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Persistent pain is a common experience among older adults and is largely due to chronic 

diseases, such as osteoarthritis. Pain is associated with many negative consequences, including 

functional limitations. Despite research and clinical attention to this problem, evidence suggests 

that pain management remains inadequate. Thus, the purpose of this longitudinal study was to 

examine the extent to which the adequacy of prescribed pain medication influences the 

relationship between the pain and pain outcomes (physical, social, and emotional functioning) 

among older adults with arthritis over a 5-year time span. The study was conducted in a sample 

of 1,409 community-dwelling older adults (male = 18.4%, female = 81.6%), with a mean age of 

74 years. The study was a secondary analysis of data collected in the ACTIVE Study, a multi-

site, randomized clinical trial of cognitive training interventions. Data were analyzed from 3 time 

points: baseline, 3 years later (time 2) and 5 years later (time 3). Measures included the OARS 

checklist for demographic, health, and pain location variables; Medical Outcomes StudySF-36 

surveys for bodily pain and pain outcomes (e.g., physical, social, and emotional functioning); the 

Center for Epidemiological Studies-Depression (CES-D) scale; and the Pain Management Index 

(PMI), a computed indicator for the adequacy of prescribed pain medication. Data were analyzed 
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using descriptive and bivariate statistics, as well as mixed effects modeling and longitudinal 

structural equation modeling. Results indicated the majority of participants experienced pain that 

interfered with their activities, were prescribed inadequate pain medications, had moderate 

functional limitations at each measurement and across time, and that increased pain interference 

was related to worse functioning.  

In longitudinal models, limitations in social, physical, and emotional functioning were 

predicted by pain experience and this relationship was partially mediated by lower adequacy of 

prescribed pain medication at each time of measurement. However, relationships cross time 

showed that individuals improved in their functioning as the adequacy of their prescribed pain 

medications improved. These results highlight prevalence of pain interference as a significant 

problem in older adults with arthritis, and the importance of adequate pain medication in the 

management of adverse pain related outcomes. 
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CHAPTER 1 
INTRODUCTION 

Chronic or persistent pain (pain lasting more than 3 months) is a common experience 

among older adults (American Geriatric Society (AGS), 2002; Hall-Lord, Johansson, Schmidt, & 

Larsson, 2003; Higgins, Madjar, & Walton, 2004; Hutt, Pepper, Vojir, Fink, & Jones, 2006; 

Koltyn, 2002; Reid, 2003). Over 50% of older adults have a significant problem with persistent 

pain (Hall-Lord et al., 2003; Hutt et al., 2006; Won et al., 2004). The high prevalence of 

persistent pain in elderly adults is linked to equally high prevalence of chronic and co-morbid 

diseases in this population (AGS, 2002; Ferrell & Ferrell, 1990; Harden et al., 2005; Patel, 

2003). Studies have shown that over 860% of adults over the age of 65 years have at least one 

chronic illness (CDC, 2003), and overall, more than 80% of older adults surveyed reported one 

to more than three chronic illnesses (Chan, Chong, Basilikas, Mathie, & Hung, 2002).  

Joint disorders such as arthritis, are recognized as the most common cause of chronic or 

persistent joint pain among the elderly (AGS, 2002; Lawrence et al., 1998). Currently, 46 million 

Americans are diagnosed with Arthritis (CDC, 2006). Projection studies estimate that as many as 

18.2% or 59.4 million will be diagnosed with arthritis by the year 2020 (Lawrence et al., 1998). 

By 2030, as many as 67 million persons (25% of American adults population) are expected to be 

diagnosed with arthritis, over 50% of them will be older than 65 years of age, and more than 

37% (25 million) are projected to have activity limitation (CDC, 2006; Hootman & Helmick, 

2006). These projections are consistent with Lawrence and colleagues’ projection of 49% 

prevalence of arthritis among persons 65 years and older (1998). As the prevalence of arthritis 

increase, persistent pain as a public health problem is also expected to increase.  
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Persistent joint pain contributes to an array of adverse consequences that include adverse 

psychological symptoms such as depression and anxiety (AGS, 2002; Kurtze & Svebak, 2001; 

Leveille, Cohen-Mansfield, & Guranik, 2003); interference with physical and role functioning 

such as walking, gripping, and general and instrumental activities of daily living (ADLs and 

IADLs); and difficulty with usual tasks (Arthritis Foundation, 2006; Donald & Foy, 2004; 

Duong, Kerns, Towle, & Reid, 2005, 2005; Zarit, Griffiths, & Berg, 2004). Persistent joint pain 

interferes with performance of usual activities (activity limitation) in majority of older adults 

with arthritis (Arthritis Foundation, 2008; CDC, 2006). About 11.6 million Americans aged 65 

years and older who are diagnosed with arthritis are projected to have activity limitations by the 

year 2020 (Lawrence et al., 1998). This an increase of 60% from Lawrence and colleagues’ 1998 

projected prevalence. 

Presence or diagnosis of arthritis was also found to be associated with depressed moods 

in people with persistent pain. This association is attributable to the role of arthritis (attributable 

risk =18.1%) in creating functional limitations among the individuals affected (Donald & Foy, 

2004; Dunlop, Lyons, Manheim, Song, & Chang, 2004; Duong, Kerns, Towle, & Reid, 2005). 

According to several sources reviewed, persistent joint pain is associated with limitation in 

physical and social functioning (AGS, 2002; Donald & Foy, 2004; Duong et al., 2005; Jinks, 

Jordan, & Croft, 2007). These relationships were validated in studies where greater arthritis-

related pain was correlated with poorer physical and lower social functioning (Bookwala, 

Harralson, & Parmalee, 2003), and occurrence of new joint pain at 1 year (Donald & Foy, 2004) 

and 3 years (Jinks et al., 2007) follow-up periods produced more severe limitation in physical 

functioning.   
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Effective chronic pain management should result in reduction of adverse consequences 

across multiple dimensions, including physical, emotional, psychological, social, and spiritual 

(AGS, 2002; Kurtze & Svebak, 2001). Thus, pain management should include the use of both 

pharmacologic and nonpharmacologic strategies (AGS, 2002; Ferrell, 1995). Pharmacologic pain 

management, however, is the most commonly used approach among elderly adults (AGS, 2002). 

Often, the scope of pharmacologic pain management is expanded to include nonpain drugs such 

as anti-anxiety, antidepressants, muscle relaxants, anti-inflammatory agents, sedative, and anti-

epileptics, to treat a variety of chronic symptoms or conditions associated with persistent pain 

(AGS, 2002; Harden et al., 2005; Leininger, 2002). However, analgesic medications (opioid and 

nonopioid) are prescribed most often to treat a variety of persistent joint pain among older adults 

(AGS, 2002; Clark, 2002; Jakobsson, Hallberg, & Westergren, 2004).  

It is expected that when analgesic medications are used appropriately and in adequate 

amounts to treat persistent pain, individuals achieve better pain control (Furlan, Sandoval, 

Mailis-Gagnon, & Tunks, 2006; Hutt et al., 2006), inactivity is reduced (Allen et al., 2003), and 

there are better functional outcomes (Furlan et al.). On the other hand, inadequate pain treatment 

is associated with more adverse clinical outcomes such as unrelieved pain, depression, poor 

perception of health (Herrick et al., 2004; Won et al., 1999), and poor functional outcomes due to 

activity limitation (Herrick et al.; Mossey & Gallagher, 2004). Studies examining 

prescription/use of pain medication and pain experience among elderly with chronic pain have 

found a prevalence of inadequate prescription of pain medications (Hutt et al., 2006; Horgas & 

Tsai, 1998; Won et al., 2004). These studies accentuate the fact that under-treatment of pain is 

widespread among older adults (Berry & Dahl, 2000; Grant & Haverkamp, 1995; Horgas & Tsai; 
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Mzorek & Werner, 2001; Won et al., 2004), and highlights the need for more study on this 

important issue.  

Background and Significance of the Problem  

Persistent pain may be considered one of the most pervasive and expensive health care 

problems in the twenty-first century due to the high prevalence of adverse responses among 

individuals affected (Arnstein, Vidal, Wells-Federman, Morgan, & Caudill, 2002). Therefore, the 

goal of effective pain therapy is to prevent, control, or relieve adverse symptoms associated with 

persistent pain. However, evidence of high prevalence of persistent pain among older adults, 

poor treatment of pain, and prevalence of adverse outcomes, suggests that these goals have not 

been achieved. Clinical trials and longitudinal pain studies have thus focused on isolating 

specific contributing factors associated with non-achievement of pain management goals.  

Studies have shown that pain management in older adults is inadequate (Berry & Dahl, 

2000; Grant & Haverkamp, 1995; Horgas & Tsai, 1998; Mzorek & Werner, 2001; Won et al., 

2004). Although older adults typically consume a large amount of medication, studies on pain 

management have shown that under-treatment of persistent pain is prevalent in this population 

(Mzorek & Werner; Rodriguez, 2001; Sofaer, 1984). Among the elderly, suboptimal prescription 

is a major contributing factor to inadequate use of pain medication (Hutt et al., 2006). This may 

occur if the healthcare provider fails to assess pain adequately (Gloth, 2000; Wagner, Goodwin, 

Campbell, French, & Shepherd, 1997), has difficulty choosing the right pain drug, fears the 

consequences of opioids or of polypharmacy complications such as drug side effects, 

interactions, and addiction (AGS, 2002; Green, Wheeler, LaPorte, Marchant, & Guerrero, 2002; 

Tarzan & Hoffman, 2004). Suboptimal prescription of analgesics may also results if 

inappropriate medication scheduling is prescribed for the type and nature of pain the patient 

presents (Hutt et al.), or if the prescriber lacks knowledge of standardized approaches to treating 
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pain (AGS, 2002; Tarzan & Hoffman, 2004; World Health Organization [WHO], 1986). The 

clinical implication of suboptimal prescription of pain medications for older adults with 

persistent pain is poor management and negative functional and psychosocial outcomes. The 

extent to which suboptimal prescription of analgesic medications impacts pain outcomes in older 

adults over time warrants further investigation.  

Several studies have reported on outcomes of pain experience among older adults (Ferrell 

& Ferrell, 1990; Gonzalez, Martelli, & Baker, 2000; Harden et al., 2005; Zarit et al., 2004). For 

example, depression is well documented as a correlate of persistent pain (Zarit et al.). Persistent 

pain negatively also impacts clinical outcomes such as self-perceived health, emotional status, 

and functional status (Mantyselka, Turunen, Ahonen, & Kumpusalo, 2003; Oster, Harding, 

Dukes, Edelsberg, & Cleary, 2005; Silkey et al., 2005). These studies support clinical evidence 

that pain related outcomes such as depression and functional limitations are prevalent among 

older adults with chronic pain (Won et al., 2004). 

To date, most of the studies of the relationship between the inadequacy of pain 

management/medication and adverse pain outcomes have used cross-sectional research designs. 

These studies fail to explain the direct effects of analgesic medication on pain outcomes over 

time, because cross-sectional analysis limits the analytical ability of such studies to adequately 

inform and predict relationships between prescribed analgesic therapy and pain outcomes. 

According to Portney & Watkins (2000), validity of cross-sectional studies is threatened by the 

difficulty of estimating the effects of age or the passage of time on study results. Hence, 

longitudinal studies are needed to analyze documented growth or change over time, as empirical 

evidence of developmental change (Portney & Watkins).  
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Longitudinal studies of the relationships between pain, analgesic medications, and pain 

outcomes are few, the time intervals are different, and the concepts and variables investigated 

have varied. For example, in one cohort study of exercise training trials after hip surgery 

(Herrick et al., 2004), correlations of pain severity with pain medication use, depression, 

difficulty with activities of daily living, and measures of quality of life, among others, were 

measured at baseline as well as 1-year post-training intervention. In another study conducted 

over a period of 6 months, Mossey and Gallagher (2004) measured pain intensity, comorbid 

depression, and presence of activity limiting pain, as predictors of poor physical functioning. In 

other outcome studies, improvement in pain experience with analgesic treatment was assessed at 

various follow-up evaluation periods ranging from 7 days to 4 years (Doleys, Brown, & Ness, 

2006; Jensen, Mendoza, Hanna, Chen, & Cleeland, 2004; Rosenthal, Silverfield, Wu, Jordan, & 

Kamin, 2004). Findings of these studies validate evidence of bivariate relationships between 

pain, treatment with analgesic medications, and stated pain outcomes. However, the paucity of 

published studies highlights the need for more systematic evaluation of the impact of pain and 

pain management on an individual’s outcomes over time. Therefore, the proposed study will 

examine longitudinal relationships between pain and pain outcomes (such as functional 

limitations and emotional distress) among elderly with persistent arthritic pain, and the mediating 

role of prescribed analgesic medications in this relationship.  

Rationale and Need for this Study  

According to these reviews, pain experience, under-treatment of pain, and adverse pain 

outcomes are prevalent among older adults. Numerous empirical studies and scholarly 

publications have described the chronic pain experience of the elderly and associated outcomes 

as multidimensional and multi-factorial phenomena (AGS, 2002; Harden et al, 2005; Patel, 

2003). Hence, effective management goals should be directed to understanding the complexity of 
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the experience of individuals with persistent pain, preventing severe consequences and 

disabilities, and improving their quality of life. Measured against these standards, numerous 

studies have examined the profile of pharmacologic pain regimens (quality and quantity) of older 

adults with chronic pain, to determine congruence between pain experience and (1) amount of 

prescribed pain medications or medication use (Fisher et al., 2002), (2) pain severity and 

relationships to pain outcomes (Hutt et al., 2006; Mantyselka et al., 2003; Mzorek & Werner, 

2001; Won et al., 2004) or pain severity and interference, and (3) relationships to functional 

limitations (Donald & Foy, 2004; Duong et al., 2005). Results of these studies consistently 

support cross-sectional evidence of the inadequacy of pain management among the elderly, and 

prevalence of emotional distress (e.g., depression) and functional limitations (physical and 

social) among older adults with chronic pain.  

In light of the above reviews, this study seeks empirical evidence to document the 

consequences of poor pain management over time. Hence, a longitudinal analysis was considered 

appropriate to examine the relationships between pain, pain management, and pain outcomes 

over time. Findings indicating that poor management of persistent pain worsened the impact of 

pain on severity of pain outcomes or vice versa, will validate ample cross-sectional evidence and 

expand limited longitudinal evidence of these relationships in the pain literature. Clinically, such 

findings will contribute to the basis for decision-making regarding prescription of analgesic 

medications for older adults with persistent pain. Health care providers will be able to utilize 

evidence-based support to formulate and implement treatment goals for the purpose of 

management and/or prevention of functional and emotional decline in older adults with persistent 

joint pain. 
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Theoretical Framework 

The Model of Symptom Management (MSM; Dodd et al., 2001) provided the theoretical 

underpinning for this study (Figure 1-1). This theoretical model is comprised of three interrelated 

constructs: symptom experience, symptom management strategy, and outcomes. Symptom 

experience describes an individual’s perception of symptom, evaluation of the meaning of a 

symptom, and response to a symptom. Symptoms are perceived when an individual notices a 

change from the usual pattern of feeling or behavior. Perceived symptoms are evaluated by 

making judgments about severity, cause, prognosis, and effects on their lives. An individual’s 

response to symptoms perceived or evaluated may have physiological, psychological, 

sociocultural, and behavioral components, which are involved in a bi-directional relationship. 

Symptom experience is usually obtained through self-report.  

Symptom management is a dynamic process, which involves the assessment of the 

symptom experience from an individual’s perspective and the identification of intervention 

strategies. Symptom management strategies includes the specification of what (nature of 

strategy), when, where, why, how much (intervention dose), to whom (recipient of intervention), 

and how (route of delivery). The goal of symptom management is to relieve symptoms and avert 

or delay negative outcome through biomedical, professional, and self-care strategies.  

Outcomes are expected results and consequences that emerge from symptom 

management strategies as well as from the symptom experience. The outcomes dimension 

focuses on eight interrelated factors, which also relate to the symptom status of the individual. 

These factors include functional status, emotional status, self-care, quality of life, morbidity and 

co-morbidity, mortality, and cost. 

The Model of Symptom Management (MSM) has several important assumptions: 
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• The gold standard for the study of symptoms is based on the perception of the individual 
experiencing the symptom and his/her self-report. 

• An individual does not have to experience any symptoms in order to apply the model; an 
intervention may be initiated if a risk factor is determined. 

• All uncomfortable symptoms must be treated. Individuals’ experiences of chronic pain 
are multidimensional and usually associated with multiple symptoms (AGS, 2002; Ferrell 
& Ferrell, 1990; Harden et al., 2005; Patel, 2003). Thus, pain medications (analgesics and 
adjuvant analgesics) are prescribed for the treatment/management of pain symptoms 
experienced by individuals (Dodd et al., 2001; Harden et al.). 

• Management strategies may also be multidimensional and targeted not only individuals, 
but their families, groups, or work environments. 

• Symptom management is dynamic process, modified by individual outcomes and the 
influences of the nursing domain of person, health/illness, or environment. Interference 
caused by pain experience is influenced by prescribed pain medications and ultimately 
affects severity of pain outcomes over time. Therefore, persistent or worsening pain 
experience and pain outcomes may implicate inadequate modification of pain 
medications. 

A middle range theoretical model to guide the present study was derived from the Model 

of Symptom Management (Figure 1-2). A middle-range theory focuses on aspects of a complex 

human experience or reality (Polit & Hungler, 1995), considers a limited number of variables, 

and is more susceptible to empirical testing (Meleis, 1997). Thus, deriving a middle range theory 

for this study permitted selection of only the concepts, variables, and relationships specific to the 

study (Meleis; Polit & Hungler). 

In the derived model, the three main constructs of the MSM and three corresponding 

concepts are included (Figure 1-3). The constructs are symptom experience, symptom 

management strategy, and outcomes. The corresponding concepts are pain experience, 

prescribed pharmacologic pain management, and clinical pain outcomes, respectively. Pain 

experience was indicated by report of pain that limits usual activity (severity of pain interference 

and number of pain locations). Prescribed pharmacologic management was indicated by 

participants’ prescribed pain medication regimens (analgesic and adjuvant analgesic 
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medications). Clinical pain outcomes associated with the experience of persistent pain were 

indicators of the concept of functional status (physical functioning, social functioning, and 

emotional functioning). See Table 1-1 for definition of concepts. The study examined 

relationships between pain and pain outcomes, and the role of prescribed pharmacologic pain 

management in this relationship. 

Purpose of Study 

The purpose of this study was to (a) examine the relationship between pain (e.g., pain 

interference and number of pain locations) and pain outcomes (e.g. physical functioning, social 

functioning, and emotional functioning) in older adults with arthritic pain and (b) determine 

whether the adequacy of prescribed pain medications (e.g., pain management index—PMI) 

mediates the relationship between pain and pain outcomes. These relationships are examined 

cross-sectionally at three different time points and longitudinally over a 5-year time period. A 

model of the proposed study is shown in Figure 3. The following research questions and 

hypotheses were investigated:  

Research Questions 

• What are the characteristics of pain (e.g., severity of pain interference, number of pain 
locations), the adequacy of prescribed pain medication (e.g., PMI), and pain outcomes 
(e.g., physical functioning, social functioning, and emotional functioning) among older 
adults with arthritis at Time 1 (baseline), Time 2 (3 years later), and Time 3 (5 years 
later)? 

o Hypothesis 1a: The majority of the sample will report pain that interfered with 
activities at each measurement point, and this rate will increase significantly across 
the 5-year study period. 

o Hypothesis 1b: The majority of the sample will have inadequate analgesic 
prescription relative to their reported level of pain at each measurement point, and 
this rate will increase/remain stable over the 5-year study period. 

o Hypothesis 1c: More than 50% of the sample will have moderate levels of physical, 
social, and emotional functioning at each time of measurement, and these levels of 
functional impairment will increase over the 5-year time frame. 
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• What demographic (e.g., age, sex, race) and health variables (e.g., number of diseases 
diagnosed) are related to pain (e.g., severity of pain interference, number of pain 
locations), adequacy of prescribed pain medications (e.g., PMI), and pain outcomes 
(e.g., physical functioning, social functioning, and emotional functioning) at each 
measurement point [e.g., Time 1 (baseline), Time 2 (3 years later), and Time 3 (5 years 
later)]?  

o Hypothesis 2a: Age will demonstrate no significant relationship with pain, but older 
age will be significantly associated with less adequate pain management and poorer 
functional outcomes at each time point. 

o Hypothesis 2b: Females will report higher levels of pain, less adequate pain 
management, and poorer pain outcomes (physical, social, and emotional functioning) 
at each time point. 

o Hypothesis 2c: Race will demonstrate significant relationships with the study 
variables. Non-white participants will report higher levels of pain, less adequate pain 
management, and poorer pain outcomes (physical, social, and emotional functioning) 
at each time point. 

o Hypothesis 2d: Number of diseases diagnosed will be significantly related to the 
study variables such that more diagnosed medical conditions will be associated with 
more pain, less adequate pain management, and poorer pain outcomes (physical, 
social, and emotional functioning) at each time point. 

• Is pain (e.g., pain interference and number of pain locations) related to the adequacy of 
prescribed pain medications (e.g., PMI) and pain outcomes (e.g., physical functioning, 
social functioning, and emotional functioning) among older adults with arthritis at each 
time of measurement [e.g., Time 1 (baseline), Time 2 (3 years later), and Time 3 (5 years 
later)]?  

o Hypothesis 3a: Pain (e.g., interference and number of pain locations) will be 
significantly and negatively related to the adequacy of prescribed pain medications at 
each time point. 

o Hypothesis 3b: Pain (e.g., interference and number of pain locations) will be 
significantly and negatively related to pain outcomes at each time point such that 
more pain will be associated with poorer physical, social, and emotional functioning.. 

o Hypothesis 3c: Pain (e.g., interference and number of pain locations), adequacy of 
prescribed medications, and pain outcomes (physical, social, and emotional 
functioning) will be significantly intercorrelated positively and negatively at each 
time point and across time points.  

