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Abstract
Background—Radiographic joint changes are used to diagnose osteoarthritis; however, they alone
do not adequately predict who experiences symptoms.

Purpose—To examine psychological risk and resilience factors in combination with an objective
indicator of disease severity (knee X-rays) to determine what factors best account for pain and
physical functioning in an early knee osteoarthritis (KOA) population.

Methods—Structural equation modeling was used to analyze data from 275 men and women with
early KOA.

Results—Structural equation modeling yielded a fair to good fit of the data, suggesting that both
risk and resilience were important in predicting pain and physical functioning over and above disease
severity in the expected directions. Resilience’s effect on pain was mediated through self-efficacy,
suggesting that higher self-efficacy was linked to lower pain and better physical functioning.

Conclusions—Results provide an integrative model of adjustment to early KOA and may be
important to the prevention of disability in this population.
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Introduction
Although radiographic joint changes are used to diagnose knee osteoarthritis (KOA) and can
contribute to pain and functional ability [1,2], they do not appear to predict who experiences
symptoms (e.g., pain, distress, physical disability) [3,4]. In fact, population studies have shown
that only about half of adults who demonstrate radiographic joint damage experience
osteoarthritis (OA) symptoms [5,6]. Clinical signals, such as joint damage or clinician ratings,
usually only account for 25% of the variance in disability associated with these conditions
[7].
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Some studies have even found that psychological factors predict disability over and above
disease activity, objective disease markers, and articular and kinesiological factors [4,8].
Nevertheless, psychological factors have rarely been studied in the prediction of progression
of pain and disability for KOA patients, directly or in comparison to the impact of disease
severity. This study is designed to examine how psychological factors impact pain and
disability in a KOA sample.

Risk and resilience factors have been examined as independent and separable constructs with
differential relationships to adaptation to chronic pain [9-11]. Risk and resilience can be viewed
as two sets of predisposing individual characteristics that can exist within a person prior to the
experience of pain, yet they may impact cognitive–behavioral responses to pain and ultimately
physical and psychological outcomes. Turk [12] describes a diathesis-stress model for the
progression of pain and disability following a traumatic injury that provides a framework for
how psychological risk may impact chronic pain adaptation. In this model, he proposes that
individual differences in traits, such as anxiety, act as diatheses that predispose one to the
progression of pain and disability. Individual resilience factors may operate in parallel to risk
factors as a potential protection against pain chronicity and disability.

Previous literature has found that negative affective states, depression, and neuroticism are
highly associated with pain and disability among OA patients [13,14]. These variables likely
go together to form a broader composite of psychological risk that is important in the prediction
of pain and related disability [15,16]. In a longitudinal community study, those who reported
knee pain without radiographic joint changes had higher levels of anxiety and depression,
indicating that, even without physiological evidence of tissue damage, pain can exist and is
often correlated with psychological distress [17]. In prospective studies, depression has been
shown to predict pain and disability over and above disease severity for chronic pain
populations [4,18]. Comorbid depression has also been shown to worsen the effects of medical
illnesses and depressive effects were found to be comparable to those of arthritis, diabetes, and
hypertension for health-related quality of life [19]. Neuroticism was related to patients’ ratings
of pain unpleasantness, suffering from pain, and illness behavior and predicted higher levels
of joint pain 23 years later in a prospective study [20].

On the other hand, positive affect and extraversion have been found to relate to improvements
in pain and disability over time in arthritis populations [21,22]. These variables together with
vitality, which has been described as a positive and restorative state [23,24], can be considered
a composite of resilience in adjustment to chronic pain. Positive affect (PA) has been found to
be related to reduced pain, increased functional ability, and improved perceptions of health
[22]. Further, the benefits of PA have been observed over time [21].

More work is needed to evaluate the relative contributions of risk and resilience factors;
however, in some studies with OA patients, PA has influenced pain above and beyond negative
affect (NA) [11,25]. Not only do risk and resilience indicators relate to the outcomes of pain
and physical functioning in OA patients, but they have also been linked to cognitive-behavioral
factors that mediate risk and resilience on pain and physical functioning. Risk factors, such as
NA, depression, and neuroticism, have been shown to lead to reduced self-efficacy and physical
activity [26-28]. Resilience factors, such as PA, vitality, and extraversion, have been shown to
predict increased self-efficacy, physical activity, and more active coping [2,29-31].

