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ABSTRACT
Sarah Dorothy KowittDo NeighborhoodCharacteristicdatter forOlder AdultsLiving in Primarily
Rural Neighborhoods, anid Sg How and folWhom?
(Under the direction of Edwin B. Fisher)

Background. More than half of all adults in the Unit&tates—117 million people-have a chronic
condition. In addion to accounting for mostealth care expenditures (86%), chronic disease is often
associated with considerable decline in quality of life, increased risk of mortality, and decreased
psychosociahnd psychological functioning. Individual risk factors have been extensively linked to
chronic diseasand growingevidence now suggests tlapects of the neighborhoark associated with
health and wellbeing
Methods. Accordingly, this dissertatiomcludestwo studies that examine the relationships among
neighborhood characteristics and mental and physical functioning in older adults with knee osteoarthritis
(Study 1) and the relationships with depression in a broader sample of older adults \SBuscRically,
Study 1 examined imultilevel, crosssectional and longitudinal analyses if four neighborhood
characteristics were a) associated with mental and physical functioning and b) interacted with key
individuallevel characteristics among oldmtults with knee osteoarthritis (n=6568tudy 2focused on
older adults (91% of whom had at least one chronic conditeh558 andusing structural equation
modeling,examined if neighborhood characteristics were associated with depression, amhétso,
factors (i.e., physical activity, social support, perceived individual control), selected from an a priori
theoretical framework, mediatékese relationshipsor both studies, data came from a prospective
cohort studyin North Carolinadesigned to exmine risk factors for osteoarthritithe Johnston County

Osteoarthritis Project.



Results Althoughfew longitudinal associations were found, creggtional resultfom Study 1
suggested that percetv@eighborhood social cohesion grefceivedheighborhood resources for
physical activity and walkingvere associated witlessdepression angreaterphysical functioning
among older adults with knee osteoarthritidditionally, several interactions were found among
neighborhood characteristics arate,diseaseseverity, and presence of comorbiditi8tudy 2 again
found relationships between neighborhood characteristics and depression. metliation analysis
indicated thathese associationgeremediated byphysical activity, social suppond perceived
individual control

Conclusions Comprehensive approachesctoonic diseasmanagemerghouldinclude attention to
neighborhood contexin addition to targetingnodifiableindividuatlevelfactors, such as physical

activity, social support, and perceiviedlividual controlthat mediate neighborhood influences.
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CHAPTER 1: INTRODUCTION

Overview

More than half of all adults in the United States (J3)L7 million people—and more than 85%
of older adults have ehronic conditior®>l n addi ti on to accounting for
expenditures (86%)chronic disease is often associated with considerablmdenlquality of life,
increased risk of mortality, and decreased psychosocial and psychological functithngurden and
patterning of chronic disease are cleémdividuals marginalized by social, economic, and geographic
structures are disproportionately burdened by chronic diSéadeed, there is growing evidence that
aspects of thaeeighborhood are associatedh health behaviordiealthoutcomes, and quality of life,
especially as they relate to chronic disease prevention and mana§édinisrdissertation research
combines theories on neighborhoods and healthadtancedtatistical methods to identify and examine
how neighborhood context is associated wintal and physical functioning among a unique
population: older adultsving in primarily rural neighborhoods with specific chronic disease (knee
osteoarthritisOA, Study 1) and a general sample of older adivitsg in primarily rural
neighborhoods-91% of whom have at least one chronic condition (Studigending previous
empirical and conceptual research, two studies exaifniréghborhoods matter (Study 19r whom
neighborhoods matter ma&tudy 1)andhowneighborhoodsaffect health (Study 2).
StudyPopulations

Studyl focuses on a specific chronic disedsaeeOA) for four reasons. Firstyhile research on
neighborhoods and health has increased, few studies have focused specifiCaéilyasnwill be
demonstrated ithe subsequent chapters. Second, this study examines how neighborhood characteristics
interact with key individualevel characteristics to influence health and wellbeing to determine if

neighborhoods matter more for certain-gdpulationsin order to lmk at how biological and clinical



featureqe.g., disease severityjfluence health outcomes and interact with neighborhood level
characteristics, a focus on a specific disease is n€ad#ils casekneeOA). Third, research suggests
that adults with ghritis and other chronic conditions fare worse on several indicators than adults with
multiple chronic conditions, not including arthritis, which makes research on arthritis impgdfiaatly,
the dataset used in this dissertation was specifically designed to assess OA prevalence and functioning.
Study 2 focuses on older adults more generally, without inclusion or exclusion based on OA
status, for two reasons. First, most studies on neighborhoods and health have focused on a single disease,
which can be useful for understanding a specific diseatterp or examining diseaspecific outcomes,
but limits comparisons across studies. Second, more than 85% of older adults have at least one chronic
disease, most of which share common underlying risk factors algealthy weightor factors that
compicate disease management (e.g., lack of social sugiirte this aim focuses on understanding
how neighborhoods are associated with health and examines general mediators that public health
interventions could target, a lader focus is relevant.
Study 1Background
Arthritis is one of the most common chronic diseases in th&pa®jcularly among older adults,
among whom half of those over the age of 65 refpaving arthriti Of the different types of arthritis,
OA is the most commohOA is a degenerative joint disease that oftenesapsin, stiffness, and
limitations in movement!® An extensive body of literature haentified individualrisk factors for OA,
including age'! gendert! race!?!® socioeconomic status (SES}? genetics® bone density? overuse of
joints **7joint injury,'**®and obesity® However, research has shown that even after controlling for
individual risk factors, variation in arthritis prevalence anahagement is not fully explainédThere is
now growing evidence thaieighborhood aspecise associated with functioning and wellbeing among
adults with arthritig?
However, there are several notable limitations. First, the majority of previous studies have
examined neighborhood characteristics among peopleseftheport arthritis, not radiographic OA,
which isthe focus of this stud??® Second, relatively few studiégve examined how neighbardds
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affect mental health among individuals with &&®which is arguably an important dimension of OA
functioning.Third, the majority of studies have examined a single neighborhood charaeteristic
neighborhood SES-which limits our understanding of how neighborhoods affect health and cisopar
across studie’s;14.20242631\Whjle neighborhood SES is important, few studies have examined other
deteminants of neighborhood context that may be associated withe@@fed outcomes. Fourth, the vast
majority of studies examining neighborheleyel characteristics and OA outcomes have been-cross
sectionalt?14.2029.32.33ith few notable exceptions. Finally, few of these previous studies have examined
how neighborhood characteristics may interact with key indivithuadl characteristics to influence OA
functioning®*

Addressing these limitations, Study 1 examines if neighborhood context is associated with mental
and physical health outcomes among individuals with knee OA-sgag®nally and over time and
assesses whetheeighborhood characteristics interact with one another and key individual level
characteristics to influence health outcomes. Using multilevel modeling and a cohort of older adults with
radiographic knee OA, this study comprehensively examines thelgrirs of neighborhoocdontextto
health outcomes. Findings from this study can help public health policy makers and researchers
understand the influence of differing neighborhood characteristics on impOamtitcomes.

