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Abstract

Objective—Participation restriction, common among people with knee osteoarthritis (OA), may 

be influenced by positive and negative affect. We examined the risk of incident participation 

restriction over 84 months conferred by positive and negative affect among people with knee OA.
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Methods—Participants are from the Multicenter Osteoarthritis Study and had or were at high risk 

of knee OA. Participation restriction and positive and negative affect were measured with the Late 

Life Disability Index, Instrumental Role Limitation subscale and the positive affect and depressed 

mood subscales of the Center for Epidemiological Studies Depression Scale, respectively. Robust 

Poisson regression was used to calculate risk of incident participation restriction over 84 months 

conferred by combinations of low and high positive and negative affect, adjusting for covariates.

Results—Of 1810 baseline participants (mean: 62.1 years, 56% female), 470 (26%) had incident 

participation restriction over 84 months. Participants with low positive affect had 20% greater risk 

of incident participation restriction than those with high positive affect; participants with high 

negative affect had 50% greater risk of incident participation compared to those with low negative 

affect. Participants with both low positive and high negative affect had 80% greater risk of incident 

participation restriction compared to other combinations of positive and negative affect.

Conclusion—Low positive and high negative affect, both alone and in combination, increase 

risk of participation restriction among adults with knee OA. Efforts aimed at preventing 

participation restriction in this population should consider these mood states.

Participation restriction, operationalized in the World Health Organization’s International 

Classification of Health, Functioning, and Disability (ICF) model as “problems an individual 

may experience in involvement in life situations,”(1) affects nearly 23 million people with 

arthritis in the United States (2). Osteoarthritis (OA), the most prevalent type of arthritis, is 

the leading cause of disability in older adults (3,4) and an estimated 1 in 3 adults over age 60 

in the United States have radiographic knee OA(5). Participation restriction is common 

among people with OA, with people reporting difficulties engaging in social and community 

activities, working, or managing one’s home (6,7). Little is known about the mood states 

that influence risk of participation restriction among people with OA.

Positive and negative affect, emotions that impact coping, may be risk factors for 

participation restriction. The Dynamic Model of Affect posits that stressful life events, such 

as chronic pain, may result in altered levels of positive and negative affect (8). Positive affect 

is “the extent to which a person feels a zest for life,” and includes emotions such as hope, 

happiness, (9) and emotional vitality (10). Negative affect is the “extent to which a person is 

feeling upset or unpleasantly engaged rather than peaceful,” (9) and includes an array of 

emotions or moods such as sadness, fear, and anxiety (11). Negative affect is a different 

construct from depression, which consists of persistent depressive thoughts resulting in a 

loss of interest and inability to function (9,11). While people with high levels of negative 

affect may have depressed mood, people with low negative affect exhibit calmness and low 

levels of distress. Indeed, most people with negative affect do not develop or meet the 

clinical definition of depression (9,12). Previous studies show positive and negative affect 

are associated with coping behaviors among people with arthritis and could be important in 

participation outcomes (13,14). Yet, this relationship has not been explored.

Positive affect and negative affect have been found to have independent associations with 

important health outcomes of older adults. In several studies, high positive affect is linked to 

greater social participation among adults with stroke (15) and decreased risk of disability in 

older adults (16,17). Conversely, higher levels of negative affect have been found to be 
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significantly associated with functional limitation, worse pain, quality of life, and disability 

among older adults (18,19). Among people with OA, research has focused on the 

relationship of positive and negative affect with pain, but not with participation restriction. 

Finan et al. (2013) found that negative affect was a stronger predictor of pain over time than 

positive affect among people with knee OA (20). While a few short-term longitudinal studies 

identify associations between affect and disability among older adults, no study to date has 

measured the long-term risk of incident participation restriction associated with positive 

affect or negative affect among adults with knee OA, a common chronic disease in adults 

over age 50 characterized by high levels of pain and functional limitations.