• Does the adequacy of prescribed pain medications (e.g., PMI) mediate the relationships 
between pain (e.g., pain interference and number of pain locations) and pain outcomes 
(e.g. physical, social, and emotional functioning) at each occasion and across the 5-year 
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o Hypothesis 4a: The adequacy of prescribed pain medications (PMI) will significantly 
mediate the relationships between pain (pain interference and number of pain sites) 
and pain outcomes (physical functioning, social functioning, and emotional status) at 
each measurement occasion, and across occasions over a 5-year time span,  after 
controlling for age, sex, race, and number of diseases diagnosed. 
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Figure 1-1.  Model of symptom management (Dodd et al., 2001) 
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Figure 1-2.  Derived model showing constructs, concepts, variables, relationships, and measures  
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Fig 1-3.  Conceptual model of the study  
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Table 1-1.  Constructs, variables, operational definitions, and measures   
Constructs Variables Operational Definition 

 
Instrument (Level of 

Measurement) 
Background 
characteristics 
 

Demographic 
characteristics 
 
 
Health conditions 
 

Self-reported age, sex, race   
 
 
 
Self-reported number of diagnosed 
diseases (DZ) 

Demographic survey:  Age 
(continuous), sex (categorical), 
race (categorical) 
 
OARS checklist: Number of 
diseases (Continuous) 

Pain experience Pain interference 
 
 
 
Number of pain locations  

Self-report of the extent to which bodily 
pain interferes with activities (on a 6-
point Verbal Descriptor Scale) 
 
Self-report of the number of painful 
body locations that interfere with 
activities 
 

SF-36: Bodily pain subscale 
(ordinal)  
 
 
OARS Checklist: Summary of 
the number of painful locations 
(continuous) 

Prescribed pain 
medication  
 

Adequacy of prescribed 
analgesics  
 

Calculated score of the relationship 
between ordered analgesic medications 
(AHFS scores of opioids, nonopioids, 
and adjuvant analgesic medications) and 
self-reported pain. 
 

Pain management index (PMI) 
(ordinal) 
 

Pain outcomes 
Physical functioning  
 
Social functioning  
Emotional functioning  

 
Physical functioning  
Physical role  
Social functioning 
Emotional role  
Emotional vitality 
Depression  

 
Self-report of the number/the severity of 
functional limitations in the physical, 
social, and emotional domains 
 
Self-reported level of disturbances in 
mood and affect 
 

 
SF-36: Physical Functioning 
Subscale 
SF-36: Social Functioning 
Subscale 
SF-36: Emotional Functioning 
Subscale 
CES-D (ordinal) 

 
 



 

CHAPTER 2 
REVIEW OF THE LITERATURE 

This review focuses on the following study concepts: pain, pain medication, and pain 

outcomes among older adults with persistent pain related to chronic skeletal/joint conditions, 

especially arthritis. Prevalence of persistent pain and pain interference among older adults in 

general populations, specifically among those with arthritis is examined. Further, the relationship 

between pain, pain medications, and pain outcomes (e.g., functional status - physical and social 

functioning; and emotional status) is discussed.  

Persistent Pain in Older Adults  

Within the last two decades, literature on chronic pain among older adults has focused 

mostly on establishing the high prevalence of pain and the pattern of the pain experience in terms 

of severity (intensity), frequency, and duration (Ferrell & Ferrell, 1990; Hutt et al., 2006; 

Rutledge, Donaldson, & Pravikoff, 2002; Nour & Laforest, 2003; Won et al., 2004). Recently, 

researchers have begun to examine other descriptors of the pain experience, such as pain-related 

interference with activity (Jinks et al., 2007; Mossey & Gallagher, 2004; Zarit et al., 2004). 

These reports have been documented mostly in relation to older adults in nursing home settings 

where persistent pain is most prevalent (Allcock, McGarry, & Elkan, 2002; Brockopp, Brockopp 

et al., 1998; Fox, Raina, & Jadad, 1999; Hall-Lord, 2003; Hutt et al., 2006; Tse, Pun, & Benzie, 

2003). Thus, this review will encompass reports on persistent pain experience in the general 

population of older adults, and specifically in those with a diagnosis of arthritis.  

Pain, is defined by the International Association for the Study of pain (IASP, n.d.) as an 

unpleasant sensory and emotional experience associated with actual or potential tissue damage. 

Pain is further viewed as a complex phenomenon associated with interplay of psychological and 

pathophysiological processes that cause pain perception or expression (Hawthorn & Redmond, 
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1998; McCaffery & Pasero, 1999; Zimmermann, 2004). Often, pain is described or measured by 

its intensity (level of severity), duration (length of time it has occurred), frequency (how often it 

occurs), or interference (extent to which pain interferes with usual activity or function) (Arthritis 

Foundation, 2008; Ferrell & Ferrell, 1990; McCaffery & Pasero, 1999; Donald & Fay, 2004; 

Zarit et al., 2004).  

Duration of pain is classified clinically as acute and persistent (e.g., chronic), or 

pathophysiologically by type of neuronal activity such as nociceptive and neuropathic (Hawthorn 

& Redmond, 1998; McCaffery & Pasero, 1999). The terms chronic pain and persistent pain are 

used interchangeably to denote pain that has exceeded three months in duration and is associated 

with chronic pathological process (AGS, 2002; Hawthorn & Redmond, 1998). The AGS (2002) 

panel further defines persistent pain as “a painful experience that continues for a prolonged 

period of time that may or may not be associated with a recognizable disease process” (p. S205).  

Pain chronicity, according to Zimmermann (2004), “is the result of prolonged nociceptive 

activity which leads to nervous system sensitization and progressive intensification of pain” 

(p. 2). Thus, individuals with chronic pain perceive complex stimuli that may be facilitated and 

sustained by a multitude of physiological and psychological reactions. As such, chronic pain may 

progress from being a disease symptom to being an independent chronic disease in itself. 

Therefore, it is important to recognize that persistent pain could be either the manifestation of a 

biophysiological process or the outcome of ineffectively treated pain. 

Persistent pain can result from a poorly healed or poorly treated primary injury, or 

abnormal functioning of the nervous system (McCaffery & Pasero, 1999). Sources of chronic 

pain can be found in many body systems. Commonly, pain occurs in the musculoskeletal, 

cardiovascular, and neurological systems, and manifests as chronic joint pain, headaches, angina, 
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and neuralgias respectively. Musculoskeletal joint disorders such as arthritis are the most 

common cause of chronic pain among the elderly (AGS, 2002; Brooks, 2005).  

The prevalence of persistent, unrelieved pain is high among the elderly population. 

Generally, about 49% to 84% of elders experience persistent pain (Nour & Laforest, 2003; 

Rutledge, Donaldson, & Pravikoff, 2002; Won et al., 2004). Over 60% of elders (Jakobsson, 

Hallberg, & Westergren, 2004; Thomas, Peat, Harris, Wilkie, & Croft, 2004) and more than 80% 

of nursing home residents have significant problems with persistent pain (Allcock, McGarry, & 

Elkan, 2002; Brockopp et al., 1998; Fox et al., 1999; Hall-Lord et al., 2003; Tse, Pun, & Benzie, 

2005). Recently, Hutt and colleagues (2006) reported an even higher prevalence of pain (95%) 

among elderly nursing home residents. High prevalence of persistent pain in older adults is 

attributed to equally high prevalence of chronic painful musculoskeletal conditions such as 

arthritis (AGS, 2002). Over 46 million U.S. adults (>21%) reported a diagnosis of arthritis 

according to 2003-2005 CDC surveys (CDC, 2006). Within the stated adult population, about 

50% of persons over age 65 years reported a current diagnosis of arthritis. It is projected that the 

prevalence of persistent joint pain and related interference with activity will increase due to the 

aging of the U.S. population, as more older adults are diagnosed with arthritis (CDC). Together, 

these reports support persistent pain as a common problem for a large portion of the population, 

and they provide evidence for the clinical problem that is the basis for this proposed study.  

Interference with activities due to pain is common among older adults (Donald & Foy, 

2004; Mossey, et al., 200; Mavandadi et al., 2007; Ross et al., 1998; Thomas et al., 2004), 

particularly for those diagnosed with arthritis (Arthritis Foundation, 2008; CDC, 2006). The 

CDC summary report for 2003-2005 indicated that 46 million U.S. adults reported a diagnosis of 

arthritis and more than 38% reported activity limitation attributed to arthritis. Among older 
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adults with arthritis, Hybels, Blazer, & Pieper (2001) reported pain interference ranging from 

21.9% for those 65 to 74 years to 32.3% for those 85 years and above. Thomas and colleagues 

(2004) reported a high prevalence (58.7%) of pain interference among a general population of 

elderly persons who reported pain. These findings provide evidence that the prevalence of pain 

interference rises with increasing age (Hybels et al., 2001; Thomas et al., 2004).  

Pain with its interference in daily activities and functioning of individuals exerts adverse 

effects on depressive symptoms, thereby delaying improvement of symptoms (Mavandadi et al., 

2007). As more and more people join the ranks of 65 years and older, more pain interference will 

likely be associated with increased prevalence of depressive symptoms among this population. 

Thus, empirical evidence is needed to direct effective clinical pain management and decrease 

pain interference as individuals age.  

Pharmacologic Pain Management 

Pharmacologic pain management is the most commonly used approach to treat persistent 

pain (AGS, 2002), and effective treatment is typically multidimensional. Based on symptom 

assessment, treatment may incorporate specific or various categories and classes of 

pharmacologic agents (AGS; Roberto & Gold, 2001), including analgesics, nonsteroidal anti-

inflammatory agents (NSAIDs), antidepressants, anxiolytics, muscle relaxants, anti-spasmodics, 

and others (AGS; Harden et al., 2005).  

Analgesics are the most commonly used pain relieving drugs (AGS, 2002; Ferrell, 2004). 

Analgesics include nonopioids (e.g., non-narcotics such as acetaminophen and NSAIDs), opioids 

(e.g. narcotics such as opioid receptor agonists and antagonists), and adjuvant analgesics (e.g., 

antidepressants) (AGS; McCaffery & Pasero, 1999). NSAIDs have both a central nervous system 

(CNS) effect and a strong peripheral action that inhibit prostalglandins at the site of injury. 

However, the common side effects of gastric irritation may be problematic in terms of gastric-
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intestinal bleeding. Examples of NSAIDs include such drugs as ibuprofen, ketoprofen, naproxen, 

and acetylsalycilic acid (aspirin). Unlike the NSAIDs, the mechanism of action by which 

acetaminophen relieves pain is not well known (AGS; McCaffery & Pasero, 1999). However, 

acetaminophen is believed to produce analgesia via mechanisms in the central nervous system 

(CNS). Overall, adverse effects associated with acetaminophen are considerably fewer compared 

to other analgesics. Thus, it is one of the first lines of treatment for elderly with chronic mild to 

moderate nociceptive pain. Opioid agonist analgesics are useful in managing a wide variety of 

moderate to severe acute and chronic pain, particularly pain of nociceptive origin. Analgesia is 

achieved through a CNS mechanism that modulates descending pain thereby diminishing its 

discrimination and perception (American Academy of Pain Management [AAPM], 2005).  

Opioid agonists are safe if used within existing guidelines (AGS, 1999, 2002; McCaffery & 

Pasero).  

Recommendations for the treatment of arthritic pain must consider pain control, reduction 

of joint inflammation, and preservation of function with minimal side effects (Arthritis 

Foundation, 2008; Stone, Wyman, & Salisbury, 1999). Thus, pharmacologic management of 

arthritic pain usually requires regular use of acetaminophen to provide analgesia. However, 

opioid medication such as codeine may be used alone or in combination with acetaminophen to 

control more severe symptoms (Arthritis Foundation; Stone et al., 1999). Short-acting NSAIDs 

such as naproxen and ibuprofen are considered safer to use with the elderly due to altered 

absorption, distribution, elimination, and higher risk for gastro-intestinal damage in this 

population (Stone et al.).  

Adjuvant analgesics serve a multi-purpose in the treatment of pain (McCaffery & Pasero, 

1999). This category of drugs includes antidepressants, anticonvulsants, and antispasmodics. 
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These drugs also exert effects on the CNS and have been found to be effective with neuropathic 

pain such as that caused by stroke and neuralgia. Other pain modulating drugs identified in this 

group are steroids, anti-arrhythmics, and local anesthetics (AGS, 2002). Harden and colleagues 

(2005) profile 22 pain medication classes, which include all the above as well as anxiolytics, 

muscle relaxants, antispasmodics, sedatives, antipsychotics, and anti-hypertensives. Clearly, 

there is a large array of potential medications available to treat pain.  

The AGS (2002) panel examined the role of pharmacologic agents in the treatment of 

chronic pain and posited that analgesics and pain modulating drugs can be used safely and 

effectively in the older adult population. Safe and effective use of pain drugs may be achieved 

through adherence to evidence-based guidelines, which include simplifying drug regimens as 

much as possible. Contrary to these recommendations, however, medication regimens of older 

adults continue to show higher complexity due to overall increase in the rate of drugs prescribed 

to treat multiple symptoms and conditions prevalent among this population (Chin et al., 1999; 

Patel, 2003; Sloane, Zimmerman, Brown, Ives, & Walsh, 2002). 

Consequently, many older adults typically consume a large variety of medications, 

despite the fact that studies on pain management report prevalence of under-treatment of 

persistent pain in this population (Mzorek & Werner, 2001; Rodriguez, 2001; Sofaer, 1984). 

Recently, Oster and colleagues (2005) reported that 31% of elderly adults with post-herpetic 

neuralgia stated they were a little or not at all satisfied with their pain medication. This finding is 

supported by a more recent report that prescribing of pain medication was adequate for only 40% 

of nursing home residents with neuropathic pain (Hutt et al., 2006).  

Problems of inadequate relief of chronic pain have been related to inadequate and 

ineffective prescription of pain medications (Berry & Dahl, 2000; Grant & Haverkamp, 1995; 
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Horgas & Tsai, 1998; Hutt et al., 2006; Mzorek & Werner, 2001; Rodriguez, 2001; Won et al., 

2004). Horgas and Tsai surveyed analgesic drug prescriptions and use among 339 elderly nursing 

home residents. They found that while the majority of residents were prescribed at least one 

analgesic medication, very few were actually administered any doses of that medication during 

the one-month study period. In addition, they reported that cognitively impaired residents were 

prescribed and administered significantly less equianalgesic medications than those who were 

cognitively intact. In a more recent study, Won and colleagues investigated persistent 

nonmalignant pain and analgesic prescribing patterns in over 21,000 elderly nursing home 

residents. Their results showed that one quarter of the residents received no analgesics and less 

than 50% of all analgesics were given as standing doses.  

Hutt and colleagues (2006) recently provided further evidence of inadequate pain 

management among elderly adults in their study. These authors screened the quality of nursing 

home pain medication prescribing practice using a pre-post intervention design aimed at nurses 

and physicians. They found that fewer than 50% of residents with predictable recurrent pain 

were prescribed scheduled pain medications pre-intervention. The mean score on the pain 

medication appropriateness scale (PMAS) was 64% optimal pre-intervention, but was better 

(69%) in nursing homes in which nurses’ knowledge of pain assessment and management 

improved post-intervention. Overall, PMAS scores for residents in pain improved from baseline 

(60%) to intervention (65%). In a primary care population of 83,000 adult patients aged 60 and 

above, only a small sample of 209 (.25% of patients) was identified as taking opioids for relief of 

their chronic pain (Adams, Plane, Fleming, Mundt, & Saunders, 2001). These finding indicate 

that chronic pain is generally undertreated in primary health care setting and lend support to 
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other research findings of inadequate pain treatment in a wide range of patient groups, including 

those living with a variety of painful chronic conditions and across various settings. 

Evidence suggests that the under-treatment of pain is often related to knowledge deficits 

among physicians and other healthcare practitioners regarding pain assessment and pain 

management (Green et al., 2002; Rodriguez, 2001; Mzorek & Werner, 2001; Puntillo, Neighbor, 

O’Neil, & Nixon, 2003; Simpson, Kautzman, & Dodd, 2002). Specifically, knowledge deficits 

about pain medication (Allcock et al., 2002; Mzorek & Werner; Puntillo et al.; Rodriguez; 

Simmonds & Scudds, 2001) and decision making about pain treatment have been cited (Erkes, 

Parker, Carr, & Mayo, 2001; Puntillo et al.; Simpson et al.; Tarzian & Hoffman, 2005). A 

prospective cohort study of pain physicians found that physician’s personal experiences with 

chronic pain, frequency of prescribing pain medication, knowledge of treatment choices, and 

opinions or goals for pain management are variables that impact effectiveness in managing 

persistent pain (Green et al.). These authors found that fewer than 10% of respondents had 

received any pain management education; however, the majority reported they do treat chronic 

pain. A large number exhibited poor knowledge of pain treatment, e.g., many physicians chose a 

poor or worse treatment option for rheumatoid arthritis. A majority also agreed that chronic pain 

was under-treated but expressed concern that prescription of strong opioids would attract 

regulatory scrutiny or medical sanction. Thus, most physicians usually chose to refer the patient 

to a specialist rather than provide treatment for pain. Overall, physicians’ goals for pain relief 

were poor, averaging only 2.2 on a scale of 1-5, 1 being absolute and complete pain relief and 5 

being no pain relief. An important finding of this study is that physicians with a goal of more 

pain relief were more likely to provide high quality care.   
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In a survey report of nursing home directors, Tarzian and Hoffman (2005) also 

documented that lack of knowledge about pain management among nurses and physicians, 

including fear of addiction, overdose, and difficulty choosing the right analgesics, are barriers in 

providing adequate pain management. Sometimes, poor assessment of pain by the practitioner 

directly results in poor treatment choice for pain management (Herr, 2002). The result is 

suboptimal pain management (Tarzan & Hoffman; Won et al., 2004). These factors and 

associated outcomes will also be true for older adults with arthritic pain whose recommended 

regimens include the use of both opioid and/or nonopioid analgesics (Arthritis Foundation, 

2008).  

There are also patient-related factors implicated in the problem of poor pain management. 

Among some community dwelling cancer patients receiving treatment for pain, age (more than 

70 years), female gender, black ethnicity, and perception of being less ill have been listed as 

factors that contribute to under-treatment of pain (Cleeland et al., 1994). Other community based 

studies of older adults with non-cancer related pain corroborate some of the above findings 

(Breitbart et al., 1996; Shega, Hougham, Stocking, Cox-Hayley, & Sachs, 2006) and implicate 

dementia as a factor in suboptimal pain management (Shega et al.). Thus, without exception, 

persistent pain among older adults is poorly treated.   

In summary, patients with less adequate analgesia will report less pain relief and greater 

pain-related impairment of function (Cleeland et al., 1994). Studies have shown that both health 

care provider and patient related factors impact pain management. Prescription of pain 

medication among the elderly remains inadequate, due to inadequate scheduling, inadequate 

amount, and/or inappropriateness of prescribed drug(s). Factors that contribute to this 
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phenomenon include health care professionals’ lack of knowledge and accurate clinical decision 

making ability about pain management and pain relief.  

Pain and Related Pain Outcomes 

Persistent pain in older adults negatively impacts the general health and the emotional 

and functional status of individuals affected (Mantyselka et al., 2003; Oster et al., 2005; Silkey et 

al., 2005). There is consistent evidence that supports a significant relationship between persistent 

pain and outcome measures such as depression and functional limitations (Mantyselka et al.; 

Zarit et al., 2004). Pain variables that have been implicated in the relationships with depression 

and functional outcomes include pain intensity, pain interference with activity, duration of pain 

experience, frequency of the pain experience, as well as number of pain sites or locations present 

(Mavandadi et al., 2007; Scudd & Robertson, 2004; Thomas et al, 2004; Zarit et al.). Also, 

various components of functional limitations such as physical and social functions are affected 

by pain (Bookwala, Harralson, & Parmalee, 2003; Williams, Tinetti, Kasl, & Peduzzi, 2006). 

This section explores evidence of the relationships between pain and functional limitations 

(social, physical, and emotional) among older adults with persistent pain. Specific attention is 

paid to emerging significance of pain interference with regard to depression and other functional 

limitations. 

Pain and Emotional Distress  

Depression is well documented in the literature as a correlate of persistent pain 

(Bookwala et al., 2003; Sharp, Sensky, & Allard 2001; Zarit et al., 2004) as well as a major 

indicator of emotional distress among patients with chronic pain (Greenberg & Burns, 2003). 

Depression is known to initiate, exacerbate, and maintain the pain experience (McCracken, 

Spertus, Janeck, Sinclair, & Wetzel, 1999). Among a primary care sample (N= 209) of 

individuals 60 years and older with reported persistent joint pain, 36% were diagnosed with 
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depression (Adams et al., 2001). A higher prevalence of self-reported depression was reported by 

over 50% of a general population of older adults with persistent pain (Mossey & Gallagher, 

2004). More depressive symptoms in persons with persistent pain may be attributed to their 

response to multiple distressing symptoms from increased sensory and emotional stimuli (AGS, 

2002; Ferrell & Ferrell, 1990; Gonzalez, Martelli, & Baker, 2000; Harden et al., 2005). For 

example, Ryan and Frederick (1997) found that vitality (indicator of affective well-being or 

disposition) was lower among older adults with chronic pain, especially if they perceive their 

pain to be disabling or frightening. This further contributes to their emotional distress. When 

assessed longitudinally at six points over a period of 21 months, Sharp and colleagues (2001) 

found that pain intensity was one of two variables that consistently predicted level of depression 

in a population of older adults. Following another longitudinal study of the relationships between 

pain severity, pain interference, and change in depressive symptoms in older adults at baseline 

and 3, 6, and 12 months, Mavandadi and colleagues (2007) found that at higher pain intensity 

levels, improvements in depressive symptoms of persons surveyed were blunted. However, when 

pain interference was considered alongside pain intensity, these authors found that the extent to 

which pain interfered with functioning had greater negative impact on individual’s recovery from 

depression. Further study is needed to determine which factors mediate this relationship. 

Pain and Functional Limitations 

Persistent pain is an important predictor of functional limitation or disability in older 

adults (Arthritis Foundation, 2006; Mossey & Gallagher, 2004; Rudy, Weiner, Lieber, Sloboda, 

& Boston, 2007). The relationships between persistent pain and functional limitations have been 

examined for both physical functioning and social functioning (Bookwala et al., 2003; Elliot, 

Ranier, & Palcher, 2003; Rudy et al.; Williams et al., 2006). Researchers have found that 

persistent pain was correlated with poorer physical functioning, lower social functioning, and 
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greater depressive symptomatology (Bookwala et al.; Elliot et al.). A wider scope of 

investigation of functional limitations in these studies is supported by the multidimensional 

nature of persistent pain and its related outcomes which involve not only the physical but also 

social, emotional, and other dimensions (Osborne, Jensen, Ehde, Hanley, & Kraft, 2007). The 

following paragraphs concentrate on the impact of persistent pain on physical and social 

functioning among older adults, a focus of specific interest in this study. 