Study 2Background

Many ofthe imitations on neighborhoodmd OA extend to research on neighborhoods and
health, more broadlyzirst, most neighborhood studies have only examined one health outcome or
condition, namely obesity, chronic disease risk and management, morbidity, andtyndraaldthe
studies that have examined mental héatfthave often only looked at one neighborhood dimension
(SES). More research on neighborhood social and physical structures and mental health is needed.
Second, most of the research on neighborhoods and heasttonductedn urban environments, with
few studes examining how findings extend rural and suburban are&s he narrow focus of prior
research (one neighborhood characteristic, one health outcome, mostly urban settings) has limited
interpretability and comparison of results across studies.
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Third, despite a number of theories and conceptual frameworks illngthatwv neighborhoods
affect health (see work on social determinants of héaétbcial disorganization thed®and conceptual
models from Diez Roux & Mait? Brown et al3* Carpiand®® and Blair et &), theseconceptuamodels
have rarely been empirically tested. Finally, most of tleseeptuamodels were built for general use,
without regard to specific populations. However, some rekeaiggests that neighborhoods are
particularly important for older adults duetteir more limited mobility;” shrinking social network,
and increased exposureresidential neighborhood effecser time*!4°

Study 2 examineBowneighborhood characteristics are associated défiessiommong a
unique population: older adullising in primarily rural neighborhoods-91% of whom have at least one
chronic conditionUsing prior theories and conceptii@meworks, neighborhood poverty is
hypothesized to affect three neighborhood characterigiizseivedsocial cohesiomerceivedsafety,
andperceivedesources fophysical activity and walking. These three neighbodhcharacteristics are
then posited to affectepressiothrough health behaviors (i.e., physiaativity) and psychosaocial
processes (i.e., social support and perceived individual control).

Significance for Public Health

The contribution of the proped research is to better understand, if, how, and for whom
neighborhood and community factors affeetlthoutcomes among older adults. These studies build on
and contribute to research on neighborhoods and chronic disease management in important ways.
NeighborhoodsMatter

An extensive litany of metanalyses and reviews have documented the robust and consistent
effects of neighborhood characteristics on mortafitpental healtf>“° chronic diseas#;*® health
behaviors, such as physical activity® and other metrics of wellbeing, such as cortisol le¥dBecause
residential areas are also segregated, typically by income and/or race and ethnicity, anthynarked
unequal distribution of resources, neighborhoods not only affect health outcomes, but also contribute to

health disparitieg° Further research on neighborhoods and health is therefore important and timely.



Large Scale Guidelines and hitiatives Often Mention Neighborhoodsbut Are Limited

While researcherand policymakers emphasize the importance of neighborhoods and
communities (see Healthy People 262the Affordable Care Act and new models of health care
delivery, such as the Chronic Care Md&égelittle research has attempted to intervene, change, or
leverage neighborhood characteristicgniprove healt®* Without fully understanding if, how, and for
whom neighborhood characteristics matter, research, guidelines, and interventions to improve chronic
diseasenanagement aninctioning wil remain limited.
Neighborhood RsearchCan Be Directly Applied toCreatelnterventions

Neighborhoods naturally contain resources, such as social bonds, parks, reliable and safe public
transportation, that can be used in interventions to protect agagsiors and positively impact
communities’ a n & Relatedly, hecadsa meighhorhodds ard gedgraphically bound,
research omow neighborhood context affects healttn be directly applied twreate public health
interventions. In fact, a growing number of interventions have targeted neighbdelvebd
characteristics. Beyond the classic “Moving to Op,
vouchers to move from high to lepoverty aeasS® interventions have also manipulated other
neighborhood features, including aesthetic improvements to strengthen social networks and social
capital®” improvements tendoor and outdoor spaces to allowdividuals to foster and maintain
relationship®, andimprovements tdighting and sidewalks to increase physical acti®tincreasingy,
researchers are also using tools, such as Geographic Information System (GIS), to comprehensively map
out neighborhood features and advocate for population health approaches that address problematic
areas’? For these reasons, research on neighborhcanilbe directly applied to create interventions.
Contributions of This Dissertation

Studies 1 and 2 can makeportant contributions to public health research and pradtiogings
from Study 1 could provide more specific recommendations to practionéerventionists, and
providers focused on improving Odanagement and quality of lifslational agencies, like the Centers
for Disease Control and Prevention (CDC) and the Arthritis Foundation already recognize the importance
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of neighborhoods for OA prvention and manageméehiStudy 1 can move these recommendations
forward by providing more concrete guidance on what neighborhood characteristics should be addressed,
individualswho represenpriority populations for interventions, and how neighborhood characteristics
interact with key individualevel characteristics to influence health. Additionally, not only does the
proposed study explore neighborhood effects on physical heattbnoes, but it also examines effects on
depressionThis is important because depresdias emerged as an importaaoblic health problenn its
own right”? In addition, depressionas been independently associated with OA management and
outcomes and emorbid depression and OA have been correlated waitings functioning®"*increased
pain/®">"8increased health care 8&nd cost® than either condition alon&hus, the proposed research
broadens the current reach and impact ofi@iérventions especially for those that may focus on
different OArelated outcomes.

Study 2 could provide support to better tailor interventions and policies for older @dalt@ast
majority of which havet least one chronic disedsspecifyingwhereandhowto intervene to more
efficiently allocate resources. For instance, if the proposed research demonstrates a relationship between
neighborhood poverty ardbpressiorthat is mediated by physical activity, then interventioosld target
physical advity, while also recognizing the importancersighborhooaontext(i.e., poverty)when
designing intervention componen®verall, this study can be directly appliedcteatefuture public
health interventions thakeekto mitigate neighborhoetkvel risk factors or leverage neighborhetavel
protective factors to improve chronic disease management and wellbeing among older adults.
Organization of the Dissertation

This dissertation has six chapters. The first chapter cengaimntroduction to the dissertation, an
overview of the two studies proposed, and the significance of research on neighborhoods and health.
Chapter 2 synthesizes previous empirical research on neighborhoods and health, chronic disease
management, and O&nd highlights research gaps, which informed the current studies. Chapter 3 details
how and why neighborhoods may be associated with health, drawing from a number of theories and
conceptual frameworks. Chapters 4 and 5 detail results from Study 1 an®Steslyectively. The final
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chapter—Chapter 6—synthesizes results across the two studies and provides a summary of the

di ssertation’s strengths, I imitations, and i mpli c.



CHAPTER 2: BACKGROUND AND RESEARCH GAPS

Neighborhoods andHealth

Over the past few decades, a growing body of research has established that neighborhoods affect
health. Specific neighborhood features have been associated with health behaviors, health outcomes,
quality of life, psychologicahealth, and mortality*’” Indeed, neighborhoods are such an important
predictor of health thanany individuals haveleclared; | ongevi ty may be more infl
code than by yiB8acauseqaghmrhdods ercanpass etonomic, physical, and social
features, there are plausible links between neigliwalhand health, independent of individleadel risk
factors and increasing evidence demonstrakesneighborhooaontextis an important social
determinant of health.

