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Abstract

Osteoarthritis (OA) is one of the most frequently occurring musculoskeletal diseases, posing a
significant public health problem due to its impact on pain and disability. Traditional risk factors
fail to account for all of the risk observed for OA outcomes. In recent years, our view of disease
causation has broadened to include health risks that are created by an individual’s socioeconomic
circumstances. Early research into social determinants has focused on social position and explored
factors related to the individual such as education, income and occupation. Results from these
investigations suggest that low education attainment and nonprofessional occupation are
associated with poorer arthritis outcomes. More recently, research has expanded to examine how
one’s neighborhood socioeconomic environment may be relevant to OA outcomes. This narrative
review proposes a framework to help guide our understanding of how social context may interact
with pathophysiological processes and individual-level variables to influence health outcomes in
those living with OA.
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Despite the growing capacity of societies to extend life and prevent disease, the disparities in
health between and within countries remain ubiquitous and vexing [1-4]. Historically,
society has attributed disparities in health and disease to the medical sector. While access to
medical care is certainly relevant to one’s health, the literature over the past 15-20 years on
the social and environmental influences on people’s health has invariably shown that
socioeconomically disadvantaged populations experience worse health outcomes than more
affluent populations [5-7]. The disproportionate burden of illness experienced by these
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populations is a result of structural inequalities reflected in the unequal distribution of power
and income, globally and nationally [8,9].

In 1998, the W HO published Social Determinants of Health-The Solid Facts [201], a
booklet that presented policy makers, researchers and practitioners with a more holistic
approach to views on health that acknowledged the impact of the social environment on
health, as represented by social inequalities in health. In 2001, the WHO approved the
International Classification of Functioning, Disability and Health (ICF), a framework that
synthesizes the medical model of disability with the social model of disability. The ICF
conceptual model of disability is innovative in that it recognizes disability as a complex
phenomenon that includes the interaction of an individual with features of the social and
environmental context [202]. With the creation of the WHO Commission on Social
Determinants in 2005, views of disease causation have continued to expand to include
discourse on health risks that are created and maintained by the social context above and
beyond individual risk factors [10-12].

Early research related to social determinants and health disparities focused on social position
and explored downstream determinants primarily related to the individual, such as
mechanisms of human biology and the clinical issues of how people cope with disease and
disability. Increasingly, research findings have focused on the broader view of upstream
determinants related to the community, such as place of residence, work environment or
wider social and economic policies of society [10-12].

It is important to focus on social determinants and osteoarthritis (OA) outcomes to advance
our understanding of how social context affects health outcomes, particularly in older adults
who may experience multiple chronic conditions. OA is one of the most frequently
occurring musculoskeletal diseases in western nations, posing a significant public health
problem due to its impact on pain, disability and older adults [13-16,203]. Despite the rise
in literature on the impact of environment on physical and mental health and functioning of
individuals [17-19], the majority of studies have not focused on older adults with OA who
may be particularly vulnerable to barriers in their surrounding social and physical
environments [20,21]. With the aging of the population worldwide, the prevalence of OA is
expected to increase and is likely to result in substantial economic costs for health-care
systems. As noted in the recent Institute of Medicine report, Living Well with Chronic
llIness: A Call for Public Health Action, although the health of Americans is better now than
any other time in history, the gains are not shared by all members of our society [22].

Studies on risk factors of OA have focused on variables at the individual level (e.g., BMI,
older age and female gender); however, even after controlling for these individual factors,
variation in arthritis prevalence is not completely explained. Evidence exists linking lower
levels of individual socioeconomic status (SES) and poorer health outcomes in many
diseases [23-27], including arthritis [28—-31]. Recent data suggest that the social context
(i.e., factors in society that cannot be directly measured at the individual level), or
socioeconomic environment of an individual’s neighborhood may be relevant to arthritis
prevalence and health outcomes as well. Although studies have focused on how community
contexts interact with individual characteristics for individuals with rheumatoid arthritis (R
A), systemic lupus erythematosus and self-reported arthritis [32—38], far fewer studies have
investigated this relationship with populations of individuals with OA [22,39,40].

Prior research has demonstrated a strong association between SES and numerous health
outcomes and several frameworks currently exist that explain the relationship between social
determinants and poor health outcomes [41,204]. The most common dimensions used in
research as proxies for SES include educational attainment, occupation and income or
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wealth. We recognize that SES is a complex phenomenon and that there are numerous
dimensions of SES that are not captured by these factors; however, it is not within the scope
of this paper to discuss this at length. While these measures are interrelated and often
combined because they reflect aspects underlying socioeconomic stratification, it remains
critical to decompose these measures individually to better understand the specific
mechanisms and pathways through which these factors impact specific health outcomes at
different stages of the life course, in various populations. Whereas occupation is widely used
as a proxy indicator for occupational exposure, social standing, or social hetworks,
education can capture knowledge-related assets of an individual [42] that may affect an
individual’s problem-solving abilities or influence values [43]. Within the life course
framework, educational attainment can also be a reflection of one’s early life circumstances
[44]. Income and wealth are likely to influence health primarily through the transformation
of money and assets into health enhancing environments, commaodities and services [45],
whereby increased income provides access to additional, or higher quality health-promoting
resources.