In the literature, physical functioning generally refers to performance of 

general/instrumental activities of daily and performance of physical activities such as walking, 

gripping, reaching, gait, speed, etc. (Kothe, Kohlmann, Klink, Ruther, & Klinger, 2007; Mossey 

& Gallaher, 2004; Rudy et al., 2007; Weiner et al., 2006). Researchers have found that physical 

activity limitations are prevalent in older adults with persistent pain. Scudd & Robertson (2000) 

examined the association between the presence of physical activity limitations and specific 

characteristics of musculoskeletal pain. Approximately, 73% of the respondents (N = 885) 

reported presence of musculoskeletal pain during the two weeks prior to the study, while about 

69% were identified as having physical limitations. The majority reported some difficulty 

performing numerous physical tasks, including heavy household or yard work chores, standing 

up from an armless chair, reaching above the head to get a 5-pound object, and climbing stairs. 

These researchers found that the odds of having a physical disability from the effect of moderate 

pain intensity was almost twice as likely (OR=1.54, CI=0.97, 2.44, p=.00) and more than four 

times as likely (OR=4.32, CI=2.01, 9.31) if severe, extreme, or worst pain intensity was present. 

Further analysis revealed that individuals whose pain experience occurred all or nearly all of the 

time were at least twice as likely (OR=2.00, CI=1.07, 3.72, p= .03) to have physical disability. 

Consistent with above findings, other investigators reported that 79% of their sample was 
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bothered by pain in the two weeks before they were surveyed, and up to 50% of them were 

limited in the performance of their usual activities (Mossey & Gallagher). They also found that 

individuals who reported pain interference were more than four times as likely to have impaired 

physical performance. These findings highlight the clinical importance of evaluating pain 

interference as a strategy for effective pain management.  

Social functioning usually refers to performing roles, responsibilities, and activities such 

as visiting with friends or relatives, attending social engagements, and recreation (Ross & Crook, 

1998; Ware, 1993). Persistent pain has been found to impact the social functioning of individuals 

(AGS, 1998, 2002; Ware). In a study investigating the relationship between pain and indices of 

disability and functional competence, researchers found that pain frequently interfered with 

aspects of social responsibilities such as recreational and family activities in 36% of the 

respondents (Ross & Crook). For 22% of the respondents, interference was experienced most of 

the time. In a study examining the effects of pain on functioning and well-being in older adults 

with osteoarthritis of the knee, Bookwala and colleagues (2003) measured both physical and 

social functioning. They found that more intense pain was correlated with poorer physical 

functioning and lower social functioning. To support this finding, Elliot and colleagues (2002) 

reported that limitation with social functioning significantly predicted an individual’s ability to 

recover from chronic pain over time. This finding extends the clinical role of social functioning 

as an outcome measure in pain management. These reviews highlight the need to recognize the 

role of social functioning limitations when developing pain interventions and to maintain pain 

relief in order to sustain recovery (Williams et al., 2006).  

Summary 

This review has highlighted important research findings that document the prevalence of 

persistent pain and its deleterious impact on the emotional, physical, and social functioning of 
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older adults (AGS, 1998, 2002; Creamer, Lethbridge-Cejku, & Hochberg, 2000; Williams et al., 

2006). Although the safest and most effective pharmacologic strategies for pain management are 

recommended (AGS, 2002), evidence of suboptimal prescription and treatment of persistent pain 

among older adults with persistent pain continues to be supported.  Pain management 

recommendations for older adults address concerns about unrelieved pain, inadequate 

prescription of pain medications, and high prevalence of adverse pain related outcomes. 

However, these reviews do not completely explain the role of inadequate prescription of pain 

medications in pain-related emotional and functional outcomes. Therefore, this study proposes to 

extend existing cross-sectional research by investigating longitudinal relationships between pain 

and related outcomes, and the role of prescribed pain medications in determining these 

outcomes. This review underpins the study’s primary hypothesis that the relationship between 

pain (e.g., pain interference and number of pain locations) and pain outcomes (e.g., emotional, 

physical, and social functioning) over time is mediated by the adequacy of prescribed pain 

medications (e.g., pain management index [PMI]).  

 41



 

CHAPTER 3 
METHODS 

Design 

This study investigated relationships between pain, pain medications, and pain outcomes 

in older adults with arthritic pain, and examined whether adequacy of prescribed pain 

medications mediates any of these relationships. The study was conducted using existing data 

from a large-scale, NIH-funded, parent study: Advanced Cognitive Training for Independent and 

Vital Elderly (ACTIVE). A description of the ACTIVE study, specific measures used in the 

study, and procedures used to extract and manipulate the data are presented below. Finally, 

statistical procedures used for data analysis are presented. 

The ACTIVE Study 

The ACTIVE study is a randomized, controlled, single-masked clinical trial designed to 

test specific interventions selected to determine the effects of cognitive training on memory and 

functioning. The ACTIVE data was collected at five time points: baseline and annual follow-up 

points at Years One, Two, Three, and Five. Baseline data included measurements of 

demographics, health conditions (medical diagnoses), cognitive status, health outcomes surveys 

(e.g., bodily pain, emotional, and functional status), and prescribed medications. Each annual 

follow-up measurement included all of the above data except demographics. To be eligible for 

the study, prospective participants had to be age 65 years or older, cognitively intact, and without 

a diagnosis of terminal illness (e.g., cancers) or conditions causing functional decline (e.g., 

stroke or dementia). An initial telephone interview was used as the first-level screening for 

eligibility. Subjects who passed this screening were invited for a subsequent in-person interview 

to obtain additional data for eligibility (cognitive testing). Eligible subjects were then given a 
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take-home packet of measures to be completed and brought on their next interview one week 

later.  

Measures  

For the purpose of this secondary analysis study, data collected from several ACTIVE 

study measures at baseline screenings (telephone and follow-up in-person interviews), 3-year, 

and 5-year follow-up data collection points were used. A description of selected measures and 

application to the current study is provided below. Table 3-1 summarizes selected variables. 

Demographic and Health Data  

A demographic and health status screening to determine basic eligibility was conducted 

at baseline via a telephone screening interview. Self-reported date of birth (to compute age), sex, 

race, medical conditions (diagnosed diseases assessed via OARS checklist), and cognitive status 

assessed via the telephone interview for cognition (TIC) were collected. A subsequent in-person 

interview was conducted to obtain additional data, including a mental status screening, to 

determine eligibility. Variables selected for this study were age, sex, race, and medical 

conditions (diagnosed diseases).  

The SF-36 Health Survey 

The Medical Outcomes Short Form-36 (SF-36) was used to assess participants’ self-

reported pain and functioning at baseline (Time 1), year 3 (Time 2), and year 5 (Time 3). 

Participants were asked to complete the SF-36 at home as part of a take-home packet of 

measures and return the packet at their next interview session, typically one week later. If 

participants failed to bring the completed measure with them to their next appointment, the SF-

36 was administered in-person during the interview in order to minimize missing data.  

The SF-36 is a generic, multi-purpose, Likert-type 36-item health survey, which yields 8 

scales and psychometric physical and mental health summary measures (Ware et al., 1993).  
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Four subscales applicable to the proposed study are bodily pain, physical functioning, social 

functioning, and mental health functioning. The bodily pain subscale was used to assess pain 

intensity and pain interference. Pain intensity was evaluated as self-report of how much bodily 

pain an individual has experienced in the past four weeks. A 6-point Likert-type verbal 

descriptor scale was used to score pain intensity as follows: 1= none, 2 = very mild, 3 = mild, 4 = 

moderate, 5 = severe, and 6 = very severe. Pain interference referred to the degree to which pain 

interfered with normal activities (housework and outside work) during the past four weeks. A 5-

point verbal descriptor scale was used to score pain interference as follows: 1= not at all, 2 = a 

little bit, 3 = moderately, 4 = quite a bit, 5 = extremely.  

The SF-36 physical functioning subscales were used to evaluate physical activity and 

physical role limitations. Physical functioning limitation was measured by the extent to which 

participants reported that10 typical activities were limited by their health. For example, “Does 

your health now limit you in lifting or carrying groceries?” Responses were scored on a 3-point 

scale scored as 1 = yes, limited a lot; 2 = yes, limited a little; 3 = no, not limited at all. 

The social functioning subscale was used to evaluate social activity limitations. Social 

functioning limitation was evaluated with 2 items measuring the extent and amount of the time 

physical health interfered with social activities (e.g. visiting friends or relatives) on a 5-point 

scale. The extent of social functioning limitation scores ranged from 1 = not at all, to 5 = 

extremely. The amount of time health interfered with social function was scored from 1 = all of 

the time to 5 = none of the time. The mental health subscale was used to evaluate emotional 

limitations. Scores from emotional role and emotional vitality subscales were used to indicate 

level of emotional functioning. Three items measuring interference with participants’ daily 

activities in the past week as a result of emotional problems (e.g. depression or anxiety) were 
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scored as 1 = yes, had problem; or 2 = no, did not have problem. Scores on vitality assessed how 

participants felt in the past four weeks, e.g., “During the past 4 weeks, have you felt downhearted 

and blue?” Responses to nine items in this measure were scored on a 6-point verbal descriptor 

scale. Scores ranged from 1 = feeling occurred all the time, to 6 = feeling occurred none of the 

time.  

As a general health measure, the SF-36 is beneficial in comparing the relative burden of 

diseases and symptoms (e.g., pain), and in differentiating the health benefits of various 

treatments (Ware et al., 1993). The pain and functioning subscales measured for the proposed 

study are summated scores that have been transformed to range from zero (lowest score) to 100 

(highest possible score) for each subscale (Ware et al.). Scores between these values represent 

the percentage of the total possible score achieved; lower scores represent worse health 

outcomes. A cutoff score of 42 has been applied to the mental component summary scale 

yielding a sensitivity of 74% and a specificity of 81% in detecting patients diagnosed with 

depressive disorder (Ware, Kosinski, & Keller 1994). Overall reliability of the SF-36 scales 

using both internal consistency and test-retest methods has exceeded the minimum standard of 

0.70 in many studies (McHorney, Ware, Rachel, & Sherbourne, 1994; Tsai, Bayliss, & Ware, 

1997; Ware et al., 1994; Ware et al., 1993), and content, concurrent, criterion, construct, 

predictive evidence of validity, and the meaning of high and low SF-36 scores are well supported 

in validity studies (Ware et al., 1993, 1994). For example, empirical validity of all 8 scales of the 

SF-36 scales has been achieved in studies involving physical and mental health (McHorney et 

al.). 

Center for Epidemiological Studies-Depression Scale (CES-D) 

The CES-D tool was used to assess depression as a third variable contributing to 

emotional limitations in this study. This 20-item Likert-type instrument was developed to detect 
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major or clinical depression in adolescents and adults (Radloff, 1977). Four components or 

factors of the CES-D are depressive affect, somatic symptoms, positive affect, and interpersonal 

relations. Items in the CES-D refer to how an individual has felt and behaved during the last 

week e.g., “During the past week, I felt depressed.” Scores range from 0-3, indicating that the 

feeling or behavior occurred as follows: for negative items, 0 points = rarely or none of the time 

(< 1 day); 1 point = some or a little of the time (1-2 days); 2 points = occasionally or a moderate 

amount of the time (3-4 days); and 3 points = most or all of the time (5-7 days). An example of a 

feeling in the 3-point is “I did not feel like eating; my appetite was poor.”  Scoring is reversed for 

positive items, whereby “most or all of the time” is scored 0 points and “rarely or none of the 

time” is scored as 3 points. An example of a positive response is “I felt that I was just as good as 

other people.” CES-D scores range from 0-60; higher scores indicate greater depressive 

symptoms. The cut off score for depression is usually 16 (Radloff; Reid, Williams, Concato, 

Tinetti, & Thomas, 2003), but a cut off score of 23 has been used to indicate depression (Hybels, 

Blazer, & Pieper, 2001). Studies using the CES-D indicate that it has high internal consistency 

(alpha=0.79-0.90, Kothe et al., 2006; Reid et al.), good test-retest stability (k=0.84, Reid et al.,), 

and adequate construct validity based on positive predictive values reported in several studies 

(Hybels et al.).  

In a study by Geisser and colleagues (1997), the CES-D demonstrated good predictive 

value in discriminating between types of depression among patients with chronic pain 

(sensitivity >80%). Hybels and colleagues (2001) also demonstrated that the CES-D could 

reliably identify clinically significant depression in community dwelling elders. The CES-D 

short version yielded a Cronbach’s alpha of .87 at baseline and .82 at follow-up for a sample of 

older adults (Zarit et al., 2004). In the ACTIVE study, the CES-D was administered by trained 
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testers in an interview format. CES-D scores from baseline, 3 years, and 5 years’ follow-up were 

used in this study. 

Medications 

A medication audit sheet (MedAudit) was used to assess participants’ current drug use, 

both over-the-counter (OTC) and prescription. Participants were asked to bring all currently used 

medications ordered by their health care provider to the in-person interview. On a standardized 

form (MedAudit), trained testers recorded drug names, doses, routes, frequency of 

administration, pro re nata (prn) or routine use status, whether the drugs were prescribed or 

purchased OTC, and any comments related to medication administration.  

Data were cleaned to standardize the drug names and then categorized according to 

American Hospital Formulary System codes (AHFS) into therapeutic drug categories and 

subclasses. The AHFS is a functional classification widely used in the health care professions 

(McEvoy, 1996). Drug categories and identifying codes used in the proposed study are 

analgesics (AHFS codes: 280802-280892) and adjuvant analgesics (antidepressants, AHFS code: 

281604; anti-convulsants, AHFS codes: 281292; and muscle relaxants, AHFS codes: 122004-

122008). Only specific drugs known for pain management in the antidepressant (e.g., tricyclic 

antidepressant) and anticonvulsant (e.g., gabapentin) categories were included. Medication data 

collected at all study occasions (baseline, 3 years, and 5 years) were used in the proposed study. 

Additional data manipulation was required to compute the Pain Management Index Score 

(PMI). The purpose of the PMI is to assess adequacy of prescribed analgesic medications as an 

indicator of a prescriber’s response to a patient’s pain by comparing prescribed analgesics with a 

patient’s reported level of pain. A PMI score was calculated for each study participant based on 

pain intensity score on a verbal descriptor scale and potency of prescribed analgesic medications 

on an analgesic ladder. The computed PMI is a numerical rating scale whereby scores can range 
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from -3 (e.g., a patient with severe pain receiving no analgesic drugs) to +3 (e.g., a patient 

receiving a strong analgesic and reporting no pain). Negative scores indicate inadequate potency 

of analgesic drugs to treat pain, and scores of zero or higher are indicative of sufficient or 

acceptable treatment of pain. Pain management was considered adequate if there is congruence 

between the patient’s reported pain level and the potency of the prescribed analgesic drug. 

Therefore, inadequate pain management was indicated for those participants with severe pain 

who received no analgesics or only nonopioids/adjuvant analgesics, or for those with moderate 

pain who received no analgesics (Breitbart et al., 1996; Cleeland et al., 1994).  

Reliability and validity characteristics of the PMI are not documented in the pain 

literature. However, as a numerical rating scale (NRS) computed from two verbal descriptor 

scales (rank-ordered verbal descriptor pain scale and analgesic potency ladder), an examination 

of the reliability and validity status of NRS and VDS in the pain literature was warranted. The 

NRS and VDS have been independently applied in numerous studies involving pain and 

analgesic drug therapy and have been found reliable (Gagliese, Weizblit, Wendy, Ellis, & Chan, 

2005; Lara-Munoz, de Leon, Feinstein, Puentee, & Well, 2004; Shega et al, 2006). Both the NRS 

and VDS scales have demonstrated good convergent and divergent validity when used to assess 

pain in older adults (Gagliese et al.). Thus, as an index of two core components of pain 

management (assessment and drug therapy), the PMI has the potential to be of clinical value for 

researchers who evaluate effectiveness of pain management (Cleeland et al., 1994; Shega et al.). 

Procedure 

In order to access the ACTIVE data, a proposal was submitted to the ACTIVE Steering 

Committee, consisting of all Principal Investigators and the Coordinating Center that functions 

as the data repository for all of the ACTIVE data from all of the study sites, the New England 

Research Institute (NERI). Approval was obtained in February 2007. NERI was responsible for 
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cleaning the data and on-site statisticians were responsible for coding the data and creating the 

study constructs for established measures (e.g., the SF-36, MMSE). Thus, the ACTIVE data 

were considered clean and ready for statistical analysis. 

The PMI score was computed as an indicator of the adequacy of pain management. First, 

level of pain intensity was determined from participants’ self reports of bodily pain on the SF-36 

VDS. Pain severity (1 = none to 6 = very severe) was collapsed into a 4-point VDS to match the 

World Health Organization (WHO) 4-point analgesic ladder (Shega et al., 2006): none = 1, very 

mild and mild = 2, moderate = 3, and severe and very severe = 4. A WHO-score was assigned to 

each prescribed analgesic according to its rank on the analgesic ladder: 0 = no analgesic drug 

prescribed; 1 = nonopioid analgesic (e.g. NSAIDs or acetaminophen); 2 = weak opioid analgesic 

(e.g., codeine or tramadol); and 3 = strong opioid analgesic (e.g., morphine). Adjuvant analgesics 

(e.g., anti-depressants and anticonvulsants) and low dose aspirin (81mg or 325mg) were included 

on the analgesic ladder as nonopioids and assigned a score of 1 (Breitbart et al., 1996). Each 

participant was assigned a score that corresponded to the highest potency of analgesic prescribed. 

For example, a participant receiving a weak opioid (e.g., codeine—level 2) and an adjuvant 

analgesic (e.g., antidepressant—Level 1) received a score of 2 (Breitbart et al.). The PMI score 

was computed by subtracting the pain intensity score from the analgesic score and computed 

scores level are ordinal.  

Sample, Setting, and Recruitment 

The ACTIVE study involved 2,802 elderly subjects living independently in six 

metropolitan areas in the United States: Birmingham, Alabama; Detroit Michigan; Boston, 

Massachusetts; Baltimore, Maryland; Indianapolis, Indiana; and State College, Pennsylvania. 

Participants were recruited from senior housing, community centers, and hospital settings. 

Persons were excluded from the ACTIVE study if they were younger than age 65 years, had 
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cognitive decline (score ≤ 22 on the MMSE), ≥ 2 ADL disabilities (score on the self-rated 

ADL/IADL checklist), or verbally reported medical conditions associated with imminent 

functional decline or death (such as stroke or cancer); and/or exhibited severe loss of vision, 

hearing, or poor verbal communication.  

Selection Criteria 

For the purpose of this study, a subsample was selected from the ACTIVE sample based 

on a reported diagnosis of arthritis and presence of bodily pain rated at least mild on the SF-36 

bodily pain scale, at the baseline period. Presence of bodily pain was required at baseline to more 

accurately reflect the course of pain management for those individuals who manifested 

symptoms of pain experience. Participants who did not report a diagnosis of arthritis at baseline 

and did not have self-reported pain were excluded from the study.  

Ethical Considerations 

The ACTIVE study has approval from the University of Florida Institutional Review 

Board (IRB), as well as the IRB of each participating university. Approval of the proposed study 

was obtained from the University of Florida Institutional Review Board prior to accessing 

existing data. All sample data and related information were handled using approved standards for 

confidentiality. All identifying information was stripped from the data. Participants were 

identified using only assigned subject numbers. All study documents and equipments containing 

participants’ information were secured by the Principal Investigator (PI) in locked cabinets and 

locked offices, and were accessible only to the PI and the designated dissertation committee. 

Electronic equipment or media used for data storage, processing, or transmission were password 

secured, and accessed only by the PI.  
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Data Analysis 

Data analysis was conducted using descriptive, correlational, and multivariate statistics. 

Appropriate statistical programs were used to analyze relevant data as follows:  

• Descriptive statistics: SPSS (version 16.0, SPSS Inc., 2007) was used to analyze and 
describe characteristics of background and health variables at baseline; and pain 
interference, pain locations, prescribed pain medication regimens, and pain outcomes 
(e.g., physical, social, and emotional functioning) at all 3 study periods. 

• Univariate and multivariate statistics: Chi-square statistics, t-tests, and mixed effect 
modeling in the SPSS statistical program (version 16.0, SPSS Inc., 2007) were utilized 
where appropriate to compare differences in sample means between study occasions, and 
between returning and attritted samples, or to analyze longitudinal distribution of mean 
sample characteristics over time. 

• Bivariate statistics: Pearson’s product-moment correlations in the SPSS statistical 
program (version 16.0, SPSS Inc., 2007) were applied to analyze (a) correlations of 
demographic and health variables with pain (e.g., pain interference, number of pain 
locations), adequacy of prescribed analgesics (e.g., PMI) and pain outcomes (e.g., 
physical, social, and emotional functioning) at all study occasions; (b) correlations and 
intercorrelations of pain (e.g., pain interference and number of pain locations), adequacy 
of prescribed analgesics (e.g., PMI), and pain outcomes (e.g., physical, social, and 
emotional functioning) at all study occasions. 

• Structural equation modeling: AMOS program version 16.0 (Arbuckle, 2007, by SPSS 
Inc., 2007) was used to analyze all steps in the proposed structural model to examine the 
relationships between pain experience (e.g., pain interference and number of pain 
locations) and functional status (e.g., physical, social, and emotional functioning); and the 
mediating role of adequacy of prescribed pain medications (PMI), at each study occasion 
and across time from baseline to five years later. For the purpose of structural equation 
model analyses, the seven-level race variable was recoded into a two-level dichotomous 
(dummy) variable – (0) white and (1) non-white.  

Initial data screening for each time of measurement indicated longitudinal loss of data 

due to attrition (Table 3-1), as well as data missing at random. This result suggested possible 

violation of multivariate normality criteria, which would normally require listwise or pairwise 

deletion of missing data or data imputation/transformation procedures to permit model 

estimation (Kline, 2005). To avoid listwise deletion of data, which can introduce selective 

attrition biases, direct full-information maximum likelihood estimation (FIMLE) of the 
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covariance matrix was utilized for the structural analyses. As a robust statistic, FIMLE handles 

missing at random cases such that all sample subjects are retained (i.e., there is no listwise 

deletion and participants’ data is used at each occasion in which they contributed).  

