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AbStrAct

objective: substantial variation exists in physical functioning (PF) among patients with 
comparable pain severity, which may be partly explained by underlying psychological processes, 
like cognitive appraisal of pain and coping with pain. It remains unclear to what extent such 
determinants contribute to changes in PF over time, especially in older populations. Therefore, 
we examined longitudinal associations of cognitive appraisals and coping strategies with PF, in 
older adults with joint pain and comorbidity. 
Methods: a prospective cohort study among 407 older adults with joint pain and comorbidity 
provided data over 18 months, with 6 month time-intervals. We measured PF (RAND-36), 
five cognitive appraisals (consequences, concerns, emotional representations, self-efficacy, 
catastrophizing), four coping strategies (ignoring pain, positive self-statement, increasing 
activity levels, activity avoidance) and three time-dependent covariates; pain intensity, 
anxiety and depressive symptoms. Longitudinal associations were analyzed with Generalized 
Estimated Equations (GEE), by testing auto-regressive models, adjusted for covariates. 
results: more negative thoughts about consequences of pain (β=-0.54, 95% CI= -1.02; -0.06), 
more catastrophizing (β=-0.67, 95% CI= -1.26; -0.07) and more activity avoidance (β=-0.32, 95% 
CI= -0.57; -0.08) were significantly associated with subsequent deterioration in PF, whereas 
higher perceived self-efficacy (β=0.22, 95% CI=0.12; 0.31) was associated with subsequent 
improvement in PF. Neither concerns, emotional representations, ignoring pain, positive self-
statement nor increasing activity levels were longitudinally related to PF. 
Conclusions: more negative thoughts about consequences of pain, more catastrophizing 
and more activity avoidance contributed to deteriorated PF, whereas higher perceived self-
efficacy contributed to improved PF. This knowledge may contribute to future management of 
functional limitations in older adults with joint pain and comorbidity.
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introDuction

Joint pain is the leading cause of functional limitations in older populations1. However, it is 
not self-evident that all individuals with severe pain experience poor physical functioning (PF); 
in groups of people with comparable pain severity, some improve, some remain stable and 
others (gradually) deteriorate in PF2,3. This variation may be partly explained by underlying 
psychological processes4,5. The transactional model of stress provides an interpretation of 
two complex psychological processes of responding to pain: appraisal and coping5. The first 
process ‘appraisal’ refers to an initial judgement of the pain, thus a personal evaluation 
whether pain is irrelevant or stressful. It also refers to individual beliefs about coping options 
and their effectiveness5. The appraisal process can result in negative (e.g. catastrophizing) or 
positive (e.g. higher perceived self-efficacy) cognitive appraisals of pain, which subsequently 
can influence one’s ability to cope with pain. Coping is the second process that refers to the 
actual management of pain, in order to minimize the impact of pain on functioning. This can 
refer to cognitive coping strategies; i.e. changing the way one thinks/feels about the stressful 
situation (e.g. ignoring pain) or to behavioural coping strategies; i.e. actually changing the way 
one handles/deals with the situation (e.g. increasing activities). 
 A wide range of cognitive appraisals and coping strategies have been studied in relation 
to pain-related functional limitations. Most relevant contributors to poor PF seem to be more 
negative thoughts about consequences of pain, concerns and emotional representations 
regarding pain6-8, lower perceived self-efficacy9-11, more catastrophizing12-14 and more activity 
avoidance14-16. The evidence about the relation of other coping strategies, like ignoring pain, 
positive self-statement or increasing activity level, with PF is inconsistent4,12. 
 However, several studies have a cross-sectional design which precludes inferences 
about cause and effect9,14,15. Moreover, earlier longitudinal studies primarily focused on the 
presence of these determinants at baseline in relation to changes in PF over time2,4,7,10-13,16, 
while longitudinal studies with repeated measures can test temporality; the determinant 
(appraisal/coping) precedes the outcome in time (PF) and make it possible to study the time-
varying nature of the determinants in relation to changes in PF. Also, many studies focused 
on populations with specific conditions, such as osteoarthritis (OA) or rheumatic diseases or 
only on particular pain sites, like pain in the hip or knee2,7,8,11,12,14,15, while many older adults 
suffer from multiple joint pain sites17. Additionally, some studies were performed in middle-
aged groups8,10,15,16 or did not take into account the presence of comorbidity, which is highly 
prevalent in older populations18 and may influence the relation of cognitive appraisals and 
coping strategies with PF. 
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Therefore, the aim of this study was to examine the longitudinal association of five cognitive 
appraisals and four coping strategies with PF, in older adults with (multiple) joint pain and 
comorbidity. 

