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Abstract

Older adults with osteoarthritis have been found to be impaired in physical functioning and 
report higher levels of depression. This study examined the relationships between pain, func-
tional disability, and depression to test the activity restriction model in a cohort of 176 older 
adults in China. This model states that disability is a mediator for the relationship between pain 
and depression. Other investigators have found that pain and disability were two independent 
correlates of depression. In both cross-sectional and longitudinal analyses, the authors found 
that disability is a mediator, using commonly accepted methods (indirect effect 44%, Sobel Z = 4.07, 
P < .001; 41%, Sobel Z = 3.45, P < .001, respectively). However, this mediation effect was not 
seen when the outcome was residualized with the baseline value. When the baseline level of 
depression is residualized, the effect size of the relationship is reduced, requiring larger sample 
size to test its effect.
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Introduction

Osteoarthritis (OA) is one of the commonest types of arthritis among older adults. According to 
recent data from China, about 20% of elderly people (defined as age 50 years and older) suffer 
from radiographic OA.1 The prevalence is similar to that reported in the United States,2 and the 
numbers of OA sufferers are growing steadily.
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The management of OA requires attention to functional disability and pain, which often fol-
low progressive change in the joints. Studies have found that pain is a better predictor of disabil-
ity than radiographic change.3 Although some studies have found a relationship between OA 
disability (measured by level of function) and psychological factors in older adults,3-5 the role of 
psychological factors in OA is insufficiently understood.6

Older adults with OA have been found to be impaired in physical functioning and report higher 
levels of depression.7 Older adults with chronic illness such as OA are more likely to suffer from 
depressive symptoms when compared with their healthy counterparts.8 A more recent study on suc-
cessful aging echoes this finding by demonstrating that years of having arthritis increase the inci-
dence of depression and functional impairment among the elderly.9 The existence of linkages among 
pain, depression, and functioning is supported by evidence from a number of key studies.10-12

As OA results in physical limitations and social and occupational disability, patients may expe-
rience psychological impacts.10 Williamson and Schulz11 and Williamson12 reasoned that pain 
would prevent sufferers from carrying out daily activities and that such functional constraints 
could then result in psychological distress such as depression and anxiety. They proposed an 
activity restriction model, which states that pain increases depressive affect and also restricts 
physical function, which in turn contributes to depression. To test their hypothesis, they carried  
out a mediation analysis, which revealed that functional disability mediates the relationship 
between pain and depression.12 Parmelee et al13 found that pain and disability were two indepen-
dent correlates of depression in institutionalized elderly. These studies were cross-sectional, and 
to address this shortcoming, a study was conducted14 to examine the contribution of pain and dis-
ability to depression in people with OA of the knee, using both cross-sectional and longitudinal 
analyses. In the cross-sectional results, they found that pain mediated the effects of disability on 
depression. In the longitudinal analysis, when the effects of baseline level of depression were 
residualized, neither baseline pain nor baseline functional disability was associated with change in 
depression over a one-year period. Another longitudinal study of elderly community residents did 
not find support for the hypothesis that the pain–depression relationship was mediated by disabil-
ity.15 Parmelee et al14(p458) concluded that “although the basic inter-relationship of depression, pain 
and functional disability is almost indisputable, mechanisms underlying it remain in question.”

There is increasing evidence as to the role of self-efficacy as an important psychological vari-
able related to outcomes in arthritis management. In a longitudinal study of men and women with 
OA of the knee, high baseline self-efficacy decreased the odds of self-reported poor physical 
functioning 3 years later.16 Studies using the arthritis self-management (ASM) model17,18 have 
consistently shown that clinical improvement in symptoms (eg, pain, depression, and functional 
disability) was linked to baseline and improved self-efficacy in coping.