 

 



 

Table 3-1.  Summary of variables and measurement points  

Variables (measure) 
Time 1 

(baseline) 
Time 2 (3 

years) 
Time 3 (5 

years) 
Background characteristics:    

Age, sex race X   
Number of diagnoses (OARS checklist) X   

Pain experience:    
Pain interference (SF-36: bodily pain subscale) X X X 
Number of pain locations (OARS Checklist) X X X 

Adequacy of pain management    
Pain Management Index (PMI) – calculated from pain intensity score  
(SP-36) and MedAudit data 

X X X 

Pain outcomes:    
Physical functioning (SF-36: Physical role and physical functioning 
Subscales) 

X X X 

Social functioning (SF-36: Social functioning subscale) X X X 
Emotional functioning (SF-36: Emotional role and emotional vitality 
subscales) 

X X X 

Depression (CES-D) X X X 
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CHAPTER 4 
RESULTS 

The main purpose of this study was to examine (a) the relationships among pain (e.g., 

pain interference and pain location) and pain outcomes (e.g. physical functioning, social 

functioning, and emotional functioning) in older adults with arthritic pain, across three time 

points over a 5 year period, and (b) the mediating role of the adequacy of prescribed pain 

medications (e.g., pain management index [PMI]) in the relationships between pain and pain 

outcomes at each time of measurement and across the 5 year time span.  The results of these 

analyses are presented in this chapter.  First, descriptive characteristics of the sample and study 

variables are presented, followed by description of the bivariate relationships among the study 

variables. Finally, the relationships pain, adequacy of pain medication, and pain outcomes are 

examined cross-sectionally at each time point and longitudinally across the 5 years time span. 

Sample Selection, Characteristics, and Attrition 

Sample Selection 

The analyzed sample was derived from a sample of 2,802 community-dwelling older 

adults who were enrolled in a study to examine the effects of cognitive training interventions on 

cognitive and functional performance. A subsample of 1,409 older adults (hereafter referred to as 

the current study sample or simply as the study sample) was selected who were diagnosed with 

arthritis and who reported the presence of bodily pain at the baseline period (Time 1). A 

flowchart of study inclusion and available sample size on key study variables is presented in 

Figure 4-1.  

Sample attrition across the 5-year study period is shown in Figure 4-1. Of the original 

1,409 participants in the sample at baseline, 1, 032 (73%) remained in the study at Time 2, which 

was 3 years later. At Time 5, 910 participants (65% of the baseline sample) remained in the 
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study. A total of 499 participants were lost to follow-up, yielding a total sample attrition rate of 

35%.  Comparison of the selected and excluded as well as returning and attritted samples are 

shown in Tables 4-1 to 4-4. 

Sample Characteristics of Selected and Excluded Samples  

The study sample consisted of 1,150 females (81.6%) and 259 males (18.4%), with mean 

age of 74.3 years (S.D.=5.9 years), mean number of diseases of 3.1 (S.D.=1.3), and mean MMSE 

score of 27.3 (S.D.=2.0). The majority was Caucasian (68.9%).  Comparison of the included and 

excluded samples indicated no significant differences between the samples with regard to age 

and cognitive status. Significant group differences were found for sex, race, and number of 

diseases diagnosed. The study sample had significantly more females, a higher proportion of 

non-white participants, and significantly more diagnosed medical conditions than the excluded 

sample (Table 4-1). 

Description of Key Study Variables for Selected and Excluded Samples 

A description of the pain, pain medications, and pain outcome variables for the study 

sample and excluded sample at baseline are presented in Tables 4-2. Descriptive data on key 

study variables differed significantly between the two samples. Results showed that the study 

sample (with diagnosed arthritis) had significantly more severe pain interference, and more 

painful body locations than the excluded sample. In addition, the study sample had significantly 

more physical, social, and emotional limitations.  

Differences between Longitudinal Sample and Study Drop-outs 

Between Time 1 and Time 2, a total of 377 participants dropped out of the study. 

Differences between the continuing and non-returning participants are shown in Table 4-3. 

Participants who dropped out of the study after Time 1 have significantly poorer physical 

functioning and emotional role functioning, lower vitality, and had depression scores. Table 4-4 
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shows the differences between continuing, longitudinal participants and study participants who 

dropped out of the study after Time 2 (n = 122). Time 2 drop-outs had significantly lower 

physical and emotional functioning than the longitudinal sample. 

Descriptive Characteristics of Pain, Pain Medication, and Pain Outcomes 

• Question 1: What are the characteristics of pain (e.g., severity of pain interference, 
number of pain locations), the adequacy of prescribed pain medication adequacy 
(e.g., PMI), and pain outcomes (e.g. physical functioning, social functioning, and 
emotional functioning) among older adults with arthritis at Time 1 (baseline), Time 2 (3 
years later), and Time 3 (5 years later)?  

The characteristics of pain, pain medications, and pain outcomes were analyzed using 

descriptive statistics (means, standard deviations, and percentages). Analysis of mean differences 

or associations (t-test, chi-square, and mixed models for repeated measures) were conducted to 

examine whether descriptive characteristics differed across the 3 measurement occasions.  

Pain.  At baseline, almost 50% (48.8%) of the sample reported the presence of pain that 

interfered with their activity. On average, participants described the intensity of pain interference 

at baseline as 2.2 (S.D.=1.14) on a scale of 1-5 (1= no pain interference to 5 = extreme pain 

interference). Participants reported an average of 1.0 (S.D. = 1.6) pain locations at baseline.  

At Time 2, 3 years later, 42% (n=914) of the sample reported pain that interfered with 

their activities, and this proportion increased slightly to 48% (n=780) by Time 3 (5 years later), 

and were statistically significantly (χ2 = 15.698, p = .047). At Time 2, participants reported the 

severity of pain interference as a mean of 2.3, which was relatively stable at Time 3 

(mean = 2.4). The severity of pain interference was significantly different (t= 10.021, p =.00) 

across the 5 year period. On average, participants reported pain in a mean of .91 and 1.1 

locations at Time 2 and Time 3 respectively; the number of painful locations was significantly 

different across the 3 measurement occasions (t = 3.059, p =.045) (Figures 4-2 and 4-3).   
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Pain medication.  Prescribed pain medications were assessed by reviewing all 

medications currently prescribed or ordered for study participants. Medications were classified 

according codes indicating their primary therapeutic category. For the purpose of these analyses, 

medications in the following classifications were considered pain medications: NSAIDs, opioids, 

tricyclic antidepressants, muscle relaxants, salicylates (e.g., aspirin), acetaminophen, and anti-

convulsants.  

At baseline, 43.9% (n=1272) of the study participants were prescribed at least one pain 

medication. This number decreased to 37.2% (n=861) at Time 2 and 34.1% (n=691) at Time 3. 

These proportions were statistically different across the 5-year study period (F =3.862, p=.021). 

The distribution of pain medication classes is summarized in Figure 4-4. Of the seven 

different analgesic classes identified at baseline, the majority of participants (about 19%) were 

prescribed NSAIDs. Only about 6% of participants reported opioid analgesics in their pain 

regimen at baseline. These distribution of types of prescribed pain medications were statistically 

significant different across the 3 measurement occasions (F =27.129, p =.00).  

Pain medications were evaluated for the adequacy of prescribed analgesics by computing 

a pain management index score (PMI). The PMI scores is used as an indicator of the adequacy of 

analgesic treatment and is computed based on the strongest pain medication prescribed for each 

participant (scored on a 3 point analgesic ladder; 1= mild, 3 = strong analgesic) Computed PMI 

scores can range from –3 to 3.  Negative scores (scores < 0) indicate inadequate pain 

management and positive scores (zero and higher) indicate adequate pain management relative to 

the self-reported level of pain intensity. 

In this sample, the mean PMI score was below zero across all points of measurement; 

Time 1 (Mean = -1.0, S.D. = .87), Time 2 (Mean = -.9, S.D. = .94), and Time 3 (Mean = -1.0, 

 
 

57



 

S.D. = .85). These scores indicate less adequate pain treatment at each measurement occasion, 

and were statistically significant for each study period (t = 9.726, p < .001, Figure 4-5).  

Pain outcomes.  Pain outcomes investigated were indicators of physical, social, and 

emotional functioning obtained from the Short-Form 36 health surveys, as well as the CES-D 

depression scale. Scores on these pain outcomes were analyzed using descriptive statistics as 

well as repeated effects mixed models to analyze change over the three study occasions. Physical 

functioning subscale scores ranged from 0-100 (where 0 = severe impairment and 100 = no 

impairment). Social functioning and emotional functioning subscales also were evaluated on a 0 

to 100 scale, with lower scores indicating worse functioning. Depression scores (based on the 

CES-D) were evaluated on a 4-point scale, with higher scores indicating more depression.    

At baseline, participants’ subscale scores for physical functioning and physical role were 

60.9 (S.D. = 24.3) and 60.0 (S.D. = 39.6) respectively. These scores indicated moderate 

limitations in the physical functioning. Participants had high social functioning scores 

(Mean = 83.1, S.D. =21.6), but had moderate limitations in emotional role and emotional vitality 

(Mean = 70.1, S.D. =37.9 and 56.9, S.D. = 20.0, respectively). In addition, participants reported 

mild depressive symptoms at baseline (Mean = 5.8, S.D. =5.4, Table 4-6). 

In examining longitudinal change in our study predictors, we conducted repeated 

measures analyses using mixed effects modeling. This model has the advantage of using all 

available data (without listwise deletion) at each occasion of measurement.  Fixed effects of time 

on average of each predictor variable was tested. The results were as follows.  Significant time 

effects were found for the following variable: PMI [F(2245.757) = 635.778, p <.001]; pain 

interference [F(1940.645) = 17.595, p<.001], pain locations [F(2034.222) =5.467, p =.004]; 

physical functioning [F(2048.342) = 113.361, p< .001]; physical role [F(2144.971) = 30.659, p 

 
 

58



 

<.001); social functioning [F(2145.450) =25.282, p =<.001]; and emotional vitality [F(2050.929) 

=22.422, p <.001] (Table 4 – 7). 

Relationships among Demographic Variables and Pain, Pain Medication, and 
Pain Outcomes 

• Question 2: What demographic (e.g., age, sex, race) and health variables (e.g., number of 
diseases diagnosed) are related to pain (e.g., severity of pain interference, number of pain 
locations), adequacy of prescribed pain medications (e.g., PMI), and pain outcomes (e.g., 
physical functioning, social functioning, and emotional functioning) at each measurement 
point [e.g., Time 1 (baseline), Time 2 (3 years), and Time 3 (5 years)]?  

Sex and race differences in mean pain, pain medications, and pain outcome variables 

were analyzed using t-tests. With regard to sex differences in pain experience, females reported 

significantly more pain interference (t = -2.023, p=.04), more number of pain sites (t = -2.083, 

p=.04), and had significantly less adequate pain medications prescribed (t=-2.688, p <.01) than 

their male counterparts. This pattern of sex differences was consistent across all three times of 

measurement (Table 4-8). 

With regard to sex differences in pain outcomes, females had significantly lower physical 

functioning than males at Time 1, but there were no other significant differences in the other pain 

outcomes investigated. This finding held across all three times of measurement. At Time 2 and 

Time 3, however, females also showed significantly lower physical role functioning scores. At 

Time 3, females also had significantly lower emotional vitality scores. Thus, females showed 

significantly worse functional status scores over time than did men (Table 4-8).  

For the purpose of examining race differences, race was categorized as either White or 

Non-white. Race differences in pain, PMI, and pain outcomes are summarized in Table 4-9. 

There were no significant race differences in pain interference, number of pain sites, or adequacy 

of pain management at any time of measurement. There were, however, significant race 

differences in pain outcomes. At Time 1, non-white participants had significantly lower physical 
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functioning (t = 2.972, p <.01), lower emotional role functioning (t = 2.985, p <.01), but, higher 

emotional vitality (t = -2.609, p = <.01) than white participants (Table 4-9).   

Pearson’s correlation analysis was used to analyze the relationship between age, number 

of diagnoses, and the pain variables of interest (e.g., pain, PMI, and pain outcomes. These 

correlations are summarized in Tables 4-10, 4-11, and 4-12 (separately for each time of 

measurement). As a precursor to the structural equation models, bivariate correlations for sex 

and race (both coded as dummy variables) are included in the tables, although it was expected 

that the results of the correlation analysis would be the same as the results of the t-test previously 

reported. 

The results show that age was not significantly correlated with pain interference, number 

of pain locations, or the adequacy of pain management at any of the three measurement 

occasions. Age was significantly correlated with all of the pain outcome variables. Specifically, 

at baseline, advanced age was significantly correlated with lower physical functioning (r -.15, 

p<.01), lower physical role functioning (r=-.14, p<.01), lower social functioning (r = -.051, 

p<.01), lower emotional role functioning (r = -.13, p<.01), lower vitality (r = -.06, p<.05), and 

more depression (r = .10, p<.01). The same pattern of relationships held for Time 2 and Time 3 

(Tables 4-11 and 4-12).  

The number of medical diagnoses was also significantly correlated with the pain 

indicators. More medical diagnoses was correlated with significantly more pain interference 

(r = .18, p < .01) and more pain locations (r = .12, p < .01). This finding held at Time 2 and Time 

3 as well. In addition, more medical diagnoses were significantly correlated with lower physical 

functioning, lower physical role functioning, lower social functioning, lower emotional 
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functioning, lower vitality, and more depression at Time 1 (Table 4-10), Time 2 (Table 4-11) and 

Time 3 (Table 4-12).  

Relationships among Pain, Pain Medication, and Pain Outcomes  

• Question 3: Is pain (e.g., pain interference and number of pain locations) related to the 
adequacy of prescribed pain medications (e.g., PMI) and pain outcomes (e.g. physical 
functioning, social functioning, and emotional functioning) among older adults with 
arthritis at each time of measurement [Time 1 (baseline), Time 2 (3 years later), and Time 
3 (5 years later)]? 

Two hypotheses were tested. First, it was hypothesized that pain will be significantly and 

negatively related to the adequacy of prescribed pain medications at each time point.  

Specifically, it was expected that pain interference and number of pain locations will correlate 

negatively with PMI such that more pain would be associated with less adequate pain 

management. The results of bivariate Pearson’s correlation analyses for each measurement point 

are presented in Tables 4-13, 4-14, and 4-15. Correlations between all endogenous variables are 

summarized. The results indicate that the pain indicators were associated with PMI as 

hypothesized. At Time 1, more pain interference (r = -.25, p < .01) and more painful locations (r 

= -.15, p < .01) were significantly correlated with less adequate pain medication. The same 

pattern of relationships was noted at Time 2 and Time 3, although the strength of the correlation 

increased for pain interference and PMI over time [Time 2: (r = -.34, p < .01), Time 3: (r = -.43, 

p <.01). 

The second hypothesis was that pain would be significantly correlated with pain 

outcomes at each time point. More pain interference and pain locations were expected to 

negatively correlate with physical functioning, physical role, social functioning, emotional role, 

vitality such that more pain would be associated with lower functioning in each of the domains 

assessed. Further, pain (interference and number of pain locations) was expected to positively 

correlate with depression at each time period measured; more pain would be associated with 
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higher levels of depression. The results (Tables 4-13, 4-14, and 4-15) support the hypotheses. 

More pain interference and more painful locations were significantly associated with lower 

functioning in all of the domains assessed and more depression at Time 1 (Table 4-13). The same 

pattern of relationships was noted at Time 2 and Time 3. Outcome variables intercorrelated 

significantly and positively within each occasion of study except for depression which correlated 

negatively with other pain outcomes. These correlations were comparable across the three 

measurement occasions (Tables 4-14 to 4-15). Autocorrelations within time points (e.g., 

correlations between the same variables at time) are shown on the diagonals, and all are 

statistically significant.  

Additional cross-time correlations among the endogenous variables were conducted to 

determine the nature and strength of the longitudinal relationships among the endogenous 

variables prior to the proposed structural model analyses. Correlations between Time 1 and 

Time 2 variables are shown in Table 4-16; correlations between Time 1 and Time 3 variables are 

in Table 4-17; and correlations between Time 2 and Time variables are shown in Table 4-18.  

The results show that all endogenous variables with the exception of PMI, intercorrelated 

significantly with each other in the direction expected (positively or negatively) and magnitude 

comparable to previous results. PMI intercorrelated with few variables across time. From Time 

1, lower PMI correlated with more pain locations Time 1, and more vitality and lower social 

functioning at Time 3. From Time 2, lower PMI correlated only with more severe pain 

interference at Time 3. These results indicate that over time, adequacy of prescribed pain 

medications weakened in its influence on pain interference and pain outcomes.  

Mediating Relationships between Pain, Pain Management, and Pain Outcomes within 
Measurement Occasions and Longitudinally Across the 5-year Period 

• Question 4: Does the adequacy of prescribed pain medication (e.g. PMI) mediate the 
relationships between pain (e.g., pain interference and number of pain locations) and pain 
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outcomes (e.g. physical, social, emotional functioning) within each occasion and across 
the five year time span [e.g., Time 1 (baseline), Time 2 (3 years later), and Time 3 (5 
years later)], after controlling for background and health variables (e.g., age, sex, race, 
and number of diseases diagnosed)? 

It was hypothesized that the adequacy of prescribed pain medication would significantly 

mediate the relationship between pain and pain outcomes at each occasion and across the 

measurement occasions. It was also expected that at subsequent occasions, residual change in 

pain would have an effect on residual change in pain outcomes, and this effect would be 

mediated by change in pain medication adequacy. Analysis of the mediating relationships 

between pain, pain medication adequacy, and pain outcomes across the three study periods was 

conducted using a structural equation modeling approach. The analysis plan required several 

steps (a) model specification, (b) model estimation, (c) model testing, and (d) model 

modification where necessary (Kline, 2005). Confirmatory measurement models were estimated 

to establish the latent constructs, followed by structural equation models to analyze the 

relationships between the latent constructs within and across measurement occasions. AMOS 

16.0 software (Arbuckle, 2007) was used to conduct the modeling procedures. 

Modeling Procedures 

The modeling procedures were conducted in the following order. First, measurement models 

were estimated. This involved baseline (Time 1) measurement models, estimated separately for 

the three pain outcome constructs. Then, three-occasion measurement models were conducted 

separately for the three pain outcome constructs.  These models were followed by tests of nested 

variance-invariance measurement models to determine the best fit to the data. Second, the 

structural models were estimated. These were conducted in the following order: (a) Time 1 

simple mediating structural model (without pain to outcomes path), estimated separately for the 

three outcomes constructs, (b) Time 1 simple mediating structural models (with direct pain to 
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outcome paths), estimated for each of the three outcome constructs, (c) a three-occasion simple 

model with within-time mediation paths and auto-regression paths, conducted separately for the 

three pain outcomes, and (d) a fully recursive three-occasion model with all possible cross-time 

paths estimated separately for the three pain outcome constructs. This final model was followed 

by tests of nested reduced models to determine the best fit to the data.  

Measurement Models 

Estimation of baseline (Time 1) measurement models.  At the Time 1, three separate 

measurement models were estimated to analyze the relationships among pain, pain medications, 

and each pain outcome construct. Separate measurement models were conducted for each pain 

outcome: physical functioning, emotional functioning, and social functioning. The measurement 

phase was necessary to evaluate the strength and fit of the proposed models. Model fit was 

determined by evaluating several fit indices. A good model fit has a Chi-square value < 1½ times 

the degree of freedom and a non-significant p value. The literature indicates that the Chi-square 

value is often inflated in a large sample analysis, resulting in p-values < .05. Thus, in a study 

such as this in which there was a large sample size, model fit was not determined by the Chi-

square value alone. Additional incremental and absolute fit indices evaluated included the root 

mean square error of approximation (RMSEA), normed fit index (NFI), relative fit index (RFI), 

incremental fit index (IFI), Turker-Lewis index (TLI), and comparative fit index (CFI). 

Incremental index values (e.g. NFI, RFI, IFI, TLI, & CFI) for a good fit were expected to be 

above .9 on a scale of 0-1.0 (1.0 being a perfect fit) and absolute fit index values were expected 

to be close to 0.00 (e.g., RMSEA less than .05).  

Each Time 1 (baseline) measurement model was specified to indicate the proposed 

relationship paths between the endogenous latent constructs (e.g., physical functioning, 

emotional functioning, and social functioning), the endogenous indicator variables (e.g., physical 
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functioning subscale score, physical role subscale score, social functioning subscale score, 

emotional functioning subscale score, vitality, and depression), and the exogenous (control) 

variables (e.g., age, sex, race, and number of diagnoses). Each model was specified to include an 

endogenous latent construct of pain (with two measured endogenous factor indicators, pain 

interference and number of pain locations), one singly-indicated endogenous pain management 

construct (indicated by the calculated PMI variable), and four exogenous control variables (age, 

sex, race, and number of diagnosed diseases). The same measurement model was constructed for 

each outcome construct, yielding three separate measurement models. For the first model, the 

latent construct of physical functioning was used as the outcome (indicated by two indicators: 

physical functioning and physical role). For the second measurement model, the latent construct 

of emotional functioning was considered as the outcome, with the construct indicated by three 

endogenous indicators (emotional role, vitality, and depression). Finally, the social functioning 

model was constructed, with a singly-indicated endogenous social functioning construct as the 

outcome.  

To derive an identified model for each estimation, each endogenous latent construct was 

specified such that one factor loading was fixed to a constant value of 1.00 (as an arbitrary 

constant to facilitate parameter estimation) while the factor variances were allowed to be freely 

estimated. The purpose of this technique was to prevent under-identification of the model, 

meaning that the number of free parameters to be estimated exceeds the number of distinct 

observations in the model (Kline, 2005; Schumacker & Lomax, 2004). Under-identification of a 

model usually results in model failure (Schumacker & Lomax). All exogenous variables, all 

endogenous variables, and all endogenous constructs were allowed to correlate freely without 

constraint. Each model converged into an admissible solution with reasonable to good fit 
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estimates. All variances estimated with positive values and all correlations estimated below 1.00. 

See Time 1 measurement model diagram in Figure 4-7 and fit indices in Table 4-19.  

Estimation of longitudinal (three-occasion) measurement models. Following 

estimation of the initial single occasion measurement models, full 3-occasion measurement 

models (with loading paths as previously described) were specified for each pain outcome 

construct: physical, emotional, and social functioning. All exogenous (control) variables were 

specified to correlate with all endogenous constructs and variables. All endogenous constructs 

were specified to correlate within each time of measurement and longitudinally across the three 

time periods. In addition, all uniquenesses of the endogenous indicators were correlated 

longitudinally. The goal of these model specifications is to achieve an identified model, the 

greatest reduction in the Chi-square value, and a good model fit. 