mEtHoDS

We used data from a prospective cohort study that included 407 participants of 65 years 
or older, with more than two recorded chronic diseases in the medical file of the general 
practitioner and self-reported joint pain on most days in the past month in at least one joint 
pain sites: neck, back, shoulder, elbow, hand/wrist, hip, knee or ankle/foot. Participants were 
excluded if they lived in a nursing home, resided outside the research area for a prolonged 
period of time, had a life threatening illness, suffered from cognitive impairments or had 
insufficient knowledge of the Dutch language. More details about the study design have been 
previously published19. The Medical Ethics Committee of the VU University Medical Center 
Amsterdam approved the study protocol and written informed consent was obtained from all 
participants. Data was collected at baseline and at 6, 12 and 18 months follow-up. 

Physical functioning
Physical functioning was measured with the RAND-36 PF subscale, which asks about 
limitations in ten activities; vigorous activities, moderate activities, lift/carry groceries, climb 
several flights, climb one flight, bend/kneel, walk 1 kilometre, walk 0.5 kilometre, walk 100 
metres, bath/dress20. Items were scored on an ordinal scale (severe, some, no limitations), 
recoded, summed into scale scores and transformed to a 0-100 score; lower score reflects 
more limitations. The RAND-36 has been proven to be reliable and valid20.

Appraisal and coping
Based on the strongest evidence of being associated with PF, we selected five cognitive 
appraisals: concerns, consequences, emotional representations, self-efficacy, catastrophizing 
and four coping strategies: ignoring pain, positive self-statement, increasing activity levels, 
activity avoidance4,7-15. Figure 1 illustrates the location of the selected determinants in the 
transactional model of stress. We measured three appraisals with the Brief Illness Perception 
Questionnaire (B-IPQ) and replaced illness for joint pain: consequences -expected outcome 
of joint pain-; concerns -concerns because of joint pain-; emotional representations -anger, 
fear and distress because of joint pain-20; individual rating scale 0-10; a higher score reflecting 
more negative perceptions of joint pain. The B-IPQ has been shown to be reliable and valid21. 
The fourth appraisal self-efficacy was measured with the short form 6-item Arthritis Self 
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Efficacy Scale (ASES)22. Since the dimensionality of the ASES remains unclear23, we performed 
exploratory factor analysis and found evidence for a one-factor model with high factor loadings 
on the 6 items (0.59 to 0.84) (data not shown). Therefore, we calculated a total score, in which 
we summed the individual scores (1-11 rating scale) on the 6-items; score range 6-60; a higher 
score indicating more perceived self-efficacy. It has been debated whether catastrophizing is an 
appraisal or coping strategy24. Based on the available evidence, we categorized catastrophizing 
as an appraisal24. This fifth appraisal, catastrophizing, was measured with the short form 
Coping Strategy Questionnaire (CSQ), which uses two items to assess catastrophizing. 

Elevated levels of pain

Cogni�ve appraisals: expecta�ons regarding the significance and outcome of the pain
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         - Emo�onal representa�ons  (-) 
         - Self-efficacy (+) 
         - Catastrophizing (-) 

Impact on physical func�oning

Coping strategies: individual effort in thoughts and ac�ons to manage demands

Cogni�ve coping:
- Ignoring pain (-)
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Figure 1 |Location of the selected cognitive appraisals and coping strategies in the transactional model of 
stress [5]. (-) negative influence on outcome; (+) positive influence on outcome
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Three coping strategies were also measured with the short form CSQ: ignoring pain, positive 
self-statement and increasing activity levels22, again two items per coping strategy. Each 
individual item was scored on a 0-6 rating scale and a mean score of the two items was 
calculated; a higher score indicating more catastrophizing or more frequent use of the coping 
strategy. The fourth coping strategy activity avoidance was measured with the 5-item resting 
subscale of the pain coping inventory (PCI)25; score range 5-20; a higher score indicating more 
pain-related activity avoidance. 

Covariates
Age, gender and education data were derived from the baseline questionnaire. Pain intensity, 
anxiety and depression were measured at all four time points. The Chronic Pain Grade (CPG) 
measured pain intensity based on the mean of the average, worst and present pain on a 
0-100 rating scale26; a higher score indicating more severe pain. The 14-item Hospital Anxiety 
and Depression Scale (HADS) measured anxiety symptoms with 7 items (score range 0-21) 
and depressive symptoms with 7 items (score range 0-21); a higher score indicating more 
symptoms27. 

