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ABSTRACT

Pain is a key symptom of Osteoarthritis (OA) and has been linked to poor mental health. Pain
fluctuates over time within individuals, but a paucity of studies have considered day-to-day
fluctuations of joint pain in relation to affective symptoms in older persons with OA. This
study investigated the relationship of both pain severity and within-person pain variability with
anxiety and depression symptoms in 832 older adults with OA who participated in the
European Project on OSteoArthritis (EPOSA): a six-country cohort study. Affective symptoms
were examined with the Hospital Anxiety and Depression Scale, pain severity was assessed
with the WOMAC/AUSCAN, and intra-individual pain variability was measured using pain
calendars assessed at baseline, 6 and 12-18 months. Age-stratified multiple linear
regression analyses adjusted for relevant confounders showed that more pain was
associated with more affective symptoms in older-old participants (74.1-85 years). Moreover,
older-old participants experienced fewer symptoms of anxiety (ratio=.85, 95% CI: .77-.94),
depression (ratio=.90, 95% CI. .82-.98) and total affective symptoms (ratio=.87, 95% CI. .79-
.94) if their pain fluctuated more. No such association was evident in younger-old participants
(65-74.0 years). These findings imply that stable pain levels are more detrimental to mental

health than fluctuating pain levels in older persons.

Perspective: This study showed that more severe and stable joint pain levels were
associated with anxiety and depressive symptoms in older persons with OA. These findings
emphasize the importance of measuring pain in OA at multiple time-points, as joint pain

fluctuations may be an indicator for the presence of affective symptoms.
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INTRODUCTION

Osteoarthritis (OA) is the most common form of musculoskeletal disorders worldwide ** and a
leading cause of functional limitations and loss of independence in later life. Chronic pain
represents one of the key debilitating symptoms of OA *°. Moreover, OA - and in particular
pain experienced by OA patients - has been linked to an increased risk of affective

®6.20.29 and anxiety > ® 2. In turn, affective symptoms may

symptoms, such as depression
have a detrimental effect on pain perception °. A recent systematic review and meta-analysis
concluded that around 20% of persons with OA experience depressive and/or anxiety
symptoms *. More insight is needed in the vicious circle in which pain, depression, and
anxiety may continually reinforce each other over time in persons who suffer from OA.

The severity of pain in OA may vary greatly between individuals **. Moreover, individuals
may experience stable pain levels or fluctuations in pain over time 32, A fluctuating course
requires repeated measurements and is difficult to capture with commonly used instruments
such as the Western Ontario and McMaster Universities OA Index (WOMAC) ’ and the
Australian/Canadian Hand Osteoarthritis Index (AUSCAN) 8.

The association between variability in pain experience and mental health is bi-directional
1821 and has been rarely studied *2. Schneider et al. ** showed more day-to-day fluctuations
of pain in adult patients with OA or other rheumatic diseases who had higher levels of
depressive symptoms. Anxiety symptoms were not predictive of variability in pain scores in
their study.

To our knowledge, no study to date has focused on the effect of intra-individual pain
variability over time on anxiety and depressive symptoms in persons with OA. The European
Project on OSteoArthritis (EPOSA) provides a unique opportunity to examine these
associations in older persons with OA from the general population “°. In this study, we used
data of the EPOSA cohort to examine the relationship of both pain severity and within-person

pain variability over time with symptoms of anxiety and depression. Presuming that a lack of

predictability of pain is detrimental to mental wellbeing *, it was hypothesized that more



severe pain and greater pain variability over time would be associated with more affective

symptoms * 2% 32,

METHODS

Study design and participants

The European Project on OSteoArthritis (EPOSA) is a multi-cohort study aimed at
investigating the personal and societal consequences of OA and its determinants, using pre-
harmonized data from six European population-based cohorts of older adults. Participating
countries include Germany, Italy, the Netherlands, Spain, Sweden and the United Kingdom.
Detailed information about the EPOSA design, participants and procedures of data collection
are described elsewhere “. In short, 2942 community-dwelling persons of 65-85 years with
and without OA were included. Interviews and clinical assessments took place at baseline
and after 12 to 18 months. Furthermore, immediately after the baseline and follow-up
interview as well as 6 months after baseline, participants were asked to complete a two-week
calendar assessing joint pain. Presence of the three most common forms of OA — knee, hip
and hand OA — was assessed with a clinical examination based on the criteria of the
American College of Rheumatology *, which resulted in a total of 889 participants with clinical
OA of the knee, hand and/or hip. For the current study, we used data from persons with
clinical OA who did not report joint replacements or surgery in the past two weeks at the site
of the clinical OA (N=832). All six cohort studies were approved by the Ethical Review
Boards of the respective institutions and all participants gave written informed consent prior

to the start of the study.

Measurements
Pain severity
Pain severity in the past 48 hours was measured with the WOMAC ’ (knee and hip OA) and

AUSCAN 2 (hand OA) pain subscales at baseline and follow-up. These commonly-used



guestionnaires assess pain in five daily life situations, rated on a 0 (no pain) to 4 (extreme
pain) scale. As the WOMAC and AUSCAN pain subscales are scored on the same scale
(score range: 0-20), the raw scores of knee, hip and hand pain were added up, resulting in a
total pain severity score (range 0-60). This score was then transformed to a 0-100 scale for

comparability to other studies ’.

Pain variability

At baseline and after 6 and 12-18 months, participants completed two-week calendars
assessing daily joint pain. On these calendars, participants indicated their amount of joint
pain per day, ranging from O (no pain) to 10 (extreme pain). In addition, participants were
asked to indicate whether they took pain medication, whether they consulted a doctor and
whether they had surgery as a result of their joint pain. No information regarding site and
context of the joint pain was collected. Participants from Spain did not complete the 6-month
calendar. As a measure of individual day-to-day pain variability over a longer time period, the
standard deviation (SD) of the scores of all available days of the three calendars was
calculated for each participant. The more day-to-day pain variability a person reported, the
larger the SD. At least 7 of 14 days of at least one calendar had to be completed by a

participant in order to be included in the pain variability analyses.