A three-step variance-invariance test involving a series of nested models was performed 

for each of the three specified full models in order to identify the strongest and most 

parsimonious model for analysis. Both standardized and un-standardized estimates were 

requested. In Step 1, three invariance measurement models (Measurement-1) (physical, 

emotional, and social) were scaled such that both the factor loadings and factor variances were 

constrained to be equal across the three occasions of measurement. All models estimated and the 

results indicated that all three models had good fit, as evidenced by incremental fit indices >.9 

and absolute fit indexes <.05. In step 2, invariance models (Measurement-2) were specified such 

that only the factor loadings were constrained to be equal across all occasions, while the 

constraints on the factor variances were free. All three models estimated with good incremental 

and absolute fit indices. In Step 3, the invariance model (Measurement-3) analyses were 

specified such that no constraints were placed on either the factor loadings or the factor variances 
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across all 3 measurement periods. Again, all three models estimated with good fit. Subsequently, 

a model fit comparison test was performed to determine the model with the best fit for the 

structural analysis.  

A chi-square difference test was used to compare the most constrained invariance models 

(Measurement-1) with each subsequent less constrained models (Measurement-2 and 

Measurement-3) for each physical, social, and emotional measurement models. Measurement 

models with invariant factor loadings only (Measurement-2) demonstrated a chi-square 

difference that was significantly better than the most constrained models (Measurement-1) but 

not significantly different from the ‘no invariance models’ (Measurement-3). Thus, the invariant 

factor loadings only measurement models (Measurement-2) were selected as the best fitting 

measurement models for the subsequent structural equation model estimation. Model goodness 

of fit statistics are presented in Tables 4 - 20.  

Structural Equation Models 

Estimation of baseline (Time 1) structural equation model. The structural analysis 

was performed using the following procedures. First, a simple mediating, one occasion structural 

model (Step 1), was specified for each pain outcome construct. The purpose of this initial, simple 

(one-occasion) model was to determine whether the derived measurement model fits the 

structural equation model. Each model was structured with direct paths from the exogenous 

variables (age, sex, race, and number of diagnosed diseases) to pain, a direct path from pain to 

PMI, and a direct path from PMI to each of the pain outcome latent constructs, conducted 

separately for physical functioning, social functioning, and emotional functioning. The fit of 

these models were poor, and using the chi-square comparison test, these models estimated 

significantly worse than the single occasion Time 1 measurement model. Further model building 

was required.  See model fit indices in Table 4-21 and diagram in Figure 4-8. 
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Second, the mediational models was further developed by adding direct path from pain to 

the outcome constructs (physical functioning, social functioning, and emotional functioning) in 

each model. This was done to assess the direct effects of pain on pain outcomes (e.g., physical, 

social, and emotional functioning) and to determine if this relationship was indirectly mediated 

through PMI. All three models re-estimated with reasonable to good fit indices. Based on their 

chi-square test of difference comparing with the Time 1 measurement model fit, the social 

functioning model was statistically as good as the measurement model; the physical and 

emotional models estimated slightly worse than the measurement mode (Table 4-22). Diagram of 

one occasion mediational structural model in is shown in Figure 4-9. 

Estimation of longitudinal (three-occasion) structural models. The next step in the 

model building procedures was to specify a simple three-occasion model. In addition to the 

within-occasion paths as previously specified, auto-regression and paths were added between 

Time 1 and 2, Time 1 and 3, and Time 2 and 3 for pain, PMI, and each outcome construct. Three 

structural models were estimated, one for each outcome construct and each estimated with good 

fit. However, Chi-square comparisons with the full invariant three-occasion measurement models 

showed that all three models were significantly worse, and further model building was required. 

Thus, the support needed to estimate a fully recursive three-occasion structural model. See Table 

4-23 for goodness of fit estimates and Figure 4-10 for the model diagram. 

In the next phase, a fully recursive mediated longitudinal three-occasion model for each 

outcome construct was specified. All cross-time regression paths between the main study 

constructs (e.g., pain. PMI, and pain outcomes) were specified for each model. Figure 4-11 is a 

diagram showing addition of cross-time regression paths for major relationships tested in the 

models. All uniqueness were allowed to correlate for each endogenous construct. The results 
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indicated a good model fit. A Chi-square comparison for model fit showed that this model was 

significantly similar in fit as the full 3-occasion invariant measurement model (Measurement -2). 

All variances were positive and all standardized regression coefficients were below the value of 

1.00. Fit indices are shown in Table 4-20. 

Test for pain mediation of the fully recursive three-occasion model. To test the fitness 

of a pain-mediated three-occasion fully recursive model, all direct paths from pain to social, 

physical, and emotional functioning were dropped so that pain was not mediated in the models; 

and models were re-estimated. Goodness of fit indices indicated overall poor fit for all estimated 

models. A test of chi-square difference between the no-pain mediated models and the fully 

recursive pain-mediated models showed that the fit of the no-pain mediated models were 

significantly worse. These results suggest that pain relationship to pain outcomes was mediated 

by PMI in the tested models. Thus, these fully recursive pain-mediated models were accepted as 

the best fitting mode for all three pain outcomes. All subsequent structural modeling analyses 

were conducted using the full three-occasion recursive pain-mediated longitudinal models.  

Finally, modification of the fully recursive model via model trimming (Kline, 2005) was 

performed using a nested model approach. Model trimming was systematically implemented by 

dropping non-significant regression paths from the models and re-estimating models until all 

remaining regression paths became statistically significant, deriving a reduced three-occasion 

recursive model. All three reduced models estimated with good model fit indices—incremental 

indices >.9 and absolute indices <.05. A comparison of Chi-square difference between the fully 

recursive three-occasion model and the reduced recursive three-occasion model showed that the 

differences in the chi-square values between each pair of nested models were not statistically 

significant. The three reduced models were therefore accepted as the final structural equation 
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models for physical, social, and emotional functioning as pain outcomes. Table 4-25 shows 

model fit results. Diagrams of the reduced final models are shown in Figures 4–12 to 4–14. 

Three final pain models, one for each outcome of social functioning, physical 

functioning, and emotional functioning were derived. Results include loading values on 

statistically significant regression paths, exogenous demographic predictors of endogenous 

variables at Time 1, 2, and 3; and, Time 1, 2, and 3 and cross time mediating endogenous 

predictors of social, physical, and emotional functioning outcomes.  

Final Model: Path Coefficients  

For the three final reduced models, standardized path coefficients are reported as 

indicators of actual estimated value of the relationships tested. Path coefficients on direct single 

time or cross-time paths from Pain to PMI, physical functioning, social functioning, and 

emotional functioning were at least ≥.3 for all models. Path coefficients on mediation paths from 

Pain to PMI to physical, social, and emotional functioning range from good (β >.72) to poor 

(β =.06). On the other hand, the path estimates for the pain to physical, social, and emotional 

functioning paths were strong (β ≥ .6), while path estimates between the exogenous predictors—

age, sex, race, and number of diseases and the pain outcomes in these models—were generally 

low to poor (β ≤ .2). Although regression paths from pain to PMI to the three pain outcomes 

were statistically significant, they generally had lower coefficient values compared to direct 

loading of pain on these outcomes. Detailed results on all parameter estimates are presented in 

Tables 4 - 25 to 4 -30. 

Demographic and Health Variables as Exogenous Predictors of Pain Medication, 
and Pain Outcomes 

Age, sex, race, and number of diagnosed diseases were analyzed as control exogenous 

variables in the three structural models. At the baseline period, advanced age was significantly 
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related to lower physical (β = -.16) and emotional functioning (β = -.10). Number of diseases was 

significantly related to more pain on all three models (β = .21 to .22) as well as related to poorer 

physical and emotional functioning (β =-.08 and β =-.06, Table 4–25 to 4–27).  

Pain and Pain Medication as Mediating Endogenous Predictors of Pain Outcomes   

Pain and prescribed pain medications were analyzed as mediating predictor variables of 

pain outcomes at baseline, three years, and 5 years, as well across measurement occasions, for 

each separate pain outcome construct: social, physical, and emotional functioning. Results of the 

cross-sectional paths show that at baseline, increased pain was directly related to lower social 

functioning (β =-.69), lower physical functioning (β =-.89), and lower emotional functioning 

(β =-.89). Increased pain was also significantly related lower PMI score in all three final 

models—social functioning model (β =-.30), physical functioning model (β =-.29), and 

emotional functioning model (β =-.31). These negative relationships were stronger at Time 2 (β 

> .5) and Time 3 (β > .6). Cross-sectionally, pain to pain outcomes relationship was mediated by 

lower PMI scores in all three models at baseline. This mediational pattern was repeated at Time 

2 for social and emotional functioning and at Time 3 for physical functioning. The strength of 

the mediational relationships was also stronger at Time 2 and Time 3 compared to baseline 

(Table 4–28 to 4-30).  

Cross-time structural regression paths for the three pain outcome models (social, 

physical, and emotional) show a different results from those described above. Analysis of cross-

time relationships between endogenous predictors and outcomes showed overall, increased pain 

and more adequate PMI scores at earlier time was significantly related to improvement in 

functional outcome later in all three models. For example, increased pain at baseline was related 

to better social functioning (β = .59), emotional functioning (β =.78), and physical functioning (β 
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=.92) 3 years later at Time 2. These relationships were mediated by higher PMI scores at 

baseline for social (β =.11) and emotional (β =.10) functioning at Time 2 (Table 4–31 to 4-33).  

Overall, some variances in the pain outcome variables were predicted by the mediated 

models analyzed in this study. At baseline, the mediated effects of pain on emotional functioning 

was predicted by 55% (R2 =.55); physical functioning was predicted by 84% (R2=.84); and social 

functioning was predicted by 45% (R2=.45). Predicted variances in pain outcomes increased for 

physical functioning 92% (R2 = .92) and 93% (R2 = .93) at Time 2 and 3 respectively (Table 

4-34).   

In summary, results have been presented on the characteristics of pain, pain medications, 

and pain outcomes across three occasions of measurement at baseline, 3 years and 5 years later. 

Correlations analysis results covered all bivariate relationships among pain, pain medication, and 

pain outcomes, and between control demographic and health variables. Results of the structural 

model analyses explained the longitudinal direct and mediated relationships among pain, pain 

medications, and pain outcomes while controlling for age, sex, race, and number of diseases. In 

the study models tested, variances in social, physical, and emotional outcomes are partly 

predicted by the effects of interfering pain and adequacy of mediating prescribed pain 

medications. 
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Figure 4-1. Flowchart of sample selection and sample size for key study variables in longitudinal 

sample across the three study periods.  
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F=10.021, p <.000 

Figure 4-2.  Intensity of pain interference across measurement occasions
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F=3.059, p <.05 

Figure 4-3. Number of pain locations reported across measurement occasions. Time 1 (N=1409), Time 2 (n=914), Time 3 (n=780) 
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Figure 4-4.  Distribution of pain medications classes at 3 occasions of measurement. Percent prescribed analgesics:  Time 1 =44%; 
Time 2 =37%; Time 3 = 34%; (F=27.129, p=.00) 
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F=9.726, p <.000 

Note: PMI score of –3 to –1 indicate inadequate analgesic medications; scores 0 – 3 indicate adequate medications 
 
Figure 4-5. Frequency distribution of PMI scores across measurement occasions.  
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Figure 4-6. Pain outcomes scores across measurement occasions  
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Note: PMI1 = pain management index at Time 1; Pnint1 = pain interference at Time 1; Painloc1 = pain locations at Time 1 
 
Figure 4-7. Diagram of a single occasion measurement model estimated at time  
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Figure 4-8. Step 1:  Simple mediating one-occasion (Time 1) structural model diagram  

 
 



 

 

 

 

 

 

 

 

 

 

 

 

Age Sex 
Race Disease

1 2

PMI_1 

Outcome_1 

1 2

Pain_1 

 

81 

Figure 4-9. Step 2: Simple mediational one-occasion (Time 1) structural model diagram  
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Figure 4-10. Step 3: Simple mediational 3-occasion structural model diagram 
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Figure 4-11.  Three-occasion recursive longitudinal model showing addition of cross-time paths for major relationships tested  
 

 
 



 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pain = Pain   Pn = Pain interference    
Phys = Physical functioning  Pnl  = Pain locations   
pf = Physical functioning  Dz = Diseases diagnosed 
pr = Physical role 
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Figure 4-12. Final reduced model of pain, pain medications, and physical functioning  
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Figure 4-13. Final reduced model of pain, pain medications, and social functioning  

 
 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pain = Pain   pn = Pain interference    
Emot = Emotional functioning  pnl = Pain locations   
er = Emotional role   dz = Diseases diagnosed 
vt = Emotional vitality  dp = Depression 
pmi = pain management index 
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Figure 4-14. Final reduced model of pain, pain medications, and emotional functioning  
 



 

Table 4-1.  Description of sample characteristics between selected and excluded samples at Time 1  
 Time 1 selected study sample 

n = 1,409 
 Time 1 excluded sample 

n = 1,393 
   

 % Min Max Mean (S.D.)  % Min Max Mean (S.D.) χ2(df) t (df) p 
Sex          51.08(1)   
    Male 18.4     29.8      *** 
    Female 81.6     70.1      *** 
Race           17.00(1)  *** 
   White 68.9     75.9       
   Non-white 31.1     24.1       
Age  64.9 94.2 74.3 (5.9)   64.9 93.9 73.9 (6.0)  1.67(2799) n.s. 
Number of 
Disease 

 0 10 3.1 (1.3)   0 8 2.1 (1.4)  26.78(2800) *** 

MMSE  23 30 27.3 (2.0)   23 30 27.3 (2.0)  .132(2800) n.s. 
Note: *p<.05; **p<.01; ***p<.001; ns = not significant; MMSE = Mini Mental State Examination. Race was recoded into a 

dichotomous variable—White and Non-White for analysis. 
 

87 

Table 4-2. Comparison of pain, pain medication, and pain outcomes between selected and excluded samples at Time 1.  
 Time 2 study sample 

n = 1,409 
Time 1 unselected 

n = 1,393 
  

 Mean (S.D.) Mean (S.D.) t (df) p 
Pain     
    Pain interference 2.1 (1.1) 1.4 (1.15) 17.34 *** 
    Pain locations 1.0 (1.5) 0.3 (.71) 15.71 *** 
Pain medications: PMI -1.0 (.9) -.95 (.75) -1.61 n.s. 
Pain outcomes     
   Physical functioning 60.89 (24.28) 77.01 (20.95) -18.61 *** 
   Physical role  50.95 (39.61) 69.73 (36.42) -12.95 *** 
   Social functioning 83.14 (21.58) 89.84 (17.81) -8.87 *** 
   Emotional role 70.12 (37.93) 79.33 (32.82) -6.810 *** 
   Emotional vitality 56.94 (20.21) 66.23 (19.28) -12.403 *** 
   Depression 5.77 (5.40) 4.65 (4.78) 5.740 *** 
*p<.05; **p<.01; ***p<.001; ns p>.05; ns = not significant 

 
 



 

Table 4-3.  Comparison between longitudinal sample and study drop-outs at Time 2  
 Time 2 continuing sample 

n = 1,032 
Dropouts after Time 1 

n = 377 
  

 Mean (S.D.) Mean (S.D.) t (df) p 
Pain      
      Pain Interference 2.16 (1.10) 2.20 (1.25) -.71 (1406) n.s. 
      Pain Locations 1.00 (1.55) 1.03 (1.55) .22 (1406) n.s. 
Pain medications: PMI -1.02 (.89) -1.02 (.95) .05 (1270) n.s. 
Pain Outcomes     
    Physical Functioning 62.38 (23.72) 56.67 (25.26) 2.93 (1406) *** 
    Physical Role  52.01 (39.39) 47.94 (40.09) 1.71 (1406) n.s. 
    Social Functioning 84.06 (20.71) 80.58 (23.67) 2.68 (1406) ** 
    Emotional Role 71.19 (37.15) 67.11 (39.94) 1.78 (1405) n.s. 
    Emotional Vitality 57.62 (19.39) 54.97 (21.50) 2.19 (1399) * 
    Depression 5.55 (5.30) 6.4 (5.46) -2.63 (1400) ** 
Note: *p<.05; **p<.01; ***p<.001, n.s. = not significant 88 

 
 



 

 Table 4-4. Comparison between longitudinal sample and study drop-outs at Time 3  
 Time 3 continuing sample 

n = 910 
Dropouts after Time 2 

n = 122 
  

 Mean (S.D.) Mean (S.D.) t (df) p 
Pain     
   Pain interference 2.31(1.15) -                -  
   Pain locations .92 (1.56) .00 .59 (901) n.s. 
Pain medications: PMI -.87 (.94) - - - 
Pain outcomes     
   Physical functioning 57.74 (25.02) 52.81 (29.74) 2.00 (1030) * 
   Physical role  46.72(39.90) 45.32 (41.16) .36(1028) n.s. 
   Social functioning 80.33 (23.15) 76.42 (27.50) 1.71(1027) n.s. 
   Emotional role 68.97 (38.17) 85.22 (30.44) -4.55(1028) *** 
  Emotional vitality 55.64 (20.32) 55.19 (21.95) .23(1027) n.s. 
   Depression 5.47 (5.48) -  - - 
Note: *p<.05; **p<.01; ***p<.001, n.s. = not significant 
 89 Table  4-5. Description of pain variables and PMI at Time 1, 2, and 3
 Time 1 Time 2 Time 3   
 mean (S.D.) mean (S.D.) mean (S.D.) F  p 
Pain      
   Pain interference  [range = 1-5] 2.2 (1.1) 2.3 (1.2) 2.4 (1.2) 10.021 *** 
   # Pain locations  [range = 0-11] 1.0 (1.6) .91 (1.6) 1.1 (1.7) 3.059 * 
PMIa [range = 3 to –3] -1.0 (.91) -.9 (.94) -1.1 (.85) 9.726 *** 
a  PMI = Pain management Index;  *p<.05; **p<.01; ***p<.001, n.s. = not significant  

 
 



 

Table 4-6. Description of pain outcome variables at Time 1, 2, and 3  
 Time 1 Time 2 Time 3   
 Mean (S.D.) Mean (S.D.) Mean (S.D.) F  p 
Pain outcomes      
   Physical functioning  60.9 (24.3) 57.2 (25.7) 53.7 (26.5) 24.201 *** 
   Physical role   51.0 (39.6) 46.6 (40.0) 42.3 (40.4) 13.343 *** 
   Social functioning 83.1 (21.6) 79.8 (23.8) 78.8 (24.7) 11.564 *** 
   Emotional role 70.1 (37.9) 71.0 (37.7) 71.4 (38.1) .326 n.s. 
   Emotional vitality 56.9 (20.1) 55.6 (20.6) 54.1 (20.8) 5.398 ** 
   Depression 5.7 (5.4) 5.5 (5.5) 5.8 (5.6) 1.004 n.s. 
 

Table 4-7. Time effects on predictor and outcome variables  

Variables 
Numerator 

df 
Denominator 

df F p 
PMI 2 1890.16 12.00 *** 
Pain interference 2 1940.65 17.60 *** 
Pain locations 2 2034.22 5.47 ** 
Physical functioning 2 2048.34 113.36 *** 
Physical role 2 2144.97 30.66 *** 
Social function 2 2145.45 25.28 *** 
Emotional role 2 2142.11 .07 n.s. 
Emotional vitality 2 2050.93 22.42 *** 
Depression 2 1873.65 2.50 n.s. 
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Note: *p<.05, **p <.01, ***p<.001, n.s. = not significant 
 

 
 



 

Table 4-8. Sex differences in pain, PMI, and pain outcomes at Time 1, 2, and 3  
 Time 1  Time 2  Time 3  
 Mean (S.D.)  Mean (S.D.)  Mean (S.D.)  
 Males Females p Males Females p Males Females p 
Pain          
    Pain Interference   2.0 (1.1) 2.2 (1.2) * 2.0 (1.4) 2.4 (1.1) *** 2.0 (1.1)  2.5 (1.2) *** 
    # Pain Locations  0.8 (1.4) 1.1 (1.6) * .59 (1.1) .98 (1.6) ** 0.9 (1.4) 1.1 (1.7) n.s. 
PMI -0.9 (0.9) -1.1 (0.9) ** -0.7 (0.8) -0.9 (1.0) * -0.8 (0.8) -1.1 (0.9) *** 
Physical Functioning          
   Physical Functioning 66.6 (23.8) 59.6 (24.2) *** 68.1 (24.7) 55.0 (25.3) *** 63.9 (28.2) 51.6 (25.7) *** 
   Physical Role  53.9 (39.7) 50.3 (39.6) n.s. 55.5 (39.4) 44.7 (40.0) ** 52.7 (40.5) 40.3 (40.1) ** 
Social Functioning          
   Social Functioning 84.3 (20.5) 82.9 (21.8) n.s. 81.6 (25.0) 79.5 (23.5) n.s. 81.7 (24.4) 78.2 (24.8) n.s. 
Emotional functioning          
   Emotional Role 73.8 (36.4) 69.3 (38.2) n.s. 74.8 (36.2) 70.2 (37.9) n.s. 76.8 (35.9) 70.4 (38.4) n.s. 
   Emotional Vitality 57.8 (21.6) 56.8 (10.6) n.s. 58.1 (21.6) 55.0 (20.3) n.s. 58.9 (22.0) 53.2 (20.5) * 
   Depression 5.4 (5.2) 5.9 (5.5) n.s. 4.9 (5.4) 5.6 (5.5) n.s. 5.3 (5.7) 5.9 (5.5) n.s. 
*p<.05; **p<.01; ***p<.001; p>.05; n.s. = not significant 91 