Appraisal/
Coping

Physical 
func�oning

18 months12 months6 monthsBaseline

Baseline 6 months 12 months 18 months

Auto-regressive model

Figure 2 | Illustration of the auto-regressive model that we used to study the longitudinal relationship of 
cognitive appraisals and coping strategies with physical functioning

Statistical analysis
Descriptive statistics characterised the study population. Mean scores and standard deviations 
(SD) of the cognitive appraisals, coping strategies and PF at baseline and after 6, 12 and 18 
months are presented. The longitudinal associations of the cognitive appraisals and coping 
strategies with PF were analyzed with Generalized Estimated Equations (GEE), which takes into 
account dependency between repeated measures. The technique allows all participants to be 
included in the analysis, regardless of missing data. We tested an auto-regressive (AR) model 
(Figure 2). Whereas the standard GEE model provides regression coefficients that combine 
between-participant and within-participant relationships, the AR model yields a better 
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understanding of the actual longitudinal relationships, as the cross-sectional relationships 
(between-participant relationship) are removed28. It investigates whether absolute scores 
on a particular appraisal or coping strategy (independent variable) at one time point (t) is 
associated with a higher scores on PF (dependent variable) at the next time point (t+1), in 
which the model corrects for previous PF score. Thus, we explored if a change in PF would 
be a consequence of either previous appraisal or coping score and previous PF score. An 
independent working correlation structure was used28 and the regression coefficients with 
95% confidence intervals are presented for the unadjusted (only time included) and the 
adjusted model: corrected for time, time-independent covariates age, gender, education and 
time-dependent covariates pain intensity, anxiety and depressive symptoms. Additionally, 
we tested possible interaction effects of age, gender and pain intensity on the unadjusted 
relation between cognitive appraisals, coping strategies and PF. A p-value <0.10 indicated 
effect modification. Data were analysed using SPSS version 20.0.

rESuLtS

Of the included 407 participants, 317 completed the study (77.9%). The drop out percentages 
were 9.1% after 6 months, 7.8% after 12 months and 6.5% after 18 months. The most 
important reasons for drop out were death and deteriorated health. There were no differences 
in gender, number of chronic diseases, number of joint pain sites and pain intensity between 
the completers (participants with all four measures) and non-completers (drop outs, thus 
participant with incomplete data). However, compared to completers, non-completers were 
older (79.7 vs. 76.1, t=4.94, p<0.001), lower educated (χ2=21.09, p<0.001), reported poorer 
PF (38.1 vs. 51.6, t=-4.89, p<0.001), more anxiety (6.0 vs. 4.8, t=2.65, p=0.008) and more 
depressive symptoms (6.7 vs. 5.1, t=4.01, p<0.001). The characteristics of the study population 
are shown in Table 1. 
 Scores of cognitive appraisals, coping strategies and PF were fairly stable over time (Table 
2). The results of the AR models tested with GEE are presented in Table 3. The unadjusted 
and adjusted models showed similar results, except for the relation between concerns about 
pain and deterioration in PF, which was no longer significant in the adjusted AR model. In 
the adjusted models, more negative thoughts about the consequences of joint pain (β=-0.54, 
95% CI= -1.02; -0.06), more catastrophizing (β=-0.67, 95% CI=-1.26; -0.07) and more activity 
avoidance (β=-0.32, 95% CI=-0.57; -0.08) were significantly associated with subsequent 
deterioration in PF, whereas higher perceived self-efficacy (β=0.22, 95% CI=0.12; 0.31) was 
significantly associated with subsequent improvement in PF. For clarification, the regression 
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coefficient for activity avoidance can be interpreted as follows: a one point higher score in 
avoidance was related to a 0.36 deterioration in PF at the following time point. 
 Further analysis of possible effect modification showed that the relation between self-
efficacy and PF was weaker in the higher aged participants, as the interaction was below 
the predefined level of 0.10 (β=-0.009, P=0.051). In contrast, the relation between activity 
avoidance and PF was stronger in higher aged participants (β=0.029, P=0.099) and in 
participants with higher pain intensities (β=0.009, P=0.070).