Additionally, there are no longitudinal studies investigating the long-term, combined impact 

of both positive and negative affect on participation. Indeed, individuals who exhibit both 

low positive affect and high negative affect may have a greater risk of poor health outcomes 

than those with either low positive affect or high negative affect alone. Previous research 

studies investigating health outcomes among people with combined positive and negative 

affect levels are cross-sectional, making it difficult to determine their long-term impact on 

health (19,21,22). These studies have also examined the impact of having both high positive 

affect and low negative affect (21) on health outcomes, not the combination of low positive 

and high negative affect.

To address these gaps in the literature, we investigated the relative risk of incident 

participation restriction over 84 months in adults with or at risk of knee osteoarthritis 

conferred by 1) low positive affect compared to high positive affect, 2) high negative affect 

compared to low negative affect, and 3) different combinations of positive and negative 

affect (high positive affect and high negative affect; low positive affect and low negative 

affect; low positive affect and high negative affect) compared to the combination of high 

positive and low negative affect. Due to the literature, we hypothesized that people with a 

combination of low positive and high negative affect would be at the greatest risk of incident 

participation restriction over time compared to people with either low positive affect or high 

negative affect alone, and even more than those with both high positive and low negative 

affect.

Materials and Methods

Data for these analyses are from the Multicenter Osteoarthritis Study (MOST), an ongoing, 

prospective study aimed at determining risk factors for knee osteoarthritis (OA). Adults age 

50–79 at baseline were recruited to MOST from Iowa City, Iowa and Birmingham, Alabama 

between 2003–2005 if they had a diagnosis of radiographic knee or hip OA with knee or hip 

pain, or were at risk of developing OA due to obesity, knee pain, or previous knee surgery or 

injury (23). Participants were ineligible if they needed a walker or personal assistance to 

walk, had a diagnosis of rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, or 

reactive arthritis, had bilateral total knee replacements, had cancer in the past 3 years, or if 

they were currently on dialysis (24).

Participation was self-reported in MOST with the Instrumental Role Limitation subscale of 

the Late Life Disability Index (LLDI) at 0, 30, 60, and 84 months. The LLDI has acceptable 
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reliability, validity, and sensitivity to change (25,26). The Instrumental Role subscale 

assesses perceived limitations in participating in 12 activities in the home and community 

(e.g., taking part in recreation, social activities, visiting friends and family); participation in 

each activity is scored from 1–5 with total scores ranging from 12–60. Scores were 

transformed to a 0–100 scale for interpretability and a cut-point of <67.6/100 was used to 

define participation restriction (27); this cut-off score was previously validated in a 

population-based sample of older adults and correlates to moderate to severe limitations in 

activities (28). Participants meeting this definition of participation restriction at baseline 

were removed from the analyses. Incident participant restriction was defined as new cases of 

participation restriction at 30, 60, or 84 months.

The Center for Epidemiological Studies Depression Scale (CES-D) was used to assess 

positive and negative affect at baseline. The CES-D is a self-report measure used as a 

screening tool for depressive symptoms, (29) and has been validated for use in older adults. 

Multiple studies have confirmed the validity of a four-factor structure of the CES-D; the 20 

items of the scale load onto four factors: positive mood (4 items), depressed mood (7 items), 

somatic symptoms (7 items), and interpersonal difficulties (2 items) (29). Consistent with 

previous studies, (17,30,31) we refer to the CES-D items related to positive mood and 

depressed mood as positive and negative affect, respectively. The four-item positive affect 

subscale has been used widely as a valid measure of positive affect (15,31,32). In this study, 

the four items had good internal consistency (Cronbach’s alpha: 0.74) across the four 

follow-up time points (baseline, 30, 60, 84 months) (See appendix). Each of the items is 

scored from 0–3 with total scores ranging from 0–12 (higher scores indicate higher positive 

affect). Due to the skewed distribution of the CES-D, we dichotomized scores for both 

negative and positive affect into low and high using the median as the cut-off, a similar 

approach to the one used in Freak-Poli (2015)(30). Participants’ baseline scores on the four 

positive affect items were dichotomized into low positive affect (score < 11) and high 

positive affect (score ≥ 11) using the median score of 11. The seven items measuring 

negative affect were summed (total scores: 0–21) and dichotomized into low negative affect 