Affective symptoms

The Hospital Anxiety and Depression Scale (HADS) * was used to measure symptoms of
anxiety (HADS-A, 7 items) and depression (HADS-D, 7 items) at baseline and follow-up. The
HADS is a widely-used, self-rated measure assessing affective symptoms the participant
experienced in the past four weeks. The total HADS score (HADS-T) is a general measure of
total affective symptoms. Item scores range from O (rarely or never) to 3 (mostly or always).
Total scores for the subscales range from 0-21, with a score of 28 being indicative of the

presence of a disorder. Total scores for the combined scale range from 0-42. The HADS



displays good reliability and validity in several medical and general population samples ° and

in people with OA °.

Potential effect modifiers and confounders

23,27 25,38

We examined whether age and gender were effect modifiers in the relationship
between pain and affective symptoms. The analyses were adjusted for the following
confounders: age, gender (if no effect modifier), country, education level (< elementary
school, elementary school, vocational/secondary education, or college/university education),
smoking *° (never, former, or current smoker), body mass index (BMI: weight in kg / height in
m?) ?°, number of chronic diseases (selected from the seven most common chronic somatic
diseases in the older population: chronic non-specific lung disease, cardiovascular disease,
disease of peripheral arteries, stroke, diabetes mellitus, cancer and osteoporosis), physical

34, 36

activity (in kcal/day, assessed with the LASA Physical Activity Questionnaire) and use of

psychotropic medication (antidepressants, anxiolytics and/or antipsychotics use yes/no) and

pain medication (analgesics or anti-inflammatory medication use yes/no) **%.

Statistical analysis

Descriptive characteristics of the study sample were examined with frequencies /
percentages for categorical variables and medians / interquartile ranges (IQRs) for skewed
continuous variables. With the exception of age, gender and country, all descriptive statistics
were weighted to adjust for differences in the distributions of age and gender across the six
samples. Weights were calculated per gender and per five-year age category, using the
formula: W = Nexp / Nobs, where Nexp is the number of persons in a specific age/gender
category in the European population, and Nobs is the number of persons in a specific

age/gender category in the cohort *°

. Differences between participants in the analysed
sample and persons who dropped out after baseline were examined with chi-square (for

dichotomous or categorical variables) or Mann Whitney (continuous variables) tests in non-



response analyses. Cronbach’'s alphas were calculated for the HADS and the
WOMAC/AUSCAN, both at baseline and at follow-up, to evaluate the reliability of the scales
in the EPOSA sample.

For pain severity, both cross-sectional and longitudinal multiple linear regression analyses
were conducted. For the cross-sectional analysis, the baseline WOMAC/AUSCAN combined
pain score was used as predictor and the baseline HADS-A, HADS-D and HADS-T scores as
continuous outcome variables. To examine the relationship between pain severity and
affective symptoms over time, the baseline WOMAC/AUSCAN combined pain score was
used as predictor, the HADS-A, HADS-D and HADS-T scores after 12-18 months,
respectively, as outcomes and the respective baseline HADS score as additional covariate to
control for baseline levels of affective symptoms.

To study whether intra-individual pain variability over time affects affective symptoms,
multiple linear regression analyses were performed with the individual joint pain SDs
(calculated from the three pain calendars) as predictor and the three HADS scores at 12-18
months as outcomes. A potential drawback of using the SD of the individual pain scores as a
measure of pain variability is that the SD is the same for persons who report the same
magnitude of fluctuations, regardless of their mean pain score. For instance, two persons
with mean pain levels of 0 and 10, respectively, who experience no pain fluctuations, will
both have an SD of 0. For this reason, we adjusted all pain variability analyses for the
individual mean joint pain score, calculated from all available joint pain scores on the
calendars (similar to the calculation of the SD pain variablility score).

To study possible effect modification by age and gender, an interaction term of the
predictor with the potential effect modifier was created. This interaction term was added to
the unadjusted analyses. If the p-value of the interaction term was <.10, effect modification
was considered to be present and stratified analyses were conducted.

To examine the robustness of the effects, we analyzed two models. In Model 1, we

adjusted for country, age and gender (if no effect modifier). In Model 2, we additionally



adjusted for education level, smoking, BMI, number of chronic diseases, physical activity and
use of psychotropic and pain medication.

We conducted pre-planned sensitivity analyses for both pain severity and pain variability
omitting persons who reported taking psychotropic medications, as these drugs may not only
decrease affective symptoms, but also alleviate pain %2,

As the score distribution of all three HADS measures was skewed to the right, the
following natural log transformation was conducted on the HADS scores: Ln(1+HADS score).
The regression coefficients and confidence intervals (Cls) from the regression analyses were
back-transformed to obtain interpretable ratios. These ratios can easily be converted into a
percentage of change in the outcome variable (affective symptoms) per one unit change in
the predictor (pain). As a one-unit increase/decrease on the pain severity scale of 0-100 is

very small, a more meaningful 10-unit increase/decrease *

was derived by calculating
ratio10. A two-sided p-value of .05 was regarded as statistically significant. All analyses

were conducted with SPSS version 22 (SPSS Inc. Chicago, IL, USA).

RESULTS
Characteristics of the study population can be found in Table 1. Over two-thirds of the
participants were female (70.2%) and the median age was 74.0 years. Of the 832
participants in the present analyses, 67.0% had OA at one site, 26.6% at two sites and 6.5%
at all three sites. The median range of fluctuations in joint pain within one calendar (two
weeks) was 3 points (IQR 2-4, range 0-10) for the baseline pain calendar and 2 (IQR 1-4,
range 0-10) for the 6 and 12-18 months pain calendars.