Two theories can help us understand the potential impact of psychological risk and resilience
on pain and physical functioning through self-efficacy and physical activity. According to
Lazarus and Folkman’s model of stress and coping [32], both the primary appraisal of the threat
of a stressor, and the secondary appraisal of one’s own resources to cope with a stressor, impact
how well one adapts to a chronic illness. Risk factors, such as the ones described herein, impact
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both primary and secondary appraisal [26-28,33]. Another perspective that can provide
structure to the mechanisms by which risk and resilience relate to pain chronicity and disability
is the fear-avoidance model [34]. The basic premise of this model is that negative emotions,
such as pain-related fear or anxiety, are usually associated with hypervigilance to pain and fear
of movement or reinjury. For example, arthritis patients may be fearful of moving in a way
that has caused them pain in the past or catastrophize about the potential consequences of such
movements. These responses result in behavioral avoidance of movement and activity, which
leads to muscle atrophy from disuse, a lower tolerance for pain, and a likely increase in both
physical and social disability.

This study examines psychological risk and resilience factors that have been shown to be
predictive of pain and disability in chronic pain patients to help determine the relative
contribution of risk and resilience to adjustment to early KOA. In addition, this study probes
possible mechanisms commonly targeted in interventions through which factors of risk,
resilience, and disease severity may have their effect. The following hypotheses are tested: (1)
The latent factors that are composed of variables indicating risk and resilience will be separable
constructs; (2) risk will be related to lower self-efficacy and physical activity, while resilience
will be related to higher self-efficacy and physical activity; (3) the mediating variables, self-
efficacy and physical activity, will be related to higher physical functioning and inversely
related to pain; and (4) the relations between risk (controlling for resilience and disease
severity) and resilience (controlling for risk and disease severity) on pain and physical
functioning will be mediated by self-efficacy and physical activity.

Method
Participants

This study utilized initial data from 275 participants from the KNEE study, a large randomized,
controlled, longitudinal (24-month) intervention study aimed at reducing levels of pain and
disability in an early KOA population. Eligibility criteria included: (a) age between 35 and 64
years old; (b) pain on most days (i.e., four or more days in a week) in one or both knees for at
least 4 months during the previous year; (c) duration of symptoms of less than 5 years; (d)
radiographic evidence of knee OA of grade II in at least one knee [35]; and (e) a rating of
disability of 3 or higher on a 0-to-10 scale for at least three of the following on the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC; [36]) items: descending
or ascending stairs, walking, bending, and performing daily activities. Participants were
excluded (1) if they had an uncontrolled medical condition that would preclude participation
in an exercise program (i.e., uncontrolled heart disease, blood pressure or respiratory
conditions, or a neurological condition that affected coordination); (2) if they had inflammatory
arthritis, such as rheumatoid or psoriatric arthritis; (3) if they exercise regularly (i.e., aerobic
activity or resistance training of more than 120 min per week); (4) if they had previous knee
surgery; (5) if they had radiographic grade III–IV based on the Kellgren and Lawrence
classification in either knee; (6) if they had BMI≥37.5 kg/m2; (7) if they had a knee
corticosteroid injection in the last 3 months; or (8) if they had plans to move from the local
area or planned to become pregnant during the study period.

Participants were recruited from the Tucson metropolitan area and surrounding communities
through mass mailings, media advertisements, and physician referral. Of the 294 eligible
participants who were randomized, 6% dropped out due to problems with noncompliance, the
time commitment of the intervention, losing interest in the project, and leaving the local area.
Participants were included in the analyses if they completed at least one measure on the
prebaseline or baseline assessments. The final sample was comprised of 26% men (n=71) and
74% women (n=204).
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Procedure
Participants were screened by telephone to determine eligibility and, if eligible, were invited
to an orientation session where the scope and commitment of the program was described to
them. Those wishing to enroll provided informed consent and study personnel reviewed their
medical records and verified inclusion and exclusion criteria. Participants then underwent a
prebaseline assessment and were scheduled for a baseline assessment within 4 weeks.