(score = 0) and high negative affect (score ≥ 1) using the baseline median score of zero. The 

negative affect items had good internal consistency in this sample over the 7 years 

(Cronbach’s alpha: 0.77). Participants were also split into four groups (low positive affect 

and low negative affect; low positive affect and high negative affect; high positive affect and 

low negative affect; high positive affect and high negative affect) at baseline based on their 

dichotomized scores for both low/high positive affect and low/high negative affect; this 

allowed us to examine which combination of low and high positive and negative affect had 

the highest risk of incident participation restriction compared to people with high positive 

affect and low negative affect.

Baseline characteristics that may confound the relationship between affect and incident 

participation restriction were used as covariates in this study and included demographic 

characteristics, disease factors, and functional measures. Demographics (age, sex, race, 

marital status, education) were collected via self-report questionnaires. Race, marital status, 

and education were dichotomized into White/Caucasian vs. non-white or other, married vs. 

non-married, and some college or more vs. high school graduate or less, respectively. Body 

mass index (BMI) was calculated using participants’ height and weight in the standard 
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equation: weight (kg)/height (m2). A Modified Charlson comorbidity index was calculated 

based on the participant’s self-reported comorbidities. Widespread pain (present or absent) 

was defined using the American College of Rheumatology definition of pain above and 

below the waist, pain on both sides of the body, and back pain by having participants mark 

their patterns of pain on a human body drawing (33). Reports of total knee replacement 

(TKR) were verified using radiographs and/or medical records at each time point. 

Radiographic knee OA was considered present if a knee had a Kellgren/Lawrence scale 

grade ≥ 2 as determined during radiographic testing at baseline (24). Knee pain and knee 

stiffness over the past 30 days was assessed using the Western Ontario and McMaster 

Osteoarthritis Index (WOMAC) and the highest score of both participants’ knees was used 

for each variable. Walking speed (seconds) was measured by assessing the time it took a 

participant to walk a distance of 20 meters.

Analyses

Participants in MOST who reported TKR at any time point were removed from the present 

analyses due to the impact that this significant surgery may have had on positive affect, 

negative affect, and participation. Participants who met our definition of participation 

restriction at baseline were also removed, as they were not eligible to develop new 

participation restriction during follow-up. Baseline descriptive statistics were calculated for 

the entire sample and for affect groups within the three analyses of positive affect, negative 

affect, and combinations of positive and negative affect. We also compared baseline 

characteristics within each analysis by performing tests of ANOVA and Chi-square tests as 

appropriate for continuous and categorical covariates, respectively. The relative risks of 

incident participation restriction over 84 months conferred by 1) low positive affect vs. high 

positive affect, 2) high negative affect vs. low negative affect, and 3) the combinations of 

negative and positive affect were calculated in separate analyses using robust Poisson 

regression for binary data (34), adjusting for covariates. For the analysis of combinations of 

negative and positive affect, we also conducted an analysis of the interaction between the 

dichotomized positive and negative affect variables.

Results

Of the 3,026 participants enrolled in the MOST study at baseline, 1,810 participants met 

eligibility criteria for this study (Figure 1). The mean age was 62 years and 56% were 

female (Table 1). The sample was majority white, married, with 75% reporting higher than a 

high school education. Forty-five percent of the sample had radiographic knee osteoarthritis 

at baseline and 6.9% screened positive for depressive symptoms using the CES-D cutoff 

score of 16 or higher (CES-D mean score: 6.1) (35). Compared to the baseline MOST 

participants, this sample had greater baseline LLDI scores and lower depressive symptoms 

but did not differ greatly on other demographic and clinical characteristics. As with other 

studies using the CES-D to measure positive and negative affect,(18,31) we found a small to 

moderate, negative correlation between the positive and negative affect scales (r= −0.4). 