In this narrative review, we apply these general concepts and propose an OA-specific
framework to help guide our understanding of how social context and social position may
interact with pathophysiological processes and individual-level variables to influence health
outcomes in those living with OA (Figure 1). Recognizing that social context has not been
extensively researched in OA, our proposed schematic is based on previous models for other
chronic diseases and what current research findings in other rheumatologic diseases have
demonstrated [22,30,31,38,40,46—49]. We summarize the current literature on research
about OA and social determinants including discussion of current measures of social
context, social position, and potential mediators and moderators between social determinants
and OA outcomes. Our review closes by focusing on future directions and identifying
conceptual and methodological limitations in our current knowledge about social
determinants and OA, which will contribute to the framework and further elucidate our
understanding of the mechanisms of the health—environment relationship.

OA: definitions & outcomes
Definition of OA

Studies report different measurements of OA. While some studies may use self-reported OA
based on questionnaires, radiographic definitions of OA are more common. Studies that
measure self-reported arthritis often use the response to a question such as “Have you ever
been told by a doctor or nurse that you have any of the following long-term health
conditions?”, listing OA as one of the conditions to which respondents are asked to indicate
‘yes’ or ‘no’ [38]. Radiographic definitions are often based on the Kellgren-Lawrence (K-L)
scale, which assesses radiographic features of OA such as joint space narrowing and
osteophyte development [50,51]. Typically, individuals who score 2 or above on the K-L
scale are considered as having radiographic knee OA [50]. Symptomatic OA is defined as
the combination of radiographic evidence of OA and self-reported pain in the same joint.
Although OA can in theory exist in any joint in the body, it most commonly affects the
weight bearing joints such as the hips and knees, but can also frequently affect the hands,
feet and spine [52]. In this review, all studies have reported radiographic or symptomatic
OA unless otherwise noted.

OA health outcomes

In addition to measuring the prevalence of OA in the general population and assessing
severity and progression of OA through radiographs and joint evaluation, recent research has
examined physical and psychosocial health outcomes of individuals living with OA (Figure
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1). Arthritis is both a leading cause of disability [13] and a frequent source of chronic pain
among older adults [53]. Joint change and destruction can often lead to the need for joint
replacement surgery [53]. Depressive symptoms are also common among people living with
chronic arthritis pain [54,55] and previous studies show that individuals with OA often
report an overall lower health-related quality of life [56].

Measures of social determinants

There are several dimensions to measuring social position and social context as they relate
to populations with OA (Figure 1). Similar concepts are often composite measures that are
aggregated differently depending on the population of interest, or unique aspects of the
country of research. In addition to measuring social position and social context, our model
also includes a number of mediators, moderators and common confounders, through which
social position and social context could affect OA health outcomes. While many aspects of
social position and social context can be difficult or impossible to change, understanding
mediators and moderators in these associations can provide more easily modifiable
opportunities for public health interventions to improve health outcomes.

Social position, compositional effects & individual level measures of SES

Compositional attributes of SES are measured at the individual level and have commonly
included variables such as occupation type (professional/managerial versus nonprofessional/
nonmanagerial) or occupational grade ranking in Europe, level of educational attainment,
income (both individual and household), home ownership, and social class (Figure 1) [57].
Education and occupation tend to be two of the most readily attainable variables. Several
studies have examined the relationship between formal education level and rheumatic
disease outcomes, particularly in RA [58-64] and to a lesser degree in OA [65,66].

Educational attainment—Lower levels of educational attainment have frequently been
associated with the increased prevalence, morbidity and mortality of many chronic diseases
[67]. Although it is often used as a proxy for SES, in comparison to income and occupation,
educational attainment is unlikely to be changed by disease. Educational attainment has been
measured as a continuous variable by the number of years of schooling in studies [65,68].
However, as relatively few individuals in developed countries have received no formal
education, or only elementary school education [69], studies often dichotomize levels of
schooling at <12 and 212 years to represent less than high school or completion of high
school and postsecondary education, respectively [22,66,69].

Occupation—In the USA, several studies have measured occupation type based on US
census classifications, with self-reported job titles grouped into one of seven occupational
groups [22,70] (farming, forestry or fishing; management or professional; fabrication or
manual labor; precision production, crafting and repair; service; technology, sales or
administration; and military) [205]. These occupational groups are often then classified as
nonmanagerial or managerial. The term managerial is intended to imply occupations that
tend to include office work, lower physical demand, more control over the pace of one’s
work and higher SES, based on census group descriptions.

In other studies measuring occupational classification with arthritis, workers have also been
grouped according to the 2000 Standard Occupational Codes in four major occupational
groups: white-collar, service, farm and blue-collar [71,72]. Similarly, in Britain, social class
quintiles have been used in OA research [73] and are linked to operational categories of the
National Statistics Socio-Economic Classif ication (NS-SEC) including: I: higher
managerial, administrative and professional occupations; Il: managerial and technical
occupations; IIN: skilled occupation-nonmanual; 111M: skilled occupations-manual; 1V:
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partly skilled occupations; and V: unskilled occupations [74]. Low social class is defined by
the residents in households with an economically active head of household in social class 1V
or V, as a proportion of all residents in households [75]. In a study of prevalence of self-
report arthritis in Quebec, researchers measured occupation using the Pineo Porter-
McRoberts [76] socioeconomic classification of occupation scale with a total of 16
occupational categories distinguished by their shared attributes in the labor force.
Researchers trichotomized these categories into skilled, and semi-skilled or lower scores
[77].