In this chapter, | brieflyeview the evidence linking neighborhoods to health, §owuonseven
key dimensions: historical trends, health conditiansthods, mediators, interactions with key individual
level characteristics, populations, and settifigen, Isynthesizeesearch gapsnd discuss hothese
gapsinformed Studies 1 and 2.
Historical Trends

Although there has been longstanding interest in how neighborhoods and communities affect
health, studies examining the effects of neighborhood characteristics only began in earnest in the late
1980s / early 1990¥.Many of these early studiesge Haan et al. in 1987 examined whether
neighborhood poverty, socioeconomic positiondisadvantage were associated with health outcomes
and/or mortality. For instancia one of the first studies, Hann et al. (1987), found that residents of
federallydesignated poverty areas experienced higher mortality over a nine yeartpllperiod
conpared with residents of nguoverty area$’ While subsequent neighborhood studies begandasfo

on additional neighborhood characteristies.g.,social and physical featuressconomicconditions

8



remain some of the most studied structtmators relevant to health stafii€ven today, few studies

assess neighborhood characteristics usiegl e v e | indicators that are indej
perceptiongsuch as neighborhood perty measured through census indicators)satireported

nei ghborhood characteristics (such as individual s
important since many neighborhood characteristics cannot be measiireat selfreport(e.g., soal

cohesioft) andarealevel measures and sedportedneighbahood measures are associated with health

in different, but important way¥.

For research oneighborhoods anakthritis, this focus on neighborhood economic conditions, is
especially pronounced. Indeadoststudies have examined neighborhood SES, using céases
measures to capture proportion of people living in poVerty*242627or indices of relative
disadvantagé??#3! Some studies have looked at community barriers and facilittthserceived
neighborhood social environment (e.g., cohesion, aesthetics, <afatyhe types of resourcesedby
adults with OA2384*However, only two studieBavequantitatively investigated the role of physical or
social neighborhood characteristics on @&comes and both studies focused on disaB#ity.

Health Conditions

In additionto limiting their foci to one or two neighborhood characteristioest neighborhood
studies have only examined one health outcome or condition, n#mebrelated tphysical health, as
indicated by the substantialimber of studieknking neighborhoodsat obesity, chronic disease risk and
management, morbidity, and mortalfyWhile at least six systematic reviews in the past déé&teave
documented how neighborhood features may be associated with depression and mentaldstaith
these studies only focused on neighborhood SES. Indaedf the six reviews focused exclusively on
neighborhood SES,three of the reviews included a majority of articles that focused only on
neighborhood SE®;*"*and two of the reviews includedharacteristics of theuilt environment, but
mostly assessed factorsdikousing quality, residential density, air quality, etc., without examining other
features of théuilt environment, such as accessibility or availabilityesfources fophysical activity or

walking 3840



Additionally, research on neighborbas and certain health conditions (e.g., OA) or multiple
health conditions (e.g., comorbidities) is lackihgtially, mostresearclexamining neighborhoods and
arthritis focused on seteport arthritis>?6 While these studies were useful in providing a foundation for
how neighborhoods are associated with arthritis outcomes, few studies focused on OA, despite it being
the most common type of aritis. This is important, since OA differs from other types of arthritis, such
as rheumatoid arthritis, with regard to risk factors (i.e., body mass index, BMI) anmdeseljement
guidelines (i.e., physical activity, weight management). Within the pastditenyears, more research
has been devoted to neighborhoods and OA, which is likely a ofsnttreased research from the
Johnston County OsteoarthritddCO OA project.Specifically,researcherbavefound household
poverty to be associated wighneater odds of radiographic, bilateral radiographic, and symptomatic knee
OA** as well as increased pain among individuals with radiographic kneé WAile evidence
continues to grow (with at least six studies demonstrafiagneighborhood factors are associated with
OA prevalencé?* painl??7or disability’s%), further research examining neighborhood characteristics
and their association with Qfelated outcomegparticularly mental healtls needed.
Methods,Measurement, and®tudy Design

Studies on neighborhood and health have evolved methodolggiealy studies often used
ecological study designs to examine associaionsngneighborhooatontextand health outcomes
aggregated to the group levéIThis approach typically defined areas using administrative boundaries
(e.g., census tracts in the US), focusacheighborhood socioeconomic status, disadvantage, or
deprivation, typically relied on crosctional observational data, aegtablishedhe importance of
neighborhoods$or health. However, by removing individukdvel data, these studies were not able to
disentangle temporal patterning of neighborhood predictors and health outcomes, ignored the contribution
of individual risk and protective factors on health, did not exarhiow neighborhoods may influence
health in a multilevel way, and ditbtinvestigate other neighborhodelvel features relevant to health.

The second wave of studies on neighborhoods and health began using multilevel methods, which
allow for: a) simultaeous examination of neighborhood and individeagl predictors, b) nen
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independence of observations within neighborhoods, and ¢) examination of bothneitifiborhood

and betweemeighborhood variatioff. While most multilevel research still used administrative

boundaries and relied on cressctional, observational data, these studies allowed researchers to ask more
sophigdicatedquestions regarding how neighborhoods affect health, such as: Do neighborhoods differ in
average outcomes after controlling for individuals within them? Are neighbotlb@ebvariables related

to outcomes after controlling for individubdvel varables? Do individualevel associations vary from
neighborhood to neighborhood? Do neighborhteyel variables modify the effects of individtlalel
variables%

More recently, researelsexaminingneighborhoods and healblavestarted to use GIS and
spatial analysis techniques. Thecentapmpedaltihfefsermad 1 |
buffers around househotat work locations to understand how relevant neighborhood characteristics
affect healtl¥® A major application of GIS has been to characterize features of the built environment (e.g.,
land use, street connectivity, housing density, physical activity resources), typically by compiling
observational data fronifterent source§’ While GIS approaches allow for more precise measurement
of certain neighborhood charactgits, particularly the built environment, they may not be amenable to
all research questions or studies, particularly studies examining sogieonmental characteristics that
are generallyassessed using scales and disaggregatedsing persoftenteed buffers.