Cronbachs alphas of the HADS-A, D and T at baseline and follow-up varied between .736
and .859, indicating good reliability of the scale. Similarly, the reliability of the
WOMAC/AUSCAN pain severity scale was also good (Cronbach’s alpha .891 and .908 for

the baseline and follow-up scales, respectively).
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In non-response analyses for pain variability, participants in the analyzed sample were
compared to persons who dropped out of the study or did not complete at least 7 days on at
least one pain calendar (N=69). At baseline, 85.2% of the participants completed =7 days of
the calendar. At 6 months, 57.7% completed =7 days (Spain not taken into account) and at
12-18 months, 58.5% completed =7 days. At baseline, non-responders to the pain calendar
were older (p<.001) and had more depressive symptoms (p=.019), compared to participants
who did complete at least 7 days. At 6 months, persons who dropped out or did not complete
the calendar were older (p=.029), lower educated (p=.009), had more anxiety (p<.001) and
depressive symptoms (p=.001), more severe pain (p=.043), more chronic diseases (p=.044)
and higher BMI (p=.047). At 12-18 months, this pattern was similar, with the addition that
non-responders were more often female (p=.022) and did not have a higher BMI compared

to the responders to the calendar.

---Insert Table 1 about here---

Pain severity

Cross-sectional analyses: In the cross-sectional baseline analyses, gender was not an effect
modifier. However, age was a significant effect modifier for anxiety (p<.001) and total
affective symptoms (p=.002), but not for depressive symptoms (p=.22). Therefore, analyses
were stratified at the median age (74.0 years) for anxiety and total affective symptoms and
analyses for depressive symptoms were conducted in the group as a whole (see Table 2).
The regression analyses showed that, adjusted for relevant confounders, greater pain
severity was associated with more anxiety (ratio=1.011, p<.001) and total affective symptoms
(ratio=1.007, p=.011) in persons over 74 years (‘older old’), but not in persons between 65
and 74 years (‘younger old’; ratio=1.002, p=.43 and ratio=1.004, p=.12, respectively). In the
total group, more severe pain was associated with more depressive symptoms (ratio=1.006,

p=.001). Accordingly, a 10-unit increase in pain severity corresponded to a 11.6% increase in
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anxiety symptoms and a 7.2% increase in total affective symptoms in persons >74 years,
and with a 6.2% increase in depressive symptoms in the total group.

Longitudinal analyses: Contrary to the cross-sectional analyses, age was not an effect
modifier in the longitudinal analyses of pain severity. However, sex was a significant effect
modifier for anxiety and total affective symptoms (p=.002 and .021, respectively; HADS-D:
p=.21). Hence, analyses for anxiety and total affective symptoms were conducted separately
for males and females and analyses for depressive symptoms were conducted in the total
group (see Table 2). Adjusted for confounding, more severe pain at baseline was associated
with more affective symptoms at follow-up in males (ratio=1.009, p=.022) but not in females
(ratio=0.99, p=.78). In the total group, more severe pain at baseline was associated with
more depressive symptoms at follow-up (ratio=1.006, p=.002). In accordance, a 10-unit
increase in baseline pain severity corresponded to a 9.4% increase in total affective
symptoms at follow-up in males and a 6.2% increase in depressive symptoms in the total
group.

Sensitivity analyses: the sensitivity analyses without persons who use psychotropic
medications (N=178) did not change any of the conclusions (data not shown but available on

request from the author).

---Insert Table 2 about here---

Pain variability

Table 3 displays the results of the pain variability analyses. Gender was not a significant
effect modifier. However, age was a significant effect modifier for all three HADS outcomes
(HADS-A: p=.002; HADS-D: p=.004; HADS-T: p=.001). Therefore, all analyses were
conducted separately for the two age groups, again stratified at the median age. Greater pain
variability over 12-18 months was significantly associated with lower anxiety (ratio=.85,

p=.002), depressive (ratio=.90, p=.018) and total affective symptoms (ratio=.87, p=.002) after
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12-18 months in the older-old participants. In accordance, a 1-unit increase in pain variability
was associated with a 15% lower anxiety score, a 10% lower depression score and a 13%
lower affective symptoms score in persons with OA over 74 years. No statistically significant
associations between pain variability and affective symptoms were observed in participants
between 65 and 74 years of age.

Sensitivity analyses: the sensitivity analyses without persons who use psychotropic
medications (N=178) did not change any of the conclusions (data not shown but available on

request from the author).

---Insert Table 3 about here---

DISCUSSION
Pain is a common and debilitating symptom of OA that can have substantial consequences
for daily life. The present study investigated whether pain severity and pain fluctuations over
time in older persons with OA from the general European population were associated with
symptoms of anxiety and depression. The results demonstrated that more severe pain was
associated with more depressive symptoms. In addition, higher pain severity in persons over
74 years (‘older-old persons’) was associated with more anxiety and total affective
symptoms. Over time, depressive symptoms became worse when pain severity increased. In
males, total affective symptoms increased with increasing pain severity. Previous studies
have also indicated that pain severity is related to symptoms of anxiety and depression (refs
4-6). The results from the EPOSA study strenghten these findings by demonstrating the
association in a large sample of community-dwelling people with OA from multiple countries.
Day-to-day pain variability was assessed with three two-week pain calendars over a time
course of 12-18 monhts. The calendars showed substantial individual day-to-day fluctuations

of pain levels. Contrary to our expectations, more fluctuations in joint pain were associated
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with less anxiety, depressive and total affective symptoms in the older-old persons. In the
younger-old participants (65-74 years), pain variability was not significantly associated with
affective symptoms.