Income—~Far fewer studies have included income as a measure of SES; Hawker and
colleagues created a dichotomized variable of annual household income of <$20,000
(Canadian) versus >$20,000 and also created a composite education/income variable to
explore the confluence of low educational attainment and low income [69]. The differences
in health outcomes by these compositional measures could reflect relatively direct health
benefits of having more economic resources (e.g., better nutrition or housing) or unmeasured
behavioral psychology variables [78]. The majority of studies examining social position and
OA outcomes have focused on an individual’s current SES. The income of one’s parents in
addition to an individual’s own income in adulthood can influence health outcomes (Figure
1) [79,80]. To our knowledge, no studies have examined associations of childhood SES,
such as parental education, occupation, income or homeownership with the prevalence of
OA or OA health outcomes.

Contextual effects & multilevel modeling: individual & community level variables

Social context can be defined as the “social and cultural forces that shape people’s day-to-
day experiences and that directly and indirectly affect health and behavior” [81]. Aspects of
one’s environment can be either health-promoting or health-damaging [57]. The
socioeconomic context of communities may affect characteristics of the environment of
communities to which all residents are exposed, regardless of their social position. The
complex nature of social context can be described in terms of both physical and social
components, as well as their objective (i.e., actual) or subjective (i.e., perceived qualities)
and their scale or immediacy to individuals and groups [82].

Community SES—In an Australian study examining the variation in rates of hip and knee
joint replacement, SES was derived from the Index of Disadvantage [83]. This index is an
area-based measure that represents the average level of disadvantage across a geographical
area (i.e., Statistical Local Area) [84] and is a composite of the income, educational
attainment, levels of public sector housing, unemployment and jobs in relatively less skilled
occupations. These areas are classified into quintiles where 1 indicates an area with
significantly disadvantaged households and quintile 5 represents the least disadvantaged
households. Another Australian study, examining the association between SES and
utilization of primary total hip replacements used postcodes and residential addresses of
each subject and matched them to corresponding ABS Census Collection Districts (i.e., 250
households.) [85]. These reference data were then used to determine the Socio Economic
Indexes for Areas (SEIFA) value from the census and then the Index of Relative
Socioeconomic Disadvantage (IRSD) was applied.

The Townsend Deprivation Score (TDS) is a similar measure of deprivation, which uses
census data to enumerate district (i.e., 450 people in 200 households) or ward (i.e., 5500
people in 2400 households) levels and provide a composite score based upon [86]:

e The percentage of homes that are not owner-occupied,;

»  The percentage of economically active residents who are unemployed;
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»  The percentage of households that do not have access to a car;
e The percentage of households with more than one person per room.

In the USA, studies have used census data to calculate the household poverty rate at the
block-group level (i.e., 600-3000 people) [22,40,87], which is the percentage of households
with income below the poverty level, as defined by US Census Bureau poverty thresholds.
Participants’ physical addresses are geocoded, linked to a block-group identification
number, and then used to extract aggregate census information. Poverty level variables can
then be categorized, for example, into tertiles: low, medium and high. In studies of self-
reported arthritis in Canada, provincial and regional level measures, such as families in a
region with low income have been used [46].

Built environment—~Previous studies that have examined features of the neighborhood
environment have used modified versions of the Home and Community Environment
Instrument (HACE) [88], a self-report measure that examines how different environmental
domains influence levels of participation, an instrument that has both construct validity and
reliability [88]. In studies of individuals with OA, features of the neighborhood environment
have examined community mobility barriers (i.e., uneven sidewalks or other walking areas;
parks and walking areas that are easy to get to and easy to use; safe parks or walking areas;
places to sit and rest at bus stops, in parks, or in other places where people walk; curbs with
curb cuts) and transportation facilitators (i.e., public transportation close to home; public
transportation with adaptations for people who are limited in their daily activities; and
adequate handicap parking, able to drive, have a car available to you at your home) [89,90].
Scores are summed and dichotomized into low barriers (0-1 barrier) and high barriers (2-5
barriers) and high facilitators (4-5 facilitators) and low facilitators (0-3 facilitators),
respectively.

While many studies have seen moderate associations between certain occupational activities
(e.g., kneeling, squatting and climbing) and the increased risk of knee OA as a result of
increased biomechanical loads on the knee joint [91-93], far fewer studies have examined
associations of OA with organizational characteristics and policies in the work environment.
In one such study, Chen and colleagues asked study participants about work
accommodations (i.e., opportunities to switch to physically less demanding jobs; availability
for part-time work for people needing reduced time), and benefits (i.e., paid sick leave,
short-term or long-term disability payment) [70].

Environmental exposures—Regional differences in OA prevalence may be an
indication of physical environmental factors contributing to health outcomes. Early studies
suggest that whole blood lead levels are associated with radiographic knee OA [94].