Table 4-9. Race differences in pain, PMI, and pain outcomes at Time 1, 2, and 3  
 Time 1  Time 2  Time 3  
 Mean (S.D.)  Mean (S.D.)  Mean (S.D.)  
 White Non-white p White Non-white p White Non-white p 
Pain          
   Pain Interference   2.4 (1.1) 2.3 (1.4) n.s. 2.3 (1.2) 2.4 (1.1) n.s. 2.3 (1.2) 2.4 (1.4) n.s. 
   # Pain Locations  2.2 (1.2) 2.2 (1.1) n.s. 0.9 (1.5) 0.8 (1.6 ) n.s.  1.1 (1.7) 1.1 (1.7 ) n.s. 
PMI -1.1 (0.9) -1.0 (0.9) n.s. -0.9 (0.9) -0.9 (1.0) n.s. -1.1 (0.9) -1.0 (0.8) n.s. 
Physical Functioning          
   Physical Functioning 62.1 (24.3) 58.0 (24.1) ** 58.9 (25.7) 52.7 (25.1) *** 54.0 (26.7) 51.9 (25.8) n.s. 
   Physical Role  50.8 (39.2) 51.2 (40.5) n.s. 47.0 (39.3) 45.4 (42.0) n.s. 41.5 (40.0) 44.2 (41.6) n.s. 
Social Functioning 83.3 (21.9) 82.7 (20.9) n.s. 80.3 (23.8) 78.4 23.8) n.s. 78.5 (25.0) 79.4 (23.9) n.s. 
Emotional Functioning          
   Emotional Role 72.1 (37.1) 65.6 (39.5) ** 72.3 (37.0) 67.5 (39.3) n.s. 73.2 (37.1) 66.3 (40.5) * 
   Emotional Vitality 56.0 (20.9) 59.0 (17.8) * 55.1 (21.0) 56.7 (19.3) n.s. 53.0 (21.5) 57.0 (18.7) * 
   Depression 5.9 (5.6) 5.5 (4.8) n.s. 5.6 (5.7) 5.2 (4.9) n.s. 5.9 (5.8) 5.6 (5.0) n.s. 
*p<.05; **p<.01; ***p<.001; p>.05; ns = not significant 

 
 



 

Table 4-10. Correlations between exogenous and endogenous variables at Time 1  
 Exogenous variables 

Endogenous variables Age (yrs)  # Diagnoses Sex a Race b 
Pain     
    Pain interference r=.05 n.s. (n=1407) r=.18**(n=1408) r=.05* (n=1408) r=.00 n.s. (n=1408) 
    Pain locations r=-.03 n.s. (n=1407) r=.12** (n=1408) r=.06* (n=1408) r=.02 n.s. (n=1408) 

PMI r=-.04 n.s. (n=1271) r=-.07 ns (n=1273) r=-.08** (n=1272) r=.02 n.s (n=1271) 
Physical functioning     
    Physical functioning r=-.15** (n=1407) r=-.27**(n=1408) r=-.11** (n=1408) r=-.08** (n=1408) 
    Physical role r=-.14** (n=1407) r=-.16** (n=1408) r=-.04** (n=1408) r=.01 n.s. (n=1408) 
Social functioning r=-.05** (n=1407) r=-.16** (n=1408) r=-.03 n.s. (n=1408) r=-.01 n.s. (n=1408) 
Emotional functioning     
   Emotional role r=-.13** (n=1406) r=-.13** (n=1407) r=-.05 n.s. (n=1407) r=-.08** (n=1407) 
   Emotional vitality r=-.06* (n=1400) r=-.18** (n=1401) r=-.02 n.s. (n=1401) r=.07 * (n=1401) 
   Depression r=.10** (n=1401) r=.12** (n=1402) r=.04 n.s. (n=1402) r=-.01 n.s. (n=1402) 92 

Note: * p < .05, ** p < .01, *** p < .001, ns = not significant. a Sex was coded as 0 = males and 1 = females; b Race was coded as 
(0=White; 1 = Non-white) 

 

 
 



 

Table 4-11. Correlations between exogenous and endogenous variables at Time 2  
 Exogenous variables 

Endogenous Variables Age (yrs)  # Diagnoses Sex a Race b 
Pain     
    Pain interference r=.05 n.s. (n=910) r=.164** (n=910) r=.12** (n=910) r=.04 n.s. (n=910) 
    Pain locations r=-.01 n.s. (n=913) r=.15** (n=902) r=.09** (n=913) r=-.03 n.s. (n=913) 
PMI r=.01 n.s. (n=864) r=-.08 n.s. (n=864) r=-.07** (n=864) r=.01 n.s. (n=864) 
Physical functioning     
   Physical functioning r=-.18** (n=1032) r=-.24** (n=1032) r=-.20** (n=1032) r=-.11** (n=1032) 
    Physical role r=-.17** (n=1031) r=-.22** (n=1031) r=-.10** (n=1031) r=-.02 n.s. (n=1031)
Social functioning r=-.11** (n=1030) r=-.14** (n=1030) r=-.04 n.s. (n=1030) r=-.04 n.s. (n=1030)
Emotional functioning     
   Emotional role r=-.11** (n=1031) r=-.12** (n=1031) r=-.05 n.s. (n=1031) r=-.06 n.s. (n=1031)
   Emotional vitality r=-.09** (n=1030) r=-.19** (n=1030) r=-.06 n.s. (n=1030) r=.04 n.s. (n=1030) 
   Depression r=.07* (n=909) r=.10** (n=909) r=.05 n.s. (n=909) r=-.03 n.s. (n=909) 
Note: * p < .05, ** p < .01, *** p < .001, ns = not significant. a Sex was coded as 0 = males and 1 = females; b Race was coded as 
(0=White; 1 = Non-white) 93  

 
 



 

Table 4-12. Correlations between exogenous and endogenous variables at Time 3  
  Exogenous variables 

Endogenous variables Age (yrs) # Diagnoses Sex a Race b 
Pain     
    Pain interference r=-.04 n.s. (n=770) r=.09* (n=770) r=.12** (n=770) r=-.05 n.s. (n=770) 
    Pain locations r=-.02 n.s. (n=779) r=.09* (n=779) r=.05 n.s. (n=779) r=-.01 n.s. (n=779) 
PMI r=-.06 n.s. (n=691) r=-.01 n.s. (n=691) r=-.14** (n=691) r=.05 n.s. (n=691) 
Physical functioning     
   Physical functioning r=-.22* (n=910) r=-.25** (n=910) r=-.17** (n=910) r=-.04** (n=910) 
    Physical role r=-.19** (n=910) r=-.17** (n=910) r=-.11** (n=910) r=.03** (n=910) 
Social functioning r=-.12** (n=910) r=-.08* (n=910) r=-.05 n.s. (n=910) r=.01 n.s. (n=910) 
Emotional functioning     
   Emotional role r=-.09** (n=910) r=-.09** (n=910) r=-.06 n.s. (n=910) r=-.08* (n=910) 
   Emotional vitality r=-.10** (n=909) r=-.17** (n=909) r=-.10** (n=909) r=.09* (n=909) 
   Depression r=.10** (n=769) r=.11** (n=769) r=.04 n.s. (n=769) r=-.03 n.s. (n=769) 
Note: * p < .05, ** p < .01, *** p < .001, n.s. = not significant. a Sex was coded as 0 = males and 1 = females; b Race was coded as 

(0=White; 1 = Non-white) 94  

 
 



 

Table 4-13. Intercorrelations among endogenous variables at Time 1  
 PAIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP
Pain          
   Pain interference 
   (PAIN-INT) 

1  
 

       

   Pain Locations  
   (PAIN-LOC) 

r=.35** 
(n=1408) 

1        

PMI r=-25** 
(n=1272) 

r=-15** 
(n=1272) 

1       

 
Physical functioning 

         

   Physical function      
   (PHYS-PF) 

r=-48** 
(n=1408) 

r=-31** 
(n=1408) 

r=.14** 
(n=1272) 

1      

   Physical role 
   (PHYS-PR) 

r=-56** 
(n=1408) 

r=-27** 
(n=1408) 

r=.17** 
(n=1272) 

r=.55** 
(n=1408) 

1     

Social functioning 
(SOC-SF) 

 
r=-54** 
(n=1408) 

 
r=-27** 
(n=1408) 

 
r=.15** 

(n=1272) 

 
r=.45** 

(n=1408) 

 
r=.53** 

(n=1408) 

 
1 

   

 
Emotional functioning 

         

   Emotional role 
   (EMOT-R) 

r=-35** 
(n=1407) 

r=-14** 
(n=1407) 

r=.10** 
(n=1271) 

r=.31** 
(n=1407) 

r=.44** 
(n=1407) 

r=.46** 
(n=1407) 

1   

   Emotional vitality 
   (VITAL) 

r=-48** 
(n=1401) 

r=-29** 
(n=1401) 

r=.14** 
(n=1265) 

r=.50** 
(n=1401) 

r=.51** 
(n=1401) 

r=.52** 
(n=1401) 

r=.35** 
(n=1400) 

1  

   Depression 
   (DEP) 

r=.31** 
(n=1402) 

r=.12** 
(n=1402) 

r=-10** 
(n=1267) 

r=-29** 
(n=1402) 

r=-.33** 
(n=1402) 

r=-50** 
(n=1402) 

r=-.48** 
(n=1401) 

r=-.49** 
(n=1396) 

1 

95 

Note: * p < .05, ** p < .01, *** p < .001, ns = not significant 
 

 
 



 

Table 4-14. Intercorrelations among endogenous variables at Time 2  
 PAIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP 
Pain          
   Pain interference 
   (PAIN-INT) 

1 
 

        

   Pain locations  
   (PAIN-LOC) 

r=.44* * 
(n=902) 

1

1

        

PMI r=-.34** 
(n=864) 

r=-15** 
(n=858) 

       

 
Physical functioning 

         

   Physical function      
   (PHYS-PF) 

r=-.57** 
(n=908) 

r=-35** 
(n=903) 

r=.16** 
(n=863) 

1      

   Physical role 
   (PHYS-PR) 

r=-.56** 
(n=908) 

r=-30** 
(n=902) 

r=.20** 
(n=862) 

r=.60** 
(n=1030) 

1     

 
Social functioning 
(SOC-SF) 

 
r=-.58** 
(n=907) 

 
r=-35** 
(n=901) 

 
r=.10** 
(n=862) 

 
r=.52** 

(n=1029) 

 
r=.53** 

(n=1028) 

 
1 

   

 
Emotional functioning 

         

   Emotional role 
   (EMOT-R) 

r=-.34** 
(n=907) 

r=-23** 
(n=901) 

r=.02 n.s. 
(n=861) 

r=.25** 
(n=1030) 

r=.39** 
(n=1030) 

r=.42** 
(n=1028) 

1   

   Emotional vitality 
   (VITAL) 

r=-.54** 
(n=907) 

r=-33** 
(n=901) 

r=.15** 
(n=862) 

r=.51** 
(n=1029) 

r=.54** 
(n=1028) 

r=.52** 
(n=1029) 

r=.37** 
(n=1028) 

1  

   Depression 
   (DEP) 

r=.35** 
(n=909) 

r=.29** 
(n=901) 

r=-09** 
(n=863) 

r=-3** 
(n=907) 

r=-30** 
(n=907) 

r=-52** 
(n=906) 

r=-.48** 
(n=906) 

r=-.54** 
(n=906) 

1 

96 

Note: * p < .05, ** p < .01, *** p < .001, ns = not significant 

 
 



 

Table 4-15. Intercorrelations among endogenous variables at Time 3  
 PAIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP 
Pain          
   Pain interference 
   (PAIN-INT) 

1    
 

     

   Pain locations  
   (PAIN-LOC) 

r=.41** 
(n=776) 

1

1

        

PMI r=-.43** 
(n=691) 

r=-17** 
(n=689) 

       

Physical functioning          
   Physical function      
   (PHYS-PF) 

r=-.52** 
(n=769) 

r=-33** 
(n=766) 

r=.24** 
(n=691) 

1      

   Physical role 
   (PHYS-PR) 

r=-.58** 
(n=769) 

r=-36** 
(n=766) 

r=.26** 
(n=691) 

r=.60** 
(n=910) 

1     

 
Social functioning 
(SOC-SF) 

 
r=-.57** 
(n=769) 

 
r=-33** 
(n=766) 

 
r=.27**(n

=691) 

 
r=.47** 
(n=910) 

 
r=.55** 
(n=910) 

 
1 

   

 
Emotional functioning 

         

   Emotional role 
   (EMOT-R) 

r=-.31** 
(n=) 

r=-14** 
(n=766) 

r=.13** 
(n=691) 

r=.29** 
(n=910) 

r=.41** 
(n=910) 

r=.41** 
(n=910) 

1   

   Emotional vitality 
   (VITAL) 

r=-.51** 
(n=769) 

r=-36** 
(n=765) 

r=.26** 
(n=690) 

r=.54** 
(n=909) 

r=.55** 
(n=909) 

r=.56** 
(n=909) 

r=.36** 
(n=909) 

1  

   Depression 
   (DEP) 

r=.40** 
(n=769) 

r=.26** 
(n=765) 

r=-20** 
(n=691) 

r=-34** 
(n=769) 

r=.34** 
(n=769) 

r=-.56** 
(n=769) 

r=-.49** 
(n=769) 

r=-.53** 
(n=769) 

1 
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Note: * p < .05, ** p < .01, *** p < .001, ns = not significant 
 
 

 
 



 

Table 4-16. Cross-time endogenous intercorrelations, Time 1 and Time 2  
Time 1 variables 

Time 2 variables AIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP 
Pain          
   Pain interference 
   (PAIN-INT) 

r=.39** 
(n=910) 

r=.25** 
(n=910) 

r=-.06 n.s. 
(n=823) 

r=-.42** 
(n=910) 

r=-.36** 
(n=901) 

r=-.32** 
(n=910) 

r=.21** 
(n=910) 

r=.39** 
(n=908) 

r=.25** 
 (n=907) 

   Pain locations  
   (PAIN-LOC) 

r=.26** 
(n=823) 

r=.40** 
(n=913) 

r=-.08* 
(n=828) 

r=-.28** 
(n=913) 

r=-.25** 
(n=913) 

r=-.22** 
(n=913) 

r=-.16** 
(n=913) 

r=-.29** 
(n=911) 

r=.16**  
(n=911) 

PMI r=-.11** 
(n=864) 

r=-.07* 
(n=)864 

r=.22** 
(n=803) 

r=.06** 
(n=864) 

r=.06** 
(n=864) 

r=.03** 
(n=864) 

r=.05** 
(n=864) 

r=.11** 
(n=863) 

r=-.05** 
(n=863) 

 
Physical functioning 

         

   Physical function      
   (PHYS-PF) 

r=-.34** 
(n=1032) 

r=-.22** 
(n=1032) 

r=.05 n.s. 
(n=935) 

r=.69** 
(n=1032) 

r=.41** 
(n=1032) 

r=.30** 
(n=1032) 

r=.24** 
(n=1032) 

r=.37** 
(n=1028) 

r=-.22** 
(n=1027)

   Physical role 
   (PHYS-PR) 

r=-.28** 
(n=1031) 

r=-.18** 
(n=1031) 

r=.00 n.s. 
(n=934) 

r=.40** 
(n=1031) 

r=.46** 
(n=1031) 

r=.28** 
(n=1032) 

r=.27** 
(n=1031) 

r=.35** 
(n=1027) 

r=-.21** 
(n=1026)

 
Social functioning 
(SOC-SF) 

 
r=-.28** 
(n=1030) 

 
r=-.14** 
(n=1030) 

 
r=.00 n.s. 
(n=934) 

 
r=.34** 
(n=1030) 

 
r=.31** 
(n=1030) 

 
r=.40** 
(n=1030) 

 
r=.29** 
(n=1030) 

 
r=.32** 
(n=1026) 

 
r=-.29** 
(n=1025)

 
Emotional functioning 

         

   Emotional role 
   (EMOT-R) 

r=-.16** 
(n=1031) 

r=-.02 n.s. 
(n=1031) 

r=-.03 n.s. 
(n=935) 

r=.20** 
(n=1031) 

r=.26** 
(n=1031) 

r=.21** 
(n=1031) 

r=.36** 
(n=1031) 

r=.24** 
(n=1027) 

r=-.32** 
(n=1026)

   Emotional vitality 
   (VITAL) 

r=-.29** 
(n=1030) 

r=-.19** 
(n=1030) 

r=.06 n.s. 
(n=934) 

r=.41** 
(n=1030) 

r=.38** 
(n=1030) 

r=.31** 
(n=1034) 

r=.27** 
(n=1030) 

r=.64** 
(n=1026) 

r=-.37** 
(n=1025)

   Depression 
   (DEP) 

r=.22** 
(n=909) 

r=.09** 
(n=909) 

r=.03 n.s. 
(n=822) 

r=-.24** 
(n=909) 

r=-.25** 
(n=909) 

r=-.34** 
(n=909) 

r=-.34** 
(n=909) 

r=-.39** 
(n=907) 

r=.51**  
(n=906) 
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Note: * p < .05, ** p < .01, *** p < .001, n.s. = not significant 
 

 
 



 

Table 4-17. Cross-time endogenous intercorrelations, Time 1 and Time 3
 Time 1 variables 

Time 3 Variables PAIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP 

Pain          
   Pain Interference 
   (PAIN-INT) 

r=.35** 
(n=770) 

r=.19** 
(n=770) 

r=-.06 n.s. 
(n=694) 

r=-.327** 
(n=770) 

r=-.33** 
(n=770) 

r=-.27** 
 (n=770) 

r=-.16** 
(n=770) 

r=-.37** 
(n=769) 

r=.25** 
(n=769) 

   Pain Locations  
   (PAIN-LOC) 

r=.25** 
(n=779) 

r=.37** 
(n=779) 

r=-.06 n.s. 
(n=701) 

r=-.27** 
(n=701) 

r=-.23** 
(n=779) 

r=-.13**  
(n=779) 

r=-.06 n.s. 
(n=779) 

r=-.30** 
(n=776) 

r=.12** 
(n=776) 

PMI r=-.14** 
(n=691) 

r=-.05 n.s. 
(n=691) 

r=.21** 
(n=639) 

r=.13** 
(n=691) 

r=.19** 
(n=691) 

r=.13**  
(n=691) 

r=.15** 
(n=691) 

r=.14** 
(n=690) 

r=-.14** 
(n=690) 

Physical Functioning          
   Physical Function      
   (PHYS-PF) 

r=-.30** 
(n=910) 

r=-.18** 
(n=910) 

r=.03 n.s. 
(n=825) 

r=.66** 
(n=910) 

r=.42** 
(n=910) 

r=.27**  
(n=910) 

r=.20** 
(n=910) 

r=.36** 
(n=907) 

r=-.21** 
(n=909) 

   Physical Role 
   (PHYS-PR) 

r=-.32** 
(n=910) 

r=-.11** 
(n=910) 

r=-.01 n.s. 
(n=825) 

r=.37** 
(n=910) 

r=.44** 
(n=910) 

r=.26** 
 (n=910) 

r=.25** 
(n=910) 

r=.33** 
(n=907) 

r=-.21** 
(n=909) 

Social Functioning 
(SOC-SF) 

r=-.28** 
(n=910) 

r=-.14** 
(n=910) 

r=-.07* 
(n=825) 

r=.33** 
(n=910) 

r=.32** 
(n=910) 

r=.39**  
(n=910) 

r=.22** 
(n=910) 

r=.36** 
(n=910) 

r=-.32** 
(n=909) 

Emotional Functioning          
   Emotional Role 
   (EMOT-R) 

r=-.21** 
(n=910) 

r=-.09** 
(n=910) 

r=.02 n.s. 
(n=825) 

r=.21** 
(n=910) 

r=.26** 
(n=910) 

r=.30**  
(n=910) 

r=.35** 
(n=910) 

r=.30** 
(n=907) 

r=-.33** 
(n=909) 

   Emotional Vitality 
   (VITAL) 

r=-.30** 
(n=909) 

r=-.20** 
(n=909) 

r=.078* 
(n=825) 

r=.36** 
(n=909) 

r=.36** 
(n=909) 

r=.29**  
(n=909) 

r=.25** 
(n=909) 

r=.60** 
(n=906) 

r==.36** 
(n=908) 

   Depression 
   (DEP) 

r=.21** 
(n=769) 

r=.13** 
(n=769) 

r=.01 n.s. 
(n=693) 

r=-.23** 
(n=769) 

r=-.23** 
(n=769) 

r=-.34**  
(n=769) 

r=-.30** 
(n=769) 

r=-.38** 
(n=768) 

r=.53** 
(n=768) 
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Note: * p < .05, ** p < .01, *** p < .001, ns = not significant 
 

 

 
 



 

Table 4-18. Cross-time endogenous intercorrelations, Time 2 and Time 3  
Time 2 Variables 

Time 3 Variables PAIN-INT PAIN-LOC PMI PHYS-PF PHYS-PR SOC-SF EMOT-R VITAL DEP 
 

Pain          
   Pain Interference 
   (PAIN-INT) 

r=.48** 
(n=722) 

r=.36** 
 (n=722) 

r=-.17** 
(n=687) 

r=-.45** 
(n=750) 

r=-.40** 
(n=749) 

r=-.38** 
(n=748) 

r=-.25**  
(n=748) 

r=-.44** 
(n=748) 

r=.34**  
(n=721) 

   Pain Locations  
   (PAIN-LOC) 

r=.32** 
(n=728) 

r=.38**  
(n=729) 

r=-.06 n.s. 
(n=693) 

r=-.32** 
(n=757) 

r=-.26** 
(n=756) 

r=-.24** 
(n=755) 

r=-.16** 
(n=755) 

r=-.30** 
(n=755) 

r=23**  
(n=728) 

PMI r=-.22** 
(n=648) 

r=.10** 
 (n=647) 

r=.28** 
(n=630) 

r=.19** 
(n=674) 

r=.19** 
(n=673) 

r=.28** 
(n=672) 

r=.11** 
(n=672) 

r=.17** 
(n=672) 

r=-.15 **  
(n=647) 

 
Physical Functioning 

         

   Physical Function      
   (PHYS-PF) 

r=-.44** 
(n=792) 

r=-.27** 
 (n=791) 

r=.06 n.s. 
(n=753) 

r=.76** 
(n=873) 

r=.49** 
(n=872) 

r=.39** 
(n=870) 

r=.23** 
(n=871) 

r=.44** 
(n=870) 

r=-.28** 
(n=791) 

   Physical Role 
   (PHYS-PR) 

r=-.38** 
(n=792) 

r=-.25** 
(n=791) 

r=-.06 n.s. 
(n=752) 

r=.47** 
(n=873) 

r=.51** 
(n=872) 

r=.37** 
(n=870) 

r=.31** 
(n=871) 

r=.43** 
(n=870) 

r=-.26** 
(n=791) 

 
Social Functioning 
(SOC-SF) 

 
r=-.35** 
(n=792) 

 
r=-.27** 
(n=791) 

 
r=-.03 n.s. 
(n=753) 

 
r=.37** 
(n=873) 

 
r=.36** 
(n=872) 

 
r=.45** 
(n=870) 

 
r=.31** 
(n=871) 

 
r=.41** 
(n=870) 

 
r=-.40** 
(n=791) 

 
Emotional Functioning 

        

   Emotional Role 
   (EMOT-R) 

r=-.22** 
(n=792) 

r=-.16** 
(n=791) 

r=-.03 n.s. 
(n=753) 

r=.23** 
(n=873) 

r=.27** 
(n=872) 

r=.30** 
(n=870) 

r=.42** 
(n=871) 

r=.30** 
(n=870) 

r=-.36** 
(n=791) 

   Emotional Vitality 
   (VITAL) 

r=-.42** 
(n=791) 

r=-.26** 
(n=790) 

r=.09* 
(n=752) 

r=.43** 
(n=872) 

r=.42** 
(n=871) 

r=.38** 
(n=869) 

r=.30** 
(n=870) 

r=.67** 
(n=869) 

r=-.42** 
(n=790) 

   Depression 
   (DEP) 

r=.26** 
(n=722) 

r=.24** 
(n=722) 

r=.00 n.s. 
(n=687) 

r=-.28** 
(n=750) 

r=-.26** 
(n=749) 

r=-.35** 
(n=748) 

r=-.38** 
(n=748) 

r=-.41** 
(n=748) 

r=-.62** 
(n=721) 
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Note: * p < .05, ** p < .01, *** p < .001, n.s. = not significant. 
 