Similar to the study by Schneider et al. **, we expected to find more affective symptoms in
persons with more fluctuating pain levels, possibly because of lack of control over and
predictability of pain episodes. However, we found the opposite pattern. There are some
differences between our study and Schneider’s study that may explain this discrepancy. For
instance, the study by Schneider recruited patients with OA and other rheumatic diseases
from clinics, whereas we investigated a population-based sample with (clinical) OA.
Furthermore, Schneider et al. assessed pain in general, whereas we specifically asked about
joint pain. Finally, the sample size of the study by Schneider was substantially smaller
(N=300) than the sample size of the present study (N=832).

An explanation for the observed pain variability results might be that more predictable,
stable and chronic pain levels activate feelings of hopelessness and lack of perspective *’. In
addition, persons who also have ‘good days’ may be better able to withstand the ‘bad days’,
in contrast to persons who have the same, chronic pain level every day. The latter group may
also experience more interference with daily life functioning. Furthermore, evidence suggests
that maladaptive plastic brain changes occur in persons with chronic pain, that do not occur
in person with more acute pain. These changes may alter pain perception and are related to
depression ™ °,

The negative association between pain variability and affective symptoms was observed
in the age group over 74 years only. The cross-sectional pain severity analyses showed a
similar pattern. Older persons may have fewer effective coping strategies due to more
morbidity and/or frailty, compared to younger persons " ' 3! |n attempting to explain this
age difference further, we looked at differences in pain and affective symptoms between
these two age groups in our sample. The older-old group did not experience more severe or

more fluctuating pain levels, but did report more depressive and total affective symptoms
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than their younger-old counterparts. This finding may reflect the mutually reinforcing effect of
pain and affective symptoms in the older age group > **. Our age-stratified results are in
contrast with the study by Sanders et al., who found that older age did not influence the
relationship between pain and depression *'. However, the study by Sanders et al. was
conducted with older persons from the general population; not in a specific OA sample.

As the minimally important difference (MID) in HADS scores has rarely been studied, it is
difficult to draw conclusions about whether the observed association between pain severity
and variability and affective symptoms is clinically meaningful. One study involving patients
with moderate to severe chronic obstructive pulmonary disease showed that the MID for their
study sample was 1.5 points *. this MID can be taken as an example for the EPOSA study,
but it should be kept in mind that the COPD sample differed from the EPOSA sample in
multiple ways. As we calculated ratios in our paper, it depends on the baseline HADS score
whether a change is clinically meaningful. Our analyses showed that a reduction in pain
severity or variability was associated with up to 15% lower HADS scores. Hence, for higher
baseline HADS scores, this change is clinically meaningful. One could argue that this change
is especially relevant for persons with higher baseline HADS scores, as they experience the
most affective symptoms.

This study combines several strengths. First, EPOSA is a large study with a pre-
harmonized dataset including prospective cohort data from persons with OA from six
European countries. Presence of OA was determined with standardized assessments
methods. The study samples were drawn from the general population, which means that we
have data from persons with OA ranging from mild to severe and from persons who did and
did not receive care for their OA. This study characteristic increases the generalizability of
our results. Because of the large dataset, we were able to adjust for many relevant
confounders and examine effect modification. Another asset is that we analyzed day-to-day

pain variability with multiple joint pain calendars over a large time range, which is a novel and



15

promising way of analyzing pain in OA. To our knowledge, no other study has focused on the
effect of pain variability over time on anxiety and depressive symptoms in persons with OA.

This study also has some limitations. First, we did not ask the participants about other
types of pain that they may have had at the same time as their joint pain, so we were not
able to adjust for this potentially important confounder. Second, the pain calendar at 12-18
months was completed after the HADS interview, whereas we defined the HADS as our
dependent variable. However, the time frame between these measurements was rather short
(1 day to two weeks), as the calendar was started the day after the interview. Leaving the
third pain calendar out would not only reduce the power of our analyses, but would also
mean that the HADS would be measured six months after the last pain calendar, which is a
much longer time frame. Third, the information from the pain calendar was not specific
enough to determine the site and context of the joint pain. Fourth, the calendars were filled
out by hand, without electronic time stamps. Although this paper-and-pen method is
preferred by part of the older population, it is prone to ‘backfilling’ which could potentially
harm data quality.

A potential methodological issue is the use of the SD of all available joint pain scores as a
measure of pain variability. We combined pain scores from the three calendars that were
relatively far apart in time. Correlations between pain variability scores of each calendar were
moderate in strength (Spearman’s rho: .409 - .571, all p<.001), indicating that the three time
points are not dissimilar. Moreover, individual SD scores may suffer from relatively low
reliability “2. This potential issue is more pronounced if the number of observations is low. In
most cases, the SD was calculated from 3*14=42 observations. Potentially, this number is
not sufficient to reach high reliability, which may have led to an underestimation of the
results. Future research should examine whether the use of more observations can create a
more reliable pain variability score.

The nonresponse analyses revealed that the persons with the highest pain and affective

symptom levels were lost to follow-up, which may have attenuated our results. Previous
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research, however, indicates that this loss of follow-up data is not likely to be problematic *°.
Finally, despite the longitudinal design, it is still difficult to draw firm conclusions about the
causality of pain severity / variability and affective symptoms. Previous research suggests
that the relationship may even be bidirectional > .

The evidence from this study suggests that persons with OA experience substantial day-
to-day fluctuations of pain levels. This result is in accordance with another study that also
observed that changes in pain were associated with changes in mood in persons with OA
2 These results emphasize the importance of measuring pain variability in persons with OA,
as it may shed a different light on experienced pain and its consequences, compared to
measuring pain at only one time-point 2.