Prebaseline Assessment—As part of this assessment, semiflex X-rays were taken on both
knees and evaluated using the Kellgren and Lawrence Atlas of Standard Radiographs of
Arthritis [35]. Diagnoses were made based on criteria from the American College of
Rheumatology and were determined by review of the participants’ medical records and
semiflex X-rays of both knees by two of the study’s physicians. As necessary, the two
physicians conferred with each other to assure diagnosis. Participants were assessed by a
physical therapist for posture, function, gait biomechamics, range of motion, and quadriceps
strength. Pain was also assessed after each of these physical function tests utilizing a visual
analog scale (VAS), which is a 100-point scale that ranged from “No pain” to “Extreme pain”
on the left and right extremes, respectively. Participants completed self-report questionnaires
to assess demographics, depressive symptoms (Center for Epidemiological Studies Depression
Scale, CES-D; [37]), and personality traits, such as neuroticism and extraversion [38].

Baseline Assessment—At the baseline assessment, participants completed a self-report
questionnaire that assessed pain and disability (WOMAC [36]), mental and physical
functioning (The Short-Form-36 Health Survey, SF-36 [39]), positive and NA (Positive and
Negative Affect Schedule, PANAS [40]), arthritis self-efficacy (Arthritis Self-Efficacy Scale,
ASES [41]), and physical activity (Aerobics Center Longitudinal Study, ACLS [42]).
Participants were also given pedometers to measure their level of physical activity over seven
consecutive days.

Measures
Depressive Symptoms—Depressive symptoms were measured by the CES-D [37]. The
CES-D is a 20-item measure of depressive symptoms. Prior research has demonstrated that
this scale loads onto four different factors, including NA, PA, somatic/vegetative, and
interpersonal factors [43,44]. For the purposes of this study, the NA and PA subscales were
explored.1 The seven items in the NA subscale assessed depressive symptoms, including
feelings of sadness, loneliness, fear, and failure. The four items in the PA subscale included
feelings of being as good as others, happiness, enjoyment in life, and hopefulness about the
future. Participants rated how often they felt each symptom during the past week on a five-
point scale, with 0 representing “Rarely or none of the time (less than 1 day)” to 4 representing
“Most or all of the time (5–7 days).” Scores on the CES-D were computed by summing each
participant’s score on each item, taking into account the number of symptoms experienced, as
well as the persistence throughout the week. Cronbach’s alpha for this sample was 0.82 for
the NA subscale and 0.79 for the PA subscale.

Extraversion and Neuroticism—Neuroticism and extraversion were assessed in the
baseline questionnaire using the 12 neuroticism and the 12 extraversion items from the McCrae
and Costa [38] measure of the Big 5 traits. Participants rated their agreement with each
statement beginning with “I see myself as someone who…” on a five-point scale, with 1

1It was determined that the fit of the CFA model was worsened with the CES-D positive affect subscale in the model and was ultimately
omitted. The CES-D negative affect subscale, on the other hand, improved the fit of the CFA model over and above the model fit with
the full CES-D measure included. Therefore, this subscale was utilized in this study within the risk factor. No other variations of the
measurement model were tested.
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representing “Disagree strongly,” and 5 representing “Agree strongly.” Examples of
neuroticism items include “can be moody,” “can be tense,” and “gets nervous easily.”
Extraversion, on the other hand, can be described as high levels of sociability, excitement-
seeking, and activity levels. Examples of these items include “is talkative,” “is outgoing,” and
“has an assertive personality.” Cronbach’s alpha is 0.83 for neuroticism and 0.77 for
extraversion in the present study.

Positive and Negative Affect—PA and NA were measured by the PANAS [40]. The
PANAS is a 20-item self-report measure that assesses two primary dimensions of mood, PA
and NA. Each item is rated using a five-point scale with 1 indicating “None of the time” and
5 indicating “All of the time” to the extent that they have experienced each mood state during
the previous week. The PA scale reflects mood states such as “enthusiastic,” “active,” and
“alert,” while the NA scale reflects mood states such as “distressed,” “irritable,” and “afraid.”
Cronbach’s alpha was 0.87 for NA and 0.91 for PA for the present study.