Forty-two percent (n=754) of the sample had low positive affect at baseline, whereas 58% 

(n=1056) had high positive affect. Thirty-five percent (n=632) of the sample had high 

negative affect at baseline, whereas 65% (n=1178) had low negative affect. Finally, 23% 
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(n=413) of participants had both low positive affect and high negative affect at baseline, 

whereas 46% (n=836) of participants had both high positive and low negative affect. There 

were 342 (19%) participants with both low positive and low negative affect, and 220 (12%) 

participants with both high positive and high negative affect.

Baseline descriptive statistics for participants with high or low positive and negative affect, 

and by combinations of the two types of affect can be found in Table 1. Depressive 

symptoms were present in 16.1% of people with low positive affect, 18.8% of people with 

high negative affect, and 28.2% of people with both low positive and high negative affect 

(Table 1). With the exceptions of age and education in the analysis of positive affect, we 

found significant differences by sex, race, marital status, education, and site (Alabama vs. 

Iowa) across the three analyses. Additionally, participants with low positive affect or high 

negative affect had significantly higher knee pain, greater knee stiffness, slower 20-meter 

walk time, and greater report of widespread pain compared to individuals with high positive 

affect and low negative affect, respectively. Significant differences in knee pain, knee 

stiffness, widespread pain, and 20-meter walk time were found between the four 

combinations of positive and negative affect from analysis 3 as well. Twenty-six percent of 

the sample (n=470) had incident participation restriction over 7 years.

Participants reporting low positive affect at baseline (n=754) had 1.2 times the risk [95% CI: 

1.0, 1.4] of incident participation restriction over 84 months as compared to participants with 

high positive affect, after adjusting for sex, age, race, education, marital status, site, BMI, 

comorbidity, knee OA, widespread pain, knee pain, knee stiffness, 20-meter walk time, and 

negative affect (See table 2). In the analysis of negative affect, participants who reported 

high negative affect at baseline (n=632) had 1.5 times the risk [95% CI: 1.3, 1.7] of incident 

participation restriction, as compared to those with low negative affect, after adjusting for 

sex, age, race, education, marital status, site, BMI, comorbidity, knee OA, widespread pain, 

knee pain, knee stiffness, 20-meter walk time, and positive affect. Finally, participants who 

reported low positive affect combined with high negative affect (n=413) had an adjusted 1.8 

times the risk [95% CI: 1.4, 2.1] of incident participation restriction over 84 months as 

compared to participants with high positive affect and low negative affect (Table 2). 

Additionally, when compared to the high positive affect combined with low negative affect 

group, the high positive affect with high negative affect group had an adjusted 1.4 times the 

risk [95%CI: 1.1, 1.8] of incident participation restriction. The low positive affect/low 

negative affect group did not have a statistically significant increased risk of incident 

participation restriction after adjusting for covariates [RR: 1.2; 95% CI: 0.9, 1.5]. The 

interaction term for positive and negative affect was positive, but not statistically significant 

in this model [estimate = 0.04, p=.81]. Although the interaction term was insignificant, we 

chose to keep it in the final model as it impacted the RRs of the other covariates.

Discussion

To our knowledge, this is the first study to measure the long-term effects of positive and 

negative affect on risk of incident participation restriction among adults with or at risk of 

knee osteoarthritis. We found a statistically significant, increased risk of participation 

restriction over 84 months among people who reported low positive affect at baseline 
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compared to high positive affect, people with high negative affect compared to low negative 

affect, and among people with low positive and high negative affect combined. The finding 

of a positive, insignificant interaction between positive affect and negative affect indicates 

that the two have an independent, yet approximately additive effect on participation 

restriction.