At the moment, treatment for depression and anxiety in persons with OA is suboptimal *
3 Pain, anxiety and depression are risk factors for further functional decline in OA *? and the
disease burden increases if a person experiences affective symptoms . Future research
should focus on finding effective interventions for reducing (the burden of) chronic pain to
improve mental wellbeing in older persons with OA.

In conclusion, the present study showed that more severe and stable joint pain levels are
associated with more symptoms of anxiety and depression in persons over 74 years of age
who suffer from OA. Due to the fluctuating nature of joint pain in OA, assessing pain severity
at only one time-point is not enough to capture the whole story. Therefore, it is important to
assess the chronicity of the pain in OA, as it may be an indicator for the presence of anxiety

and/or depressive symptoms.

ACKNOWLEDGEMENTS

We are very grateful to all participants of the EPOSA study for their valued contributions.

The EPOSA research group: Germany: T. Nikolaust (Principal Investigator), M. Denkinger, R.
Peter, F. Herbolsheimer; Italy: S. Maggi (Principal Investigator), S. Zambon, F. Limongi; M.

Noale, P. Siviero; the Netherlands (coordinating center): D.J.H. Deeg (Principal Investigator),



17

S. van der Pas, N.M. van Schoor, L.A. Schaap, E.J. Timmermans, P. Lips; Spain: A. Otero
(Principal Investigator), M.V. Castell, M. Sanchez-Martinez; Sweden: N.L. Pedersen
(Principal Investigator); United Kingdom: E.M. Dennison (Principal Investigator), C. Coopet,
M.H. Edwards. The Indicators for Monitoring COPD and Asthma - Activity and Function in the
Elderly in Ulm study (IMCA - ActiFE) was supported by the European Union (No.: 2005121)
and the Ministry of Science, Baden-Wirttemberg. The Italian cohort study is part of the
National Research Council Project on Aging (PNR). The Longitudinal Aging Study
Amsterdam (LASA) is financially supported by the Dutch Ministry of Health, Welfare and
Sports. The Penagrande study was partially supported by the National Fund for Health
Research (Fondo de Investigaciones en Salud) of Spain (project numbers FIS Pl 05/1898;
FIS RETICEF RD06/0013/1013 and FIS PS09/02143). The Swedish Twin Registry is
supported in part by the Swedish Ministry of Higher Education. The Hertfordshire Cohort
Study is funded by the Medical Research Council of Great Britain, Arthritis Research UK, the

British Heart Foundation and the International Osteoporosis Foundation.

REFERENCES

1. Agarwal P, Pan X, Sambamoorthi U. Depression treatment patterns among
individuals with osteoarthritis: a cross sectional study. BMC. Psychiatry. 13:121, 2013

2. Allen KD. The value of measuring variability in osteoarthritis pain. J. Rheumatol.

34:2132-2133, 2007

3. Altman RD. Classification of disease: osteoarthritis. Semin. Arthritis Rheum. 20:40-
47, 1991
4. Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal clinically

important differences of rehabilitation intervention with their implications for required
sample sizes using WOMAC and SF-36 quality of life measurement instruments in
patients with osteoarthritis of the lower extremities. Arthritis Rheum. 45:384-391,

2001



10.

11.

12.

13.

14.

18

Arola HM, Nicholls E, Mallen C, Thomas E. Self-reported pain interference and
symptoms of anxiety and depression in community-dwelling older adults: can a
temporal relationship be determined? Eur. J. Pain. 14:966-971, 2010

Axford J, Butt A, Heron C, Hammond J, Morgan J, Alavi A, Bolton J, Bland M.
Prevalence of anxiety and depression in osteoarthritis: use of the Hospital Anxiety
and Depression Scale as a screening tool. Clin. Rheumatol. 29:1277-1283, 2010
Bellamy N: WOMAC osteoatrthritis index: a user's guide, London Health Services
Centre, Ontario, 1996.

Bellamy N, Campbell J, Haraoui B, Gerecz-Simon E, Buchbinder R, Hobby K,
MacDermid JC. Clinimetric properties of the AUSCAN Osteoarthritis Hand Index: an
evaluation of reliability, validity and responsiveness. Osteoarthritis. Cartilage. 10:863-
869, 2002

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and
Depression Scale. An updated literature review. J. Psychosom. Res. 52:69-77, 2002
Brooks PM. Impact of osteoarthritis on individuals and society: how much disability?
Social consequences and health economic implications. Curr. Opin. Rheumatol.
14:573-577, 2002

Collins JE, Katz JN, Dervan EE, Losina E. Trajectories and risk profiles of pain in
persons with radiographic, symptomatic knee osteoarthritis: data from the
osteoarthritis initiative. Osteoarthritis. Cartilage. 22:622-630, 2014

Dekker J, van Dijk GM, Veenhof C. Risk factors for functional decline in osteoarthritis
of the hip or knee. Curr. Opin. Rheumatol. 21:520-524, 2009

Doan L, Manders T, Wang J. Neuroplasticity underlying the comorbidity of pain and
depression. Neural Plast. 2015:504691, 2015

Eyre HA, Air T, Proctor S, Rositano S, Baune BT. A critical review of the efficacy of
non-steroidal anti-inflammatory drugs in depression. Prog Neuropsychopharmacol

Biol Psychiatry. 57:11-16, 2015



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

19

Felson DT, Zhang Y. Smoking and osteoarthritis: a review of the evidence and its
implications. Osteoarthritis. Cartilage. 23:331-333, 2015

Flor H. New developments in the understanding and management of persistent pain.
Curr. Opin. Psychiatry. 25:109-113, 2012

Fulop T, Larbi A, Witkowski JM, McElhaney J, Loeb M, Mitnitski A, Pawelec G. Aging,
frailty and age-related diseases. Biogerontology. 11:547-563, 2010