The aim of the present study is to further our understanding of the temporal relationships 
between pain, functional disability, and depression in OA. First, we hypothesize that OA-related 
pain, self-efficacy for pain, and functional disability at baseline are significant predictors of sub-
sequent depression. Second, given the equivocal findings of the role of functional disability as a 
mediator of the relationship between pain and depression in older adults, we hypothesize that 
functional disability mediates the relationship between pain and depression in cross-sectional 
analysis and in longitudinal analysis as postulated by Williamson and Schulz19 in the activity 
restriction model.

Methods
Participants

Participants were drawn from an existing urban cohort of elderly community residents in 
Shanghai, China, to whom an ASM intervention had been delivered 1½ years before the present 

 at PENNSYLVANIA STATE UNIV on September 16, 2016aph.sagepub.comDownloaded from 

http://aph.sagepub.com/


NP384		 Asia-Pacific Journal of Public Health 27(2)

study commenced in 2006. To be eligible for the present study, at the time of recruitment par-
ticipants had to be community-dwelling residents aged 50 years or older, with OA as a primary 
medical condition. We successfully approached 176 eligible older adults who agreed to partici-
pate. They were given an appointment at a time of their convenience to attend a local seniors’ 
center. Participants who turned up on the day were invited to complete a questionnaire written 
in Chinese after oral consent was obtained prior to its administration. Each participant was also 
required to complete the same questionnaire 6 months after the baseline. Participants’ height and 
weight were measured by trained health workers at follow-up, from which body mass index in 
kg/m2 was calculated. Each participant was given a gift valued equivalent to AU$2 to compen-
sate for their time in the study. The study was approved by the Human Research Ethics 
Committee of the University of Wollongong, Australia, and the institutional review board of the 
School of Public Health, Fudan University, China.

Measures
Depression. Depression was assessed using the 15-item Geriatric Depression Scale. This scale 

has been used widely in older populations. Scale items included “Are you basically satisfied with 
your life?” and “Have you dropped many of your activities and interests?” with yes/no response 
options. Each answer was assigned a score of 0 or 1 depending on the answers given, resulting 
in a maximum score of 15. A score higher than 5 is generally considered indicative of a depressed 
mood. Cronbach’s α for the Geriatric Depression Scale has been reported to be higher than .80 
in past research20 and has been tested in Chinese populations.21

Pain and physical function. The pain and physical function scales were derived from the 
Western Ontario and McMaster University Osteoarthritis index. For pain, each item is preceded 
by the stem question: “How painful do you feel . . .”, whereas for functioning, the stem question 
is “What degree of difficulty do you have with . . .”. Participants were asked to rate arthritic pain 
experienced or their difficulty with activities of daily living during the past month on a visual 
analogue scale from 0 to 100, with higher scores indicating greater pain or difficulty. The mean 
of the responses to the subscale questions was taken as the overall pain or physical function 
score. Reliabilities of the measures (Cronbach’s αs) have been reported as .70 to .81 for pain and 
.89 to .91 for function.22

Arthritis self-efficacy for pain. A 5-item pain subscale of the Arthritis Self-efficacy Scale was 
used to measure participants’ perceived ability to control their arthritis-related pain. Items 
included the following: “How certain are you that you can decrease your pain quite a bit?” and 
“How certain are you that you can continue most of your daily activity?”. Each question was 
answered on an 11-point Likert-type scale, ranging from 0 (very uncertain) to 10 (very certain), 
and the total score was derived from the mean of the responses. In other words, higher scores on 
the scale indicated greater confidence about ability to control OA-related pain. The reliability of 
the Arthritis Self-efficacy Scale relating to pain, in terms of Cronbach’s α, was previously 
reported as .75.23

Statistical Analysis
Raw data were first screened for normality, skewness, kurtosis, and univariate or multivariate 
outliers. The Shapiro–Francia test of normality showed that the main variables of interest 
(ie, pain, functional disability, depression, and self-efficacy) had highly significant departures 
from normality (P < .001). Visual examination of histogram plots also indicated that pain, 
depression, and functional disability were positively skewed and self-efficacy was negatively 
skewed. Hence, an origin-shifted logarithmic, log

e
(±x + k), transformation24 was used for trans-

formation of the scores, where x represents measures of pain, depression, functional disability, 
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or self-efficacy and k is a constant that was derived so that there would be zero skewness in the 
transformed variable.25 Three cases were identified as being both univariate and multivariate 
outliers; therefore, they were excluded before transformation. All subsequent (correlation and 
regression) analyses were performed on the transformed variables, controlling for age, gender, 
education, marital status, body mass index, and number of self-reported comorbidities.