Vitality—Vitality was measured by a subscale of the SF-36 [39]. The four-item vitality
subscale includes items such as “feels full of pep” and “has a lot of energy.” Each item is rated
using a six-point scale with 1 indicating “All of the time” and 6 indicating “None of the time”
to the extent that they felt each mood or experience during the last 4 weeks. Cronbach’s
alpha was 0.85 for the present study.

Disease Severity—Disease severity of KOA was estimated based on semiflex X-rays of
both knees that were evaluated on the Kellgren and Lawrence classification [35]. In this study,
participants were limited to radiographic status of grade II in one knee and a grade II or lower
in the other knee. Since some of the participants have both knees affected, which potentially
constitutes greater disease severity, the radiographic status of both knees was taken into account
for the approximation of disease severity for all of the participants. Hence, the radiographic
status of both of the knees was aggregated as an estimate of disease severity. Thus, the range
of potential radiographic status scores was grades II–IV.

Self-efficacy—Self-efficacy was measured by the ASES [41]. The ASES is a 20-item
measure of self-efficacy developed specifically for people with arthritis and assesses self-
efficacy for physical function, pain management, and controlling other arthritis symptoms. The
ASES reflects items such as “How certain are you that you can get out of an armless chair
quickly, without using your hands for support?,” “How certain are you that can make a large
reduction in your arthritis pain by using methods other than taking extra medication?,” and
“How certain are you that you can control your fatigue?” Participants evaluated these items
based on a visual analog 100-mm scale (VAS) that ranged from “Very uncertain” to “Very
certain.” Cronbach’s alpha of self-efficacy was 0.89 in this study.

Physical Activity—Both self-report and objective measures of physical activity were used.
A modified version of the ACLS [42] was used to ask participants about the frequency,
duration, and intensity of their current physical activity and exercise habits over the last 3
months. Some examples of exercise habits and physical activities included walking, swimming,
jogging, weight training, and household activities. Energy expenditure was calculated and used
as an estimate of physical activity. To calculate energy expenditure, total metabolic equivalent
(MET) values were first assigned to each reported activity with the following formula:
[sessions/week] × [min/session] × [h/min] × [METS’s] × [body weight (kg)]. Then, a weekly
total of physical activity was calculated by summing the energy expenditure values across all
of the activities. The total weekly physical activity was used in this study’s analyses.2
Cronbach’s alpha for physical activity was 0.51 in the present study. Although reliability for
this type of measure is predictably low, studies have shown that the ACLS has adequate validity
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compared to other physical activity measures [45, 46]. The second measure of physical activity
was objectively measured via a pedometer that each participant wore over their hip for seven
consecutive days from the time of waking until bedtime, except for showering or swimming.
The pedometer ratings were averaged across the 7 days for each participant for use in these
analyses.3 Cronbach’s alpha for the pedometer measure was 0.92 in the present study.

Self-report Physical Functioning—Physical functioning was measured using a subscale
of SF-36 [39]. This subscale is a 12-item measure that asks participants to rate how much their
health limits them in a variety of daily activities on a typical day, such as “climbing one flight
of stairs;” “bending, kneeling, or stooping;” and “bathing or dressing yourself.” All the
responses were rated based on a three-point scale, where 1 indicates “Yes, limited a lot;” 2
indicates “Yes, limited a little;” and 3 indicates “No, not at all limited.” Cronbach’s alpha for
physical functioning was 0.85 in this study.

Observed Physical Functioning—Objective measures of physical functioning (knee and
quadriceps strength and flexibility) were taken using the ERGOS™ Work Simulator, a
standardized and reliable functional capacity evaluation instrument [47,48]. For this study, the
crouching subtest was utilized because it most directly accesses the functioning of the knee.
The exercise test required participants to grasp a series of 5-in. steel discs and move them along
a metal bar while in a crouching position. Results are measured in elapsed time to complete
the exercise and converted to a methods–time–measurement (MTM) standard, an
internationally accepted industrial measurement of physical performance. The MTM values
were rescaled and aggregated to yield a score of objective functioning.