The life course approach is particularly relevant in understanding the long-term effects of
both social position and social context on chronic diseases. Life course measures encompass
the aforementioned factors while explicitly including the variable of time, which allows
researchers to study disease outcomes across generations and at the individual level
beginning from gestation and through childhood, adolescence, young adulthood, middle-age
and senescence [95]. Several proposed theoretical models that explain the influence of life
course on disease risk may include critical or sensitive periods, which state that exposures
during a specific window of time may have long-lasting effects that increase disease risk
[96].
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While life course is difficult to assess in practice, with most studies measuring life course
SES at only two or three time points, there is suggestion that the impact of childhood SES
on health decreases over time in adults [97]. Other life course models propose that effects
accumulate over the life course, such that increased duration or number of exposures are
compounded over time, leading to increased health risk in later years [10]. Although
methodological challenges exist in creating summary measures, combinations of the
aforementioned indicators (e.g., educational attainment, environmental exposures,
occupation type among others) in OA studies would allow researchers to better understand
the trajectory and development of OA for an individual over time.

Potential confounders, mediators & moderators between social determinants & OA

outcomes

Our model also includes commonly related personal risk factors associated with OA (Figure
1), including smoking status [98], older age [99], female gender [100], occupation-tasks
[101-103], BMI (i.e., obesity) [104,105], injury [100], genetics [106,107], race [105] and
physical activity [108]. Many of these personal risk factors are also associated with one’s
current social position [109]. Although race is not considered a social determinant of health,
we have included it in the personal factors in our framework and discussion as it is highly
correlated with social position, and a large body of research in OA has explored race as an
effect modifier [110-113]. In addition to the more commonly associated risk factors for OA,
our figure also includes more proximal mediator and moderators, such as community
perceptions and several dimensions of psychological influences (i.e., perceived helplessness,
social support/coping resources, psychological disposition, perceived discrimination and/or
catastrophizing), that previous research in other rheumatologic conditions or emerging
literature in OA have demonstrated to be associated with health outcomes. Including these
sets of factors provides for a more transparent relationship to be made linking social
determinants to health outcomes, but also allows us to identify areas for public health or
behavioral interventions.

While we acknowledge that it is important to recognize individual risk factors associated
with OA prevalence and health outcomes, the WHO ICF model also recognizes that
attributes beyond an individual affect outcomes. Thus our model of OA health outcomes
includes both external, environmental factors, which we refer to as the social context, and
internal, personal factors, which are included in our measures of social position and
mediators and moderators (Figure 1). This integrated biopsychosocial approach allows us to
understand the mechanisms through which distal factors can affect more modifiable,
proximal determinants of OA health outcomes.

Studies of social determinants & OA outcomes

Social position & outcomes in knee & hip OA

Significant associations between radiographic and symptomatic knee OA and low
educational attainment in the National Health and Nutrition Examination Survey has been
reported by Hannan and colleagues [65]. Symptomatic knee pain and self-reported OA
remained significantly associated with educational attainment (Table 1), even after
adjustment for the risk factors of age, race, BMI, knee injury and occupation. The
association between educational attainment and radiographic OA no longer remained
significant among women after adjustment for risk factors. A later study of the Johnston
County Osteoarthritis Project [66], revealed gender differences as well, such that for men,
associations of low educational attainment with radiographic knee OA were explained by
age and race, while for women, the association of radiographic OA and low educational
attainment persisted after adjusting for smoking status, alcohol use, occupation, knee injury
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and obesity. Similar to Hannan and colleagues, this study found that symptomatic knee OA
was more prevalent in both men and women with limited educational attainment. Significant
associations between education and OA of the hip were also noted in the Johnston County
Osteoarthritis Study [114].

Few studies have examined associations between educational attainment and other OA
outcomes, such as disability and pain, in hip OA. In a Finnish study conducted in a clinical
setting, educational level was identified as a significant factor for self-reported pain and
physical function in participants with hip OA [68]. The EUROHIP consortium [115]
reported that greater severity of pain, stiffness and physical function symptoms, as measured
by the Western Ontario and McMaster Universities (WOMAC) Arthritis Index, was
associated with lower levels of educational attainment in a population of patients with hip
radiographic OA who were seeking hip replacements. In a study conducted with patients of
the Dresden Hip Surgery Registry [116], significant differences in mean gain in WOMAC
scores indicated better scores with increasing levels of educational attainment when
comparing those who finished school after 12 years to those who ended their education after
8 years; however, beyond 12 years of educational attainment, no significant differences in
WOMAC scores were seen. Similar findings were seen in a community-based sample,
whereby WOMAC scores were significantly associated with low educational attainment and
nonmanagerial occupation in radiographic and symptomatic hip OA, and disability was
significantly associated with low educational attainment [22]. Although associations
remained even when all SES variables (e.g., educational attainment, occupation and
community poverty) were in the model, they were significantly diminished.

A community-based prospective observational study of hip and knee OA conducted in the
UK confirmed that individuals in lower social classes were more likely to experience greater
deterioration with more severe knee and hip pain and disability at follow-up, while another
study conducted in Canada found that individuals with lower levels of educational
attainment or lower income were more likely to have potential unmet need for arthroplasty
[69].

