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ABSTRACT 

 

 

Obesity is a risk factor for osteoarthritis (OA) and both are steadily increasing among 

older adults. Nevertheless, empirical examinations of the associations of body mass index (BMI) 

with depressive symptomatology, pain, and disability in OA remain limited. Few studies have 

described and differentiated functional disability in necessary tasks (basic and instrumental 

activities of daily living; ADL/IADLs) from discretionary, leisure activities among symptomatic 

normal, overweight, and obese adults.  Therefore, here, associations of BMI with pain, 

depressive symptoms, and measures of disability among older adults with knee osteoarthritis 

were examined. A key focus was how BMI influences the form functional disability takes in 

terms of limiting necessary vs. discretionary activities.  Data were collected from a sample of 

community-dwelling older adults with physician-confirmed knee osteoarthritis (N =353). BMI 

predicted significant variance in psychological and functional impairment in osteoarthritis, 

including pain, depressive symptoms, and three functional outcomes measures (specifically, 

ADL/IADL disability, discretionary activity, and activity limitation).  Effects of BMI depended 

on level and were differentially mediated through pain. For adults with low BMI, engagement in 

more discretionary activities was associated with fewer depressive symptoms. This research 

confirms the association of BMI with disability related osteoarthritis, identifying it as a rich 

intervention target in a comprehensive treatment of OA to interrupt its cycle of excessive weight 

gain, pain, depressive symptoms, and disability particularly among older adults. 
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LIST OF ABBREVIATIONS AND SYMBOLS 

 
α Cronbach’s alpha, a measure of internal consistency  

B Unstandardized regression coefficients 

CI Confidence interval: proportion of intervals that contain the true value of the 

parameter  

 

df  Degrees of freedom: number of values free to vary after certain restrictions have 

been placed on the data  

 

F  Fisher’s F ratio: A ratio of two variances  

M  Mean: the sum of a set of measurements divided by the number of measurements 

in the set  

 

N Sample size 

p  Probability associated with the occurrence under the null hypothesis of a value as 

extreme as or more extreme than the observed value  

 

r Pearson product-moment correlation  

R2  Squared multiple correlation coefficient, fraction of the variability of the response 

that is fitted by the model   

 

SD Standard deviation: amount of variation or dispersion of a set of data values 

t  Computed value of t test  

<  Less than  
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=  Equal to 

 



v 

ACKNOWLEDGMENTS  

 

Deepest thanks to my mother, Michelina; my father, David, and my brother, Mario—

friends, colleagues, and faculty whose support, passion, and kindnesses have been instrumental 

to this work.  And to Jack—the love of my life— for his brilliance, humor, and warmth. I would 

also like to extend my sincerest thanks to Patricia A. Parmelee, my thesis committee chair and 

mentor, for her invaluable guidance and perpetual wisdom throughout this process specifically, 

and my mentorship generally. Additional thanks are warmly offered to Forrest Scogin and Amy 

Ellis, my committee members, for their continued support.  And finally, I would like to thank the 

many older adults—familiar and faceless, alive and passed—whose spirits, stories, sufferings, 

and experiences have nourished my passion for the study and practice of gerontology. 

 

 

 

 

 

 

 

 

 

 

 



vi 

CONTENTS 

ABSTRACT .................................................................................................................................... ii 

DEDICATION ............................................................................................................................... iii 

LIST OF ABBREVIATIONS AND SYMBOLS .......................................................................... iv 

ACKNOWLEDGMENTS .............................................................................................................. v 

LIST OF TABLES ......................................................................................................................... ix 

LIST OF FIGURES ........................................................................................................................ x 

CHAPTER 1 INTRODUCTION .................................................................................................... 1 

Aging, Obesity, and Osteoarthritis.................................................................................................. 1 

Obesity, OA, and Pain .................................................................................................................... 2 

Obesity, OA, and Disability ............................................................................................................ 3 

Functional Disability & Activity Patterns with OA ........................................................................ 4 

Disability & Activity Patterns among Obese Adults ...................................................................... 5 

OA and Obesity-Related Disability & Depression ......................................................................... 6 

Statement of Problem ...................................................................................................................... 7 

Current Study .................................................................................................................................. 7 

Conceptual Model ........................................................................................................................... 8



vii 

Specific Aims .................................................................................................................................. 8 

Hypotheses ...................................................................................................................................... 9 

CHAPTER 2 METHODS ............................................................................................................. 10 

Participants .................................................................................................................................... 10 

Procedure ...................................................................................................................................... 12 

Measures ....................................................................................................................................... 13 

Analytic Plan ................................................................................................................................. 15 

CHAPTER 3 RESULTS ............................................................................................................... 16 

Preliminary & Diagnostic Analyses.............................................................................................. 16 

Correlations  .................................................................................................................................. 16 

Demographic and health covariates  ............................................................................................. 20 

Primary regression analyses: Associations of BMI with outcomes .............................................. 20 

Mediation analyses: Associations of BMI with pain and functional outcomes  ………………. . 28 

Moderation analyses: Associations of functional disability, discretionary activity, and BMI    

with depressive symptoms ............................................................................................................ 30 

 

CHAPTER 4 DISCUSSION ......................................................................................................... 34 

Limitations .................................................................................................................................... 34 

Summary of Findings .................................................................................................................... 35 

Pain………………………………………………………………………………………………36 

Depressive Symptoms ................................................................................................................... 37 



viii 

Functional Disability ..................................................................................................................... 37 

Discretionary Activity ................................................................................................................... 38 

Activity Limitation........................................................................................................................ 39 

Pain as Mediator ........................................................................................................................... 39 

BMI as a Moderator ...................................................................................................................... 41 

Future Recommendations ............................................................................................................. 42 

Implications and Conclusions ....................................................................................................... 42 

REFERENCES ............................................................................................................................. 44 

APPENDIX A SUPPLEMENTAL MATERIAL ......................................................................... 51 

APPENDIX B IRB APPROVAL ................................................................................................. 57 

 

 

 

 

 

 



ix 

LIST OF TABLES 

1.       Demographic characteristics of study participants………………………..…..…………11 

2.       Bivariate correlations of study variables…………………………………………...…….17 

3. Regression summary for demographic and health covariates of primary 

variables………………………………………………………………...………….…….19 

 

4. Regression summary predicting pain and depressive symptoms, measuring BMI 

categorically (Table 4)...…………...…………………………………………………….24 

 

5. Regression summary predicting disability, discretionary activity, 

and activity limitation, measuring BMI categorically (Table 

4b)…………………………………………………………………………………….….26 

 

6. Regression summary predicting depressive symptoms from discretionary activity by  

BMI interaction term (Table 5).....…………………………………..…………..……….32 

 

7. Regression summary predicting pain and depression, measuring BMI continuously  

(Table 5a).....…………………………………………………………………………......53 

 

8. Regression summary predicting disability, measuring BMI continuously (Table 

5b)………………………….…………………………………………………………….55



x 

LIST OF FIGURES 

1. Centers for Disease Control Body Mass Index (BMI) classifications ……….…...2 

 

2. Conceptual model of associations…………………………………….…...............8 

 

3. Means plots of associations of BMI with outcomes………....................................21 

 

4a.       Pain mediation model predicting depressive symptoms………………...………...29 

 

4b.  Pain mediation model predicting functional disability……………...…………….29 

 

4c.   Pain mediation model predicting discretionary activity………………………......30 

 

4d.  Pain mediation model predicting activity limitation…………………………...…30 

 

5. Predicting depressive symptoms from a discretionary activity by BMI  

interaction term…….…………………….………..................................................32 

 

6. Differences of categorical and continuous BMI variable in predictive  

ability of outcome across analyses…………………………………….……..........36 

 

 

 

 

 

 

 

 

 

 

 

 



1 

CHAPTER 1 

 

INTRODUCTION 

 

 

Aging, Obesity, and Osteoarthritis 

 

The incidence and prevalence of knee osteoarthritis continue to rise due largely to 

epidemiological shifts in longevity and the proliferation of obesity in the United States (Sowers 

& Karvonen- Gutierrez, 2010). More than half of adults over the age of 65 report OA-related 

pain (Yelin, 1992) and as many as 90% demonstrate radiographic evidence of the disease in at 

least one joint (Kolondny & Klipper, 1976). Adults aged 60 and over are more likely to be obese 

than younger adults (Ogden, Carroll, Kit, & Flegal, 2012), with rates of obesity growing 

progressively among older age groups in both sexes, across all races, and at all education levels 

(Zamboni et al., 2005). Obesity is largely accepted as a risk factor for knee osteoarthritis 

(Anderson & Felson, 1988; Sowers & Karvonen-Guiterrez, 2010) and rates of OA appear 

significantly elevated among morbidly obese individuals as compared to their less obese 

counterparts (Somers et al., 2008). Robust evidence demonstrates that the risk of knee of OA 

grows with increases in body mass index (BMI) (Lachance et al., 2001) and that increased 

weight precedes the onset of knee OA (Zamboni et al., 2005; Sowers & Karvonen-Guiterrez, 

2010). A longitudinal study of men and women aged 40-64 years revealed a 40% increased risk 

for developing knee OA for every standard deviation increase in BMI (Manninen, Riihimaki, 

Heliovaara, & Makela, 1996). Another found that males between the ages of 20 and 29 years 
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with a BMI higher than 25 kg/m2 had a threefold increased risk of developing symptomatic knee 

OA by the time they reached 60 years (Gelber et al., 1999). Mechanical and metabolic 

mechanisms, including increased joint loading and misalignment (Zamboni et al., 2005; Somers 

et al., 2008), cartilage fibrillation and decomposition (Maly, Costigan, & Olney, 2005), and 

cytokine-mediated inflammatory responses (Sowers & Karvonen-Gutierrez, 2010) have been 

proposed to explain the obesity-OA link. Thus, considering the role of excessive weight in 

symptomatic older adults can help broaden approaches to understanding, preventing, and 

intervening in its disease course. 