Table 1 | Baseline characteristics of the study population (n=407)

Gender: male, n (%) 153 (37.6)

Age, mean (SD) 76.8 (6.3)

Living arrangement: living together, n (%) 242 (59.5)

Highest education: n (%)

 Primary 121 (29.7)

 Secondary 199 (48.9)

 College/university 87 (21.4)

Number of chronic diseases: ≥3, n (%) 197 (48.4)

Chronic diseases: top 3, n (%)

Chronic ischemic heart disease, heart failure 254 (62.4)

Diabetes mellitus 152 (37.3)

Chronic respiratory disease 113 (27.8)

Number of joint pain sites, (1-8), mean (SD) 4.0 (1.9)

Worst pain site: top 3, n (%)

Back 109 (27.2)

Knee 73 (18.2)

Hand/wrist 61 (15.2)

DISCuSSIOn

We aimed to shed more light on the longitudinal associations of cognitive appraisals and 
coping strategies with PF in older adults with joint pain and comorbidity in this study. More 
negative thoughts about consequences of joint pain, more catastrophizing and more activity 
avoidance were significantly associated with subsequent deterioration in PF, whereas higher 
perceived self-efficacy was associated with subsequent improvement in PF. Notably, most 
coping strategies contributed only little to changes in PF in our study.
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Our findings showed that especially cognitive appraisals of pain were related to changes 
in PF over time. Higher perceived self-efficacy was related to improvement in PF. This is in 
line with previous studies that also reported strong evidence for this relation, especially in 
groups of people that are challenged by deteriorating PF, because of elevated pain levels2,9-11. 
Probably, people with higher perceived self-efficacy are better able to manage their pain. This 
may lead to more successful coping to alleviate difficulties and subsequently to less functional 
limitations9. Also, our findings confirmed previous findings that catastrophizing is an important 
contributor of deterioration in PF12-14. Probably, exaggeration of the pain, feeling helpless 
and more negative evaluation of the ability to deal with pain, result in experiencing more 
functional limitations24. Although previous studies reported associations between negative 
illness beliefs and poorer PF in populations with low back pain, osteoarthritis and chronic 
widespread pain6-8, these results were only partly supported in our study, as we only found a 
relation between more negative thoughts about the consequences of pain and deterioration 
in PF. Since most previous studies were conducted in substantially younger populations, our 
results suggest that the relation between the other two negative perceptions of pain and PF 
may be of less importance in older populations. Possibly, longer exposure time to pain and 
pain-related disabilities in older adults may lead to more acceptance, more adjustments and 
readdressing of expectations, and subsequently to fewer negative illness beliefs around pain. 
 Only the coping strategy activity avoidance was associated with poorer PF in our study. This 
well-known relation has often been often explained as follows; more avoidance of activities 
that induce pain can result in decreased muscle strength, leading to more joint problems, 
decreased stability and subsequently increased pain and more functional limitations14-16. 
Neither ignoring pain, nor positive self-statement, nor increasing activity levels was related 
to changes in PF in our sample. Previous studies also showed contradictory results for the 
relationship between these three coping strategies and PF4,12.
 Additional analyses showed a weaker relation between higher perceived self-efficacy 
and improvement in PF in older participants. As expected, older age was related to more 
reported functional limitations in our sample. Maybe the ageing process, elevated pain levels 
and disability lead to decreased confidence to control such alterations. On the other hand, it 
could be that older people are better capable to accept their disabilities and learn to redress 
expectations. Both explanations may explain the weakening of the relation between self-
efficacy and PF29. In contrast, the relation between activity avoidance and PF was stronger 
in higher aged participants, with more elevated levels of pain. In our sample, higher age was 
related to more elevated levels of pain, multiple joint pain and more co-occurring chronic 
diseases, which all may lead to more avoidance of activities. Such passive coping can result in 
declined bodily condition and poorer PF. 
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Table 2 | Scores of the repeated measures over 18 months of cognitive appraisals, coping strategies, 
physical functioning, and time-dependent covariates

Outcome Score 
range

Baseline
(n=407)

6 months
(n=364)

12 months
(n=337)

18 months
(n=319)

Physical functioninga 0-100 48.7 (25.8) 50.1 (27.4) 49.8 (27.5) 49.5 (27.4)

cognitive appraisals

Consequences 0-10 5.3 (2.7) 5.1 (2.6) 4.9 (2.7) 4.8 (2.7)

Concerns 0-10 5.1 (3.7) 5.5 (3.0) 5.2 (3.1) 5.2 (3.0)