This study’s results extend the current literature on positive affect in the context of 

participation behavior in several ways. First, while previous longitudinal studies have found 

a small but significant increased risk of disability conferred by low positive affect, these 

studies have been conducted over shorter time periods, varying from three months to two 

years of follow-up (15–17). Second, this study’s finding of an increased long-term risk of 

participation restriction conferred by low positive affect is the first to be conducted in a 

population of people with knee OA, a chronic disease that is highly prevalent among middle 

age and older adults. Third, previous studies have measured the relationship between 

positive affect and disability but not incident participation restriction, a more comprehensive 

construct than functional disability (1).

Whereas the majority of studies on negative affect in people with knee OA have investigated 

its relationship with pain, (20) our findings provide empirical evidence of its long-term, 

negative impact on participation outcomes in knee OA, a common condition among adults 

over 50. Additionally, we found negative affect to significantly impact incident participation 

restriction even after controlling for knee pain in our analyses. Our results concur with 

studies of the relationship between negative affect and disability in other disease conditions, 

such as back pain and lung cancer (18,36). Seebach et al. (2012) found that high negative 

affect six weeks after spine surgery among people with chronic pain was predictive of higher 

pain interference and disability at 3 months (36). Significant associations between high 

negative affect and role limitations have also been identified in older adults with lung cancer 

(18). These three studies’ findings suggest that negative affect may have a general negative 

impact on participation across health conditions, however more studies are needed to support 

this claim.

Previous research studies measuring the combined impact of both low positive affect and 

high negative affect on health outcomes among adults with arthritis have found similar 

results to this study, yet have been cross-sectional and have not examined incident 

participation restriction (19,21). For example, Cruz-Almeida et al. (2013) found that older 

adults with knee osteoarthritis who had high optimism (positive affect) and low negative 

affect had the lowest levels of functional disability, as compared to older adults with other 

affect group combinations. One study found that older adults with chronic conditions 

(arthritis, cardiovascular disease, COPD, or diabetes) who exhibited both high positive affect 

and low negative affect were more likely to have better self-rated health, fewer symptoms, 

and better function (19). Satisfaction with participation was also related to positive and 

negative affect in a small cross-sectional study of people with traumatic brain injury (22). 

Our study contributes to the field by investigating the long-term impact of having different 

combinations of high and low positive and negative affect on incident participation 

restriction.
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As knee osteoarthritis is a disabling disease with no known cure and increasing prevalence, 

identifying specific subgroups of people who are at greater risk for limitations over time has 

important clinical value. Health professionals who want to decrease long-term participation 

restriction should consider screening patients with knee OA for low positive affect and high 

negative affect. Previous research studies have identified strategies for improving affect 

states that might be effective for this population, such as positive psychology interventions 

(37–40), which are low cost and can be self-administered. In a randomized controlled trial, 

Taylor et al. (2016) found that participants who engaged in “positive activity” exercises (e.g., 

positive mental imagery, performing acts of kindness or expressing gratitude) saw greater 

improvements in positive affect and greater decreases in negative affect than the waitlist 

group (41). Previous studies have also identified mindfulness and meditation as impacting 

positive and negative affect (42,43). More evidence of the benefits of these interventions on 

positive and negative affect in relation to participation outcomes is needed.

This study is not without limitations. First, due to the nature of longitudinal studies, attrition 

occurred over time and may have created bias in the findings. Second, the study population 

lacked geographic variability and racial diversity; hence the findings may not be 

generalizable to other populations. Third, as the measurements of positive and negative 

affect were from subscales of the CES-D, we were unable to adjust for depressive 

symptoms. A CES-D score of 16 or more is considered a positive screen for depressive 

symptoms; therefore, as some people who had low positive affect or high negative affect 

may also have had depressive symptoms, we would have removed the effect of these 

subjects from the analyses by controlling for depressive symptoms. However, the presence 

of depressive symptoms was less than 30% in the three analyses (16% for low positive 

affect, 18% for high negative affect, and 28% for the combined low positive and high 

negative affect group). As depression is associated with positive affect and negative affect, 

(19) future studies should investigate whether it interacts with or mediates the relationship 

between affect and participation that this study found. Fourth, the positive and negative 

affect scores demonstrated ceiling and floor effects, respectively, in our study population. 