 

 

 

 

 

Obesity, OA, and Pain 

Osteoarthritis represents the most common source of chronic pain in older adults 

(Rosemann et al., 2007) and its diagnosis is frequently predicated on the presence of pain 

(Sowers & Karvonen-Guiterrez, 2010). Increases in joint stress and load forces commonly 

observed among obese and morbidly obese adults uniquely position them to experience severe 

and persistent OA pain (Felson, Zhang, Anthony, Naimark, & Anderson, 1992). Cross-

sectionally, greater BMI has been associated with higher prevalence estimates for knee pain 

(12.1% in underweight vs. 55.7% in obese) before and after adjusting for sex, race, and age 

(Sowers & Karvonen-Gutierrez, 2010; Andersen, 2003). Among the existing but limited (Sowers 

& Karvonen-Gutierrez, 2010) prospective analyses addressing the directionality of weight and 

BMI (kg/m2) Classification 

  

<18.5 Underweight 

18.5- 24.9 Normal 

25.0 -29.9 Overweight 

30.0-39.9 Obese 

Figure 1. Centers for Disease Control Body Mass Index (BMI) classifications 
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pain, one revealed that obese adults without knee pain at baseline were nearly three times more 

likely than those of normal weight to develop severe knee pain in a subsequent 3-year period 

(Jinks, Jordan, & Croft, 2006). Others found associations between waist circumference and pain 

(Heim, Snijder, Deeg, Seidell, & Visser, 2008), reporting a dose-response relationship between 

changes in body weight and corresponding changes in pain (Riddle & Stratfod, 2013) but no 

significant, reciprocal associations between prevalent pain and weight gain (Sowers & 

Karvonen-Guiterrez, 2010). Interestingly, Zeni and colleagues (2010) reported a significant 

increase in BMI among persons with end-stage knee OA who underwent unilateral total knee 

arthroplasty– challenging the classic assumption of the relationship of BMI with OA pain (Zeni 

et al., 2010) as well as adding complexity to our understanding of these dynamics.  

Obesity, OA, and Disability  

Osteoarthritis pain is also closely linked with functional disability, in part because it 

uniquely promotes depression (Lin, 2008) overweight, and obesity—themselves debilitating 

(Somers et al. 2008; Zamboni et al., 2005). Joint loading, knee stiffness, and muscle weakness 

tend to promote restrictive, sedentary behaviors (Zeni & Synder-Mackler, 2010) to avoid pain. 

Paradoxically, this tendency has been noted to exacerbate OA pain and disability, and of course, 

to increase adiposity (Somers et al., 2008). Osteoarthritis itself is one of the main causes of 

disability in older adults (Ettinger, Davis, Neuhaus, & Mallon, 1994): a total 20-80% of OA 

sufferers report some degree of activity limitation due to the disorder (Yelin, 1992; LaPlante, 

1989). Additionally, beyond the impact of OA, a number of longitudinal analyses that have 

identified elevated BMI as an independent risk factor for disability in this population (Zamboni 

et al., 2005). A prospective analysis of community-dwelling older women indicated that recently 

and historically high BMI values were strong predictors of disability and mortality both in 
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young-old and in old-old women at 2-14 year follow-up (Launer, Harris, Rumpel, & Madans, 

1994). Another analysis of older women found an association between fat mass and overall 

disability after adjusting for the presence of OA (Zamboni et al., 1999; Zamboni et al., 2005). 

However, to date, these findings have not been replicated in a demographically heterogeneous, 

osteoarthritic population.  

Functional Disability & Activity Patterns with OA  

Havighurst’s (1963) activity theory, which posits that successful aging occurs when older 

adults remain active and maintain social interactions, oriented these analyses of activity and 

disability with osteoarthritis. It has been demonstrated that the chronicity of OA influences the 

types of activities that individuals pursue on a daily basis (Zimmer, Hickey, & Searle, 1995). 

Most research on OA disability has historically emphasized impairments in the performance of 

basic and instrumental activities of daily life (ADL/IADLs) – the behaviors one must be able to 

do in order to continue functioning independently (Parmelee et al., 2007). Recent research, 

however, has examined the effects of OA and other specific disease states on participation in 

discretionary, elective activities of everyday life distinct from more traditional assessments of 

ADL/IADL disability. In a sample of arthritis suffers, Zimmer et al. (1997) demonstrated that 

persons with greater pain and ADL/IADL disability were more likely to have forfeited one or 

more discretionary activities over the past year. Consistent with activity theory (Havighurst, 

1963), mounting evidence supports that engagement in valued activities is associated with 

psychological well-being (Zimmer et al., 1995) and that illness-related limitations in valued 

activities explain more variance in depressive symptomatology than standard ADL/IADL 

disability (Neugebauer, Katz, & Pasch, 2003). Corroborating these observations, Parmelee et al. 

(2007) demonstrated that maintained activity participation among OA sufferers was 

independently linked with reduced depressive symptomology — and further, that retaining 
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valued pastimes was prospectively associated with lower depressive symptoms one year at 1-

year follow-up. How BMI influences activity participation in the context of OA, however, 

remains unclear. 

Disability & Activity Patterns among Obese and Obese Adults  

Similarly unclear is how discretionary versus necessary activity patterns play out 

generally across BMI levels, particularly among overweight and obese adults (Larsson & 

Mattsson, 2001b; Davis et al., 2006). It appears no studies have specifically explored, described, 

or compared these patterns across levels of BMI in older persons with osteoarthritis. Existing 

literature supports a link, generally, between excessive weight and reduced global activity (de 

Groot & van Staveren, 1995). Using accelerometry data, Davis et al. (2006) reported that 

overweight/obese adults recorded about 60 counts per minute less per day and spent 21 minutes 

less engaged in moderate or greater intensity activity their normal weight counterparts. In a study 

of moderate to vigorous physical activity (MVPA), participants who were younger than 50 years, 

male, non-African American, or overweight were more active than were those who were older 

than 50, female, African American, or obese (Young, Jerome, Chen, Laferriere, & Vollmer, 

2009). Compared to being mildly or moderately obese, being morbidly obese has been associated 

with significantly worse physical, social, and role functioning (Fontaine, Cheskin, & Baroksky, 

1996). However, apart from self-reports where BMI is associated with poor physical functioning, 

there are little cross-sectional or prospective data on the impact of obesity in everyday, elective 

activities (Larsson & Mattson, 2001a), particularly among persons with OA. Given the 

documented tendency of older adults to relinquish discretionary activities in the presence of 

increased pain and disability (Zimmer et al., 1997), it stands to reason that elevated BMI may 

exacerbate the activity limitations and the psychological burdens typically observed in persons 

with osteoarthritis. 
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OA and Obesity-Related Disability & Depression  

Osteoarthritis and obesity alike have been shown to significantly affect psychological 

well-being, and appear complexly associated with depression (Parmelee et al., 2007; de Witt et 

al., 2010; Geerlings, Twisk, Beekman, Deeg, & van Tilburg, 2002). Pain and functional 

disability are correlated with depression across the lifespan, through the nature of their 

interrelationships remains debated (Parmelee et al., 2007; Williamson & Schulz, 1995). Previous 

research, for example, has demonstrated that depressed individuals are more likely to report 

chronic pain, and that more than half of patients with chronic pain experience depression 

(Rosemann et al., 2007). Regarding disability, the causality of the association between physical 

limitation and depression is also still unclear, in part because prospective analyses are scarce 

(Rosemann et al., 2007; Geerlings et al., 2002). Parmelee et al. (2007) found, cross-sectionally, 

that among a sample of adults with OA, the relationships of depression with disability and 

activity limitations were wholly mediated by pain; in contrast, Williamson and Schulz (1992, 

1995) reported that activity restriction entirely mediated the relationship of pain to depressive 

symptomology among older adult outpatients. Both models have been differentially supported in 

the literature (Rosemann et al., 2007), though the relationships may, in some way, be 

bidirectional (Graney, 2000).  