Pearson’s correlation coefficients were calculated to examine associations among all vari-
ables of interest. Sequential multiple linear regression analyses were then carried out with 
depression at follow-up (T2) as the dependent variable to test the first hypothesis. Interactions 
between pain and functional disability as well as pain and self-efficacy were also fitted in the 
final steps of the sequential linear regression analysis to test for moderation.

Further regression analyses were undertaken to test for mediation using steps developed by 
Baron and Kenny26 and further refined by Preacher and Hayes.27 A series of Sobel tests was used 
to assess the significance of the mediated effect.28 As the Sobel test is performed using the prod-
uct of coefficients, computation of the standard error of the resulting product coefficient using 
Taylor series approximation works well only with a reasonably large sample size. Hence, the 
bootstrapping procedure with 10 000 resamples was applied to obtain more robust results. The 
authors modified the program sgmediation29 in Stata to produce Sobel test and bootstrap inter-
vals for the standardized coefficients. The statistical software, SPSS version 18 for Windows 
(SPSS, Chicago, IL) and/or Stata, version 11.2 (StataCorp LP, College Station, TX) were used 
in the data analyses.

Results
The baseline sample comprised 173 people with OA, 136 of whom were available at 6-month 
follow-up after exclusion of the 3 participants with multivariate outliers from the data set. No 
statistically significant differences were found in terms of sociodemographic characteristics and 
other variables between those who remained and those who dropped out at follow-up (data not 
shown). At baseline, the mean age of the participants was 62 years and the sample consisted of 
83% females. Participants had an average of 8.7 years of education, and more than 80% were 
married.

The internal reliability of the measures was examined by means of Cronbach’s α. As shown 
on the diagonal from Table 1, Cronbach’s αs for each of the scales at both T1 and T2 ranged from 
.75 to .97, suggesting good internal consistency of the scales across collections.

Table 1. Correlations of Time 1 and Time 2 Study Variables.a

Pain1 Func1 Dep1 Sep1 Pain2 Func2 Dep2 Sep2

T1 Pain (Pain1) .91  
T1 Functional disability (Func1) .79b .96  
T1 Depression (Dep1) .28c .39b .75  
T1 Self-efficacy for Pain (Sep1) −.28b −.33b −.35b .85  
T2 Pain (Pain2) .46b .34b .17 −.21d .85  
T2 Functional disability (Func2) .35b .37b .28c −.23c .77b .97  
T2 Depression (Dep2) .15 .30b .54b −.40b .15 .22d .75  

T2 Self-efficacy for Pain (Sep2) −.13 −.17 −.28c .31b −.27c −.41b −.26c .91

aCronbach’s αs are shown in boldface on the diagonal.
bP < .001.
cP < .01.
dP < .05.
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Correlations between the key variables are also displayed in Table 1. Pain, functional disabil-
ity, and depression were significantly correlated at both time points. Pain and functional disabil-
ity were highly correlated at T1 and T2. The variable most strongly correlated with functional 
disability (at T2) was OA-related pain (at T2) (r = .77, P < .001), whereas the variable most 
strongly correlated with depression (at T2) was depression (at T1) (r = .54, P < .001).