Gerrits MMJG, van Marwijk HWJ, van Oppen P, van der Horst H, Penninx BWJH.
Longitudinal association between pain, and depression and anxiety over four years.
J. Psychosom. Res. 78:64-70, 2015

Gibson SJ, Farrell M. A review of age differences in the neurophysiology of
nociception and the perceptual experience of pain. Clin. J. Pain. 20:227-239, 2004
Hawker GA, Gignac MAM, Badley E, Davis AM, French MR, Li Y, Perruccio AV,
Power JD, Sale J, Lou W. A longitudinal study to explain the pain-depression link in
older adults with osteoarthritis. Arthritis Care Res. (Hoboken. ). 63:1382-1390, 2011
Hilderink PH, Burger H, Deeg DJ, Beekman AT, Oude Voshaar RC. The temporal
relation between pain and depression: results from the longitudinal aging study
Amsterdam. Psychosom. Med. 74:945-951, 2012

Hutchings A, Calloway M, Choy E, Hooper M, Hunter DJ, Jordan JM, Zhang Y, Baser
O, Long S, Palmer L. The Longitudinal Examination of Arthritis Pain (LEAP) study:
relationships between weekly fluctuations in patient-rated joint pain and other health
outcomes. J. Rheumatol. 34:2291-2300, 2007

Jakobsson U, Hallberg IR. Pain and quality of life among older people with
rheumatoid arthritis and/or osteoarthritis: a literature review. J Clin Nurs. 11:430-443,
2002

Katon W, Lin EH, Kroenke K. The association of depression and anxiety with medical
symptom burden in patients with chronic medical illness. Gen. Hosp. Psychiatry.

29:147-155, 2007



25.

26.

27.

28.

29.

30.

31.

32.

Keefe FJ, Affleck G, France CR, Emery CF, Waters S, Caldwell DS, Stainbrook D,
Hackshaw KV, Fox LC, Wilson K. Gender differences in pain, coping, and mood in
individuals having osteoarthritic knee pain: a within-day analysis. Pain. 110:571-577,
2004

Martin-Rodriguez E, Guillen-Grima F, Marti A, Brugos-Larumbe A. Comorbidity
associated with obesity in a large population: The APNA study. Obes Res Clin Pract.
9:435-447, 2015

Mcllvane JM, Schiaffino KM, Paget SA. Age differences in the pain-depression link
for women with osteoarthritis. Functional impairment and personal control as
mediators. Womens Health Issues. 17:44-51, 2007

Patetsos E, Horjales-Araujo E. Treating Chronic Pain with SSRIs: What Do We
Know? Pain Res Manag. 2016:2020915, 2016

Penninx BW, Beekman AT, Ormel J, Kriegsman DM, Boeke AJ, van Eijk JT, Deeg
DJ. Psychological status among elderly people with chronic diseases: does type of
disease play a part? J. Psychosom. Res. 40:521-534, 1996

Puhan MA, Frey M, Buchi S, Schunemann HJ. The minimal important difference of
the hospital anxiety and depression scale in patients with chronic obstructive
pulmonary disease. Health Qual Life Outcomes. 6:46, 2008

Sanders JB, Comijs HC, Bremmer MA, Deeg DJ, Beekman AT. A 13-year
prospective cohort study on the effects of aging and frailty on the depression-pain
relationship in older adults. Int. J. Geriatr. Psychiatry. 30:751-757, 2015

Schneider S, Junghaenel DU, Keefe FJ, Schwartz JE, Stone AA, Broderick JE.
Individual differences in the day-to-day variability of pain, fatigue, and well-being in
patients with rheumatic disease: associations with psychological variables. Pain.

153:813-822, 2012



33.

34.

35.

36.

37.

38.

39.

40.

41.

21

Somers TJ, Keefe FJ, Godiwala N, Hoyler GH. Psychosocial factors and the pain
experience of osteoarthritis patients: new findings and new directions. Curr. Opin.
Rheumatol. 21:501-506, 2009

Stel VS, Pluijm SMF, Deeg DJH, Smit JH, Bouter LM, Lips P. Functional limitations
and poor physical performance as independent risk factors for self-reported fractures
in older persons. Osteoporos. Int. 15:742-750, 2004

Stubbs B, Aluko Y, Myint PK, Smith TO. Prevalence of depressive symptoms and
anxiety in osteoarthritis: a systematic review and meta-analysis. Age Ageing. 45:228-
235, 2016

Stubbs B, Binnekade TT, Soundy A, Schofield P, Huijnen IP, Eggermont LH. Are
older adults with chronic musculoskeletal pain less active than older adults without
pain? A systematic review and meta-analysis. Pain Med. 14:1316-1331, 2013

Tang NK, Crane C. Suicidality in chronic pain: a review of the prevalence, risk factors
and psychological links. Psychol. Med. 36:575-586, 2006

Theis KA, Helmick CG, Hootman JM. Arthritis burden and impact are greater among
U.S. women than men: intervention opportunities. J. Womens Health (Larchmt. ).
16:441-453, 2007

Twisk J, de Vente W. Attrition in longitudinal studies. How to deal with missing data. J
Clin Epidemiol. 55:329-337, 2002

van der Pas S, Castell MV, Cooper C, Denkinger M, Dennison EM, Edwards MH,
Herbolsheimer F, Limongi F, Lips P, Maggi S, Nasell H, Nikolaus T, Otero A,
Pedersen NL, Peter R, Sanchez-Martinez M, Schaap LA, Zambon S, van Schoor NM,
Deeg DJ. European project on osteoarthritis: design of a six-cohort study on the
personal and societal burden of osteoarthritis in an older European population. BMC.
Musculoskelet. Disord. 14:138, 2013