The links between obesity and depression are similarly complex and probably reciprocal 

(Luppino, et al., 2010), though methodological differences across studies have contributed to 

inconsistent observations (Onyike, Crum, Lee, Lyketsos, & Eaton, 2003). A meta-analysis on the 

longitudinal relationship between depression, overweight, and obesity indicated that both obesity 

and overweight increased risk of onset of depression at follow-up among adults, and that 
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depression increased the odds for developing obesity, but not overweight (Luppino et al. 2010). 

This is consistent with findings of earlier prospective (Blaine, 2008) and cross-sectional studies 

(Onyike et al., 2003). Still, these examinations of associations of BMI with depression fail to 

consider the documented contributions OA makes to both features of this dynamic—that is, 

obesity and depression.  

Statement of Problem  

 Notwithstanding the proliferation of obesity among older adults in the United States, and 

its recognized associations with knee OA, there is a lack of comprehensive research exploring 

the influence of BMI on osteoarthritis. Specifically, empirical examinations of the dynamic 

associations of BMI with pain, depressive symptomology, and disability in OA remain limited.  

Among available research, conflicting findings (e.g. Parmelee et al., 2007; Williamson & Schulz 

1992, 1995) complicate patterns in the data that may address this question. Further, even fewer 

studies have described and differentiated functional disability in necessary tasks (basic and 

instrumental activities of daily living) from discretionary, leisure activities among overweight, 

obese and normal weight individuals living with OA.  

Current Study  

The current study therefore explicated associations of body mass index with pain, 

depressive symptoms, and three measures of disability (functional disability, discretionary 

activity, activity limitation) among older adults with knee osteoarthritis. A key focus of analysis 

was on the form that functional disability takes, in terms of limiting necessary versus 

discretionary activity patterns in this sample. This study further explored under what conditions 

and through what mechanism(s) BMI appears to influence identified functional and 

psychological outcomes.  



8 

Because variables of interest are known to vary with both demographic characteristics 

(Affleck et al.1999; Thomas et al., 2004; Knight et al., 2011) and health status (Riddle & 

Dumenci, 2013), these factors were examined as covariates, and their effects, if necessary, 

controlled in subsequent analyses.  

Conceptual Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Specific Aims  

Specific aims of this cross-sectional study were to:  

(1) Analyze, describe, and compare necessary versus discretionary activity patterns of obese 

(>30 kg/m2) and overweight (>25 kg/m2) adults with knee osteoarthritis to those of their 

normal weight (18.5 -24.9kg/m2) counterparts;  

  BMI 

Disability 
(necessary vs. 

discretionary 

activities) 

Depressive 

symptoms 

Demographic 

characteristics   

+ 

+ 

Pain 

 

Figure 2. Conceptual model 

of associations  
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(2) Explore pain as mediator through which BMI may influence specific psychological and 

functional outcomes, and, 

(3) Investigate the basic and interactive associations of BMI, pain, depressive symptoms and 

disability; 

Given these aims, the following hypotheses were posited: 

Hypotheses: 

1a. Cross-sectionally, pain, depressive symptoms, and disability will be associated with greater 

BMI.  

1b.   Overweight and obese adults with OA will endorse experiencing more pain and 

depressive symptoms than their normal weight counterparts.  

1c.  Overweight and obese adults with OA will demonstrate more global impairment of 

necessary and discretionary activities than normal weight individuals. 

2. Pain will partially mediate the relationship of BMI with depressive symptoms and three 

functional measures (disability, discretionary activity, activity limitation).  

3. Body mass index will moderate the association of activity limitation, but not functional 

disability, with depression.  
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CHAPTER 2 

METHODS 

Participants  

Data for this secondary analysis were drawn from a larger, longitudinal study (1-R01–

MH51800, Patricia A. Parmelee, P.I.) examining basic associations among pain, disability, and 

depression as well as factors germane to those linkages. The current sample excluded 10 

individuals who lacked sufficient data (e.g. height, weight, or both) for computing their body 

mass index, and 6 who identified as neither Black nor White. Thus, the sample included 353 

older adults (222 women, 131 men, Mage = 67.95 years, age range: 48-91) with physician-

confirmed knee osteoarthritis. Per the study proper, participants were recruited variously 

including through university and Veterans Affairs Medical Center rheumatology clinics, a 

general geriatric outpatient clinic, a previous psychoeducational study of OA, and public service 

announcements (PSAs) in local media. Inclusion criteria required that participants were able to 

respond to questions in English, had no other life-threatening or severely disabling medical 

conditions, and provided signed consent for authorization to receive confirmation of their OA 

diagnosis. Persons for whom physician confirmation was unavailable were excluded from the 

study.  

Table 1 details the additional characteristics of the 353 participants included in this 

research. The sample was predominantly female (62.9%, n = 234), White  (74.2%, n = 262), and 

married/cohabitating (55%, n = 194). Most adults were either overweight (39.9%, n = 141) or 

obese (34%, n = 120), MBMI  = 28.85.  



11 

For the present study, G*Power analysis recommended a sample size of 89 participants 

for multiple regression, a moderate effect size of 0.15, error probability of 0.05, and power of 

0.95 (Faul, Erdfelder, Lang, & Buchner, 2007). The observed sample size of 353 participants met 

this criterion and was therefore sufficient for the current study. A greater number of participants 

also increased the power of the statistical analyses being conducted.  

Table 1  

Demographic characteristics of study participants  

 

 
 

Variable  

(n=353) 

Range in this 

sample Mean or N 

 

 

SD/ % 
_________________________ _____________ _____________ _________ 

Age in years  48 – 91       67.95 9.77 

Sex (% female)  222 62.9% 

Race (% Caucasian)  262 74.2% 

Marital status  194 55.0% 

Education     

Less than 8th grade                 15 4.2% 

9th-11th grade  43 12.2% 

HS graduate  91 25.8% 

Vocational training  25 7.1% 

1-4 years college   72 20.4% 

College graduate  54 15.3% 

Graduate/professional school   53 15.0% 

Subjective health       1-3.50 2.16 .52 

Objective health         0 - 11      2.64 2.07 
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BMI  19.5 – 49.11 28.86 5.48 

            Normal weight  92 26.1% 

            Overweight  141 39.9% 

            Obese  120 34.0% 

Functional disability  6- 25.25        9.87 3.14  

Pain     Pain*  .83-5.0              2.65 .93 

           No.  joint problems 0-7         2.63 2.06 

 OA (% both knees)           245 (69.4%) 

D        Depression 0-47 12.42 9.01 

Ddf Discretionary Activity 1-21 9.95 3.11 

           Activity limitation 0-10 3.06 2.87 

___________________________________ 

*n= 351 

   

Procedure  

Site determined route of initial contact. Respondents to PSAs called the research office 

directly. Clinic patients were sent introductory letters from attending physicians, as were 

previous research participants. A follow-up call from project personnel determined interest and 

eligibility for all participants. All assenting and screened individuals were mailed a packet of 

questionnaires and consent documents for independent completion and review. These were 
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collected 1 to 2 weeks later during an-person interview to gather additional data. All data for the 

current analysis are from baseline only.  

Measures  

Demographic characteristics. Demographic characteristics included age, sex, and 

martial status (categorically coded to represent married/cohabitating vs. not). Education was 

coded a 7-point scale, ranging from less than 8th grade through graduate/professional degree. 

Arthritis status. Three arthritis status variables were used to index OA severity. These 

included duration of knee symptoms in months, involvement of one or both knees, and a count of 

other joints OA affected.  

General health status. Health was measured objectively using a count of health 

conditions endorsed on a 31-item checklist adapted from Lawton et al. (1982). Subjective health 

was represented by a three-item averaged composite: health overall (4-point scale, excellent to 

poor), now versus 5 years ago, and versus others the same age (both rated better, the same, or 

worse). The scale was coded negatively, such that higher scores indicate poorer perceived health.  

Body mass index (BMI) and obesity. A BMI variable was computed by dividing self-

reported weight in kilograms by self-reported height in meters squared. Because there were no 

underweight and few extremely obese participants in the sample, and to promote equal 

representation across groups, the Centers for Disease Control BMI guidelines were collapsed 

into 3 (versus 5) levels to classify respondents: normal weight (18.5-24.9 kg/m2), overweight 

(25.0-29.99 kg/m2) and obese (≥ 30kg/m2). However, associations between adiposity and 

variables of interest are more likely to be detected using continuous representations (Franko, 

Striegel-Moore, Thompson, Schreiber, & Daniels, 2005).  Thus, the BMI variable was 

represented both categorically (normal weight vs. overweight vs. obese) and continuously.  
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Depressive symptoms. The Center for Epidemiologic Studies Depression Scale (CESD; 

Radloff, 1977) tapped depressive symptoms. This widely used 20-item scale has demonstrated 

validity and reliability among geriatric populations (Himmelfarb & Murrell, 1983; Radloff & 

Teri, 1986) and used in previous studies with obese OA suffers (Brandt, Heilman, Slemenda et 

al., 2000). Cronbach’s alpha for this sample was 0.89.             