Emotional representations 0-10 4.2 (3.0) 4.3 (2.9) 3.9 (3.0) 4.0 (3.0)

Self-efficacya 6-60 33.8 (12.5) 34.2 (13.5) 35.3 (13.1) 35.6 (12.8)

Catastrophizing 0-6 1.8 (1.5) 1.9 (1.6) 1.8 (1.6) 1.8 (1.5)

cognitive coping

Ignoring paina 0-6 3.0 (1.5) 2.9 (1.4) 3.1 (1.5) 3.0 (1.4)

Positive self-statementa 0-6 3.5 (1.8) 3.5 (1.8) 3.4 (1.8) 3.4 (1.7)

behavioural coping

Increasing activity levelsa 0-6 3.4 (1.7) 3.3 (1.6) 3.4 (1.6) 3.3 (1.6)

Activity avoidance 5-20 12.2 (3.5) 12.1 (3.6) 12.2 (3.6) 12.0 (3.6)

Time-dependent covariates

Pain intensity 0-100 64.4 (17.3) 65.0 (18.5) 61.6 (19.8) 62.7 (19.4)

Anxiety symptoms 0-21 5.1 (3.7) 5.4 (3.7) 4.9 (3.8) 4.9 (3.6)

Depression symptoms 0-21 5.4 (3.5) 5.3 (3.6) 4.9 (3.5) 5.3 (3.9)

a higher score is positive

Table 3 | Longitudinal associations of cognitive appraisals and coping strategies with physical functioning; 
auto-regressive models tested with generalized estimated equations

Auto-regressive model

Independent variable Model 1b P-value Model 2c P-value

cognitive appraisals

Consequences -0.62 (-1.03; -0.20) 0.003 -0.54 (-1.02; -0.06) 0.027

Concerns -0.30 (-0.59; -0.01) 0.045 -0.21 (-0.54; 0.11) 0.195

Emotional representations -0.05 (-0.33; 0.23) 0.717 0.10 (-0.25; 0.45) 0.570

Self-efficacya 0.26 (0.17; 0.36) <0.001 0.22 (0.12; 0.31) <0.001

Catastrophizing -0.87 (-1.41; -0.33) 0.002 -0.67 (-1.26; -0.07) 0.028

cognitive coping

Ignoring paina -0.02 (-0.53; 0.50) 0.953 -0.02 (-0.54; 0.49) 0.929

Positive self-statementa 0.10 (-0.32; 0.53) 0.632 -0.01 (-0.44; 0.42) 0.956

behavioural coping

Increasing activity levelsa 0.06 (-0.43; 0.54) 0.823 0.05 (-0.44; 0.54) 0.839

Activity avoidance -0.37 (-0.62; -0.12) 0.004 -0.32 (-0.57; -0.08) 0.008

a higher score is positive
b model 1=adjusted for time
c model 2= adjusted for time and time-independent covariates: age and education and time-dependent covariates: 
pain intensity, anxiety and depression
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Strengths and limitations
We focused on older adults with (multiple) joint pain and comorbidity; a highly prevalent 
combination that is under-represented in literature. We used data from a large cohort. The 
repeated measures over time enabled us to use GEE to study the longitudinal relations 
between cognitive appraisals, coping strategies and PF. As such studies are scarce, our findings 
add important information to the existing knowledge about the temporality of these relations. 
Also, we used only validated instruments. Furthermore, we were able to show that the above 
mentioned relations remained present even after controlling for anxiety and depressive 
symptoms. This is important, as previous studies have shown that depression can result in 
lower levels of self-esteem, more pessimistic thoughts (catastrophizing), which subsequently 
can impede the motivation to apply coping strategies or facilitates the application of passive 
coping strategies, like avoiding activities13,24,30.
 Despite the identified relations, we should bear in mind that the changes in PF between 
baseline and 18 months follow-up were only small and that the clinical relevance may 
be limited. Possibly, this follow-up period is not sufficiently long to examine changes in PF. 
Although we corrected for many important covariates, we may have missed other factors that 
could influence the relation of cognitive appraisals and coping strategies with PF, like fatigue 
and sleeping problems. 

COnCluSIOn

This study showed that more negative thoughts about consequences of pain, more 
catastrophizing and more activity avoidance contributed to deteriorated PF, whereas higher 
perceived self-efficacy contributed to improved PF. This knowledge may contribute to future 
management of functional limitations in older adults with joint pain and comorbidity.
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