Additionally, while methodological advancements have allowed research questions to evolve,
more research is needed to disentangle the complex interaatimmgneighborhoods and health, for
instance: How do neighborhoods affect health over time? How do neighborhoods modify the effects of
individuaklevel characteristics to influence heal#w?d in what ways or through what mediators do
neighborhoods affedtealh? Someresearcherbave begun using advanced statistical techniques, such as
structural equation modab (SEM), to estimate complex models in which one or more variables are
simultaneously predicted and predictor variaBtdsywever, applications remain limitéMore
research, grticularly longitudinal researcdmd research using more advanced statistical techniques, is
needed.
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Mediators
Since the 1980s, researchers have developed a number of theories and conceptual frameworks to
illustrate how neighborhoods affect health (seekvom social determinants of heatfrgocial
disorganization theofyand conceptual models from Diez Roux & M#iBrown etal.,** Carpiand®®
Blair et al.?® and Kawachi & Berkmd¥), yet these models have rarely been empirically tested. In these
models,characteristics of theeighborhood economenvironmente.g.,thatcan refer to both
neighborhood disadvantage and compositional featunesigiiborhoods, such as racial segregation, that
have been used asoxiesfor economic disadvantage) are thought to influeri@acteristics of the
neighborhood physicanvironmenie.g., environmental exposures, food, physical activity, and
recreatiorresources, services), and neighborhood secigkonmenie.g., safety, norms, cohesion,
capital)®* In turn, characteristics of theeighborhood physical and social environms@me then
hypothesized to be associated with health outcomes both directly and indirectly through various
mediators, including but not limited to:
1) Psychosocial processes (e.g., social support, stress, resiliency, sense of control, sense of fear and
anxiety)3446
2) Health behaviors, including physical activitg?4°90-91
3) Access to resources, medical care and qdatig? !
More research empirically testing these hypotheseseded.
Interactions with Keyindividual-Level Characteristics
An attractive feature of multilevel models is their ability to examine interactions among
neighborhood characteristics and individlaé v e | charact etliesvteilc § n(ttearamad o“ne
Despite hypotheses that neiginbood context may interact with individei@vel characteristics,
relatively few studies have examined interactions and findingsdenerally been inconsistetitindeed,
within arthritis research, few studies have even attempted to examindesrelsisiteractiong®2492
Summarizing this gamne researchen 2008concluded” f ew st udi es using both in
community characteristics have usethatis as an outcome; hardly any have examined how community
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contexts interact wi?tWhileiresedrichwsinad thanlon ccdbsal mtaractioasr i s t i
has increased, understanding how neighbamidleharacteristics interact with individdalel
characteristics to influence Grelated outcomes would help researchers understand how neighborhoods
affect health and for which syfiopulations neighborhood characteristics are most important.
Populations

Research on neighborhoods and health has generally established that neighborhood context
matters With increasing researgimore specificity and nuaador whom neighborhoods matier
important.Some research suggests that neighborhoods are partidotgdytant for older adults for
several reasorf$ First, older adults typically have more limited mobiltfyyhich makes residential
neighborhood features important. Second, the frequandgunber of social contacts declinégth age?®
which makeseighborhoogocid cohesion and connectednésportant. Third, older adults may not
leave their neighborhoods as much as younger adults who may be working or havblightoms?!
Fourth, nearly 80% of older adults own their hothasd have lived in their neighborhoods for a number
of years, thereby increasing exposure to residential neighborhood effects. Finally, more than 80% of older
adultshave chroniconditions® which have been shown to be extensively associated with neighborhood
characteristicg* The number and magnitude of these factors suggest that older adults may be more
vulnerable to certaineighborhood features and makeearch on neighborhoods and older adults
especially usefuf*
Settings

Finally, most neighborhood research has been conductetian environments, with few studies
examining whether associations between neighborhood context in health extend to rural and suburban
areas’%%This finding stands in stark contrast to the dispropoatiely greater rates of chronic disease,
obesity, and physical inactivity experienced by residents in rural Hr€ady recently have researchers
beguntodefinevhat constitut es %dnorienfihe firdt studiesiofgthkind,r hood . ”
researchers conducted sestriuctured interviews with 29 individuals from rural Georgia to examine how
rural residents define and operationalize their neighborn8atiben asked if they would consider the
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area around their home to be a neighborhood and how they would draw this area, most participants agreed
that the area around their home could be consideneigborhood (26 out &9 individualg and drew
neighborhood boundaries that were less than 0.5 square 2dllesitof 26 individuals®® When asked

“what kinds of thimfgs pmaktei ¢ditpantnei ddadborihmeod per sc
neighbors, structural factors, and shared resas3? This study was important for two reasons. First, it

confirmed that research on rural neighborhoods is applicable since indsvithfade the areas around

their homes to be neighborhoods. Second, it illustrated that even in rural areas that are typically sparsely
populated, neighborhoods are defined by small boundaries.

In the past decade, other researchers have begun creatingesdgasassess rural environments,
however, these measures have focused more on town center characteristics, rather than neighborhood
featureg®°°While more research is beginning to focus on rural neighborié8tiseater attention
defining rural neighborhoods, measuring their characteristics, and evaluating their associations with
health is needed.

Synthess of Research Gaps

Despite the contributions of previous research on neighborhoods and heatib evdiution of
the field a number of gaps remain, including:

1) Measures: Most studigmve focusedn neighborhood SES ahdvenot includel measures

of physical or social environments

2) Health outcomesRelatively fewstudies have focused on mental health outcomes and OA

compared to physical health outcomes and other chronic diseases

3) Methods: Most studies have been crssstional and few studies have used SEM

4) Research questionBew studies have examined mediation or moderation research questions

5) Populations and setijs: Few studies have focused on older adults and/or rural settings

Indeed, pevious researchers have called for further research to explore mechanisms through
which neighborhoods affect hedfth—especially for individuals with OA214223%xamine how

community context interacts with individual level characteristicgtermine if associations are causal
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and/or longitudinaf?3337.838%examine perceived neighborhood characteristims the social and
physical environmerft examine mental health outconsnd explore how neighborhoods affect health
in rural setting$>% Studies 1 and 2 begin to address these.gaps

In brief, Studies 1 and 2 rely on data from theCO OAproject and examine how neighborhood
characteristics are associated with health outcomes among older adults |pimgarily rural areas of
North Carolina (thereby addressing Gap 5 from the list above). AdditioSallgly 1examines if
neighborhood context is associated with mental dydipal health outcomes among individuals with
knee OA crossectionally and over time and assesses whether neighborhood characteristics interact with
one another and key individual level characteristics to influence health outtadesssing Gaps 1, 2,
4). Study 2 extends these findings and examimmagneighborhood characteristics are associated with
depression by investigating the influence of three mediators selected from previous conceptual models