Pain. Pain was assessed generally with the 6-item Philadelphia Geriatric Pain Center 

(PCG) Pain Scale (Parmelee, 1994). This measure does not measure pain endogenous to 

osteoarthritis, but has been demonstrated to correlate highly (r = .90) with a parallel, arthritis-

specific measure, yielding identical findings to the OA-specific measure (Parmelee, Tighe, & 

Dautovich, 2015). In the current sample, the scale demonstrated a Cronbach’s alpha of .91.  

 Functional disability. The Arthritis Impact Measurement Scales (AIMS2; Meenan, 

Mason, Anderson, Guccione & Kazis, 1992) measured functional disability—that is, impairment 

with performing basic ADL/IADL activities. The 28 5-point items across subscales tapping 

difficulties with mobility, walking and bending, hand and finger function, arm function, self-

care, and household tasks were averaged, with subscale scores summed to yield a single 

composite (α =0.82, current sample). Higher scores denoted greater disability.  

 Discretionary activity. We assessed discretionary activity participation using a 

combination of the Multilevel Assessment Instrument (MAI) Activities scale (Lawton, Moss, 

Fulcomer, & Kleban, 1982) with items drawn from the AIMS2 Social Activity Subscale 

(Parmelee et al., 2007). Respondents indicated how often each of 21 solitary and social leisure 

activities (e.g. worked on hobbies or handwork, did volunteer work, visited friends or relatives at 

their home) had occurred within the past moth (6-point scale, never to daily). Per Parmelee et al. 

(2007), a simple count of activities endorsed (any frequency other than never) yielded a 
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summary measure of activity participation. A second measure, activity limitation, tapped the 

extent to which persons had relinquished discretionary activities because of OA or other health 

problems. To create this measure, two items were measured: a 6-point rating of frequency of 

activity limitations during the past month, and a count of the number of valued activities that the 

respondent had forfeited due to OA (summary score range 0-5; Parmelee et al., 2007).  

Analytic Plan  

Six ordinary least squares (OLS) regression analyses identified demographic, health, and 

arthritis status variables associated with primary variables (BMI, pain, depressive symptoms, 

functional disability, discretionary activity and limitation) for statistical control in primary and 

exploratory analyses. Ten models examined body mass index (5 categorically, 5 continuously) to 

predict psychological (pain, depressive symptoms) and three functional outcome measures 

(functional disability, discretionary activity, activity limitation). Four mediating models assessed 

the indirect effect of BMI on disability via pain, 3 additional models tested whether BMI 

moderated the association between functional measures and depression. All indirect effects and 

moderating effects of BMI were examined using PROCESS, a tool run within SPSS to generate 

moderation, mediation, and boot-strapped biased corrected 95% confidence intervals (Hayes, 

2013). 
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CHAPTER 3 

RESULTS 

Preliminary & Diagnostic Analyses 

Prior to analysis, variables of interest were extracted to create a unique cross-sectional 

analytic file from an existing longitudinal dataset. Relevant data were examined for their 

distributional characteristics and patterns of missing data, and diagnosed for normality. Because 

a preponderance of primary variables (>50%), including body mass index, functional disability, 

and depression, displayed skewness and kurtosis, all primary constructs were log transformed to 

normalize the data and to promote cleaner interpretability. Admittedly, this was statistically 

conservative at best, or moot at worst: according to Hayes (2013), violations of the normality 

assumption only significantly affect the validity of statistical tests when a small sample size is 

used or in egregious cases of normality violations. 

Regarding missing data, no systematic patterns were observed and only available data 

were analyzed. All measures were assessed for internal consistency, and primary variables for 

their basic associations among each other for diagnostic (i.e. to assess multicollinearity) 

purposes.  

Correlations  

Table 2 presents basic correlations among log-transformed BMI, pain, depression and 

three separate functional measures (functional disability, discretionary activity, and activity 

limitation). Body mass index was positively associated with pain, functional disability, and 
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activity limitation. Depressive symptoms were positively linked to pain, functional disability, 

and activity limitation but negatively with discretionary activity. Note that this negative 

coefficient is expected, reflecting lower levels of depression among adults participating in a 

wider variety of discretionary activities than those who do not. Body mass index, pain, 

depression, and activity limitation were all positively associated with functional disability, which 

was negatively linked to discretionary activity. Additionally, pain demonstrated a positive 

association with activity limitation and negative association with discretionary activity (as pain 

increases, participation in discretionary activity decreases).  

Table 2 

Bivariate correlations of study variables 

 

 BMI Pain Depression Functional 

Disability 

Discretionary 

Activity 

Activity 

Limitation 

BMI 1 .254** .034 .271** -.092 .178** 

Pain  1 .286** .535** -.122* .427** 

Depression   1 .301** -.211** .186** 

Functional 

Disability 

   1 -.274** .471** 

Discretionary 

Activity 

    1 .018 

Activity 

Limitation 

     1 

Note.  Ns vary from 351 to 353  due to missing data.  Higher BMI scores indicate greater body mass. All 

coefficients are Pearson-product moment correlation (PCC). ** p < .01, *p < .05 
 

Demographic and health covariates  

Preliminary analyses identified background variables that were significantly associated 

with central constructs to permit their control in primary analysis (see Table 3). 

  Demographic characteristics (age, sex, marital status, education), arthritis status (duration 

of symptoms, one/both knees, and joint count), as well as general health variables (subjective 

health and number of health problems) were entered simultaneously into six separate OLS 
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regression equations predicting BMI, pain, depressive symptoms, functional disability, 

discretionary activity, and activity limitation.  

Older, more educated adults reported significantly lower body mass index. Poorer 

subjective health and higher number of health problems also significantly predicted BMI; 

adjusted R2 = .131, F9, 343) = 6.89, p <.001. 

 Regarding pain, sex, educational level, as well as three health status variables—

subjective health, joint count, and number of knees affected— were significantly predictive, 

adjusted R2 = .260, F(9, 341) = 14.652, p <.001. Pain was significantly lower among more 

educated respondents, but higher among women, those endorsing poorer subjective heath, and/or 

having OA in both knees and other joints. 

Sex and poorer subjective health were significant predictors of depressive symptoms, 

adjusted R2 = .118, F(9, 342) = 6.195, p < .001. A nonsignificant trend indicated more health 

problems were also associated with greater depressive symptomatology.
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Table 3 Regression summary for demographic and health covariates of primary variables 

 
BMI    Pain 

Depressive  

symptoms  

Functional 

disability 

Discretionary 

activity 

Activity 

limitation 

 

R          

(adj.R2) 
  β 

R            β 

(adj.R2) 

        R                 β              

    (adj.R2) 

                 R 

            (adj.R2) 

β                 R  

                 (adj. R2)     

   β              R 

           (adj. R2) 
       β 

 

.391  

(.131)  

.528  

(.260) 

        .374 

       (.118) 

         .648 

          (.405) 

           .168 

               (.147) 

            .387 

             (.127) 
 

Age   -.243***                -.025                               .016     .114* -.137* .028 

Sex   .031           .127*                     .123*  .137*  .107* .015 

Marital status  -.051           .069                        -.023  -.031  .068    -.038 

Level of education  -.142*          -.137*                      -.089  -.095* .198***     .112* 

Subjective health  .156*           .197*                      .246**  .299*** -.247***  .258*** 

No. of health 

probs.  .124*           .000 

                   .113  .211** -.046 

    .086 

1 or both knees  .081           .102*                      -.076  -.030 .065    -.073 

No. of joint probs.   .035           .335*                       .063  .287*** -.010     .175* 

Duration of 

symptoms  -.028           .000 

 

                     -.013 

  

.006 

 

.027      .003 

         

F  6.898*** 

                     

14.652*** 

 

      6.195*** 

 

27.587*** 

 

7.720*** 

 

   6.708***  

(df)  (9, 343)  (9, 341)       (9,342)        (9, 343) (9,343)   (9, 343)  

Note. All coefficients are final step of OLS regression model. See text for details. +p < .10, *p < .05, ***p < .001 
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Functional disability was significantly higher among older females and those with less 

education.  Having more health and joint problems also significantly predicted outcome; adjusted 

R2 = .405, F(9, 343) = 27.587, p < .001.  

For discretionary activity, age, sex, education, and subjective health were significant 

predictors, adjusted R2= .147, F(9, 343) = 7.720, p < .001.  Coefficients indicated that 

discretionary activity was lower among older and female respondents and higher among more 

educated respondents and those endorsing better subjective health.  

Education, poorer subjective health, and greater number of joint problems emerged as 

significant predictors of activity limitation, adjusted R2= .127, F(9, 343) = 6.708, p <.001.   

Because marital status and duration of symptoms neither significantly nor uniquely 

predicted any primary variables, these covariates were excluded from further analysis. Age, sex, 

education status, subjective health, number of objective health, number of joint problems, and 

knees affected, were controlled in all subsequent analyses.  