Pain—Pain was assessed in two ways. A five-item WOMAC pain index [36] asked
participants to rate how much pain they have during specific activities, such as walking on a
flat surface, ascending or descending stairs, and sitting or lying down. Participant responses
are rated by using a 100-mm VAS, ranging from “No pain” to “Extreme pain.” Cronbach’s
alpha was 0.82 for the scale in the present study. Also, a pain composite was formed by taking
an average of four pain assessments taken after each physical function test in the prebaseline
assessment. Participants responded to the question, “How bad was your pain during this test?”
and used a VAS, which is a 100-mm scale that ranges from “No pain” to “Extreme pain.”
Cronbach’s alpha for pain post-function was 0.69 in this study.

Results
Correlations between all relevant variables along with means and standard deviations are
provided in Table 1. In this study, participants were included in the analyses if they had
completed data from at least the prebaseline or the baseline assessment. Given this criterion,
the final sample sizes ranged from n=179 to n=275, with missing data ranging from 2.5% to
34.9%. The larger categories of missing data were from the objective measures, the ERGOS
function test (15.6%) and the pedometer measure (34.9%). Missing data from the self-report
measures ranged from 2.5% to 7.6%. Estimation of missing data was handled using the full
information maximum likelihood method.

Measurement Model
Preliminary analyses were conducted to select risk and resilience variables for use in model
building. In order to test the first hypothesis, confirmatory factor analysis techniques were

2This value was rescaled by dividing each value by 100 so that the range of this measure would be more similar to the other variables in
the model.
3This value was rescaled by dividing each averaged value by 553 so that the range of this measure would be more similar to the other
variables in the model.
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utilized to determine whether latent factors for risk and resilience were separable constructs.
Both the single-factor and the two-factor model were evaluated for goodness of fit. In the
single-factor model, all indicators were permitted to freely load onto a common factor. For the
two-factor model, the variables were assigned to a single latent factor: either psychological
risk or resilience. It was hypothesized that neuroticism, depressive symptoms (NA subscale),
and NA would load on the latent risk factor and extraversion, vitality, and PA would load on
a separate latent resilience factor. NA and PA were chosen as reference variables based on
theory, as they are the most central indicators of the competing one- vs two-factor models [9,
10].

Several fit indices were utilized to examine the omnibus fit of the models. These include the
chi-square test, root mean square error approximation (RMSEA), the standardized mean square
residual (SRMSR), and the comparative fit index (CFI). The chi-square test provides a measure
of exact fit of the model to the data. The RMSEA provides an estimate of the average size of
the residual adjusting for the degrees of freedom; values of less than or equal to 0.05 indicate
that the model fits the data well. The SRMSR is a standardized version of the average size of
the residuals, where values less than 0.05 are considered a good fit and those between 0.05 and
0.08 are considered a fair fit [49]. The CFI is a measure of how well the model is improved in
comparison to the null model; values greater than or equal to 0.95 are considered a good fit of
the model.

The hypothesized two-factor model had a better fit than the competing single-factor model.
For the congeneric two-factor model (see Fig. 1), the fit indices were: χ2(8)=13.08 (p=0.11);
CFI=0.99; RMSEA=0.05 (90% CI: 0.00–0.09); SRMSR=0.03. The correlation between the
two factors was high (r=−0.70), suggesting that, although they share common variance, there
is unique variance of each factor not accounted for by the single-factor model.

Structural Equation Model
Structural equation modeling (SEM) was used to develop a model of adjustment to early KOA.
Unlike standard regression analyses, SEM with multiple measures for latent constructs reduces
measurement error and improves reliability, while assessing direct and indirect effects
simultaneously. Models were tested using Mplus 3.01 [50] on the variance–covariance matrix
for the variables of study. Disturbance terms were allowed to correlate between the mediators
and between the outcomes. In addition, disease severity was modeled with the same pathways
as risk and resilience in order to control for this covariate. Age and gender were also included
as covariates with paths to the outcomes of pain and physical functioning based on prior
research findings [51,52]. Changes to the models were made incrementally and each iteration
was evaluated and reported.