and theoretical frameworKaddressing Gaps 1, 2, and 4).
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CHAPTER 3: THEORETICAL FRAMEWORKS AND CONCEPUTAL MODELS
There are different ways in which neighborhoods may affect health, as well as different ways of
conceptualizing neighborhood characteristics. Based on definitions from theivfiearticle by Diez
Roux and Mair on neighborhoods and he#ltheighborhood characteristics may be sorted into the
following overarching domains:
1 Economic environment, which includes neighborhood deprivation, neighborhood poverty,
community disadvantage, social affleenand other compositional features of
neighborhods e.g., immigrant population ethnic heterogeneity, which have been used as
proxies for economic disadvantage
91 Physical environment, which includes neighborhood resources, community facilities,
aesthett quality, community characteristics, food availability / accessibility, walkability,
barriers in the physical environment, rurality, and health services availability / problems
1 Social environment, which includes social integration, religious suppoia] s@tworlks,
social / civic engagement, social cohesion, social environment, neighborhood problems (e.g.,
safety, housing, crime), social capital, and belonging.
In this chapter, | focus on theoretical and conceptual research exammingeighborhood
social, economic, and physical characteristics are associated with health. | first focus on each of these
neighborhood influences separately and then discuss literature linking all three influences.
The Social Environment and Health
While there are many ffierent dimensions of the neighborhood social environment, | focus
primarily on perceived neighborhood social cohegadtenconceptualized ahe extent to which
individuals trust their neighbors, the extent to which neighbors feel connected to orer,aheth

presencer absencef social bondsetc) and perceived neighborhood safdtfocus on these two
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dimensions of the neighborhood social environnggven their inclusion in the dataset that | will be
using and their importance for health behavanmd outcomes. While some researclmsothesizehat
neighborhoodocial cohesion affecteighborhood safetff.e., cohesiveneighborhoodare more able to
exert social control anidcrease safetgind/or perceptions sfafety)®! other researchers argue that
neighborhood safety influenceeighborhood social cohesion (i.e., safer neighborhoods facilitate more
bonds and connectedness among resid&hts) this dissertation, | define social cohesion and safety as
two separate, but interrelated, domainghef neighborhoodocial environment.
Mechanisms hrough Which the Social EnvironmentlnfluencesHealth
A growing number obtudies have examinerighborhoodocial cohesion and safety as
predictors of individualevel health behaviors and outcomes. Kawachi & Berkman (2014) hypothesized
that the levels a$ocial cohesion in neighborhoods impact health outcomes through three pathways: 1)
healthrelated behaviors, 2) access to services and amenities, and 3) psychosocial gfocesses.
Regarding the first pathway, it is likely that neighborhood social cohesion would affect health
behaviors by a) promoting more rapid difiusiof health information and b) exerting social control over

deviant healtfrelated behavior®. Supporting these pathways, the theory of diffusion of innovations

posits that cohesive communities (in which more residents know and trust one another) are more likely to

diffuse information'> Research from social disorganization theory (discussed matepim laer) also

suggests that socially cohesive neighborhoods are more able to exert social control over deviant

behaviors. While social disorganization theory has mostly been applied to substance use (e.g., smoking,

drinking, drug use), Kawachi & Berkman hypaosiee that through this same pathwsgcial cohesion

would influence social contr ol (also refe#red t
Regarding the second pathway, social cohesion has also been hypothesized to affect access to

services and ameniti€sSpecifically, individuals in socially cohesive neighborhoodsy be better

positioned to lobby for provision of services and seevices, whiclare directly related to health. As

articulated by Chuang et al., “A more cohesive

education, social welfare, anddiih services, which narrow down health inequality and reduce unequal
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access to health service§? - 3Clearly, access to healtklated resources and services, would then be
associated with healthutcomes.

Last regarding the third pathway, social cohesion likefluesnces psychosocial processgs
directly affecting levels of affective support, empowerment;astifem, and mutual respesll of
which have been found to be associated with ovbeallth. For instance, with regard to social support,
relationships are fundamental among prim&tesd directly influence biological processes undermining
health outcome¥® Indeed,in a metaanalysis of 148 longitudinal studies, Halindstad et al. found that
there was a 50% reduction in mortality for individuaihwetrong social relationships which was
comparable with reductions in mortality attributable to smokifg.

Given the strong theoretical and empirical body of research connecting social cohesion to health
outcomes, | rely on Kawachi & Berkmad s fr amewor k and analyze how per .
cohesion influences health through health behaviors (i.e., physical activity) and psychosocial processes
(i.e., social support and perceived individual control). Furthermore, given strong limkeeinesocial
cohesion and safet§! | hypothesizeperceivedneighborhood safety to influence health through similar
pathways.

In the paragraphs that follow, | turn to literature discussing the links between the neighborhood
economic environment and health.

The Neighborhood Economic Environment and Health

Ealy research on neighborhoods and health focused on the neighborhood economic environment,
typically defined through poverty, socioeconomic position, or other measures of deprivation or
disadvantagé&! While subsequent neighborhood studies began to focus on additéghborhood
characteristics, e.g., social and physical features, economic conditions remain some of the most studied
structural factors relevant to health st&fus.

MechanismsThrough Which the Economic Environment hfluencesHealth

A number of theories and conceptual frameworks have proposed mechanisms through which the

neighborhood economic environment affects healbhyever, no uiflying theory exists. | therefore
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presensix theoretical / conceptual frameworks that discuss how and why neighborhood economic
conditions are important to health. Synthesizing results, | then describe how | will use these frameworks
to crede the conceptual model that guides this proposal.

Social disorganization theory which was first introduced by Shaw and McKay (1969), was one
the earliest theoridiking neighborhood disadvantage to crime and health beh&visgecifically, this
theory posits that disadvantaged neighborhoods are characterized by highiectsavantage,
residential instability, and ethnic heterogenétfyThese risk factors disrupt social control and collective

efficacy by diminishing communities resources
volunbkr y organi zations and reducing communities’
goals, andncourage sociaklationships$? While this theory focuses less on neighborhood poverty and
more onthedisorganization thas thought to resufrom neighborhood poverty and similar processes, it
remains one of the earliest theories on neighborhood poverty and health and its fingimg#luenced
later theories

Over the past 2@5 years, a growing body of researchsocial determinants of healh has

emerged? Though this theory does not explicitly emphasize the mechanisms through which

neighborhood poverty affects health, it does highlight the importance of neighborhood economic

t o
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conditions and resources on health. The mechanisms through which these effects occur include but are not

limited to: living and working conditions in homes and communities; medical care; and personal
behaviors.

In a seminal paper on neighborhoods and helidz-Roux and Mair (2010)conceptualized
how neighborhood economic characteristics influence h&®&hpecifically, their frameworkuggests
thatneighborhood economic context (which produces inequalities in resource distribution and residential
segregation) influeces neighborhood physical environments (e.g., food and recreational resources, built
environment) and neighborhood social environments (e.g., safety, social cohesion, norms). In turn, both
the physical and social environments influence behavioral meslianaor stress-which influenceshealth
outcomes. They also point out that many of these pathways-dir@tiional, so for instance, residential
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segregation can result ina@l inequalities in resources, whichturn can reinforce residential
segregationAlso, of importance, these processes may operate over the life course and can be modified by
individuallevel characteristics.

Mentioning similar pathwayasDiez-Roux and MairCarpiano (2006)proposed that
neighborhood socioeconomic factors (e.g., meghome ownershigoverty, income inequality)
influences health outcomes through two main pathw&yEhe firstpathway includes social processes
(namely social cohesion and social capital), which then influence health. The second pathway emphasizes
that neighborhood socioeconomic factors affect health directly through risk factors, health behaviors, and
health stais.