Primary Regression Analyses: Associations of BMI with outcomes  

Faithful to epidemiological convention to highlight the spectrum of obesity, BMI has 

been represented categorically (Kuczmarski et al., 2010). However, associations between weight 

and health outcomes are more likely to be detected using continuous representations (Harrell, 

2001). In this thesis, BMI was examined continuously (please see Supplementary Material for 

these analyses) and categorically, separately, across 10 models.  Again, all classifications were 

based on the Centers for Disease Control guidelines for classifying body mass index 

(Kuczmarski et al., 2010). 

In the present analysis, dummy coding was used to represent the three levels of the BMI 

factor. Using dummy coding enables discrete, simultaneous representations of subgroups in the 
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sample (Pedhazur, 1997). Those categorized as obese were selected as the uncoded condition to 

serve as the basis of comparison for the normal weight and overweight groups’ means because 

obese adults were hypothesized to demonstrate the most morbidity. All covariates included in 

categorical analyses were retained in continuous analyses and entered at Step 1; categorical (or 

continuous) BMI variable, at Step 2. Figure 3 graphs these relationships.  

Figure 3  

Means plots of associations of BMI with outcomes  

 

 

 

 

 

 

 

(A)                                                                                       (B)  

 

 

 

 

 

 

 

(B) (D) 
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                                                                                            (E) 

Note: Means plots of associations of BMI with Pain (A), Depression (B), Functional Disability (C), Discretionary 

Activity (D), and Activity Limitation (E).  

 

To test whether adiposity was associated with pain, an ordinary least squares (OLS) 

regression was used to predict pain from BMI (coded categorically), demographic (age, sex, 

education), health (subjective and objective measures) as well as arthritis status variables 

(number of joints and knees affected). At Step 1, this analysis revealed significant effects of sex, 

education, subjective health, as well as number of joints and knees affected, adjusted R2  = .275, 

F(7, 343) = 18.542, p < .001.  Entering categorical variables at Step 2 revealed a significant 

effect of BMI, ∆F (2, 341) = 6.024, p < .003, such that normal weight, but not overweight adults, 

scored significantly lower on pain than their obese counterparts (see Table 4a).  

Next, another OLS regression was used to predict depression from BMI and 

aforementioned covariates. Step 1 was significant, adjusted R2 = .122, F(7, 344) = 7.969, p < 

.001. This time, a significant effect of BMI on depressive symptoms was not observed, ∆ F < 1 

(see Table 4a). 
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 A third OLS model examined the association between BMI and the first of three 

functional measures: disability. At Step 1, age, sex, education, subjective health as well as 

number of health and joint problems significantly predicted functional disability; adjusted R2 = 

.407, F(7, 345) = 35.542, p <.001. Consistent with patterns observed in covariates analysis, older 

women, those with less education and poorer subjective and objective health reported more 

disability. Addition of the dummy variables at Step 2 revealed a significant effect of BMI, ∆ F 

(2, 343) = 3.49, p < .022, such that normal weight and overweight adults reported significantly 

less disability than obese adults (see Table 4b). 

 Regression 4 explored linkages of BMI with discretionary activity. Step 1 was significant 

because of the effects of age, education, and subjective health; adjusted R2 = .146, F(7, 345) = 

9.622, p < .001. Though the overall model at Step 2 was nonsignificant, ∆ adjusted R2 = .010, 

F(2, 343) = 2.062, p > .05, the beta coefficient for the overweight dummy variable (β = .181, p < 

.05) was, indicating that overweight adults reported engaging in significantly more discretionary 

activities than their obese counterparts (see Table 4b). 

The association of BMI with activity limitation was examined in the final model. At Step 

1, education, subjective health, and number of joint problems significantly predicted activity 

limitation; adjusted R2 = .131, F(7,345) = 8.587, p <.001. Adding the dummy variables at Step 2 

revealed a significant effect of BMI on outcome, ∆F (2, 343) = 4.630, p < .010, such that normal 

weight individuals reported limiting significantly fewer discretionary activities than obese adults 

(see Table 4b).  

 

 

 



24 

Table 4a  

Regression summary 

predicting pain and 

depressive symptoms, 

measuring BMI 

categorically  

 

Pain 
Depressive symptoms 

 
R1  (adj. R2)    β 

R1  (adj. 

R2) 
β 

 .524 (.260)  

 

.374 

(.122)  

 

Step 1     

Age  -.029  .017 

Sex   .110*   .131* 

Level of education   -.137*       -.089 

Subjective health  .203***  

          

.245*** 

No. health probs.  -.008  

                 

.116* 

No. joint probs.   .332***    .062 

1 or both knees   .100*   -.078 

Step 2 .547 (.281)  

.377 

(.120)  

Age  .005              .006 

Sex  .113*             .141* 

Level of education  -.111*             -.092 

Subjective health  .186***  

            

.252*** 

No. health probs.  -.022  

            

.123* 

No. joint probs.  .328***              .063 

1 or both knees  .090             -.074 

Normal weight  -.189***               .045 

Overweight   -.080               .063 

F1 (df) 18.1542 (7,  7.969  
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343)*** (7,344)*** 

∆R2  .025  .003  

∆F (df) 

6.024 

(2,341)*   

.570  (2, 

342)  

 

 

 

Note. All coefficients  from 2 steps of OLS regression model. See text for details. +p < .10, *p < .05, ***p < .001 
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Table 4b 

Regression summary predicting disability, discretionary activity, and activity limitation, measuring BMI categorically 
 

 
Disability  

Discretionary  

    activity 

Activity  

limitation 

 

R 

(adj. R2)  
   β   

R  

(adj. R2)        β 

 

                           R  

                                     (adj. R2) 

 

β 

Step 1 .647 (.407)  .404 (.146)  
                                   .385 (.131) 

 

Age   .115*                           -.141*  .030 

Sex   .144***                  .087  .024 

Level of education   -.095*            .199***  .112* 

Subjective health  .296*** -.243***          .254*** 

No. health probs.    .215*** -.054 

 

   .091*   

No. joint probs.   .289*** -.009            .177* 

1 or both knees  -.028 .068  -.071 

Step 2 .657 (.417)  .416 (.152) 

 

 .413(.149)  

Age  .142*** -.156*           .061 

Sex  .133* .112***           .029 

Level of education  -.081 .201***     .137* 

Subjective health  .281*** -.233***     .238***  

No. health probs.  .201*** -.041  .079 

No. joint probs.  .286*** -.007  .173* 

1 or both knees  -.046 .073  -.080 
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Normal weight  -.130* .038  -.178* 

Overweight   -.103* .119*  -.064 

 

F1 (df) 

35.543 

(7,345)***  

9.622 (7, 

345)*** 

 
8.587 

(7,345)*** 

∆R2  .013   .010  .022 

∆F (df) 

 

3.849 (2, 

343)*** 

 2.062 (2, 343)*  4.630 (2, 343)* 

 

    

 

 

Note. All coefficients from 2 steps of OLS 

regression model. See text for details. +p < 

.10, *p < .05, ***p < .001    

 

 

      

      

      

      

      

      

      



28 

Mediation Analyses: Associations of BMI with pain and functional outcomes   

 

In order to gain greater insight into why BMI was associated with psychological and 

functional outcomes in this sample of OA sufferers, four a priori pain mediation models were 

tested using Hayes’s (2013) PROCESS macro for SPSS 23.  Examining the correlations between 

pain and three functional measures, we found that heavier participants were more like to report 

pain, r(351) = .254, p <.001 and that pain was positively related to depression, r(351) = .286. 

Further, pain was positively correlate with functional disability, r (351) = .535, p <.001 and to 

activity limitation, r (351) = .427, p <.001, but negatively linked to discretionary activity, r (351) 

= -.122, p <.05. Based on hypotheses and observed results, mediation analyses were conducted 

using Preacher and Hayes’s (2008) procedure. The goal was not to test a specific causal model 

(e.g. BMI leads to pain, which leads to disability), but instead to determine whether pain could 

help account for the relationship between BMI and functional measures (Preacher & Hayes, 

2008). Parameter estimates were obtained using bootstrap analysis with 5000 bias corrected 

samples. Mediation is said to be significant if the 95% bias-corrected confidence interval 

excludes 0 (Preacher & Hayes, 2008).  

For depression, the indirect effect was 0.1545, SE = .1545, 95% CI [.0392, .3256], 

indicating that pain significantly mediated the effect of BMI, controlling for variance attributable 

to demographic, health, and arthritis status variables (Figure 4a).  

 For functional disability, the indirect effect was 0.0676, SE = 0.026, 95% CI [0.0188, 

.1261], demonstrating that pain significantly mediated the effect of BMI, controlling for variance 

attributable to demographic, health, and arthritis status variables (Figure 4b).  
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For discretionary activity, the indirect effect was -.0618, SE = .1428, 95% CI [-.3992, 

1949], containing zero, this time indicating that pain did not significantly mediate the effect 

(Figure 4c).  

