neuromuscular electrical
stimulation on arthritis knee pain in older adults with osteoarthritis of
the knee. Appl Nurs Res 2004;17(3):201e6.

30. Meenan RF, Mason JH, Anderson JJ, Guccione AA, Kazis L. AIMS2: the
content and properties of a revised and expanded arthritis impact
measurement scales health status questionnaire. Arthritis Rheum
1992;35(1):1e10.

31. Creamer P, Lethbridge-Cejku M, Hochberg MC. Determinants of pain
severity in knee osteoarthritis: effect of demographic and psychoso-
cial variables using 3 pain measures. J Rheumatol 1999;26(8):
1785e92.

32. Dominick KL, Bosworth HB, Dudley TK, Waters SJ, Campbell LC,
Keefe FJ. Patterns of opioid analgesic prescription among patients
with osteoarthritis. J Pain Palliat Care Pharmacother 2004;18(1):
31e46.

33. Dominick KL, Dudley TK, Grambow SC, Oddone EZ, Bosworth HB. Ra-
cial differences in health care utilization among patients with osteoar-
thritis. J Rheumatol 2003;30:2203e6.

34. Manne SL, Zautra AJ. Coping with arthritis. Current status and critique.
Arthritis Rheum 1992;35(11):1273e80.

35. Somers TJ, Keefe FJ, Pells JJ, Dixon KE, Waters SJ, Riordan PA, et al.
Pain catastarophizing and pain-related fear in osteoarthritis patients:
relationships to pain and disability. J Pain Symptom Manage 2008.
Epub ahead of print.

36. Smith BW, Zautra AJ. The effects of anxiety and depression on weekly
pain in women with arthritis. Pain 2008;138(2):354e61.

37. Rosemann T, Laux G, Szecsenyi J, Wensing M, Grol R. Pain and
osteoarthritis in primary care: factors associated with pain perception
in a sample of 1021 patients. Pain Med 2008;9(7):903e10.

38. Dunlop DD, Manheim LM, Song J, Chang RW. Arthritis prevalence
and activity limitations in older adults. Arthritis Rheum 2001;44:
212e21.

39. Rudd RE. Health literacy skills of U.S. adults. Am J Health Behav 2007;
31(Suppl 1):S8e18.

40. Fontaine KR, Haaz S. Risk factors for lack of recent exercise in adults
with self-reported, professionally diagnosed arthritis. J Clin Rheumatol
2006;12(2):66e9.

41. Williams DA, Farrell MJ, Cunningham J, Gracely RH, Ambrose K,
Cupps T, et al. Knee pain and radiographic osteoarthritis interact in
the prediction of levels of self-reported disability. Arthritis Care Res
2004;51(4):558e61.

42. Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and
evaluation of a scale to measure perceived self-efficacy in people
with arthritis. Arthritis Rheum 1989;32(1):37e44.

43. Stone A, Neale J. New measure of daily coping: development and
preliminary results. J Pers Soc Psychol 1984;46:892e906.

44. Keefe FJ, Affleck G, France CR, Emery CF, Waters S, Caldwell DS,
et al. Gender differences in pain, coping, and mood in individuals hav-
ing osteoarthritic knee pain: a within-day analysis. Pain 2004;110:
571e7.

45. Affleck G, Tennen H, Keefe FJ, Lefebvre JC, Kashikar-Zuck S, Wright K,
et al. Everyday life with osteoarthritis or rheumatoid arthritis: indepen-
dent effects of disease and gender on daily pain, mood, and coping.
Pain 1999;83:601e9.

46. Parker RA, Baker DW, Williams MV, Nurss JR. The test of functional
health literacy in adults: a new instrument for measuring patients’ liter-
acy skills. J Gen Intern Med 1995;10:537e41.

47. Baron R, Kenney D. The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986;51:1173e82.

48. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Philadel-
phia: Lippincott Williams & Wilkins; 2008.