Authors have also proposed how neighborhood economic context influences specific disease
outcomes. For instance, focusing specifically on individuals with chronic dis@as®s) et al. (2004)
proposed that neighborhood SES influences health outatmoesyh three mechanisms: 1) health
behaviors, 2) access to care, and 3) processes of care (i.e., the quality of care offered to individuals).
Because their framework was specifically created for individuals with chronic diseases, specifically
diabetesmore emphasis was placed on health care processes (e.g., quality of care) than has been
proposed in other theoretical frameworks.

Finally, in a review of studies examining neighborhood characteristics and depression outcomes,
Blair et al. (2014) identified 14 longitudinal studies published between 2003 and 2@arbm these
studies, they created a conceptual model to explain how neighborhood exposures, including social
disadvantage, affecepressionThe proposed pathways through which these health effects occurred
included: exposure to stress; formation of suppe and/or mobilized social networks; resiliency to
negative affectivity; perceptions of aesthetics; sense of control or powerlessness; and sense of fear and
anxiety.
Synthesis

In summary, numerous theories and conceptual frameworks have highlighiettrtance of
neighborhoodconomicconditionsfor health, including social disorganization theory, social determinants
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of health theory, and conceptual models from Diez Roux & Rt&rown et al* Carpiand®® and Blair et
al*® In total, these frameworks have proposed a number of mediating mechanisms through which the
neighborhood economic environment influences hé&fttt®°0°1 These pathways include:

1) The social environment (i.e.,aal control, collective efficacy, social cohesion, violence,

Safety 4,4246,90

2) Access to resources, medical care and qdafitsf* !

3) Health behaviorg:#245.90.91

4) Psychosocial processes (e.g., stress, resiliency, sense of control, sense of fear antd&nxiety)

Pulling from these previous theories and conceptual models, | therefore hypothesize that
neighborhood poverty directly and indirectly affects health outcomes through influences on: 1)
perceptions of the social and physical neighborhood environ@ehealthrelated behaviors, and 3)
psychosocial processes. Though there are likely other mechanisms at play, e.g., stressjgemeent
interactions, medical care (access and quality), etc. | selected these three mechanisms because of their
prepondeance in theoretical and empirical research and their inclusion in the dataset that | will be using.
The NeighborhoodPhysical Environment and Health

Last a growing body of research has examined how and why the neighborhood physical
environment (or “built environment”) is associat e
environment has examined homes, buildings, streets, open spacesgsaik®gs forphysical activity,
and infrastructure and their association with physical activity, diet, and offesity.
MechanismsThrough Which the Physical Environment|nfluencesHealth

Prior research has demonstrated strong links between aspects of the gmysioalment (e.g.,
neighborhood walkability, land use policies, access to walking resources) and physical *¢titlity;
neighborhood food environment and eating behavof®¥andresources from thieuilt environment and
obesity!%®!12|n a review of 20 studies investigating how the built environment is associated with BMI,
Papas and colleagues found that 17 of the 20 studies faigdificantassociation between some aspect
of the built environment and BMY.Other reviews have found similar findings (with perhaps strongest
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associations between the built environment and health behaviors and weaker, but still consistent
associationdetween the bl environment and BMI), therefore suggesting strong and stable relationships
between the built environment and health, especially through health beRavibreefore hypothesize
that perceptions of the physical envionment influence health outcomes directhdmadtly through
health behaviors.
Synergistic Hfects of Neighborhood Social, Economic, andPhysical Environments onHealth

Most neighborhood research has examined different types of neighborhood characteristics (e.g.,
social environment, economic erafiment, physical environment) separately. However, theory, and
specificallythosetheories presented by Diez Roux and Mattarpiang™ and Blair et af posit that
neighborhood domains interact to affect healtithbse conceptual modelseighborhood SES is
considered a structural antecedent to neighborhood social and physical featweespétifically,
neighborhood SES influences resources available to residents, affects isolation or integration of residents,
influences perceptions of safety, and changes the qualityeof i e@regagénsenith one anotheand
neighborhooaohesion. Irother words, neighborhood SES likely influences iteracts with social
cohesion, safety, arfdatures of théuilt environmeng*#4

Despite hypotheses that neighborhood characteristics may interact with one another, relatively
little research has empirically examined how different neighborFamidrsmay interact to influence
health. In fact, according®@iezRoux and Mair “a relatively unexpl or
neighborhood physical and social environments. Most research has tended to treat both domains as
independent although they are clearly closely related and may have synerfjigticef s o*/P*heal t h. ”
This makes empirical research on interactions between neighborhood characteristics especially fruitful,
which | investigate in mylissertation
ConceptualM odeland Research Questions

This dissertatioexamineshow neighborhood factors affect physical and mental health outcomes
among individuals witla specific chronic disease (knee OA, Study 1) and a general sample of older
adults—91% of whom have at least one chronic disease (Studp2xifically, Stdy 1 examines if
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neighborhood context is associated with mental and physical functioning among individudisegith
OA andexploresfor whom neighborhood characteristics matter mosgtamininginteractions among
neighborhood characteristics and keyiwdlbal-level characteristics. Study 2 examines what factors
mediate the relationship between neighborhood contextlamession among older adults, most of
whom have at least one chronic dise&@®adly, this dissertation examines:
1. Do neighborhoods misr?
2. For whom do they matter most?
3. How do they matter?
Figure 1 illustrates key relationships proposed for my dissertatiddtudy 1,neighborhood
poverty, perceived neighborhood social cohesion, perceived neighborhood safety, and perceived
neighborhoodesources fowalking and physical activity are hypothesized to affect health outcomes
among individuals witkkneeOA and interact with one another and with key individeakl
chamcteristics to influence healtfihe bidirectional arrows connecting theighborhood characteristics
illustrate the hypothesis that neighborhood characteristics may interact to influence health outcomes.
In Study 2, sing prior theory and conceptual frameworks, neighborhood poverty is hypothesized
to affect perceptions of threwighborhood characteristics: social cohesion, safetyremudirces for
physical activity and walking. Perceptions of these three neighborhood characteristics are then posited to
affect health outcomes (namealgpressionthrough health behaviors (i.@hysical activity) and

psychosocial processes (i.e., social suppaitpanceived individual control).
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Figure 1. Conceptualmodels for Studies 1 and 2

Study 1: Direct Effects and Moderation

Neighborhood Factors

Neighbohood Pverty

Perceived Neighboihood
Sodal Cohesion

Perceived Neighboihood
Sdety

Perceived Neighboihood
Resources for Physical
Activity and Walking ot

Individual Factors

| Race / Ethnicity Mental Fundioning:
Depression

IPreﬁenoeof comorbidities I

Physcal Fundioning:

K |
I Knee OA Severity nee Impact
Study 2: Multiple Mediation
Neighborhood Factors
Perceived Neighboihood
Social Cohesion ]
Neighbohood Perceived Neighboihood
Poverty Sdety -
Perceived Neighbothood
Resources for Physical
Activity and Walking
Individual Factors
Physca Activity
Sodial Suppott Depression
Perceived
Individud Control

24



Hypotheses andAims

The following aims and hypotheses are proposed

Study 1:Aim
Examine how neighborhood context (i.e., neighborhood poverty, perceived neighborhood social
cohesion, perceived neighborhood safety, perceived neighborbematces for physical activity
and walking interactions among them and with key induaklevel characteristics) is associated
with mental and physical functioning cressctionally and longitudinally among older adults
with knee OA.
Study 1 hypothesis 1
In a 2009 review of different neighborhood factors and their influence on oldes adulth e a |l t h,
Yen et al. found that neighborhotel/el SES was the strongest and most consistent predictor of a
variety of health outcomgsompared to other neighborheleyel characteristic® | therefore

hypothesize that neighborhood poverty will be the strongest and most consistent neighborhood

level predictor of health outcomes among individuals with knee OA. In genab of data

suggesting neighborhood poverty to be more strongly associated with mental or physical health

outcomes, | propose that neighborhood poverty will be equally associated with mental and

physical functioning.

Study 1 hypothesis 2
In the same 2009 review by Yen et al. mentioned above, researchers also found a fairly consistent
relationship between theeighborhoodhysical environment and physical activitysince

physical activity is linked to disability, pain, morbidity and mortalltizypothesize that perceived

neighborhood resources for physical activity and walkifibbe significantly assaated with

mental and physical functioning among older adults wiiteOA, but more strongly associated

with physicalhealthoutcomeghan mental healtbutcomes
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Study 1 hypothesis 3

Previous review® and studies (including a study with adults with arthrAtieave demonstratea

fairly consistent relationshi@mongneighborhood social environment characteristics and mental
health outcomes, particularly depression. Few studies have investigated features of neighborhood

social environmentandphysical health outcomé$As a resilt, | hypothesize that perceived

neighborhood social cohesion and safety will be most consistently associateaewith health

outcomes (compared to physical health outcoma®)ng older adults witkneeOA.

Study 1 hypothesis 4

In a 2009 study by Makt al. examiningrosssectional and longitudinal associations of
neighborhood cohesion and stressors with depressive symptoms, researchers found that
neighborhood social cohesion, aesthetics, and violence were associated with depressive
symptoms crossedcionally but not longitudinally. In my study, | will likely have reduced power
(smallersample size) to observe significant associations longitudirsla result] hypothesize

that relationshipamongneighborhood characteristics and outcomes will gmenore

consistently in crossectional analyses than in longitudinal analyses.

Study 1 hypothesiss

Previous empiricalesearclsuggests that there arkear racial and ethnic disparities in OA
prevalence, function, and p&ift'® andtheorysuggestthat neighborhood eext contributes to
racial health disparitie¥ For instance, in a study examining neighborhood context andasetf
health using NHIS data, Do et al. found that adding residential cdotextdelsesulted in a 15
76% reduction of Black / white disparities ielfsrated health that were previously unaccounted

for by individuatlevel controls'!®| thereforehypothesize that neighborhood context witeract

with race/ ethnicity to influencementalandphysical health outcomesdthat the interaction will

be the strongest for physical health outcomes
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Study 1 hypothesi$

Given previous research suggestihgt additionatomorbidities(e.g., diabetes, heart disease)
affect the health and wellbeing iodividuals with OA!"18and some research suggesting that
specific neighborhood contexts are associated with developmeamoirbiditiest'®1

hypothesize that neighborhood context witeract withpresence of comorbiditiéde influence

mental and physical health outcomes among individuals with OA

Study 1 hypothesis?

Previous research has found differences in OA function, pain, and treatment options based on
level of OA severity!® In addition, several studies have shown that OA severity is a result of
several modifiable risk factors, including B¥Aand physical activity at work! As a result)

hypothesize that neighborhood context will interact Witke OAseverity to influence both

mental and physical health outcomes among individuals with OA

Study 2:Aim
Determine what factors (i.e., physical activity, sbsiupport, perceived individual control), as
specified in prior theories and conceptual frameworks mediate the relationships between
neighborhood characteristics athepressiommong older aduks-91% of whom have at least one
chronic condition.
Study 2 hypothesis 1

Based on previous theories and conceptual framew6fké#¢81197| hypothesizethat

neighborhood poverty will be associated wdpressiorthrough perceived neighborhood social

cohesion, perceiveageighborhood resources for physical activity and walkamgl perceived

neighborhood safety. | also hypothesize that this mediatiom&itlartial, not completén other

words, there will still be a direct effect from neighbood poverty to depression
Study 2 hypothesis 2

Given the strong relationships between a) neighborhood characteristics and physicaPactivity,

and b) physical activitpnd depressiott?123| expect that physical activity will bile strongest
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mediator in the pathway from neighborhood characteristidepoessionl also hypothesize that

social support and perceived individual control will be significant, but weaker, mediators. For all

three mediators, | hypothesize that this médn will be partial, not complet& other words,

there will still be a direct effect from neighborhood characteristicie ppession.
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CHAPTER 4: STUDY 1

Introduction

Arthritis is one of the most common chronic diseases in thépd®&jcularly among older adults,
where half of all adults 65report havingarthritis® An extensive body of literatuteas identified
individualtrisk factors for arthritis, including agégenderi! racel?*® SES!?1® genetics'® bone density®
overuse of jointd®7joint injury,!**®and olesity® However, research has shovimat even after
controlling for individual risk factors, variation in arthritis prevalence and management is not fully
explainedt® There is now growing evidence that aspects of the neighborhood are t@ssotiharthritis
related outcomely14.20.:2224.27,32.33

Indeed, neighborhood SES has been found to be associated with: increased prevalence of self
reported arthriti€?224and radiographic hip and knee O&*reduced quality of lif€ and increased
depressioff among individuals withedf-report arthritis; and increased p&iand disability”*>*3among
individuals with or at risk fodevelopingOA. Important among these previous studies is illegtration
that neighborhood conditiomsatter for individuals with arthritis. However, despite ¢gnewing body of
evidence that neighborhoods influence the health andb&gily of individuals with arthritis, several
notable gaps in the literature remain. First, the majority of previous studies have not focused on OA,
despite it being the most commampé of arthritis®2® This is important, since OA differs from other
types of arthritissuch as rheumatoid arthritis, with regards to risk factors (i.e., BMI) and self
management guidelines (i.e., physical activity, weight managethent).