A fourth model was tested to see if pain also mediated the association between BMI and 

activity limitation.  Figure 4d shows this indirect effect and notes relevant statistics.  No direct 

effect of BMI on activity limitation was observed; instead, a significant indirect effect of pain: 

.812, SE = .3376, 95% CI [.2401,1.563] indicting that pain almost entirely mediated the 

association of BMI with activity limitation. These results show that individuals with a higher 

BMI score are more likely to experience osteoarthritis pain, and experience more functional 

impairment as a result. 

(A) Pain mediation model predicting depressive symptoms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

(B) Pain mediation model predicting functional disability  

 
 
 
 
 
 
 
 
 
 
 
 

 
BMI 

 
Pain 

Functional 
disability 

 

 
a = .284* 
SE = .106 

 
b = .238*** 
SE = .033 

 
c = .2330 

SE = .069*** 

 
BMI 

 
Pain 

Depressive 
symptoms 

 

 
a = .284* 
SE = .106 

 
b = .5448** 
SE = .1468 

 
c = .-.4006 
SE = .292 

 
c’ = -.5551 
SE = .289* 

 
c’ = .1654 

SE = .0657*** 
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(C) Pain mediation model predicting discretionary activity 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

(D) Pain mediation model predicting activity limitation 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Moderation analyses: Associations of functional disability, discretionary activity, and BMI 

with depressive symptoms 

 

To determine whether functional disability and discretionary activity were associated 

with depression depending on body mass index, ordinary least squares regression analyses 

predicting depression were tested: the first, from functional disability, and the second, from 

discretionary activity. For both models, covariates were entered at Step 1, functional disability/ 

 
BMI 

 
Pain 

Activity 
limitation  

 

 
a = .284* 
SE = .106 

 
b = 2.873*** 
SE = .409 

 
c = 1.9150*** 
SE = .8529 

 
c’ = -1.098 
SE = .806 

 
BMI 

 
Pain 

Discretionary 
activity 

 

 
a = .284* 
SE = .106 

 
b = -.2177 
SE = .4732 

 
c = -.6388  
SE = .9234 

 
c’ = -.5770 
SE = .934 

Figures 4A-D.  Mediation models depicting the relationships between BMI and three functional measures with pain 

as a mediator; c is the total effect of BMI on each functional measure and c’ is the direct effect of BMI on these 

outcomes. Unstandardized regression coefficients from a bootstrap procedure are provided along with their associated 

standard errors. Higher scores on BMI indicate grater body mass. (A) Functional disability score refers to impairment 

in necessary activities. (B) Discretionary activity refers to social and leisure activities. (C) Activity limitation refers to 

activities relinquished because of OA or other health problems. ***p <. 01, * p < .05.  
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discretionary activity at Step 2, BMI (centered) at Step 3, and the interaction of predictor and 

BMI at Step 4.  

 As for preliminary analysis, sex, subjective health, and number of health conditions 

significantly predicted depression at Step 1, adjusted R2 = .112, F(7,344) = 7.969, p <.001.  

Addition of the functional disability variable at Step 2 significantly improved prediction ∆ F (1, 

343) = 4.224, p < .05, reflecting a positive association of functional disability with depressive 

symptoms.  Including BMI at Step 3 marginally increased explained variance; adjusted R2= .135, 

∆ F (1, 342) = 3.061, p = .081. At Step 4, the interaction of BMI and functional disability did not 

enhance explanatory power, ∆ F < 1.  

Regarding predicting depression from discretionary activity, consistent with previous 

analyses, sex, poorer subjective health, and more objective health problems significantly 

predicted depression at Step 1; adjusted R2 = .122, F(7, 344) = 7.969, p < .001. Stepping in 

discretionary activity next revealed a significant effect, such that engagement in more 

discretionary activities predicted less depression; the effects of sex and subjective health 

remained significant but of number of health problems was marginal; ∆ F (1, 343) = 4.810, p 

<.05.   The main effect of discretionary activity persisted into Step 3, but addition of BMI was 

not significant, ∆ F (1, 342) = 2.040, p >.05.  A significant interaction between discretionary 

activity and BMI, ∆ F (1,131) = 4.980, p < .05 was observed. Computing the means at the 

different levels of BMI (1= low, 2= medium, 3 = high) reveals that for adults with low BMI, but 

not adults with medium or high BMI, engaging in more discretionary activities is associated with 

endorsing fewer depressive symptoms (see Figure 5, Table 5).   
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Table 5.  

Regression summary predicting depressive symptoms from discretionary activity by  BMI interaction term  

 

 

Depressive  

symptoms  

 

R  

(adj.R2) 
   β 

 

.411 

(.144)  

Age  -.025 

Sex   .141* 

Level of 

education  -.077 

Subjective 

health  .221*** 

No. of health 

problems  .117* 

No. of joint 

problems  .074 

1 or both knees   -.063 

Figure 5. Predicting depressive symptoms from a discretionary activity by BMI interaction term. Discretionary activity 

indicates individuals’ engagement with solitary and social leisure activities within the past month. Lines are trendlines 

calculated separately for each level of BMI.  
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Discretionary 

activity 

(centered)  -.123* 

BMI (centered)  -.062 

Discretionary 

activity X BMI 

(interaction)  .112* 

F 6.915***  

(df) 

(10, 

341)  

   

Note: All coefficients are final step of hierarchical regression model.  See text for details;  * p <.05. ***p < .001 

 

Finally, to determine whether activity limitation was associated with depression 

depending on body mass index, we ran an OLS regression predicting depression from activity 

limitation (centered; Step 2, covariates entered at Step 1), BMI (centered; Step 3), and their 

interaction (Step 4).  

 At Step 1, sex, poorer subjective health, and having a great number of health conditions 

significantly predicted depression; adjusted R2 = .122, F(3, 344) = 7.969, p <.001. Addition of 

the centered activity limitation and BMI variables at Steps 2 and 3, respectively, and their 

interaction term at Step 4 did not significantly increased explained variance in depressive 

symptoms above contributions of covariates, all ps > .05.  
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CHAPTER 4 

 

DISCUSSION 

 

 This study addressed dynamic associations of body mass index with pain, depressive 

symptoms, and measures of disability among older adults with knee osteoarthritis. A key focus 

of analysis was on how, and through what mechanism, BMI influences the form functional 

disability takes, in terms of limiting necessary vs. discretionary activity patterns. Primary aims of 

this research were therefore: 1) to analyze, describe, and compare necessary vs. discretionary 

activity patterns of obese, overweight, and normal weight individuals with symptomatic OA and 

2) to investigate basic and interactive associations of adiposity, pain, depressive symptoms, and 

disability in the context of osteoarthritis.  

Limitations 

Before discussing findings, it is important to note some limitations of this work. Primary 

limitations include reliance on self-reported BMI data, our measure of obesity, and a cross-

sectional design. 

 Although some studies use direct anthropometric measurements to gather weight data, 

many studies, such as this one, rely on self-reported measures of weight and height because they 

are parsimonious and economical (Clarke, Sastry, Duffy, & Ailshire, 2014). However, the 

validity of self-reports has been questioned: biases in self-reported height appear to be generally 

small, but differences between self-reported and measured weight 
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are more consistently marked, with most respondents, particularly women, underreporting 

weight (Clarkey, Sastry, Duffy, & Ailshire, 2014). Noting this, it is conceivable that that our 

sample may actually be more obese than what the data currently present, especially because most 

of our sample consisted of women.  Further, BMI is a surrogate measure of body fatness because 

it is a measure of excess weight, not excess body fat. Factors such as age, sex, ethnicity, and 

muscle mass can influence the interpretation of BMI with older adults, for example, tending to 

have more body fat than younger adults for an equivalent BMI (CDC, nd).  Nevertheless, this 

approach to measurement is popularly regarded as elegant (Clarkey, Sastry, Duffy, & Ailshire, 

2014), valid, and clinically predictive (Romero-Corral et al., 2010).  

The cross-sectional design of this study precludes inferring causality from these findings, 

and the flow of observed associations remains unclear. It is plausible, as examples, that pain can 

promote obesity just as obesity can promote pain, or that depression can predict activity 

limitation just as conceivably as activity limitation can depression. It is likely that many, if not 

all, of these variables behave reciprocally, synergistically. Of course, unobserved variables 

related to both predictor and outcomes, such as personality (e.g., neuroticism) may also be 

operating. 

Summary of findings  

Regression analyses, using both continuous and categorical measures, supported 

hypothesized associations of BMI with pain, functional disability, discretionary activity, activity 

limitation, and partially depressive symptoms (Figure 4). Pain mediated the linkages of BMI 

with depression, as predicted, and two functional outcomes, including ADL/IADL disability and 

activity limitation. BMI, consistent with hypotheses, moderated the relationship between 

discretionary activity and depressive symptoms.  
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Categorical BMI 

variable 

Continuous BMI 

variable  

 

 

Differentially 

predictive? 