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, Shibuya K,

Salomon JA, Abdalla S, Aboyans V, Abraham J, Ackerman |, Aggarwal R, Ahn SY,



22

Ali MK, Alvarado M, Anderson HR, Anderson LM, Andrews KG, Atkinson C, Baddour
LM, Bahalim AN, Barker-Collo S, Barrero LH, Bartels DH, Basanez MG, Baxter A,
Bell ML, Benjamin EJ, Bennett D, Bernabe E, Bhalla K, Bhandari B, Bikbov B, Bin
Abdulhak A, Birbeck G, Black JA, Blencowe H, Blore JD, Blyth F, Bolliger I,
Bonaventure A, Boufous S, Bourne R, Boussinesg M, Braithwaite T, Brayne C,
Bridgett L, Brooker S, Brooks P, Brugha TS, Bryan-Hancock C, Bucello C,
Buchbinder R, Buckle G, Budke CM, Burch M, Burney P, Burstein R, Calabria B,
Campbell B, Canter CE, Carabin H, Carapetis J, Carmona L, Cella C, Charlson F,
Chen H, Cheng AT-A, Chou D, Chugh SS, Coffeng LE, Colan SD, Colquhoun S,
Colson KE, Condon J, Connor MD, Cooper LT, Corriere M, Cortinovis M, de Vaccaro
KC, Couser W, Cowie BC, Criqui MH, Cross M, Dabhadkar KC, Dahiya M,
Dahodwala N, Damsere-Derry J, Danaei G, Davis A, De Leo D, Degenhardt L,
Dellavalle R, Delossantos A, Denenberg J, Derrett S, Des Jarlais DC, Dharmaratne
SD, Dherani M, Diaz-Torne C, Dolk H, Dorsey ER, Driscoll T, Duber H, Ebel B,
Edmond K, Elbaz A, Ali SE, Erskine H, Erwin PJ, Espindola P, Ewoigbokhan SE,
Farzadfar F, Feigin V, Felson DT, Ferrari A, Ferri CP, Fevre EM, Finucane MM,
Flaxman S, Flood L, Foreman K, Forouzanfar MH, Fowkes FG, Franklin R, Fransen
M, Freeman MK, Gabbe BJ, Gabriel SE, Gakidou E, Ganatra HA, Garcia B, Gaspari
F, Gillum RF, Gmel G, Gosselin R, Grainger R, Groeger J, Guillemin F, Gunnell D,
Gupta R, Haagsma J, Hagan H, Halasa YA, Hall W, Haring D, Haro JM, Harrison JE,
Havmoeller R, Hay RJ, Higashi H, Hill C, Hoen B, Hoffman H, Hotez PJ, Hoy D,
Huang JJ, Ibeanusi SE, Jacobsen KH, James SL, Jarvis D, Jasrasaria R, Jayaraman
S, Johns N, Jonas JB, Karthikeyan G, Kassebaum N, Kawakami N, Keren A, Khoo
JP, King CH, Knowlton LM, Kobusingye O, Koranteng A, Krishnamurthi R, Lalloo R,
Laslett LL, Lathlean T, Leasher JL, Lee YY, Leigh J, Lim SS, Limb E, Lin JK, Lipnick
M, Lipshultz SE, Liu W, Loane M, Ohno SL, Lyons R, Ma J, Mabweijano J, Macintyre

MF, Malekzadeh R, Mallinger L, Manivannan S, Marcenes W, March L, Margolis DJ,



42.

43.

44,

23

Marks GB, Marks R, Matsumori A, Matzopoulos R, Mayosi BM, McAnulty JH,
McDermott MM, McGill N, McGrath J, Medina-Mora ME, Meltzer M, Mensah GA,
Merriman TR, Meyer AC, Miglioli V, Miller M, Miller TR, Mitchell PB, Mocumbi AO,
Moffitt TE, Mokdad AA, Monasta L, Montico M, Moradi-Lakeh M, Moran A, Morawska
L, Mori R, Murdoch ME, Mwaniki MK, Naidoo K, Nair MN, Naldi L, Narayan KMV,
Nelson PK, Nelson RG, Nevitt MC, Newton CR, Nolte S, Norman P, Norman R,
O'Donnell M, O'Hanlon S, Olives C, Omer SB, Ortblad K, Osborne R, Ozgediz D,
Page A, Pahari B, Pandian JD, Rivero AP, Patten SB, Pearce N, Padilla RP, Perez-
Ruiz F. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and
injuries 1990-2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet. 380:2163-2196, 2012

Wang LP, Grimm KJ. Investigating Reliabilities of Intraindividual Variability Indicators.
Multivariate Behav Res. 47:771-802, 2012

Yohannes AM, Caton S. Management of depression in older people with
osteoarthritis: A systematic review. Aging Ment. Health. 14:637-651, 2010

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr.

Scand. 67:361-370, 1983



Table 1. Characteristics* of the EPOSA participants with clinical OA of the knee, hip, and/or hand.

Presence of clinical OA:
Knee OA
Hip OA
Hand OA

Country:
Germany
Italy
Netherlands
Spain
Sweden
United Kingdom

Gender:
Females
Males

Age

Education level:
Elementary school not completed
Elementary school completed
Vocational or general secondary education
College or university education

Smoking:
Never
Current
Former

Body mass index (kg/m?)