International studies examining SES and total joint replacement (TJR) have been mixed, but
some have demonstrated an association. TJR is a cost-effective elective procedure that is
used in severe cases of OA [117]. SES, particularly less education and lower income have
been shown to be independently associated with a greater likelihood of having the potential
need for TJR [69]. However, those with low SES are less likely to receive a consultation for
their OA or TJR [118,119]. Despite having more severe arthritis [69], those with lower SES
are often recommended for TJR less frequently [120]. It has been suggested that this may be
due to physicians’ perceptions of patients with low SES, which has been shown to be
associated with beliefs about abilities, behavioral tendencies and role demands [121].
Further affecting the rates of TIR among those with lower SES is their willingness to
consider receiving the procedure. Lower SES, particularly less education, may affect
perceived risks of those with lower SES [122] and subsequently influence willingness to
receive TJR [123]. Thus, rates of receiving TJR have been consistently associated with SES
worldwide, with low rates of TIR amongst those with lower SES in Australia [85], Europe
[118,124,125], Canada [119,126] and the USA [127-129]. Furthermore, SES has been
associated with higher risk of acute adverse medical events and worse outcomes
[124,130,131]. Although SES may play some role in joint replacement, research has shown
that the procedure is a complex relationship that involves patient-related factors and issues
surrounding equitable access to healthcare service [127].
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Social context & outcomes in knee & hip OA

Community SES—To our knowledge, only one study has examined associations of
individual level SES and community level SES on the prevalence of radiographic and
symptomatic knee OA [40]. This study confirmed previous findings in rheumatology
research that neighborhoods have an independent effect on outcomes in arthritis [30,31,46];
independent associations were noted between neighborhoods with higher rates of household
poverty and outcomes of knee radiographic OA, bilateral knee radiographic OA and
symptomatic knee OA in the Johnston County Osteoarthritis Project (Table 2) [40]. A recent
multilevel Australian study using self-report measures of arthritis also found independent
associations of neighborhood disadvantage with prevalence of arthritis such that residents of
the most disadvantaged neighborhoods were 42% more likely than those in the least
disadvantaged neighborhoods to self-report arthritis [38]. Although individual
characteristics, such as BMI, educational attainment, and occupation type, have been linked
to the risk and prevalence of OA, they do not explain all the variance seen across different
geographic regions. Thus, it will be of continued importance to understand how community
characteristics (e.g., access to physical activity resources, environmental exposures), beyond
poverty, may be linked to the prevalence of disease.

The relationship between community-level SES and several OA outcomes has also been
examined in the Johnston County Osteoarthritis Project. One study investigating SES factors
associated with hip OA found that living in a community with high household poverty rate
(>25%) was associated with radiographic hip OA [114]. In another investigation, although
Knight and colleagues did not find any association between community poverty and
disability among those with radiographic hip OA [22] after adjusting for education and
occupation, they did find that individuals with radiographic OA of the knee who lived in
areas with poverty rates higher than 25% had higher total WOMAC scores when compared
with those living in areas with poverty rates lower than 12%. This association remained
strong when other sociodemographic factors were considered [132].

In addition to studying associations with prevalence and physical health outcomes, several
studies suggest that social context may contribute to the variations in the utilization of knee
and hip replacements (Table 2). Although a 2007 study by Cookson and colleagues in
England found that socioeconomic small area inequality in total hip replacement decreased
from 1991 and 2001 [133], a recent Australian study reported by Dixon and colleagues
noted significant variations in rates of hip and knee joint replacements by community SES
[83]. People living in the most disadvantaged and remote areas had more knee, but less hip
replacements compared with those who lived in the least advantaged areas. Researchers
posit that this variation in knee as compared with hip replacement procedures may result
from a greater proportion of individuals from disadvantaged areas being engaged in
occupations that involve kneeling, heavy lifting and combined kneeling/squatting and
lifting, all of which are known risk factors for knee OA [134].

Built environment—While census and administrative data can be used to capture
objective aspects of communities (e.g., poverty rates), descriptive, qualitative data
describing an older adult’s community environment (e.g., safe walking areas and even
sidewalks) may provide more insight on how neighborhood features may promote mobility
or allow adults to remain engaged in daily activities. Older adults often report mobility
barriers resulting from features in their community environment [135], however, fewer
studies have examined the association of the community environment with disability (Table
2) [136]. Understanding qualitative aspects of the built environment as health enhancing or
as perceived barriers to older adults provides information to policy makers that can allow
them to more effectively allocate resources at the community level to promote quality of
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life, enhance mobility and reduce disability in the lives of older adults, particularly those
living with OA. A study conducted with a knee pain and disability subcohort of the
Multicenter Osteoarthritis Study revealed that walking areas, handicapped parking and
public transportation were important features of the neighborhood that affected health
outcomes of older adults with functional limitations such that the absence of parks was
associated with more reports of disability with social and recreational activities and the
presence of handicapped parking was associated with less disability for social, leisure and
work role activities [90].

In addition to considerations of neighborhood-level features that may affect health outcomes
of those living with OA, the prevalence of knee OA has been examined in conjunction with
workplace policies. It was found that individuals employed in workplaces offering better
policies (e.g., work accommodations and benefits such as paid sick leave and long-term
disability payment) had significantly less knee symptoms compared with those with fewer
workplace policies, taking into account age, race, sex, SES, BMI, smoking habit, prior knee
injury, frequencies of occupational physical activities, or occupational group [70].

Access to affordable medical services and interventions and access to quality healthcare can
be an important determinant of health outcomes in OA [137]. Previous research has shown
that among individuals with hip and knee OA, those with lower levels of educational
attainment were less likely to receive advice on exercise [138]. A systematic review of
evidence on the effectiveness of interventions to improve healthcare quality for
disadvantaged populations with OA noted that while several arthritis self-management
interventions target disadvantaged populations with OA, there is a dearth of literature on
how well these programs work compared with more advantaged population to reduce
disparities in care [139].