Predicted outcome        

Pain Yes Yes  No 

Depressive symptoms No No  No 

Functional disability Yes Yes  No 

Discretionary activity Yes No  Yes 

Activity limitation Yes  Yes  No 
Figure 6. Differences of categorical and continuous BMI variable in predictive ability of outcome across analyses 

 

           At once honoring the epidemiological tradition to measure weight categorically 

(Kuczmarski et al., 2010) and the statistical proclivity to measure it continuously (Harrell, 2001), 

BMI was measured in both forms to predict psychological and functional outcomes with OA 

across 10 regression models (5 models each). Recall that dummy coding was used to permit 

discrete representation of the three levels of the BMI factor in the sample.  Because it was 

hypothesized they would demonstrate the most psychological and physical impairment, obese 

adults were selected as the reference group. Results will be discussed in categorical terms unless 

otherwise indicated because of its relative conceptual simplicity.  

Pain 

As hypothesized, BMI significantly predicted OA pain. Specifically, the dummy-coded 

structure of our data revealed that normal weight, but not overweight adults, scored significantly 

lower on pain than their obese counterparts. It appears that overweight adults in our sample had 

no real advantage over obese adults regarding pain severity.  This result corroborates robust 

findings that increased joint stress among overweight and obese adults uniquely positions them 

to experience more severe OA pain than normal weight adults (Felson et al., 1992), reaffirming 

excessive weight as a risk factor for osteoarthritis. Clinically, these results suggest efforts to 

prevent excessive weight gain, promote and increase weight loss, particularly among 

symptomatic older adults with osteoarthritis, represent appropriate avenues of intervention.  
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Depressive Symptoms  

It was expected that BMI would predict depressive symptoms, and that obese adults 

would exhibit the highest levels of depressive symptomology.  Bootstrap analysis, but not 

regression, supported this prediction. Differences in these observations are likely due to power 

differences across analyses. Nevertheless, the mixed results contained within this study well 

represent larger empirical complications that leave the relationship between obesity and 

depression unclear (Onyike et al., 2003).    Noted earlier, the relationship between obesity and 

depression is likely reciprocal (Luppino et al., 2010), but methodological differences have 

contributed to inconsistent observations of their relationship.  Of course, while the present study 

supports that elevated BMI is associated with depressive symptomology, it is also conceivable 

that depressive symptoms can predict elevated BMI (Luppino et al., 2010), thus, additional 

longitudinal data are needed to clarify the directionality of associations of these variables within 

and beyond this disease. Still, previous examinations of associations of BMI with depression fail 

to account for the contribution(s) made by knee OA to both features; hearteningly, findings from 

this study help to clarify that contribution.   

Functional Disability 

Turning to the distinction of functional from psychological outcomes, findings support 

the hypothesized relationship between BMI and ADL/IADL disability. Specifically, in the 

current sample, obese adults reported significantly more disability than normal or overweight 

adults with OA.  Though the association between OA and functional disability has been well 

established, this effect has been disproportionately represented in homogeneous samples of older 

women (Zamboni et al., 2005; Launer, Harris, Rumpel, & Madans, 1994). Thus, current findings 

are among the few studies to replicate these findings in a gendered-mixed, racially heterogeneous 
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sample. Unlike pain, which appeared not to discriminate between overweight and obese 

individuals in this study, disability did.  Results support an association between fat mass and 

overall disability (Zamboni et al., 1999; Zamboni et al., 2005). Further, findings suggest that the 

combination of OA and obesity may be particularly debilitating to older adults, per a number of 

longitudinal analyses that have identified both OA and elevated BMI independent risk factors for 

disability in this population (Zamboni et al., 2005).  

Discretionary Activity  

Contrary to hypotheses, the association between BMI and discretionary activity was not 

supported, though the effects of age, education, and subjective health were significantly 

predictive of outcome. Further, though the overall model was not significant, the beta coefficient 

for the overweight dummy variable was, indicating that overweight adults reported engaging in 

more discretionary activities than their obese counterparts.  Surprisingly, however, normal 

weight adults did not endorse engaging in significantly more discretionary activities than obese 

adults, as was hypothesized.  One possible reason for this is that a preponderance of the activities 

tapped on this measure, like attending a church service or going to movies, capture more 

physically passive than vigorous physical activities like jogging or yoga. Thus, this measure may 

in some way be confounding responses, conceivably because overweight and obese adults spend 

less time per day engaged in moderate or greater intensity activity than their normal weight 

counterparts  (Davis et al., 2006). This line of reasoning is obviously speculative, and additional 

research is needed to describe how the nature of discretionary activity moderates the relationship 

between their engagement and obesity in OA.  
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Activity Limitation 

 

As predicted, in this sample of individuals with OA, normal weight adults reported 

limitations in significantly fewer discretionary activities than obese adults, but their rate of 

engagement in these activities, as discussed above, did not appear to differ. Though being obese 

has been associated with significantly worse physical, social, and role functioning (Fontaine, 

Cheskin, & Barosky, 1996), little cross-sectional data exist on the impact of obesity in everyday, 

elective activities, particularly among older adults with OA. These findings, therefore, support 

existing findings and also aid in filling a paucity of this literature.  

Pain as Mediator 

 

To gain a more nuanced understanding of why BMI predicted these psychological and 

functional outcomes in our sample, four mediation models, all using pain as a mediator, were 

tested. Again, the goal was not to test specific temporal models (e.g. BMI leads to pain, which 

leads to disability), but instead to determine whether considering pain could help account for the 

relationships among BMI, three functional measures, and depression.  

 Four models included pain as a mediator of the relationship between BMI and outcome. 

When examining functional disability, the indirect effect demonstrated that pain significantly 

mediated the effect of BMI, controlling for variance attributable to demographic, health, and 

arthritis status variables.  Like the functional disability model, pain exhibited its hypothesized 

mediating role in the associations of BMI with activity limitation and depression, but not with 

discretionary activity.  These results show that, generally, individuals with a higher BMI score 

are more likely to experience osteoarthritis pain, and experience more resultant functional and 

psychological impairment. To my knowledge, this study is among the first to deconstruct and 

demonstrate these complex associations in the context of osteoarthritis simultaneously.  
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 Results refine our understanding of BMI’s role in osteoarthritis. Previous findings 

(Parmelee et al., 2007) have implicated pain in mediating associations of disability with 

psychological outcomes in OA; unfortunately, these studies did not consider the specific 

contribution(s) BMI make(s) to OA pain (Somers et al., 2008).  Indeed, osteoarthritis pain is 

closely linked with functional impairment because it uniquely promotes obesity, itself 

debilitating, through various physiological and behavioral mechanisms (Zeni & Synder-Mackler, 

2010). For example, joint loading, knee stiffness, and muscle weakness tend to promote 

restrictive, sedentary behaviors to avoid pain. Paradoxically, this tendency exacerbates OA pain 

and disability (Somers et al., 2008).  Thus, our finding that BMI accounts for variance in 

disability even after considering pain as mediator reaffirms obesity as an independent risk factor 

for ADL/IADL impairment with OA.  Further suggested is that pain and obesity, while highly 

correlated, are in fact qualitatively different constructs each making their own contributions to 

the OA disease process.   

 Paralleling this finding, BMI, albeit marginally (p <.06), also independently predicted 

depression even after considering the mediating role of pain. But the narrative twists when pain 

is considered as a mediator of BMI’s relationship with activity limitation. Recall that regression 

analysis revealed BMI as an independent predictor of activity limitation after controlling for 

relevant covariates.  With pain considered as a mediator, however, the independent effect of BMI 

on activity limitation fell out.  To be sure, our findings refine and solidify our understanding of 

how BMI operates in osteoarthritis; but given that previous studies have used both BMI and 

depression as predictors of disability independent of OA, it is unsurprising that they emerged as 

significant predictors, even in the presence of pain, in the current study. However, it appears that 

the entire association of BMI with activity limitation is explained by pain.  
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It is likely that these associations are probably more complex than our model captured. 

Limitation of discretionary activities in degenerative eye disease, for example, has been 

associated with greater depression (Rovner & Casten, 2002).  Further, Parmelee and colleagues 

(2007) found that among older adults with OA, the relationship of depression with activity 

limitation was wholly mediated by pain, suggesting that where pain interferes with function, it 

predisposes individuals to depression. Following this, it is possible that pain emerged as a 

stronger predictor of activity limitation in this analysis than BMI because of its certainly more 

consistent (Onyike et al., 2003), and possibly more intimate, relationship with depression.  

BMI as a Moderator  

 

Three models tested BMI as a moderator of functional measures (functional disability, 

discretionary activity, activity limitation) and depression.  

 Regarding functional disability and activity limitation, results did not support that BMI 

moderated their effects on depression. A significant main effect of disability, but not of activity 

limitation, emerged however. That functional disability was independently associated with 

depression, but not activity limitation at best complicates what has been purported about the 

associations between physical limitation and depression (Roseman et al., 2007; Geerlings et al., 

2002) and echoes calls for additional prospective analyses of these associations.  