49. Bosworth HB, Powers B, Grubber JM, Thorpe CT, Olsen MK, Orr M,
et al. Racial differences in blood pressure control: potential explana-
tory factors. J Gen Intern Med 2008;23(5):692e8.

50. Efron B, Hastie T, Johnstone I, Tibshirani R. Least angle regression
(with discussion). Ann Stat 2004;32:407e99.

51. Tibshirani R. Regression shrinkage and selection via the Lasso. J R Stat
Soc Series B 1996;58:267e88.

52. Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal clin-
ically important differences of rehabilitation intervention with their im-
plications for required sample sizes using WOMAC and SF-36
quality of life measurement instruments in patients with osteoarthritis
of the lower extremities. Arthritis Rheum Aug 2001;45(4):384e91.

53. Goldenberg DL. The interface of pain and mood disturbance in the rheu-
matic diseases. Semin Arthritis Rheum, In Press.

54. Carson JW, Keefe FJ, Affleck G, Rumble ME, Caldwell DS,
Beaupre PM, et al. A comparison of conventional pain coping skills
training and pain coping skills training with a maintenance training
component: a daily diary analysis of short- and long-term treatment ef-
fects. J Pain 2006;7(9):615e25.

55. Keefe FJ, Caldwell D, Williams DA, Gil KM, Mitchell D, Robertson C,
et al. Pain coping skills training in the management of osteoarthritic
knee pain-II: follow-up results. Behav Ther 1990;21(4):435e47.

56. Lorig K, Holman H. Arthritis self-management studies: a twelve-year
review. Health Educ Q 1993;20(1):17e28.

57. Hurley MV, Walsh NE, Mitchell HL, Pimm TJ, Patel A, Williamson E,
et al. Clinical effectiveness of a rehabilitation program integrating ex-
ercise, self-management, and active coping strategies for chronic
knee pain: a cluster randomized trial. Arthritis Care Res 2007;57(7):
1211e9.

58. Emery CF, Keefe FJ, France CR, Affleck G, Waters S, Fondow MDM,
et al. Effects of a brief coping skills training intervention on nociceptive
flexion reflex threshold in patients having osteoarthritis knee pain:
a preliminary laboratory study of sex differences. J Pain Symptom
Manage 2006;31(3):262e9.



167Osteoarthritis and Cartilage Vol. 18, No. 2
59. Keefe FJ, Caldwell DS, Williams DA, Gil KM, Mitchell D,
Robertson C, et al. Pain coping skills training in the management
of osteoarthritic knee pain: A comparative study. Behav Ther
1990;21:49e62.

60. Dixon KE, Keefe FJ, Scipio CD, Perri LM, Abernethy AP. Psychological
interventions for arthritis pain mangement in adults: a meta-analysis.
Health Psychol 2007;26(3):241e50.

61. Hawley DJ. Psycho-educational interventions in the treatment of arthri-
tis. Baillieres Clin Rheumatol 1995;9(4):803e23.
62. Centers for Disease Control and Prevention. Racial/ethnic disparities in
self-rated health status among adults with and without disabilities e
United States, 2004e2006. MMWR 2008;57(39):1069e73.

63. Everson SA, Maty SC, Lynch JW, Kaplan GA. Epidemiologic evidence
for the relation between socioeconomic status and depression,
obesity, and diabetes. J Psychosom Res 2002;53(4):891e5.

64. Shih VC, Song J, Chang RW, Dunlop DD. Racial differences in activities
of daily living limitation onset in older adults with arthritis: a national
cohort study. Arch Phys Med Rehabil 2005;86:1521e6.


	Racial differences in osteoarthritis pain and function: potential explanatory factors
	Introduction
	Methods
	Participants and recruitment
	Measures
	Racial status
	Pain and function measures
	Potential explanatory variables
	Psychological variables
	Demographic variables
	Health-related variables


	Analyses

	Results
	Steps 3 - 5 for AIMS2 pain subscale scores
	Steps 3 - 5 for AIMS2 function subscale scores

	Discussion
	Conflict of interest
	Acknowledgements
	References