While the CES-D is a validated measure of positive and negative affect and similar median 

cut-points have been used in a previous study measuring incident disease (18), the CES-D 

may not capture the full range of positive and negative affect as with other measures, e.g., 

Positive and Negative Affect Schedule (PANAS), and may have influenced our results. 

Additional studies of more robust measures of positive and negative affect are warranted in 

examining the role of affect with incident participation restriction. Finally, while the MOST 

cohort has rich demographic and clinical evaluations of all participants, there are potential 

behavioral confounders and effect modifiers for positive and negative affect that were not 

measured in the present study. Factors such as self-efficacy and active and passive coping 

strategies may be important to assess in future studies when examining the roles of positive 

and negative affect on participation.

In conclusion, we found significant, increased risk of incident participation restriction over 

84 months among adults with or at risk of knee osteoarthritis conferred by the individual 

effects of low positive affect and high negative affect, as well as combinations of high/low 

positive and negative affect. Individuals who reported both low positive affect and high 

negative affect at baseline had higher risk of incident participation restriction over time than 
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either low positive affect or high negative affect alone, and compared to any combination of 

high/low positive and negative affect. This study extends the current literature by providing 

novel insight into the role of positive affect and negative affect in long-term participation 

outcomes, whereas cross-sectional study design, short follow-up periods, or populations 

other than people with knee OA have limited the previous literature in this area. Our findings 

have important clinical relevance for the treatment of knee OA among adults over 50 as it 

identified people with mood states who are more at risk for participation restriction over 

time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovation

• This is the first study to investigate the long-term risk of incident participation 

restriction conferred by low positive affect and high negative affect among a 

large cohort of people with or at risk of developing knee osteoarthritis.

• The finding that adults with or at risk of knee osteoarthritis with both low 

positive affect and high negative affect had nearly twice the risk of incident 

participation restriction over seven years compared to adults with other 

combinations of positive and negative affect contributes new evidence to the 

field that mood states may impact health outcomes among people with 

arthritis and knee pain.

• This study’s findings emphasize that interventions aimed at preventing 

participation restriction among people with or at risk of knee osteoarthritis 

may need to address low positive affect and high negative affect.
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Figure 1. 
Participant flowchart
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Table 2.

Study 2: Risk ratio (RR) of incident participation restriction over 84 months (N=1810)

Subjects
n (%)

Crude RR
[95%CI] Multivariable Adjusted RR

†

[95%CI]

Positive Affect (Analysis 1)

  Low 754 (41.7) 1.5** 1.2*

[1.3, 1.8] [1.0, 1.4]

  High 1056 (58.3) (ref) (ref)

Negative Affect (Analysis 2)

  High 632 (34.9) 1.8** 1.5**

[1.5, 2.1] [1.3, 1.7]

  Low 1178 (65.1) (ref) (ref)

Combination (Analysis 3)

  Low PA*High NA 413 (22.8) 1.0 [0.7, 1.3] 1.0 [0.8, 1.4]

  Low PA/High NA 2.1** 1.8**

342 (18.9) [1.7, 2.5] [1.4, 2.1]

  Low PA/Low NA 220 (12.1) 1.3* [1.0, 1.7] 1.2 [0.9, 1.5]

  High PA/High NA 1.7** 1.4**

836 (46.2) [1.3, 2.1] [1.1, 1.8]

  High PA/Low NA (ref) (ref)

PA: positive affect; NA: negative affect

*
p<.05

**
p<.01

†
All models adjusted for: sex, age, education, race, marital status, site, comorbidity, BMI, knee OA, 20-meter walk time, widespread pain, knee 

pain, knee stiffness; negative affect was adjusted for in model for analysis 1 and positive affect adjusted for in analysis 2
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