 Notwithstanding, our observation that BMI moderates the association between 

discretionary activity and depression at once replicates and refines features of previous work 

demonstrating how valued activities may buffer effects of illness upon emotional well-being 

(Parmelee et al., 2007; Zimmer, Hickey, & Searle; 1995; Zimmer, Hickey, & Searle, 1997). 

Specifically, we found that BMI interacts with discretionary activity such that for older adults 

with low BMI—but not with medium or high BMI—engaging in more self-reported 
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discretionary appears to be linked to fewer depressive symptoms. While more research is 

required to strengthen this observation, the suggestions of this finding is bittersweet: for normal 

weight adults with OA who may be at risk for depression, a larger repertoire of discretionary 

activities may be protective; but such may not be the case for overweight or obese individuals 

who appear more vulnerable to depression and more likely to limit their activities, per the 

findings of this thesis.  

Future Recommendations  

Future research should work to examine these dynamics at different levels of 

chronological analysis—that is, through using more sophisticated methodologies that can speak 

to the longitudinal associations of these constructs and their variability over time. For example, it 

may be valuable to explore how within- and across-day patterns of activity, perhaps measured 

objectively through accelerometry, differ among symptomatic normal, overweight, or obese 

adults and how this variability predicts long-term health and psychological outcomes with OA. 

Attempting to replicate these findings using more sensitive indices of adiposity as well as 

examining cross-cultural questions of how differences in attitudes toward aging and obesity 

influence OA’s course also present good and important fodder for future inquiry.  

Implications and Conclusions  

Overall, these results reveal that BMI explains significant variance in the psychological 

and functional impairment observed among older adults with symptomatic knee osteoarthritis, 

including ADL/IADL disability, discretionary activity limitation, and depression.  It appears that 

the effect of this impairment depends on BMI and differentially operates through pain.  These 

findings help to refine previous research that has failed to examine the effects of BMI from pain, 

depression, and disability the course of OA. While BMI and pain are related, these results 
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suggest that BMI makes unique and strong contributions to disability and depression beyond the 

effects of pain.  In addition, the behavior of BMI in OA appears to be more complex than 

originally suggested, as obesity did not universally or invariably predict impairment. To 

illustrate, obese adults did not score significantly higher on pain than overweight adults, 

notwithstanding a purported dose-response relationship between BMI and pain (Riddle & 

Stratfod, 2013).  Finally, findings also demonstrate a significant interaction between BMI and 

discretionary activity, revealing that for adults with low BMI, engaging in more discretionary 

activities appears to be associated with fewer depressive symptoms.  

From a clinical standpoint, this finding is especially important because of its implication 

that activity participation (in spite of OA pain, of course), particularly at low levels of BMI, 

appears to be protective against emotional distress. This points to the importance of evaluating 

the functional effects of OA and other disease states among older adults (Parmelee et al., 2007).   

Additionally, continuing to consider the different consequences of obesity at its various levels in 

OA may aid the development of targeted interventions, particularly if there is reason to believe 

that those interventions may be more appropriate at different levels of adiposity.    

More generally, these results confirm the influence of BMI on the pathogenesis and 

maintenance of osteoarthritis. Elevated BMI is largely modifiable and may represent a promising 

intervention target in a comprehensive treatment of OA interrupting excessive weight gain, pain, 

depressive symptoms, and disability, particularly among older adults. 
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APPENDIX A SUPPLEMENTAL MATERIAL 

 

Primary analyses  

Associations of BMI with Psychological and Functional Outcomes 

Primary analyses explored basic associations of BMI (measured continuously) with pain, 

depressive symptoms and three functional measures (disability, discretionary activity, and 

discretionary activity limitation) using a series of ordinary least squares regression (OLS) 

regression analyses. Table 5a details associations of BMI with pain and depression, Table 5b, 

associations of BMI with three functional measures. 

 An initial OLS regression examined the relationship of BMI with pain. Demographic 

(age, sex, education) health (subjective and objective measures), as well as arthritis status 

variables (number of joints and knees affected) were entered at Step 1, and BMI, at Step 2.  Sex, 

education, subjective health, number of joints and knees OA affected were significant at Step 1, 

adjusted R2 =.260, F(7,343)  = 18.542 , p <.001. Addition of BMI at Step 2 significantly 

improved prediction, ∆ F(1,342) = 7.227, with the effects of sex, education, subjective health, 

number of joint problems, but not of knees affected, remaining significant.  

 Sex, subjective health, and number of health problems predicted depression at Step 1, 

adjusted R2 = .122, F(7, 344)= 7.969, p <.001. However, adding BMI at Step 2 did not 

significant increase explained variance, ∆ F (1, 343) = 1.807, p >.05, but the 
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effects of sex, subjective health, and number of health problems remained significant here.  

 A third OLS model examined the association between BMI and the first of three 

functional measures: disability. At Step 1, age, sex, education, subjective health as well as 

number of health and joint problems significantly predicted functional disability; adjusted R2  = 

.407, F(7, 345) = 35.543, p <.001. Addition of BMI at Step 2 significantly increased explained 

variance, adjusted R2 = .437, ∆ F(1, 344) = 11.197, p < .001. Effects of age, sex, subjective 

health, number of health and joint problems remained significant, but education fell out in this 

step.   

  Model 4 explored linkages of BMI with discretionary activity. Step 1 was significant, 

adjusted R2 = .146, F(7, 345) = 9.622, p <.001 because of the effects of age, education, and 

subjective health. Entering BMI at Step 2, however, did not significantly increase explained 

variance ∆ F <1, but aforementioned covariates remained significant.  

 Associations of BMI with activity limitation were examined in the final model. At Step 1, 

education, subjective health, and number of joint problems significantly predicted activity 

limitation; adjusted R2 = .131; F(7, 345) =  8.587, p < .001.  Adding BMI at Step 2 significantly 

improved prediction, ∆F(1,44)  = 5.084, with the effects of education, subjective health, and 

number of joint problems remaining significant; adjusted R2 = .141.  
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Table 5a  

 

Regression summary predicting pain and depression, measuring BMI continuously 

 

 

 

Pain 
Depressive symptoms 

 
R1  (adj. R2)    β R1  (adj. R2) β 

 .524 (.260)  

 

.374 (.122)  

 

Step 1     

Age  -.029  .017 

Sex   .110*   .131* 

Level of education   -.137*  

          -    

.089 

Subjective health  .203***  

          

.245*** 

No. health probs.  -.008  

              

.116* 

No. joint probs.   .332***     .062 

1 or both knees   .100*    -.078 

Step 2 .538 (.273)  .380 (.124)  

Age  .003  

            

.000 

Sex  .104*  

           

.134* 

Level of education  -.118*  

           -

.099 

Subjective health  .183***  

            

.256*** 

No. health probs.  -.026  

            

.125* 

No. joint probs.  .328***  

            

.064 

1 or both knees  .090  

           -

.072 
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BMI  .133*  

           -

.073 

F1 (df) 

18.1542 (7, 

343)***  

7.969 

(7,344)***  

∆R2  .015   .005  

∆F (df) 7.227(1,342)*  

1.807 

(1,343)  

  

 

Note:  All coefficients from each step of the hierarchical regression model. *p <.05, ***p <.001  
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Table 5b 

 

Regression summary predicting disability, measuring BMI continuously 
 

 
Disability  

Discretionary  

    activity 

Activity  

limitation 

 

R 

(adj. R2)  
   β   

R  

(adj. R2)        

β 

 

                           R  

                                     (adj. R2) 

 

β 

Step 1 .647 (.407)  

.404 

(.146)  

                                   .385 (.131) 

 

Age   .115*                          -.141*  .030 

Sex   .144*** 

                 

.087 

 

.024 

Level of education   -.095* 

           

.199*** 

 

.112* 

Subjective health  .296*** -.243*** 

         

.254*** 

No. health probs.    .215*** -.054 

 

   .091 

No. joint probs.   .289*** -.009 

                  

.177* 

1 or both knees  -.028 .068   -.071 

Step 2 .661 (.424)  

.406 

(.145) 

 

 .401(.141)  

Age  .151*** -.150* 

          

.059 

Sex  .137*** .089 

            

.019 

Level of education  -.074 .193***    .129* 

Subjective health  .274*** -.237*** 

    

.236***  

No. health probs.  .195*** -.049  .075 

No. joint probs.  .285*** -.008  .174* 

1 or both knees  -.040 .071  -.081 

BMI  .147*** -.037  .121* 

 

F1 (df) 

35.543 

(7,345)***  

9.622 (7, 

345)*** 

 
8.587 (7, 

345)*** 

∆R2  .018   

    .001 

 0.012 

5.084 (1, 
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Note:  All coefficients from each step of the hierarchical regression model. *p <.05, ***p <.001  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

344)*** 

∆F (df) 

 

11.197 (1, 

344)*** 

 .469 (1, 

344) 
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