Environmental exposures—There is strong, consistent evidence in the USA that shows
that there is a disproportionate burden of risk to suboptimal unhealthy environmental
conditions for those with low SES [140]. Early studies on environmental exposure and OA
have suggested that increasing levels of whole blood lead exposure is associated with small
but significant increases in the prevalence and severity of radiographic knee OA [94]. It is
currently unclear whether or not this association is explained by a direct toxic effect of lead
on joint tissues or through an indirect mechanism, however this preliminary research
suggests that features of the environment, such as environmental exposure to this toxicant
may play some role in mobility and disability in knee OA.

Although there are no current studies that have examined composition and context over the
life course, there is evidence to suggest that BMI, an important risk factor for OA, may have
unique effects across the life course. Researchers in the UK examined the relationship
between lifetime BMI and midlife knee OA in a population-based British cohort of 3035
men and women with knee OA [141], comparing outcomes of prolonged exposure to high
BMI to high BMI at a particular period. Wills and colleagues found that prolonged exposure
to high BMI throughout adulthood had a greater influence on the risk of knee OA [141].
Analyses supported an accumulation model of risk indicating that having a high BMI in
earlier stages of life was not independently associated with knee OA above and beyond BMI
in adulthood. Earlier findings by Macfarlane and colleagues on the association between BMI
throughout the life course and adult knee pain found that while association with adult
obesity is strongest, associations of high BMI at the age of 11 years was associated with
increased risk of knee pain at the age of 45 years [142].
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Recent research on life course SES and RA found that patients with R A reported lower
childhood SES compared with noncases, with cumulative effects across multiple measures,
such as household education, food insecurity and young maternal age [143]. Another study
conducted in southern Sweden with patients in an outpatient clinic and private rheumatology
clinics assessed perinatal characteristics in relation to the risk of adult RA. High birth
weight, initiation of breast feeding during inpatient care after delivery, and paternal
occupation were associated with OA indicating that characteristics of the perinatal period
may be relevant to the pathogenesis of RA [144]. These findings on the impact of life course
BMI and OA and previous research on life course SES and RA suggest that it will also be
important to examine social position and social context across the life course in OA health
outcomes.

Potential mediators & moderators

Social position and social context most likely affect health outcomes indirectly through
other factors such as personal lifestyle, demographic characteristics as well as community
perceptions and psychological influences (Figure 1). As social position and aspects of the
community are more difficult to intervene upon or impossible to change in adulthood, it is
critical to identify and better understand modifiable risk factors, which may be more
amenable to intervention in order to eliminate disparities in the prevalence of OA and
improve health outcomes of those with OA. As we have previously noted common risk
factors associated with OA prevalence, this section will highlight other potential mediators
and moderators (Table 3).

Personal factors

Occupational tasks—Specific occupational tasks related to radiographic OA and
symptomatic OA have not been consistent across studies [145,146]. However, research has
consistently shown a strong, positive relationship between work involving knee bending and
knee OA in men [147]. Specific occupations however, such as farming, have shown
moderate associations with radiographic and symptomatic OA [148], particularly for those
who have ten or more years in agricultural work [149]. Far fewer studies have examined the
associations of specific occupational tasks with OA of the hip. However, research suggests
that prolonged standing at work and heavy lifting increase the risk of degenerative hip
disease for farmers [149]. Recent research by Allen and colleagues demonstrated an
association between occupational tasks and knee OA (Table 3) [102]. Four specific tasks
were associated with symptomatic hip OA: lifting >10 Ibs, bending/twisting/reaching,
crawling, doing heavy work while standing, as well as the cumulative number of tasks.
Additionally, there was an association of lifetime exposure to jobs involving specific
occupational tasks with radiographic knee OA, but not radiographic hip OA. However, a
Danish study using register data of the whole Danish working population confirmed that
occupations with heavy physical workload were associated with a high risk for both hip and
knee OA in men and women separately, with risks increasing with cumulative years in
occupation (Table 3) [150].

Health literacy—Although health literacy has not yet been explored as a mediator or
effect modifier in OA health outcomes, it has been associated with poorer health outcomes
in other common chronic diseases [151], such as diabetes [152] and RA [153], as well as in
the functional health status among older adults [154]. Swearingen and colleagues analyzed
the literacy of 194 consecutive patients at an academic rheumatology clinic using the Rapid
Estimate of Adult Literacy in Medicine (REALM) and an ‘Arthritis-Adapted’ REALM (A-
REALM) [155]. This study found that more than 10% of patients living with R A for an
average of 11 years could not read ‘cartilage’, ‘diagnosis’, ‘rheumatologist’, or ‘symptom’,
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highlighting the potential for literacy-associated barriers in socioeconomic disparities in
rheumatologic health.

Community perceptions

Understanding qualitative aspects of the built environment as health enhancing or as
perceived barriers to older adults provides information to policymakers that can allow them
to more effectively allocate resources at the community level to promote the quality of life,
enhance mobility and reduce disability in the lives of older adults, particularly those living
with OA.