 
 



 

Table 4-19. Goodness of fit indices for initial baseline measurement models estimation  
 Physical function Social function Emotional function 
χ2 63.45 8.33 169.06 
df 11 5 19 
p <.001 .14 <.001 
RMSEA .06 (p=.15) .02 (p=.97) .08 (p=.00) 
NFI .96 .99 .90 
RFI .85 .93 .72 
IFI .97 .97 .91 
TLI .87 .97 .72 
CFI .97 .97 .91 
AIC 149.45 86.33 261.06 
Note: df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 
CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation 
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Table 4-20. Goodness of fit indices for best-fitting full 3-occasion measurement models  
 Physical function Social function Emotional function 
χ2 181.42 46.77 407.22 
Df 73 32 129 
p <.00 .04 <.00 
RMSEA .03 (p =1.0) .02 (p=1.0) .04 (p = 1.0) 
NFI .97 .99 .94 
RFI .92 .94 .88 
IFI .98 .99 .96 
TLI .96 .98 .91 
CFI .98 .99 .96 
AIC 453.42 286.77 699.22 
Test of χ 2 difference a    
χ 2 diff 35.90 46.61 22.18 
df diff 6 6 6 
p .00 .00 .00 
Note: df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 

CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation. a  Test of chi-square difference 
relative to initial most constrained full occasion invariant measurement model (Measurement-1). 
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Table 4-21. Goodness of fit indices for simple (mediational) one-occasion structural model estimation at time 1   
 Physical function Social function Emotional function 
χ2 761.80 488.75 517.42 
Df 20 14 28 
p < .00 < .00 < .00 
RMSEA .16 (p = .00) .16  (p = .00) .11  (p = .00) 
NFI .55 .46 .69 
RFI -.01 -.38 .41 
IFI .56 .47 .71 
TLI -.01 -.39 .42 
CFI .55 .46 .71 
AIC 829.80 548.76 591.41 
Test of χ 2 difference a    
χ 2 diff 698.35 480.42 348.36 
df diff 9 9 9 
p .00 .00 .00 103 Note:  df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 

CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation. a  Test of chi-square 
difference relative to Time 1 measurement model. 

 
 
 
 
 

 
 



 

 Table 4-22. Goodness of fit indices for simple mediational structural model (Step 2 models) estimation at time 1  
 Physical function Social function Emotional function 
χ2 106.96 17.31 190.56 
Df 19 13 27 
p < .00 < .00 < .00 
RMSEA .06 (p = .12) .02 (p = 1.0) .07 (p = .002) 
NFI .93 .98 .89 
RFI .85 .95 .77 
IFI .95 .99 .90 
TLI .87 .99 .79 
CFI .95 .99 .90 
AIC 176.96 79.31 266.56 
Test of χ 2 difference a    
χ 2 diff 43051 8.98 21.50 
df diff 8 8 8 
p .00 .34 .00 
Note:  df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 

CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation. a  Test of chi-square 
difference relative to initial Time 1 measurement model 
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Table 4-23. Goodness of fit indices for simple three occasion mediation structural model estimation
 Physical function Social function Emotional function 
χ2 461.79 219.80 614.94 
Df 123 82 179 
p <. 00 <. 00 <. 00 
RMSEA .04 (p =.98) .04 (p =1.0) .04 (p =1.0) 
NFI .93 .93 .91 
RFI .89 .89 .87 
IFI .95 .96 .93 
TLI .92 .93 .90 
CFI .95 .96 .93 
AIC 633.79 359.80 806.94 
Test of χ 2 difference a    
χ 2 diff 280.36 173.03 207.72 
df diff 50 50 50 
p .00 .00 .00 

Note:  df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 
CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation. a  Test of chi-square 
difference relative to Full 3-occasion invariant measurement model (Measurement-2). 

 
 
 
 
 



 

Table 4-24. Goodness of fit indices for the final reduced 3-occasion pain-mediated models   
 Physical function Social function Emotional function 
χ2 83.54 211.66 438.30 
Df 71 111 168 
p .15 .00 .00 
RMSEA .01 (p =1.0) .03 (p =1.0) .04 (p =1.0) 
NFI .97 .97 .93 
RFI .95 .94 .90 
IFI .99 .98 .96 
TLI .99 .97 .90 
CFI .99 .96 .91 
AIC 245.54 407.66 652.30 
Test of χ 2 difference a    
χ 2 diff 36.77 30.24 31.08 
df diff 39 38 39 
p .57 .81 .81 
Note:  df = degree of freedom; NFI = normed fit index, RFI = relative fit index, IFI = incremental fit index, TLI = Turker-Lewis index, 

CFI = comparative fit index, AIC = Akaike; RMSEA = Root mean square error of approximation. a  Test of chi-square 
difference relative to the three-occasion fully recursive mediational model. 
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Table 4 -25. Final reduced form structural models mediated by pain management index: Model parameters and estimates at Time 1   
 Exogenous predictors of Time 1 

 
Models 

 Age 
 unstandardized 
(standardized) 

Sex 
unstandardized 
(standardized) 

Race 
unstandardized 
(standardized) 

Diagnoses 
Unstandardized (standardized) 

Social function 
(SOC) 

Pain -- -- -- .11*** (.22) 
PMI -- -.15* (.06) -- -- 
SOC-F -- -- -- -- 

Physical function 
(PHYS) 
 

Pain -- .12* (.07) -- .11*** (.21) 
PMI -- -- -- -- 
PHYS-F -.48*** (-.16) -- -2.0** (-.05) -1.00*** (-.08 ) 

Emotional 
(EMOT) 

Pain -- .11* (.06) -- .11 *** (.21) 
PMI -- -.13*(-.06) -- -- 
EMOT-F -.36*** (-.10) -- -- -.96* (-.06) 

Note:  * p < .05, ** p < .01, *** p < .001, -- = nonsignificant; these values were dropped from final reduced form models. 
 107 Table 4-26. Final reduced form structural models mediated by pain management index: Model parameters and estimates at Time 2   

 Exogenous Predictors of Time 2 
 
 
Models 

 Age  
unstandardized 
(standardized) 

Sex 
unstandardized 
(standardized) 

Race 
unstandardized 
(standardized) 

Diagnoses 
unstandardized 
(standardized) 

Social function 
(SOC) 

Pain -- .21*** (.11) -- .04*(.06) 
PMI -- -- -- -- 
SOC-F -.28** (-.07) 4.21* (.07) -- -- 

Physical function 
(PHYS) 
 

Pain -- .19**(.10) -- .04*(.07) 
PMI -- -- -- -- 
PHYS-F -- -2.68* (-.05 ) -- -- 

Emotional 
(EMOT) 

Pain -- --  .04* (.07) 
PMI -- -- -- -- 
EMOT-F -.21* (-.05) -- -- -- 

Note:  * p < .05, ** p < .01, *** p < .001; -- = not significant; these values were dropped from the final reduced form models  

 
 



 

Table 4-27. Final reduced form structural models mediated by pain management index: Model parameters and estimates at Time 3   
 Exogenous predictors of Time 3 

 
 
Models 

 Age 
unstandardized 
(standardized) 

Sex 
unstandardized 
(standardized) 

Race 
unstandardized 
(standardized) 

Diagnoses 
unstandardized 
(standardized) 

Social function 
(SOC) 

Pain -- -- -- -- 
PMI -- -.16* (-.07) -- -- 
SOC-F -.28** (-.07) n.s. n.s. n.s. 

Physical function 
(PHYS) 
 

Pain -- -- -.14** (-.08) -- 
PMI -- -- -- -- 
PHYS-F -.24* (-.07) n.s. n.s. -.84* (-.06) 

Emotional function 
(EMOT) 

Pain -- -- -.10* (-.06) -- 
PMI -- -- -- -- 
EMOT-F -.21* (-.05) n.s. n.s. n.s. 

Note:  * p < .05, ** p < .01, *** p < .001, -- = not significant; these values were dropped from the final reduced form models 108  

 
 



 

Table 4-28.  Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 1 endogenous predictors of Time 1 outcomes.  

  Mediating endogenous 
unstandardized (standardized) 

Dependent variables 
unstandardized (standardized) 

Models Predictors Pain PMI SOC-F PHYS-F EMOT-F 
Social 
(SOC) 

Pain -- -.51*** (-.30) -23.05*** (-.69) -- -- 
PMI -- -- -1.47* (-.06) -- -- 

Physical 
(PHYS) 

Pain -- -.40*** (-.29) -- -23.65*** (-.89) -- 
PMI -- -- -- -1.21** (-.06) -- 

Emotional 
(EMOT) 

Pain -- -.42*** (-.31) -- -- -22.49*** (-.89) 
PMI -- -- -- -- -1.56* (-.07) 

 SOC-F   -- -- -- 
 PHYS-F   -- -- -- 

 EMOT-F   -- -- -- 
Note:  * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 

dependent variables were estimated in three separate models and were not allowed to interrelate, n.s. = nonsignificant; these 
values were dropped from the final reduced form models 
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Table 4-29. Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 2 endogenous predictors of Time 2 outcomes.  

  Mediating endogenous 
unstandardized 
(standardized) 

Dependent variables 
unstandardized (standardized) 

Models Predictors Pain PMI SOC-F PHYS-F EMOT-F 

Social 
(SOC) 

Pain -- -.76*** (-.60) -32.20*** (-.99) -- -- 
PMI 
 

-- -- -5.26*** (-.21) -- -- 

Physical 
(PHYS) 
 

Pain -- -.64*** (-.52) -- -18.74*** (.-74) -- 
PMI -- -- -- n.s. -- 

Emotional 
(EMOT) 

Pain -- -.76*** (-.60) -- -- -25.04*** (-.86) 
PMI -- -- -- -- -4.33* (-.19) 

 SOC-F   -- -- -- 
 PHYS-F   -- -- -- 
 EMOT-F   -- -- -- 
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Note:  * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 
dependent variables were estimated in three separate models and were not allowed to interrelate, n.s. = nonsignificant; these 
values were dropped from the final reduced form models 

 
 
 
 
 
 
 
 
 

 
 



 

Table 4-30. Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 3 endogenous predictors of Time 3 outcomes  

  Mediating endogenous 
unstandardized 
(standardized) 

Dependent variables 
unstandardized (standardized) 

Models Predictors Pain PMI SOC-F PHYS-F EMOT-F 
Social function 
(SOC) 

Pain -- -.68*** (-.62) -22.342*** (-.70) -- -- 
PMI 
 

-- -- ns -- -- 

Physical function 
(PHYS) 

Pain -- -.75*** (-.69) -- -20.95*** (-.82) -- 
PMI 
 

-- -- -- -2.94** (-.13) -- 

Emotional function 
(EMOT) 

Pain -- -.76*** (-.72) -- -- -15.03*** (-.54)
PMI -- -- -- -- n.s. 

 SOC   -- -- -- 
 PHYS-F   -- -- -- 
 EMOT-F   -- -- -- 
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Note: * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 
dependent variables were estimated in three separate models and were not allowed to interrelate, n.s. = nonsignificant; these values 
were dropped from the final reduced form models. 
 
 
 
 
 
 
 
 

 
 



 

Table 4-31. Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 1 endogenous predictors of Time 2 outcomes.  

  Mediating endogenous 
unstandardized (standardized) 

Dependent variables 
unstandardized (standardized) 

Models Predictors: Pain PMI SOC-F PHYS-F EMOT-F 
Social Function 
(SOC) 

Pain .92*** (.80) .51*** (.35) 22.18*** (.59) -- -- 
PMI .14*** (.17) .31*** (.29) 2.86*** (.11) -- -- 

Physical Function 
(PHYS) 

Pain .73*** (.63) n.s. -- 26.69*** (.92)  
PMI .11*** (.13) .25*** (.13) -- n.s. -- 

Emotional Function 
(EMOT) 

Pain .79*** (.70) .48*** (.34) -- -- 25.68*** (.78) 
PMI .12*** (.14) .29*** (.28) -- -- 2.37* (.10) 

 SOC-F   .48*** (.42) -- -- 
 PHYS-F   -- 1.23*** (1.12) -- 
 EMOT-F   -- -- .93*** (.87) 
Note: * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 
dependent variables were estimated in three separate models and were not allowed to interrelate, ns = nonsignificant; these values 
were dropped from the final reduced form models 
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Note:  -- indicates a path which was not estimated in the fully recursive model.  The three dependent variables were estimated in three 
separate models and were not allowed to interrelate. 

 
 

 
 



 

Table 4-32. Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 1 endogenous predictors of Time 3 outcomes.  

  Mediating endogenous 
unstandardized (standardized) 

Dependent variables 
unstandardized (standardized) 

 Models Predictors Pain PMI SOC-F PHYS-F EMOT-F 
Social Functioning 
(SOC) 

Pain .15* (.12) n.s. n.s. -- -- 
PMI .12*** (.13) n.s. n.s. -- -- 

Physical functioning 
(PHYS) 
 

Pain n.s. n.s. -- n.s. -- 
PMI n.s. n.s. -- n.s. -- 

Emotional Functioning 
(EMOT) 

Pain n.s. n.s. -- -- n.s. 
PMI n.s. n.s. -- -- n.s. 

 SOC-F   -- -- -- 
 PHYS-F   -- -- -- 
 EMOT-F   -- -- .26*** (.24) 
Note: * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 
dependent variables were estimated in three separate models and were not allowed to interrelate, ns = nonsignificant; these values 
were dropped from the final reduced form models. 
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Table 4-33. Final reduced form structural models mediated by pain management index: Model parameters and estimates of mediating 
Time 2 endogenous predictors of Time 3 outcomes.  

  Mediating endogenous 
unstandardized (standardized) 

Dependent variables 
unstandardized (standardized) 

Models Predictors Pain PMI SOC-F PHYS-F EMOT-F 
Social Functioning 
(SOC) 

Pain .68*** (.64) .34*** (.29) 12.14*** (.36) -- -- 
PMI .07*** (.08) .23*** (.25) n.s. -- -- 

Physical functioning 
(PHYS) 

Pain .63*** (.61) .38*** (.33) -- 15.94*** (.60) -- 

PMI n.s. .21*** (.23) -- n.s. -- 
Emotional Functioning 
(EMOT) 

Pain .78*** (.73) .43*** (.38) -- -- 10.68*** (.36) 
PMI .11* (.13) .25*** (.28) -- -- n.s. 

 SOC-F - - -- -- -- 

 PHYS-F - - -- -- -- 

 EMOT-F - - -- -- -- 

Note: * p < .05, ** p < .01, *** p < .001, -- indicates a path which was not estimated in the fully recursive model.  The three 
dependent variables were estimated in three separate models and were not allowed to interrelate, ns = nonsignificant; these values 
were dropped from the final reduced form models 
 
 



 

Table 4-34. Pain outcomes predicted at Time 1, 2, and 3 in the final reduced model 
 Time 1 Time 2 Time 3 
Variables predicted R2 R2 R2 
Physical functioning .84 .92 .93 
Social functioning .45 .60 .55 
Emotional functional .55 .88 .81 
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CHAPTER 5 
DISCUSSION 

The purpose of this study was to examine the role of the adequacy of prescribed pain 

medications in the relationship between pain (pain interference and number of pain sites) and 

pain outcomes (physical, social, and emotional functioning). In this section, study results, 

implications of the findings for nursing, limitations of the study, and directions for future 

research are presented. A brief discussion on the sample attrition effects is presented first. 

Pain, Pain Medication, and Pain Outcomes among Community Dwelling Older Adults 
with Arthritis 

The results of this study suggest that pain is a common symptom among older adults. The 

characteristics of pain, pain medication, and pain outcomes among older adults with arthritis 

were analyzed at three time periods, over a five-year period.  

Pain among Older Adults with Arthritis 

At the beginning of the study, almost 50% of participants reported that pain and painful 

sites interfered with their daily activities. About 65% of those reporting pain rated their pain 

interference severity at least “a little bit.” This rate increased to approximately 72% by year five 

for returning participants (n=780). These figures far exceed projected prevalence predicted by 

Centers for Disease Control (CDC, 2006) of approximately 37%, but they are consistent with 

higher prevalence (69%) reported by Scudd and Robertson (2000). These findings are also 

consistent with current pain literature that documents high prevalence of pain interference and its 

association with arthritis among older adults (Arthritis Foundation, 2008; CDC). It is important 

to note that findings of high prevalence may have been influenced by a bias toward individuals 

with higher levels of pain at baseline. As expected, proportion of the sample that reported that 

pain interfered with their daily activities increased over time. At time 1, about 12% of the sample 

reported that pain interfered “quite a bit,” but this proportion increased to more than 20% of the 
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sample over the ensuing 5 years. Furthermore, older adults often experience pain in multiple 

body locations simultaneously. The number of older adults in the sample reporting three or more 

pain sites associated with activity interference increased by almost 3% by 5 years. An increase in 

the number of painful joints is consistent with the degenerative nature and progression of 

arthritis, whereby more joint inflammation is expected to occur over time. Supporting studies 

found that older adults with arthritis developed new pain sites and more pain interference over a 

period of 1 year (Donald & Foy, 2004) and 3 years (Jinks et al., 2007). These findings suggest 

that pain interference and painful body sites are a significant problem among older adults with 

arthritis.  

Pain Management among Older Adults with Arthritis 

The primary means of managing chronic pain associated with arthritis is through pain 

medications. The rate of analgesic use among the study sample was evaluated as the number of 

participants prescribed pain medication from the seven pain drug classes recorded. To evaluate 

the adequacy of prescribed pain medications in the study sample, the level of analgesic 

medications ordered for participants was evaluated relative to self-reported level of pain via the 

pain management index (PMI). At baseline, only about 40% of the sample was prescribed at 

least one pain medication. The overall rate of pain medication prescription decreased to about 

37% at three years, and 34% at 5 years, as did the rate of specific medications (e.g., opiates). For 

example, only 6.2% of the study sample were prescribed opioid analgesics at the baseline period, 

and this rate decreased to 5.5% at 3 years, and 4.8% at 5 years, yielding a longitudinal rate of 

only 5.5% of participant prescribed opioid medications over a period of 5 years. Compared to a 

related cross-sectional study of chronic pain patients (attending a pain clinic) in which less than 

1% were prescribed opioid analgesics (Adams et al., 2001), the current study corroborates  

findings that few older adults in various community settings were prescribed strong pain 
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medication. In the case of the current study, low rates of opioid prescription and poor congruence 

with pain levels may be attributed to poor pain assessment, lack of knowledge or reluctance 

among the health care provider about use of opioid therapy (AGS, 2002; Green et al., 2002; 

Gloth, 2000; Tarzan & Hoffman, 2004).  

It is possible that the older adults in this study did not have the level of pain that 

warranted opioid medication. Thus, the adequacy of pain medications prescribed was evaluated 

using the pain management index (PMI). The evaluation of this criteria revealed that only about 

22% of the study sample were prescribed adequate pain medication (PMI≥ 0) at Time 1 

(baseline). Three years later, 10% more participants (32%, n= 865) were prescribed adequate 

analgesic for pain, but this number declined by 5 % (27%, n=693) 5 years later. Thus, across the 

5-year study period, an average of 27% of the study participants received adequate pain 

medication. In contrast, over 68% of participants at Time 1, 67% at Time 2, and 72% at Time 3 

received inadequate pain medication (PMI < 0) for their reported level of pain. Thus, across the 5 

years period, an average of 69% of the sample was classified as having less adequate pain 

management. These figures exceed previously reported rates of slightly over 50% of less 

adequate prescription of pain medication for patients with persistent pain (Hutt et al., 2006). 

Findings suggest that, for the majority of older adults with arthritis, pain is inadequately 

managed.  

One documented consequence of inadequate analgesia is persistent pain that interferes 

with function or activity (Cleeland et al., 2001). From the study results, we can see inadequate 

pain management was associated with more self-reported pain interference with activities among 

this study sample. With only an average of about 38% of the study sample prescribed analgesics 

across the three study periods, among whom only about 27% were prescribed adequate 
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analgesics, it was not surprising that over 65% of the participants continued to experience pain 

that interfered with performing their activity a ‘little bit’ to ‘extremely’ across the 3 study 

periods.  

Pain Outcomes among Older Adults with Arthritis 

Seven pain outcome indicators were examined in the study sample. Moderate decline in 

functional outcome occurred across the study time span in more than 50% of the study 

participant, except in emotional role and depression, which remained stable. These results 

support the literature regarding high prevalence of adverse physical and social consequences of 

pain interference among older adults with arthritis (Arthritis Foundation, 2008; CDC, 2006). 

More notable decline occurred in the physical functioning and physical role performance 

compared to emotional and social outcome indicators. This decline could be explained as a direct 

consequence of arthritis as a degenerative disease (Arthritis Foundation; CDC).  