Hypothesized Model with Arthritis Self-efficacy Scale—The first hypothesized model
had a poor to fair fit on the indices: χ2(48)=127.09, p<0.001; CFI=0.92; RMSEA= 0.08 (90%
CI: 0.06–0.09); SRMSR=0.05. This model accounted for 25% of the variance in subjective
physical functioning, 12% of the variance in objective physical functioning, 15% of the
variance in the WOMAC pain measure, and 7% of the variance in the pain postfunction test.
The model was replicated substituting pedometer data, a more objective physical activity
measure for self-report physical activity. This replication was conducted to determine if the fit
or the prediction of the model changed with this different measure of physical activity. The
model fit did not improve with this revision and continued to provide a poor to fair fit of the
data: χ2(48)=118.34, p<.001; CFI= 0.93; RMSEA=0.07 (90% CI: 0.06–0.09); SRMSR=0.05.
In addition, this model did not provide any additional significant paths compared to the
hypothesized model.
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To revise the model, paths were omitted if they were not significant and their omission retained
a model consistent with theory. Modification indices also supported these omissions. As a
result of model respecification, disease severity and physical activity were removed from the
model. Removing the nonsignificant paths allowed the model to be more parsimonious and
improved overall model fit as follows: χ2(62)=111.64, p<.001; CFI=0.95; RMSEA= 0.05 (90%
CI: 0.04–0.07); SRMSR=0.05. This model, as depicted in Fig. 2, provided a fair to good fit to
the data and accounted for 25% of the variance in subjective physical functioning, 10% of the
variance in objective physical functioning, 13% of the variance in the WOMAC pain measure,
and 7% of the variance in the pain postfunction test.

As hypothesized, resilience was positively related to self-efficacy, suggesting that those higher
in psychological resilience will, in turn, have higher self-efficacy. Although risk was not
directly related to self-efficacy, it was directly related to increased WOMAC pain, as
anticipated. As expected, self-efficacy was related to higher subjective and objective physical
functioning, suggesting that those with higher levels of self-efficacy also show improved
physical functioning. In addition, self-efficacy was related to decreased pain for both pain
measures. Age was negatively related to risk and subjective, as well as objective, physical
functioning. All relationships for risk, resilience, age, gender, pain, and physical functioning
were consistent with hypotheses. There was one finding that was inconsistent with the
hypothesized model. Contrary to hypotheses, resilience was directly related to high levels of
pain on the WOMAC scale.

Four tests of mediation were conducted and all of these tests found significant effects. Table
2 depicts the unstandardized direct, indirect, and total effects of the variables in the respecified
model. Results indicated that resilience had significant indirect effects on both pain measures
and both physical function measures through self-efficacy. These results suggest that resilience
predicts higher levels of self-efficacy, which in turn relate to reduced pain and enhanced
physical functioning over and above the effects of risk and disease severity. The direct effect
of resilience on WOMAC pain remained significant even after this indirect effect was taken
into account. Risk also had a direct effect on WOMAC pain.

Supplementary Analyses
To further probe the contradictory finding of resilience being positively related to WOMAC
pain, the above model was tested with and, alternately, without risk or resilience factors to
determine the singular effects of each. Without resilience, the model had a good fit on the
indices: χ2(31)= 32.93, p=0.37; CFI=0.996; RMSEA=0.02 (90% CI: 0.001–0.05);
SRMSR=0.03. In this analysis, risk was directly related to self-efficacy but was not directly
related to pain or physical functioning. As hypothesized, self-efficacy was negatively related
to both pain measures and positively related to subjective and objective physical functioning.
Age and gender maintained their previous relationships. The outcome variables were all related
to each other. The hypothesis that the relation between risk on WOMAC pain and pain
postfunction was mediated by self-efficacy was supported. Further, the hypothesis that the
relation between risk and subjective and objective functioning was mediated by self-efficacy
was found.

The model without risk demonstrated a fair to good fit on the indices: χ2(31)=61.70, p<.001;
CFI=0.95; RMSEA= 0.06 (90% CI: 0.04–0.08); SRMSR=0.05. Resilience was again positively
related to self-efficacy. In this model, resilience was now unrelated to WOMAC pain, as well
as the other outcomes of pain and physical functioning. Consistent with the hypotheses, self-
efficacy was again negatively related to both pain measures and positively related to subjective
and objective physical functioning. The hypotheses that the relation between resilience on
WOMAC pain, pain postfunction, and subjective and objective physical functioning was
mediated by self-efficacy was supported.