Despite the vast body of research that links features of the built environment to physical
activity [156-159], research on environmental features as they relate to disabled individuals
living with OA, is relatively recent. Keysor and colleagues confirmed the hypothesis that
people who reported more mobility barriers and fewer facilitators in the community
perceived more limitation in their daily activities [89]. A recent qualitative study with six
focus groups in Johnston County (NC, USA), identified community resources and
environmental characteristics that are facilitators or barriers to OA disease management
[39]. Using the Corbin and Strauss chronic illness trajectory framework, the study divided
emergent community resources into three self-management tasks: medical and behavioral
management, role management and emotional management. Local area senior and civic
centers, a local health facility and aquatics center, community parks and religious
organizations were viewed as community resources that promoted physical activity. Social
support networks were also used for self-management and to facilitate the completion of
daily tasks. The positive benefits of socializing contributed to emotional management of
OA. Focus group participants also discussed environmental features in their neighborhood
as barriers and facilitators for OA management. Although short distances between
residences and community resources promoted physical activity, the availability and quality
of lighting, sidewalks and level surfaces could limit one’s ability to engage in physical
activity [39]. However, although Martin and colleagues’ research revealed older adults’
recognition of existing neighborhood barriers, Keysor and colleagues found no association
with the way people perceived how often daily activities were performed; while features in
the neighborhood may make involvement in daily activities difficult, older adults with
functional limitations are able to adapt (Table 3) [89].

Psychological influences

Perceived helplessness—Previous research in other rheumatologic conditions has
demonstrated an association with helplessness and outcomes [59,160,161]. Early research by
Callahan and colleagues confirmed that helplessness mediated a component of the
association between formal education level and mortality over 5 years in patients with RA
[59]. A recent investigation of patients in the Norfolk Arthritis Registry examined the cross-
sectional relationship between SES, learned helplessness, and disease outcome in patients
with inflammatory polyarthritis [160]. Camacho and colleagues found that patients with the
lowest SES had significantly worse health outcomes compared with patients with the highest
SES, a relationship that appeared to be mediated by learned helplessness [160].

Social support/coping resources—An extensive body of research has demonstrated
the positive health benefits of social support acting as an appropriate buffer against
psychological distress caused by disease [162], particularly for older adult populations
[163,164] and in other chronic diseases [165]. In OA, social support has been associated
with higher physical functioning, general health, mental health, social functioning and
vitality [166-168]. In combination with hardiness and pain, social support accounted for 53
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and 54% of the variance in psychological status and physical function, respectively, in older
adults with OA [166].

Additional psychosocial factors may explain the variation in self-reports of and disability of
those who have OA. Catastrophizing has been conceptualized as both a coping response
[169] and a cognitive process in which individuals perceive catastrophic threat, harm or
consequences from a stressor (e.g., pain or disability), including negative self-statements and
negative predictions about the future. In combination with learned helplessness, Keefe and
colleagues demonstrated that levels of catastrophizing were inversely associated with reports
of knee pain, disability and psychological distress [170], extending previous research on
pain, coping and self-reported disability in older adults [171]. Recent research also found
that gender differences in reporting of pain, pain behavior and physical disability were
mediated by catastrophizing, even after controlling for depression [172]. A separate study
showed that at the end of a 10-week skills intervention focused on providing pain coping
skills among older OA patients, the skills training group reported significantly lower levels
of pain and psychological disability than the control group [173]. Even at a 6-month follow-
up, low catastrophizing scores were associated with better health outcomes.

Perceived discrimination—There is little research on perceived discrimination as it
affects OA outcomes. In a recent study by Hausman and associates that examined the impact
of perceived discrimination on patient-provider communication, African—Americans
reported greater levels of perceived racism and classism [174]. Although Hausman et al.
studied patient—provider communication as the outcome, there is reason to believe that the
mechanisms of discrimination operate through complex pathways that could ultimately
affect both the prevalence of OA in populations, and other OA health outcomes. Additional
research is needed to identify the causal pathway through which perceived discrimination
can produce negative mental health and induce physiological stress responses.

Conclusion

This article reviews the impact of social determinants on OA outcomes and proposes an OA-
specific framework that synthesizes a medical model with a social model of disability. Our
narrative review highlights several important components of this topic, including discussion
on the current methods of measurement of social determinants at both the individual (i.e.,
occupation type, educational attainment and/or income) and contextual level (i.e.,
community-level measures of SES, the built environment and/or environmental exposure),
while also identifying potential mediators and moderators that may affect OA health
outcomes.

Educational attainment is one of the most investigated measures of social determinants. It
has been found to be associated with prevalence of knee and hip OA, as well as markers of
disease severity and progression among those with knee and hip OA, including disability,
pain and physical function. Other dimensions of social position can be captured through
occupation type or measures of income, but vary from study to study, and country to
country.

Research on contextual measures of social determinants has demonstrated that living in
areas with high community poverty rates is associated with higher rates of self-reported
arthritis and higher prevalence of radiographic knee and hip OA and increased disability
among those with knee OA. More qualitative, descriptive approaches to capturing contextual
environment have included studies on features of the built environment, community
perceptions and workplace policies that can be viewed as facilitators or barriers to OA self-
management.
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We recognize that the mediating, moderating and confounding factors included in our
schematic are not an exhaustive list. However, in our review of the literature, we created
three categories to reflect conceptual distinctions, including personal factors, community
perceptions and psychological influences. As the body of research on social determinants in
OA continues to expand, and the measurement of concepts becomes more precise, we expect
that additional factors will be added to the model and the mechanisms explaining the
relationship between social determinants and OA health outcomes to be better explicated.