Table 2 shows the results of sequential regression analysis of pain and functional disability on 
depression at follow-up. Depression at follow-up was first regressed on baseline depression (at 
step 1), which explained 30% of variance and made a significant contribution to the equation 
(F for change in R2 = 53.79, P < .001). Together, the demographic variables contributed 3% of 
the unexplained variance (F for change in R2 = 1.10, P = .36), and no individual demographic 
factor significantly predicted depression at T2 after controlling for depression at T1.

Pain at T1 in step 4 did not account for any of the unexplained variation in depression at T2 
(F for change in R2 = 0.43, P = .52). Functional disability and self-efficacy at T1 were included 
at steps 5 and 6 and accounted for a further 2% (F for change in R2 = 3.58, P = .06) and 3% 
(F for change in R2 = 4.84, P < .05) of the variance, respectively. No interaction terms at baseline 
(ie, between pain and functional disability or between pain and self-efficacy) were found to be 
significant (F for change in R2 = 0.20, P = .65; F for change in R2 = 3.46, P = .07, respectively). 
In other words, there was no significant moderation of the effect of pain on depression by either 
functional disability or self-efficacy.

According to Baron and Kenny,26 criteria for testing a mediation effect include the following: 
(a) the predictor must be significantly associated with the outcome variable, (b) the predictor 
must be significantly associated with the hypothesized mediator, (c) the mediator must be sig-
nificantly associated with the outcome variable, and (d) the effect of the predictor on the outcome 
variable must be smaller when both predictor and mediator are included than when the predictor 

Table 2. Hierarchical Linear Regression Analyses for Change in Depression.

Statistics by Step Statistics by Variable

Step Variables Total R2 R2 Change Standardized β Final Standardized β t P

Outcome: Depression at follow-up
1. Depression (T1) .30 .30 0.55 0.42 5.00 .00
2. Age (in years) −0.03 −0.05 −0.53 .60
  Female (vs male) −0.09 −0.04 −0.45 .66
  Education (in years) −0.12 −0.11 −1.24 .22
  Currently married 

(vs currently not 
married)

.33 .03 −0.05 −0.06 −0.79 .43

3. Body mass index (T2) −0.02 −0.04 −0.54 .59
  Number of 

comorbidity (T1)
.33 .00 0.04 >−0.001 −0.01 .99

4. Pain (T1) .33 .00 0.05 −0.18 −1.35 .18
5. Functional disability 

(T1)
.35 .02 0.27 0.27 1.84 .07

6. Self-efficacy for pain 
(T1)

.38 .03 −0.18 −0.19 −2.25 .03

7. Pain × functional 
disability (T1)

.40 .02 −0.04 >−0.01 −0.06 .96

8. Pain × self-efficacy for 
pain (T1)

.40 .00 0.14 0.14 1.86 .07
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alone predicts the outcome variable. However, when the first criterion is not satisfied, indirect 
effect can still exist as explained by Preacher and Hayes.27

In the mediational models shown in Figures 1 and 2, the relationships between pain, depres-
sion, and functional disability were examined in cross-sectional and longitudinal models, respec-
tively. At baseline, pain significantly predicted functional disability (β = 0.81, P < .001) in the 
two models in Figures 1 and 2.

Figure 1 shows the cross-sectional mediational model in which functional disability at T1 was 
hypothesized to be the mediator when pain at T1 was the main predictor and depression at T1 the 
outcome variable. When pain and disability were entered into the linear regression simultane-
ously to predict depression, the effect of pain on depression was reduced by 0.44 (the indirect 

Figure 1. Cross-sectional mediational analysis for pain, depression, and functional disabilitya

Abbreviations: Pain1, pain at T1; Func1, functional disability at T1; Dep1, depression at T1.
aValue (β) within parenthesis represents the direct effect of the predictor on the residualized outcome variable 
controlling for other covariables (sociodemographics, body mass index, and number of comorbidities). Value 
outside the parentheses represents the total effect of the predictor on the residualized outcome variable when 
both predictor and mediator have been entered into the regression equation simultaneously while controlling for 
other covariables. *P < .05; **P < .01; ***P < .001.