Number of chronic diseases

Total group Younger old (65-74.0 yrs.) Older old (74.1-85 yrs.)
N=832 N=450 N=382

523 (63.3) 266 (59.3) 257 (70.2)

162 (19.7) 93 (21.1) 69 (18.2)

468 (56.3) 263 (58.8) 205 (54.8)
N=832 N=450 N=382

76 (9.1) 47 (10.4) 29 (7.6)

185 (22.2) 109 (24.2) 76 (19.9)

132 (15.9) 53 (11.8) 79 (20.7)

173 (20.8) 76 (16.9) 97 (25.4)

157 (18.9) 115 (25.6) 42 (11.0)

109 (13.1) 50 (11.1) 59 (15.4)
N=832 N=450 N=382

548 (70.2) 322 (71.6) 262 (68.6)

248 (29.8) 128 (28.4) 120 (31.4)
N=832 74.0[70.0-78.0] N=450 70.7 [68.0-72.0] N=382 78.0[76.0-81.0]
N=831 N=449 N=382

127 (15.6) 50 (11.3) 77 (21.0)

307 (37.3) 152 (34.7) 155 (40.4)

263 (31.4) 161 (35.3) 102 (26.4)

134 (15.8) 86 (18.7) 48 (12.2)
N=828 N=449 N=379

445 (55.0) 239 (53.2) 206 (57.2)

46 (5.9) 34 (8.3) 12 (3.0)

337 (39.1) 176 (38.5) 161 (39.8)
N=810 27.8[24.8-31.2] N=441 27.5][24.6-30.9] N=369 28.2[25.2-31.3]
N=824 1 [0-2] N=445 1[0-2] N=379 1[1-2]
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Physical activity (kcal/day)
Use of psychotropic medication
Use of analgesic/anti-inflammatory medication

Pain severity (WOMAC / AUSCAN)**
Baseline
Follow-up

Pain variability (from Pain Calendar) ***

HADS

Baseline:
HADS-A
HADS-D
HADS-T

Follow-up:
HADS-A
HADS-D
HADS-T

N=798
N=832
N=831

N=823

N=646

N=762

N=802

N=650

686 [428—1058]
178 (21.7)
265 (31.6)

15.0 [10.0-25.0]
15.0 [6.7-26.7]

1.3[0.9-1.9]

5 [3-9]
4[2-7]
10 [5-15]

5[2-7]
3[1-6]
8 [4-13]

N=437
N=450
N=449

N=447

N=367

N=428

N=437

N=370

749 [494-1176]
82 (17.5)
143 (30.5)

15.0 [8.3-23.3]
13.4 [5.0-25.0]

1.3[0.9-1.8]

6 [3-9]
4[1-6]
9 [5-15]

4 [2-8]
3 [1-6]
8 [4-13]

N=361
N=382
N=382

N=376

N=279

N=334

N=365

N=280

597 [349-940]
96 (27.1)
122 (32.9)

16.7 [10.0-26.7]
16.7[6.7-28.3]

1.3[0.9-1.9]

5 [3-8]
5 [2-7]
10 [6-15]

5[2-7]
4[2-7]
9 [5-14]

Values column are displayed as N (%) or as median [IQR]. * With exception of age, gender and country, descriptive statistics are weighted; the N is unweighted.

** Score range: 0-100. *** Pain variability displayed in individual standard deviation units. OA: osteoarthritis; HADS-A/D/T: Hospital Anxiety and Depression
Scale —Anxiety/Depression/Total scale score. WOMAC: Western Ontario McMasters Universities Osteoarthritis Index; AUSCAN: Australian / Canadian hand

Osteoarthritis Index.
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Table 2. Cross-sectional and longitudinal associations between pain severity and affective symptoms, analyzed with multiple
linear regression analysis, displayed as ratio per 10-point difference/change in WOMAC/AUSCAN pain severity (95% CI).

Cross-sectional Total group Younger old (65.0-74.0 yrs.) Older old (74.1-85 yrs.)

Model 1° Model 2° Model 1° Model 2° Model 1° Model 2°
HADS-A 1.04 (.99, 1.09) 1.02 (.97, 1.07) 1.14** (1.08, 1.21) 1.12***(1.05, 1.19)
HADS-D 1.08*** (1.05, 1.13) 1.06**(1.02, 1.11)
HADS-T 1.06* (1.01,1.12) 1.04 (.99 1.09) 1.12*%*(1.06, 1.17) 1.07*(1.02, 1.13)
Longitudinal Total group Females Males

Model 1° Model 2° Model 1° Model 2° Model 1° Model 2°
HADS-A .97 (.93, 1.01) .98 (.94, 1.02) 1.10* (1.02, 1.20) 1.08 (1.00, 1.17)
HADS-D 1.06* (1.02, 1.09)  1.06** (1.02, 1.09)
HADS-T .99 (.95, 1.03) .99 (.95, 1.04) 1.09* (1.02, 1.17) 1.09* (1.01, 1.17)

Model 1: adjusted for sex, age and country. ° Model 2: additionally adjusted for education level, smoking, BMI, chronic diseases, physical activity and use of
psychotropic and pain medication. HADS-A/D/T: Hospital Anxiety and Depression Scale — Anxiety/Depression/Total scale. *p<.05; ** p<.01; *** p<.001.
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Table 3. Longitudinal associations between pain variability and affective symptoms in
persons with OA, analyzed with multiple linear regression analysis, displayed as ratio

(95% CI).
Younger old (65.0-74.0 yrs.) Older old (74.1-85 yrs.)
Model 1% Model 2° Model 1% Model 2°
HADS-A 1.07 (.97, 1.18) 1.07 (.97, 1.18) .86%* (.77,.95)  .85* (.77, .94)
HADS-D 1.02 (.94, 1.11) 1.02 (.94, 1.12) .91 (.83, 1.00) .90* (.82, .98)
HADS-T

1.01 (.92, 1.10) 1.04(.95,1.15)  .90*(.82,.98)  .87** (.79, .94)

Pain variability measured with individual SDs of joint pain scores on a maximum of 3 pain calendars.
Model 1: adjusted for sex, age and country. ® Model 2: additionally adjusted for education level, smoking,
BMI, chronic diseases, physical activity and use of psychotropic and pain medication. HADS-A/D/T:
Hospital Anxiety and Depression Scale — Anxiety/Depression/Total scale. *p<.05; ** p<.01.
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