Pain, Pain Medications, Pain Outcomes, and Demographic Variables 

Consistent with the chronic pain literature, results support evidence of significant pain, 

sex, age, and race related limitations among older adults with persistent pain. Pain was 

associated with several demographic variables investigated. For instance, there were significant 

sex differences as well as correlation with pain experience and pain medication adequacy, with 

females reporting more pain interference and painful locations and less adequate pain 

medications than males at each measurement time point. Although correlations among these 

variables appeared weak (r < .2), there was a consistent increase in their magnitude from a least 

of .05 to a high of .14 by 5 years. This result suggests that while overall severity of pain 

interference and pain outcomes limitation for individuals (especially females) significantly 

worsened across the study periods, there was no improvement in the level of pain management 

provided. Thus, females in this study had significantly lower physical functioning, physical role, 
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and emotional vitality, at each study period, which can be attributed to poorly managed pain 

(Dunlap et al., 2002). Incongruence with above results, sex differences (with females reporting 

more pain) have been robust findings in the pain literature (Dunlop et al.). 

Race and age differences are frequently documented in the literature, with blacks 

typically reporting more pain (Rheulman, Karoly, & Newton, 2005). In contrast, race and age in 

this study were not associated with the pain construct at any time of measurement. Similarly, 

Horgas, Yoon, Lee, & Marsiske (2008) found no association between race, age, and pain among 

older adults with chronic pain. However, race had significant effects on pain outcomes. Overall, 

functional scores showed a moderate increase in limitation for all races over time, however, 

Caucasian subjects showed less limitation in physical functioning, emotional role, and 

depression scores than other races. These findings are consistent with reports that non-white 

study participants reported more pain disability than their white counterparts (Horgas et al.). This 

study effect, however, may have been biased by a higher ratio of white to non-white participants 

by more than 50%. 

Older age was related to poorer overall functioning in all dimensions measured. Contrary 

to findings by Hybels and colleagues (2001) and Thomas and colleagues (2004), and despite 

common assumptions that pain interference increases as individuals get older, age was not 

correlated with pain interference or pain locations in this study. However, number of diagnosed 

diseases was associated with more pain interference and pain sites. These findings suggest that 

increased pain interference is a function of disease rather than the age of the individual 

experiencing the pain (Dunlop et al., 2002).  

Relationships among Pain Interference, Pain Sites, Pain Management, and Pain Outcomes 

This study was designed to examine whether pain was associated with functional 

consequences among older adults, and whether pain management was adequate. Relationships 

120 



 

among pain (pain interference and number of pain locations), adequacy of pain medications, and 

pain outcomes (physical, social, and emotional functioning) at each of the three study periods 

were examined via correlations analyses to determine if relationships existed among these 

variables. For all study periods, the results indicated that a worse pain experience (more pain 

interference and more pain locations) was related to less adequate prescribed analgesics, and 

both were related to poorer functional pain outcomes (physical, social, and emotional) for 

individuals with arthritis. In contrast, more adequate pain management, as indicated by a higher 

index of prescribed analgesics, was related to higher functional performance among study 

participants. In congruence with published pain reports, more arthritis-related pain was 

correlated with poorer physical and social functioning (Bookwala et al., 2003). Another study 

found that new joint pain occurring 3 years (Jinks et al., 2007) or as short as 1 year (Donald & 

Foy, 2004) following initial measurement produced more severe limitation in physical 

functioning. In addition, the degree of emotional or depressive symptom associated with chronic 

pain was usually the result of concurrent pain intensity and pain interference (Mavandadi et al., 

2007). Thus, the tested hypothesis (see below) was supported, and was congruent with the 

current published research findings.  

Adequacy of Pain Medication Partially Mediates the Relationship between Pain and Pain 
Outcomes 

The tested hypothesis was that the adequacy of pain medication would mediate the 

relationship between pain and pain outcomes; adequate pain medication would mitigate the 

relationship between pain and poorer functional outcomes. Using structural equation modeling, 

PMI-mediated physical, social, and emotional pain outcomes models were tested to establish 

whether adequacy of prescribed pain medications (PMI) impacts the above relationships after 

controlling for age, sex, race, and number of diseases. A Chi-square test of difference showing 
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worsening of the model fit indices was attributed to the effects of eliminating the paths mediated 

by adequacy of prescribed pain medication. Thus, evidence that adequacy of prescribed pain 

medications had a significant role in how much pain outcomes were predicted by pain was 

supported.  

The hypothesis that adequacy of prescribed pain medications mediates the effects of pain 

on pain outcomes was partially supported in this study. In the first instance, worse pain directly 

and indirectly (mediated by less adequate PMI) predicted worse physical, social, and emotional 

functioning, but not at all time points. Second, longitudinal relationships in the model indicate 

that worse pain predicted increased adequacy of pain medication between time points over the 

five-years period. In addition, worse pain experience predicted improved pain outcomes 

mediated by more adequate pain medication. This pattern was seen in the social and emotional 

outcome models although mediation of these relationships beyond 3 years was not sustained. 

These results suggest that total mediation of the relationship between pain and pain outcomes 

was not achieved. However, the importance of lower adequacy of pain management in mitigating 

negative consequences of functional pain outcome was supported. The relationships trends 

among pain, pain medication, and pain outcomes reflect the complex nature of chronic pain as a 

phenomenon encompassing multifactorial and multidimensional experiences, which include 

physical, psychological, emotional, social, and spiritual (AGS, 2000). Thus, a singly-indicated 

mediator (e.g. PMI) may be inadequate to explain the complexity within the relationships 

analyzed between pain and pain outcomes within and across time points.  

We derived a final reduced structural equation model for the three pain outcomes: social 

functioning, physical functioning, and emotional functioning. At baseline, results showed that 

pain had strong direct negative effects (β = -.69 to -.89) on each pain outcomes measured 
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(physical, social, and emotional functioning) at each occasion. In contrast, pain showed very 

weak indirect effects (β <.1) through adequacy of prescribed pain medication. These results 

indicate that worse pain predicted lower physical, social, and emotional functioning, mediated 

through lower adequacy of prescribed medications (PMI). These patterns were repeated at Time 

periods 2 and 3, and concurrent increase in magnitude of negative direct and indirect effects of 

pain on these outcomes were noted (in all/most regression paths analyzed). These increases 

suggest a mismatch between pain experience and adequacy of pain medication prescribed to 

manage individuals’ pain. Thus, the hypothesis that pain severely interfering with activities 

among older adults with arthritis is related to less adequate pain medication and worse social, 

physical, and emotional functioning was supported. 

To the extent seen, less adequate prescribed analgesic medications contributed to 

worsening impact of pain on pain outcomes measured in this sample of older adults. First, 

evidence shows that worse pain predicted worse physical, social, and emotional functioning at 

each study period. Second, these relationships were mediated by less adequate pain medication 

which increased progressively from weakly negative (β -.06) at baseline to a stronger negative 

relationship (β =-.13) 5 years later. This pattern is consistent with findings of less adequate 

prescribed pain medications, which persisted through the study time span.  

On the longitudinal regression paths, worse pain and more adequacy of prescribed pain 

medications (PMI) at earlier occasion was related to how much individuals’ functioning changed 

at a later occasion. Specifically, we found that worse pain experience at baseline predicted better 

change in social and emotional functioning at Time 2, and this relationship was mediated by 

more adequate pain medication at Time 1. These findings suggest that improvement in social and 

emotional functioning can be projected with better pain management. In congruence with 
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published literature, study reports indicate that when analgesic medications are used 

appropriately and in adequate amounts to treat persistent pain, individuals achieve better pain 

control (Furlan et al., 2006; Hutt et al., 2006), reduce inactivity (Allen et al., 2003), and have 

better functional outcomes (Furlan et al.).  

The consistent pattern of results indicating that worsening of previous pain experience 

predicted increased adequacy of prescribed medications and improvement in functional pain 

outcomes over time provides strong evidence that individuals improved in their social, physical, 

and emotional functioning over time because of improved pain management. This result is 

congruent with the goals of chronic pain management to prevent disability and/or maintain 

function for as long as possible (AGS, 2002) and calls for ongoing review and improvement of 

prescribed pain medication. 

Finally, overall variance in participants’ level of functioning was predicted by worse pain 

in the three structural models. Change in physical, social, and emotional functioning limitations 

were predicted by at least 45% at the baseline period and at least 60% at the 3- and 5-Year 

periods. Increased prediction of pain effects on measured pain outcomes over the 3 study periods 

suggests that persistent pain has a continuous deleterious effect on functioning over time in this 

age group. However, findings also support a projection that interfering pain can be managed 

effectively with more adequate pain medication to increase functioning.   

An important conclusion of this study is that the analyzed data and the underpinning 

Model of Symptom Management are a good fit. Although the primary purpose of this study was 

not to test the MSM, Meleis (1997) recognized that theoretical propositions derived from nursing 

theories are important in theory testing. In this study, a mid-level recursive conceptual model 

derived from the MSM was used to test the proposition that individuals’ pain experience, pain 
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management strategies, and pain outcomes were related nursing concepts. Thus, as a major aim, 

testing the hypothesis that pain experience was related to adequacy of prescribed pain medication 

and limitations in social, physical, and emotional functioning was supported by the derived 

conceptual model.  

Sample Attrition Effects 

Several analyses were conducted to determine the effects of attrition on the study 

outcomes. Twenty-seven percent of the study sample was lost to attrition after one year and an 

additional 8% was lost after three years. Analyses comparing returning and lost participants 

showed an overall sample loss of 35% by Year 5 of the study. There was no difference in the 

pain characteristics, and in the physical and emotional role limitations between continuing and 

attritted participants after Time1. After Time 2, limitation in majority of the pain outcomes were 

not different between participants who continued and who were attritted from the sample. These 

findings suggest that the effect of attrition on study variables was moderate, indicating a stability 

in sample characteristics and lending credence to overall quality of data analyzed for this study. 

Implication for Nursing 

The role of health care providers in pain management has been the focus in many pain 

studies. Empirical findings have consistently associated inadequate pain management with poor 

outcomes and have implicated health care providers’ lack of understanding of effective pain 

treatment. Thus, findings of this study have several important implications for the health care 

providers and clinical pain management of community dwelling older adults with arthritis.  

• The high prevalence of pain that interferes with activities and the high number of pain 
sites that impact functional performance among older adults with arthritis over time calls 
for more routine and ongoing individual pain evaluation. This will be particularly true for 
women, who were found to be at higher risk for having more severe pain interference and 
receiving less than adequate pain medication. Thus, treatment plans targeting individual 
needs would help ensure that adequate pain management is provided to all.  
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• In this study sample, inadequate prescription of pain medications negatively affected 
physical, social, and emotional outcomes, and more adequate pain regimens positively 
affected the same outcomes. This evidence highlights the need for health care 
professionals to conduct effective ongoing strategies to evaluate adequacy of prescribed 
pain medications. Strategies to evaluate prescribed pain medication relative to the 
severity of pain may be enhanced by using standardized tools such as the PMI. In 
addition, individuals experiencing pain interference with activity should be involved in 
their own care plans to establish goals for better pain outcomes. These approaches would 
benefit vulnerable groups, e.g., women, who were found to receive less than adequate 
pain medication compared to men (although they had more limiting pain).  

• Evidence of a mediating role in the relationships between pain and pain outcomes 
through the adequacy of prescribed pain medications (even partially) is a unique 
contribution of this study. There are very few empirical longitudinal studies of pain in the 
literature. This finding provides empirical support for the long-term benefit of effective 
pain management among older adults. Rather than consider pain a normal part of aging 
that cannot be eliminated, health care providers should develop and refine strategies to 
manage pain in older adults with arthritis. Thus, making a commitment to provide pain 
medication commensurate with pain experience would reduce the consequence of 
persistent pain over time.  

Limitations of the Study 

As with any study, there are several limitations that must be acknowledged. These include 

possible threats to the study’s internal or external validity. Some of these limitations are 

discussed below:  

• This study was conducted using existing data analysis. Thus, certain constraints such as 
lack of control over the size or characteristics of the sample, missing data, initial 
measurements, and handling/manipulation of the medication data may have affected the 
results.  

• The primary study was a randomized, multi-site clinical trial to test effects of three 
cognitive training interventions on cognitive, health, and functional outcomes. In the 
present study, the effects of the cognitive training intervention group was not statistically 
controlled in the analyses. Failure to control the effects of training could have potentially 
enhanced functional status and diminished study effects. However, the results of a recent 
study indicated that although cognitive training of the primary sample had a significantly 
protective effect on functioning over time, there was no consistent pattern to indicate that 
either group (treatment or control) was advantaged or disadvantaged over the other 
(Wolinsky et al., 2006). Future analyses of these data should control for possible training 
effects as these may vary based on unique characteristics of study participants. 

• The results of this study are generalizable only to a population of community-dwelling, 
cognitively-intact older adults with arthritis. Because of very small percentage of races 
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represented, other than Caucasians and Blacks, findings could not be generalized to other 
racial groups. In addition, caution should be exercise when applying findings to the men 
because a disproportionately larger number of women who participated in this study.   

• The selected sample was based on a baseline diagnosis of arthritis, and pain that was at 
least mild in intensity. This selection term eliminated about 9% (n=183) of participants 
who reported no pain at baseline, but these people may have had adequate pain 
management. A baseline comparison of the selected and unselected study sample showed 
that they differed significantly in pain outcomes; the selected sample had more diagnosed 
diseased and had more interfering pain and worse pain outcomes. This finding was 
consistent with the progressive, degenerative nature of arthritis and its adverse 
consequences on the sufferer. However, eliminating individuals with no report of bodily 
pain may have biased the results toward findings of more pain interference among the 
participants.  

• The medication audit assessed all medications ordered by a health care provider. Over-
the-counter (OTC) medications (e.g., aspirin, acetaminophen, naproxen) were assessed if 
the participant indicated that a health care professional (most commonly a physician) 
ordered them. It is likely, however, that some OTC pain medications were overlooked by 
this medication survey method. Thus, the analgesic pain regimen evaluated in this study 
(and the corresponding PMI index of adequacy of pain medications) may have 
underestimated the extent of pain medications used by study participants. This would 
have the potential effect of biasing findings towards inadequate pain management, since 
not all pain drugs were included. Future studies should carefully analyze all pain 
medications used by individuals, including prescription and OTC drugs. 

• Use of the PMI as a quantifying measure of pain medication adequacy is an important 
study limitation in that the PMI does not consider the actual dose of medication 
prescribed or individuals’ compliance with this regimen. No system was in place to verify 
completeness or accuracy of medication audits. Thus, poor account of analgesic use could 
result in estimation of lower PMI due to a negative match between pain report and 
prescribed pain medication. 

• The match between pain report and pain medication use within the period of data 
collection was assumed. This introduced the possibility of timing incongruence that could 
lead to over-estimation of the adequacy of prescribed pain medication. Future studies 
should more carefully assess these medication timing issues. 

• Report of compliance with administration of prescribed pain medications or participants’ 
preferences for mild/no analgesic treatment were not documented. This is relevant 
because one study found that some older adults may prefer nondrug pain management 
due to concerns about drug side effects (Lansbury, 2000). When it became necessary to 
use pain drugs, their preference was for mild analgesics. Thus, poor compliance with 
prescribed pain regimen, or choice of ineffective pain drug as the case may be, would 
likely inflate reported pain levels in the sample, and subsequently result in a negative 
match between reported pain level and prescribed analgesics.  
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• Medication data was not collected specifically for this study. Hence, certain classes of 
medications such as tricyclic antidepressants or GABA anticonvulsive drugs were 
included in the pain regimen based on general support for their analgesic effects in the 
pharmacologic literature. It is not known whether or not they were prescribed specifically 
to treat pain. In addition, low dose aspirin therapy (81mg and 325 mg) was included in 
the pain regimen. Although these doses are usually prescribed for chronic anticoagulation 
therapy, long term analgesic effects of medications cannot be ruled out. The inclusion of 
these drugs may have overestimated both the analgesic pain medications prescribed, and 
overestimated the adequacy of pain management. Even considering these medications in 
analyses, pain management in older adults is poor; findings would be even more 
pronounced if a more conservative approach was used (e.g., not considering adjunctive 
pain medications or low dose analgesic drugs). 

• Another potential limitation of this study is that it focused only on pharmacologic pain 
management, which did not take into consideration any complementary alternative 
medications (CAM) or treatments (e.g. massage, heat/cold) that may have been used for 
pain management. Use of CAM for relief of chronic joint pain associated with arthritis 
has been documented (Horgas & Dunn, 2000). It is likely that participants’ use of pain 
therapies unaccounted for in this study may have resulted in decreased severity of 
reported pain and falsely enhanced the computed match between reported pain and 
prescribed analgesic if other prescribed pain medications were being used. On the other 
hand, mismatch between reported pain and pain medication may result in a negative PMI 
if no prescribed pain medications are being used or prescribed.   

• Overall, descriptive analysis of difference in adequacy of prescribed analgesics 
demonstrated statistical significance between occasions or groups although the actual 
mean differences were small. These findings could be attributed to effects associated with 
the large study sample. These significant findings may be indicative of a possible Type 1 
error, in which a null hypothesis of no relationship is rejected when it is in fact true (Polit 
& Hungler, 1995). Thus, study results showing statistically significant differences in 
adequacy of prescribed pain medications may not reflect clinical significance, as these 
results may be exaggerated. 

• Analysis of longitudinal models such as in those in this study, result in rapidly increasing 
complexity of the panel models as more variables are added in the form of repeated 
measurement for each occasion in the study (Kline, 2005). Complex models are difficult 
to interpret as clarity in stated relationships may be obscured. Thus, parsimony of the 
analyzed models’ structure were ensured through appropriate model specification and 
testing in both measurement and structural phases, as well as modification of each 
structural model to derive the best reduced model fit (Kline).  

• The nature of longitudinal studies with regard to sample loss and changes in sample 
characteristics (e.g., development of new illnesses, increasing age, attrition) has been 
known to impact the accuracy of measurement over time with threats to both internal and 
external validity (Stratford, Mulligan, Downie, & Voss, 1998). First, in the current study, 
sample loss at 5 years reached more than 50% of the baseline size of 1,409 for some of 
the variables analyzed. This loss posed a serious threat to both internal validity (higher 
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risk of statistical error) and external validity (generalizability) of findings. However, this 
threat was resolved by using a robust estimation method (maximum likelihood 
estimation) to correct for missing data in the structural equation model analyses where 
estimation of a longitudinal model was necessary. Second, individuals in the study 
developed more chronic illnesses and reported more pain over the 5-year study period. It 
has been documented that prevalence of persistent pain in older adults is associated with 
high rates of comorbidities in this population (AGS, 2002; Ferrell & Ferrell, 1990; 
Harden et al, 2005; Patel, 2003), and these rates increase with increasing age (Chan et al., 
2002). Thus, increased pain experiences and poorer pain outcomes reported over 5 years 
could be co-influenced by new diseases and sources other than musculoskeletal pain (e.g. 
neuropathic or cardiac pain). These influences could also result in overestimation of the 
pain experience and underestimation of adequacy of prescribed pain medication. In this 
study, these influences were resolved by controlling for their effects on the pain outcomes 
at each study period.  

• In this study, both multiple indicated constructs and singly indicated variables were 
utilized in the structural equation model analysis. Thus, some constructs proposed in the 
conceptual model, e.g., social functioning (indicated by social functioning scores) and 
pain medication (indicated by PMI scores) were analyzed as singly indicated variables. 
This situation limits knowledge of how much the variable truly characterizes the 
construct it purports to represent. Having multiple indicators for each factor would permit 
more accurate characterization of the factor represented, based on correlations among the 
indicators.  

Suggestions for Future Research  

There are very few longitudinal studies of pain in general and even fewer of pain in older 

adults. Thus, this study provides important evidence of longitudinal relationships between pain 

and pain outcomes and the mediating role of adequate pain management. Future research efforts 

should consider findings that pain interfering with activity has severe ongoing negative 

consequences on functioning in late life and that pain management among older adults with 

arthritis is inadequate. Therefore, the following recommendations for future research are 

suggested: 

• Identify long-term strategies to optimize clinical pain management among older adults 
with arthritis. Strategies should include tools for providing effective assessment of pain 
interference with activity and adequate individualized pain management.  

• A relationship between pain and pain outcomes partially mediated by adequacy of 
prescribed pain medications suggests that a singly indicated mediator may not have 
adequately represented this relationship. More research is needed to identify other 
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contributing factors. Future research should intensify efforts to identify a multi-factorial 
mediator of negative or positive pain outcomes through which effective strategies for 
treatment of pain, prevention or reduction of functional disability, and maintenance of 
physical, social, and emotional functioning among older adults with arthritis could be 
instituted.   

• Investigate the role of other correlates of chronic pain such as socioeconomic factors or 
social support to provide a useful perspective for better understanding of the relationship 
between pain and functional disability. 

• Focus on unique groups of older adults with chronic pain (e.g., chronic back pain) or 
selected demographic groups (e.g., female subjects) to provide more information about 
subgroups of older adults with pain. A relationship between pain and pain limitation 
mediated by pain medication may have a stronger fit among more homogeneous groups.  

• Replicate this study with primary data and control for the use of CAM and 
noncompliance with therapy to provide additional information about the relationships in 
question. This may further enhance the role of PMI in the analyzed model. 

• A clinical trial utilizing adequate standards for pain will help determine the most 
effective therapy to manage pain interference and maintain functioning in older adults 
with arthritis.   

Conclusion 

Pain is prevalent among older adults with arthritis and prescribed pain medications are 

typically inadequate to manage pain effectively for this population. Trends throughout the study 

periods indicate that pain (pain interference and number of pain locations) and functional pain 

limitations (physical, social, and emotional) were prevalent and persistent. At each occasion of 

the study, we found that worse pain-related limitations occurred among participants and that 

these limitations were partially mitigated by less adequate prescribed analgesics. This finding 

suggests that factors other than adequacy of prescribed medications might influence the negative 

relationship between worse interfering pain and lower pain outcomes. However, across time, 

relationships show that better functional outcomes were mediated by more adequate pain 

medication as the pain experience worsens.  
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Findings of this study contribute to the empirical base of evidence in chronic pain 

management as well as provide empirical longitudinal support that pain is a strong predictor of 

functional limitations in older adults with arthritis over time. Prescribed pain medication was 

also shown to have an important role in the level of functioning achieved over time by older 

adults with interfering pain. This study began by seeking to determine the extent to which 

suboptimal prescription of analgesic medications affects pain outcomes in adults over time. 

Findings suggested the need to further explore the extent to which optimal prescription of 

analgesic medications will improve functional pain outcomes in older adults with activity-

interfering pain. Recommendations for provision of effective clinical pain management include 

appropriate ongoing, individualized pain evaluations and adequate pain medication for each 

person’s changing needs.  
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