Figure 2. Longitudinal mediational analysis for pain, depression, and functional disabilitya

Abbreviations: Pain1, pain at T1; Func1, functional disability at T1; Dep2, depression at T2.
aValue (β) within parenthesis represents the direct effect of the predictor on the outcome variable controlling for other 
covariables (sociodemographics, body mass index, and number of comorbidities). Value outside the parentheses represents 
the total effect of the predictor on the outcome variable when both predictor and mediator have been entered into the 
regression equation simultaneously while controlling for other covariables. *P < .05; **P < .01; ***P < .001.
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effect, Sobel Z = 4.07, P < .001), from β = 0.27 (the total effect, P = .003) to β = −0.17 (the direct 
effect, P = .22). The direct effect of pain becoming negative and not significantly different from 
zero suggests that disability completely mediated the relation between pain and depression at 
baseline. The bias-corrected 95% confidence interval (CI) (0.23-0.67) from bootstrapping of the 
product coefficient (estimating the indirect effect) did not contain zero, which further confirmed 
the significance of the mediated effect.

Figure 2 displays the longitudinal mediational model in which functional disability at T1 was 
hypothesized to be the mediator when pain at T1 was the predictor and depression at T2 the 
outcome variable. The β for indirect effect of pain via functional disability was 0.41 (Sobel Z = 3.45, 
P < .001), as β decreased from 0.20 (P = .03) for the total effect to −0.21 (P = .18) for the direct 
effect when functional disability at T1 was added to the equation. The bias-corrected 95% CI 
(0.16-0.68) of the indirect effect did not contain zero, which further confirmed the significance 
of the mediated effect.

Figure 3 presents the longitudinal (residualized outcome) mediational model in which func-
tional disability at T1 was hypothesized to be the mediator when pain at T1 was the predictor and 
residualized depression the outcome variable. Neither the total effect (β = 0.06, P = .50) nor the 
direct effect (β = −0.18, P = .32) of pain at T1 on residualized depression was statistically signifi-
cant. In other words, the first condition for establishing mediation was not met. Further analysis 
revealed that functional disability at T1 did not significantly affect residualized depression 
(β = 0.30, P = .07) after controlling for pain at T1. The indirect effect of pain via functional dis-
ability at T1 on residualized depression was not significant either (β = 0.24, bias-corrected 95% 
CI = −0.05-0.54, Sobel Z = 1.64, P = .10), that is, there was no evidence of significant indirect 
effect.

Discussion
In this study, we found that all four variables, pain, functional disability, self-efficacy for pain, 
and depression, were correlated in a sample of community-dwelling older adults in China. The 
main factors that predicted depression at follow-up after the effects of baseline levels of depres-
sion were removed (residualized) were functional disability at baseline and self-efficacy for pain 
at baseline. This provides additional evidence for the value of increasing coping skills for older 

Figure 3. Residualized mediational analysis for pain, depression, and functional disabilitya

Abbreviations: Pain1, pain at T1; Func1, functional disability at T1; Dep2, depression at T2.
aValue (β) within parenthesis represents the direct effect of the predictor on the outcome variable controlling for other 
covariables (sociodemographics, body mass index, and number of comorbidities). Value outside the parentheses represents 
the total effect of the predictor on the outcome variable when both predictor and mediator have been entered into the 
regression equation simultaneously while controlling for other covariables. *P < .05; **P < .01; ***P < .001.
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adults with pain due to OA as those with higher levels of self-efficacy for controlling pain were 
less depressed. This cohort had received the ASM intervention in the past, and this may be one 
explanation for the lower levels of depression in this group of community living older adults 
than those investigated in other studies.14,19