Wright et al. Page 8

Ann Behav Med. Author manuscript; available in PMC 2009 January 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
Confirmatory factor analyses supported the first hypothesis that risk and resilience provided a
better fit as separable factors, rather than a single bipolar factor similar to previous findings
for the positive and negative affective systems [9-11]. This study hypothesized that risk and
resilience would have parallel and opposing relationships, where risk would be related to
decreased self-efficacy and physical activity and resilience would be related to increases in
these measures. The findings were consistent with the fundamental principle that risk and
resilience impacted self-efficacy, pain, and physical functioning over and above disease
severity. As hypothesized, resilience was related to increased self-efficacy. In terms of
mediation, resilience demonstrated indirect effects on all of the pain and physical functioning
outcomes through self-efficacy, suggesting that those higher in resilience had higher levels of
arthritis self-efficacy and in turn had decreased pain and improved functioning. When risk was
tested without resilience in the model, it also was indirectly related to pain and physical
functioning through self-efficacy. However, risk was unrelated to self-efficacy when resilience
was included in the model, indicating that when both risk and resilience were taken into
account, the resilience factor had a greater impact on arthritis self-efficacy. This finding makes
sense theoretically as physical functioning is measured as the participants’ ability to function
in spite of pain or distress.

Risk demonstrated direct effects on pain in the expected direction, and resilience scores showed
a similar effect, contrary to prediction. Since the relation between resilience and WOMAC pain
was no longer significant when risk was taken out of the model, this relationship may best be
thought of as an artifact of the estimation procedures that included variables with a higher
inverse correlation than expected. However, there may be some unique variance in resilience
that is not shared with risk that contributes to its positive relationship with pain. For example,
there is an element of optimism, positive unrealistic thinking, that may actually elevate pain if
these patients do not make appropriate self-care or health decisions [53]. In any event, this
unexpected finding underscores a need for replication.

For the most part, self-report and objective physical activity were unrelated to the variables of
interest. The hypotheses that risk and resilience would be related to physical activity and, in
turn, physical activity would be related to pain and physical functioning were not supported.
However, the complementary hypothesis that self-efficacy would mirror these hypothesized
relationships was supported. Self-efficacy was related to decreased pain and increased physical
functioning over and above physical activity. These results were found for both subjective and
objective physical functioning. Although not modeled in this study, self-efficacy may also
relate to physical activity as shown by Keefe and colleagues [54], who reported that
improvements in self-efficacy had a direct impact on physical fitness, as well as decreases in
disability and improvements in pain coping.

Self-efficacy may be particularly important at early stages of chronic illness, and the findings
from the present study may have important implications for programs designed to minimize
impairment and pain long-term. A major contribution of this study is the finding that risk and
resilience predict self-efficacy. This result informs future intervention research, suggesting that
participants with different profiles of risk and resilience may respond differently to
interventions aimed to improve self-efficacy and, in turn, impact pain or physical functioning.
It may be that interventions also need to enhance resilience as a means of improving pain and
functional outcomes, as opposed to simply reducing risk or focusing on biomedical factors.
Future research exploring risk, resilience, and self-efficacy will need to address these questions.

Two key demographic covariates, age and gender, were tested in relation to risk, resilience,
and disease severity. Older participants were found to have lower levels of psychological risk.
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This finding is consistent with previous research that has shown that there is a significant
decrease in negative emotion in older adults [55]. Older participants reported greater difficulty
in their physical functioning. Men performed better on objective physical functioning test of
quadriceps strength and flexibility than women did. In general, men have greater physical
strength than women do and it would be expected that this effect would also be captured by
the ERGOS measure. These results confirm that age and gender should continue to be included
in studies as they have important effects on the outcomes of pain and physical functioning.

There are limitations that should be considered when interpreting the results of this study. First,
a cross-sectional design was used to test relationships that likely change over time. It is likely
that some of the relationships modeled are bidirectional in nature, such as the relationship
between risk factors and pain [56]. Second, participants with moderate to high levels of physical
activity at baseline were excluded from the study. This exclusion limits the generalizability of
the results and may have contributed to the absence of effects for self-report or observed
physical activity. Future research should extend these findings to the range of arthritis patients
that engage in light, infrequent to vigorous, regular physical activity, as well as for those who
have had symptoms for a longer period of time. Comparison of these differences would allow
us to determine if these relationships hold or if other factors are more important to the
maintenance of pain tolerance and physical functioning.