Future perspective

In reviewing the existing literature on social determinants of OA, it is important to identify
gaps in the literature and areas in need of future research in order to reach out to decision-
makers and guide the development of health promoting policies that reduce the disparities
seen in OA and other chronic diseases. Our paper has identified several factors of interest
and provided rationale as to how they may potentially affect OA health outcomes, most of
which have largely been unexplored. These include: social cohesion/social capital,
environmental exposure, neighborhood environment (perceived and actual), health literacy,
perceived discrimination; and life course. We encourage researchers to consider our
proposed schematic in their future studies and develop their research around these factors to
help build and strengthen our understanding of the complex causal linkages that underlie
disparities in OA health outcomes.

While there is strong evidence for individual SES/compositional effects on prevalence and
outcomes of OA, most studies have focused primarily on educational attainment and
occupation type. The inclusion of more studies examining the association of income or
wealth might provide more understanding on the conversion of assets and money into
health-enhancing commodities, environments and services. Measurement of social
phenomena and other aggregate constructs in social determinants at both the individual level
and particularly at the group level remain underdeveloped [175]. Definitions of occupation
type, community poverty and deprivation often vary from study to study and country to
country. Thus, we encourage continued conceptualization in the development of valid
measures that would allow for the comparison of data across countries and improvement in
methodological approaches and study designs that can better capture dimensions of social
position and social context. In particular, additional research is needed to determine if
aggregate-level measures of SES are providing accurate estimations of individual SES as
well as determining if there are specific populations where SES measures should be
measured contextually or individually.

More research, particularly multilevel modeling, is needed. Although there is evidence
linking social context and individual SES in other chronic conditions, there is little research
regarding how community contexts can interact with individual-level characteristics in OA.
Using the ICF conceptual model of disability as a framework for research in OA requires
adequate consideration of the complex relationship of individuals within their social and
environmental context [202]. In particular, greater use of multilevel models in OA and
determinants research will better allow us to understand how populations interact with
aggregate phenomena (i.e., community poverty) and change over time.

With a growing aging population, and one that lives longer, the life course perspective will
allow researchers to understand trends within chronic diseases and understand trajectories of
illness over time. Currently, no studies have explored the role of social determinants across
the life course and OA.

Although radiographic assessment of OA is considered the gold standard, some studies on
OA still use self-report as their measure of disease. A movement towards radiographic,
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clinical assessment as compared with self-report is needed to improve accuracy and
comparability between studies. Additionally, there has been a large focus on OA of the knee
and hip. More research is needed to assess the effects of social determinants on other types
of OA, including the hands, spine and feet.

With the exception of the Johnston County Osteoarthritis Study, which has enrolled a
sizeable number of African—Americans, most research investigating the effect of social
determinants on OA outcomes has focused primarily on Caucasian populations. Future
research needs to be carried out to determine whether OA outcomes have similar
associations with SES among different racial and ethnic groups/settings, different cultures,
developing countries and older adults. In closing, it is of continued importance to focus on
social determinants and OA outcomes in order to advance our understanding of how social
context affects health outcomes. Identifying potential mediators, such as social support or
psychological disposition, which are proximal to OA health outcomes, may provide public
health practitioners with more accessible opportunities to develop health interventions to
improve the quality of life of those living with OA. However, we emphasize that only
through understanding the mechanisms of distal, social determinants can we expect to truly
affect the structural inequalities that underlie the disproportionate burden of illness.
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Executive summary
Overview

»  Early research related to social determinants and health disparities focused on
social position and explored downstream determinants primarily related to the
individual, such as mechanisms of human biology and the clinical issues of how
people cope with disease and disability. Over the past 15-20 years, our view of
disease causation has broadened to include discourse on the health risks that are
created and maintained by the social context above and beyond individual risk
factors.

»  This review proposes a framework to help guide our understanding of how
social context may interact with pathophysiological processes and individual-
level variables to influence health outcomes in those living with osteoarthritis
(OA). Our schematic is based on previous models for chronic disease and what
current research findings in other rheumatologic diseases have demonstrated.

» We summarize the current literature on research on OA and social determinants,
focus on future directions for research, and identify conceptual and
methodological limitations in our current knowledge about social determinants
and OA.

Social determinants & OA outcomes

» Education and occupation are the compositional measures of socioeconomic
status (SES) that have been examined most extensively in OA.

e Low educational attainment and/or having a nonmanagerial/nonprofessional
occupation have been demonstrated to be associated with increased OA
prevalence and morbidity (poor health outcomes), after adjusting for other
known risk factors (gender, BMI, injury, and age).

» Inthe limited studies to date, social context (percentage of the neighborhood
living in poverty) has been shown to be associated with OA outcomes,
independent of individual measures of SES.

Conclusion & future per spective

» Due to the complex nature of community variables often referred to as social
context, better and more consistent definitions of this measure need to be
developed.

» Research on the effects of social determinants on OA outcomes has focused
primarily on education and occupation type. Definitions of SES need to be
expanded to include other measures that will address methodological issues in
defining social determinants, including:

— Social cohesion/social capital

— Environmental exposure

— Neighborhood factors (actual and perceived)
— Health literacy

— Perceived discrimination

— Life course

— Income

Aging health. Author manuscript; available in PMC 2013 June 01.
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Confounders, mediators and moderators

Life course

Figure 1. Therelationships between social position, social context and osteoarthritis outcomes
OA: Osteoarthritis.
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