Theorists who advocate the activity restriction model argue that pain contributes to depres-
sion through its impact on functional disability.11,12,19 Those who favor the common cause model 
argue that pain is a mediator between depression and disability among OA sufferers.13,14 In this 
study, we addressed this question by testing for the mediation effect of functional disability. 
Using cross-sectional data, mediational analysis showed that functional disability mediated the 
relationship between pain and depression. The same relationships were observed in longitudinal 
analysis, where functional disability at baseline mediated the relationship between pain at base-
line and depression at follow-up. Therefore, when using the same analysis as Williamson and 
Schulz11 the findings of our study support the activity restriction model.19

Parmelee et al14 found no support for the mediation effect of functional disability in longitu-
dinal analysis. In their study, Parmelee et al14 used a measure of depression at follow-up after 
taking into account the effect of depression at baseline by residualizing the baseline effect. When 
we used a similar analysis, we found similar results, and the indirect effect of pain via functional 
disability was not statistically significant.

In summary, this study provides additional evidence in favor of the activity restriction model 
in a sample of community-living older adults from a non-Western cultural background. In our 
study, we found that one of the contributory reasons for the equivocal results of the mediation 
effect of functional disability on the relationship of pain and depression in patients with OA 
could be the methods of analysis used.

There is evidence that past depression affects current depression.14 To account for this, residu-
alization of follow-up depression for baseline depression and/or fitting baseline depression as a 
predictor should be performed. When the baseline level of an outcome (in this case depression) 
is residualized or adjusted for when testing for mediation, the effect size of the relationship 
between the antecedent (in this case pain) and outcome (depression) decreases and larger sam-
ples are required to detect correlations.30 This may explain the findings of Parmelee et al14 and 
our findings, when we used residualized outcome variables for the regression models.

Other explanations for the findings are that participants who had received the ASM program, 
in which they were taught to reduce worry because of pain, were able to reduce the effect of pain 
on depressive thoughts. One indication of this effect is seen as self-efficacy for pain at baseline 
was a significant predictor of depression at follow-up. Moreover, there could be cultural reasons 
that among Chinese people, pain is more acceptable in older age, as compared with people from 
Western cultures.15 It appears that the role of functional disability as a mediator is complex and 
varies with the level of depression and characteristics of the patients. Further study is required to 
tease out these relationships.

There are some limitations for generalizing the findings of our study. First, the sample com-
prised OA sufferers from an urban community in China and the findings cannot be generalized 
to other populations in China. Another limitation was that because of constraints of time and 
resources, the follow-up study was carried out within 6 months. This may not have been a suf-
ficient period to observe changes in some of the factors of interest, particularly long-term changes 
in pain, functional disability, and depression.

Unlike pain and functional disability, depression is a relatively dynamic variable with large 
variation over short periods (weekly) or even within the day, which contributes to the weaker 
associations observed between depression and its predictors, compared with functional disability 
and its predictors. Further longitudinal research with more follow-up time points are indicated. 
Such methods can also be used for determining the optimal lag period between the outcome (ie, 
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depression) and its predictors for measurements to be taken, which would be useful for the plan-
ning of future studies.

Conclusion
To our knowledge, this is the first study conducted in a non-Western cultural setting to test the 
activity restriction model, where disability is a mediator for the relationship between pain and 
depression on older adults. Our findings indicate that functional disability is a mediator, using 
commonly accepted methods for mediation analysis. However, similar to findings of Parmelee 
et al,14 this mediation effect was not seen when the outcome was residualized with the baseline 
value. The equivocal findings of others may be explained by the type of analysis for mediation. 
When the baseline level of depression is residualized, the effect size of the relationship is 
reduced, requiring larger sample size to test its effect.

In addition, the findings also support the value of interventions that increase the capacity of 
people with arthritis to deal with pain, especially by increasing their self-efficacy for controlling 
pain. In translation of research to practice, these results add to the value of self-management 
interventions for persons with arthritis and specifically OA. The findings have direct application 
to low- to middle-income countries such as China, where joint replacement surgery is not a via-
ble option for many people with OA.
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