Third, the amount of variance accounted for in pain was relatively small compared to the
variance accounted for in physical functioning. Similar discrepancies between pain and
disability have been found in previous studies when looking at psychological and radiologic
determinants [4]. Other variables not included in this analysis may have contributed more to
pain reports and should be examined in future studies. Physiological processes in the knee
joint, such as secondary inflammation, or additional psychological factors, such as pain
catastrophizing, fear of pain, and fear avoidance, may contribute more to the prediction of pain
[34,57]. In addition, the relationships between self-efficacy and the objective outcome
measures, ERGOS function test, and pain postfunction were relatively small compared to the
relationships between self-efficacy and self-reports of pain and functioning. Again, it may be
that other variables would have had a stronger association with the objective outcomes, such
as a more specific measure of self-efficacy for function or pain.

Finally, although not measured in the present study, there are other variables that have been
shown to be relevant in pain and disability research that may allow for a more complete picture
of risk and resilience in this population. The role of the social environment has been found to
be important, especially for disability and recovery [13,58-60]. Cognitive factors such as
optimism and locus of control have also been shown to improve self-care and functioning
[53,61].

Despite these limitations, this study has provided valuable information for an understudied
population that has implications for future research and clinical practice. To our knowledge,
this was the first study to examine how both risk and resilience factors influence pain and
physical functioning in an early KOA population. In addition, we have used both self-report
and objective measures of physical activity and physical functioning to study KOA. Utilizing
SEM to analyze the data was also a strength of this study, as it more closely mirrors real life
by demonstrating how all variables interact and relate to one another as a whole and identifies
the relative importance of each path within the model. Results from this study provide
information about adaptation to pain and arthritis symptoms experienced by an early KOA
population that engages in little physical activity. Risk and resilience proved to be directly and
indirectly related to pain and physical functioning over and above disease severity, suggesting
that these factors should be considered in determining the effectiveness of interventions.
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An interesting finding from this study is that, even at this early stage of disease, a process of
response to KOA has become enacted that may predict future levels of pain and physical
functioning. If psychological risk and resilience are already showing important impacts on pain
and physical functioning at this early stage, they may have even greater effects when the disease
has progressed and the cognitive/affective responses to KOA have become more established.
Some researchers have found that, with persistence of pain, psychological factors play an even
greater role in disability [4,62]. Thus, it may be even more important to intervene before the
condition becomes chronic. This is especially true if bidirectional relationships of pain and
psychological risk exist. For example, if psychological risk is already contributing to increasing
levels of pain at an early stage of disease and pain worsens over time, it is likely that
psychological risk will also increase, contributing to this downward spiral of increasing pain
and distress. However, since resilience and self-efficacy were found to have significant
influences on pain independent of risk, the coexistence of resilience and self-efficacy could
also be protective in slowing or curtailing this downward spiral. These results provide important
information for clinicians on the front lines to encourage patients to believe in their abilities
to care for themselves, as it may mark a vast difference in their illness trajectory. Enhancing
resilience and self-efficacy at this early stage may be critical to preventing or reducing levels
of future pain and disability.
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Fig. 1.
Measurement model of risk and resilience. Note: All estimates in the model are based on the
values from the completely standardized solution
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Fig. 2.
Final model of risk and resilience on pain and physical functioning. Note: All estimates in the
model are based on the values from the completely standardized solution. Single asterisks,
p<0.05; double asterisks, p<0.01
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Table 2
Indirect and direct effects on physical functioning and pain

Effect Effects on the Model with Arthritis Self-efficacy

Indirect Direct Total

Risk → SF-36 Physical Function – −1.76 −1.76
Risk → ERGOS Function −2.35** 1.21 0.75
Resilience→ SF-36 Physical Function 5.27** – 5.27**
Resilience → ERGOS Function 3.00** – 3.00**
Risk → WOMAC Pain – 2.34* 2.34*
Resilience → WOMAC Pain −4.20** 2.65** 1.10
Resilience → Pain Post-Fxn Test −3.71** – −3.71**

Pathways in the table are unstandardized estimates.

*
p<0.05;

**
p<0.01
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