Second, while studies have found associateonengneighborhood context and several OA
outcomes (i.e., prevalence of sedported arthritig®?22*prevalence of radiographic hip and knee 8%,
joint replacement®?° pain!? and disability”-*2j relatively few studies have examined how

neighborhoods affeechental healttof individuals with OA.Previous research h&sund neighborhood
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SES to be associated with reduced quality offifend depressidhamong individuals with selfeport
arthritis. However, there is limited research examining neighborhood context and psychological well
being among individuals with OA, despite the refelly high prevalence of depression and anxiety among
individuals with OA31241%5gnd research suggestingemrbid depression and OAre associatedith
poorer functioning?*increased paif">¢increased health care uSa&nd cost<g® than either condition
alone’®

Third, the majaty of studies have examined neighborhood SES either by using deases
measures to capture proportion of people living in disadvantaged?fé&d-2527or creating indices of
relative disadvantag@:283! While these types of analyses are important, few studies have examined other
determinants of neighborhood context that may be associated witkel&ad outcomes. For iasice,
researchers examining the association between perceived neighborhood social environment and OA
functioning found that individuals with seléport arthritis had increased odds of depressive symptoms if
they perceived lower neighborhood safety anaeioneighborhood social cohesi®The authors
t herefore concluded that, “findings from this res:
importance of th@erceived neighborhood environméagsthetics, safety, and social cohesion) when
examining the influere of pl ace on healt h, particul a®ly ment a

Fourth, few previous studies have examined how neighborhood characteristics may interact with
key individuatlevel characteristics to influence OA functioning. OA prevalence, painfuaratioring
differ by race / ethnicitykneeOA severity, and presence of comorbiditi€®r instance, research has
found that African Americans have more than double the prevalence of severe knee OA than
Caucasian$®® they are more likely to have significantly worsematiffness, and functigh®!'*and they
are less likely to seek and receivenjaieplacement therapy or pain medicafith?® In addition to race,
individuals with severe OA (compared to reevere OA) are more likely to experience pain and
disability and need total joint replacemétfttFinally, individuals with OA and another chronic condition
may experience increased physical limitations, find it harder to manage OA (e.qg., being physically
active), and have worse OA outconieéet no studies tony knowledge have analyzed how
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neighborhood characteristics interact with individigale! characteristics among individuals with OA.
Summarizing this important gap, Canizares et al
community characteristics have used arthritis as an outcome; hardly any have examined how community
contexts nt eract with iné&ividual characteristics.?”
Finally, as is common with research on neighborhoods and meaithgenerally* few studies
have examined longitudihassociationgmongneighborhoodevel characteristics and OA outconiés.
14,2629,32,33
The present study examines if neighborhood context is associated with mental and physical
functioning andegins to addredanitations of previous research by answering the following research
guestionsamong individuals with knee QA
1. Is neighborhood context associated with mental and physéedih outcomes
2. Do neighborhood characteristics interact to influence health oe®m
3. Do key individual characteristics interact with neighborhood context to influence health
outcomes?
4. Is neighborhood context associated with health outcomes over time?
Methods
Participants andProcedures
Data for this study comeom a populatiorbasedorospective cohort of knee and hip OA among
African American and Caucasian individuals (the JOCO OA projétecruitment occurred in
Johnston County\orth Carolina (NC)which at the time of this study, was classified as a mostly rural
county®*° Details on the study design, data collection pdoces, and study population are detailed in
previouspublicationst?® In brief, the study was designed to be representative of civilian, non
institutionalized African Americans and Caucasians over the age of 45 who resided in one of six towns or
townships in Johnston County, NC for aadeone year, were living in the county at the time of study
enrollment, and physically and mentally capable of completing the study protocol. All participants

completedan initial home interviewa limited clinical and functional examination, which inakadan
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assessment of weight and heighdradiographic examination of the kneasd an additional home
interview approximately 2 weeks after the clinic vigit baseline, all participants provided informed
written consent at the time of recruitment. The study was approved by the Institutional Review Boards of
the University of North Carolina Schools of Medicine and Public Health and the CDC.
StudyAnalytic Sample

The analytical sample for this study uses time pointsTime 1(T2 wave, which was collected
betweer20062011 (for crosssectional analyses) affidme 2 (T3 wave), which was collected between
20132015 (for longitudinal analysed). n d i v ieohpowallpasitiong within waves were generally held
constant. For instance, if someomereinterviewed early in the T2 wave (€.§006, 2007), they would
likely be interviewed early in the T3 wave (e.g., 2013). As a result, between 4 and 7 years generally
elapsed between the T2 and T3 waves.the purposes of this studyestricted analyses to individuals
with knee OA Researcherassessed presence or absence of OA using radiography and the Kellgren and
Lawrence (KL) grade, which scores OA severityaoscale of 84.2° | classified individuals with scores of
2-4 as having knee OA. The reliability and validity of using the KL scale to determine OA has already
been established; in previous studies, bothrater reliability and intraater reliability have been high
(weighted interrater reliability = 0.86; Kappa for intraater reliability = 0.89}2

Among adults with knee OA at T2 (n=729), casewhichindividualswere missingpn any
control variablegn=73) were dropped from the sample, yielding a sampledis&6. Among adults with
knee OA at T3 (n=485), caseswhichindividuals were missing on any control variables (n=51) were
dropped from the sample, yielding a sample size of 434.
Measures

A comprehensive list of all measures and how they were coddakecsaen ilAppendixA.

Outcomes.| measured two outcomesgpressiomnd knee impact scores.

Depression For crosssectional analysesused the Center for Epidemiologic Studies (BS
to assesdepressionThe CESD is one of the most widely used sedfport scaleso assess current levels
of depressive symptomolods: Developed in 1977the CESD was intended to assesgidemiology of
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depression in thgeneral populationrather than diagnosis at clinical intaR&While items were chosen
from previously validated ggession scalesnd based on symptoms of depression in clinical cases, the
CESD was notdesigned to reflect diagnostic critedfidepressiomt the timeof its development!

Indeed some diagnostic criteria are not reflected (e.g., suicidalityraachy “ heal t hy” or no
people could experience sometloé symptomseflected in CESD items In contrast to other widely used
measures, such as the Beck Depression Inventory, theDdB&ises more on affective aspects of
depression, rather than depression cognitiéms.

The CESD contains 20 items that asséiss frequency oflepressivesymptoms in the week prior
to the interview. Response options rafrgen 0 to 3, which refer to frequency of the symptdires,
“rarely of none of X TheCESD wasdriginally positadtd have & feféictore t i me ”
structure model composed of depressed affect, positive affect, somatic activity eapergunal
issues®*For instance,rebsedtewmotil df et odgpto the depr ¢
hopef ul about the future” would belong to the posi
to the somatic activity factor, andrsbnplssugsl e wer e
factor. Howevermorethan 20 alternative factor structuresicludinga unidimensional factor
structuret**—havebeen reportetf* In practice, many researchers (including Radloff, the original
developer of the CE®) report a total score? | thereforesummed item responses to ¢eea total score
that ranged from O (best poiathisdubye(Q.86) wherhighe( wor st )
scores reflect more symptoms of depression, weighted by frequency of occurrenger @vithes
week3! Given this complexity in interpreting scorésepatresultsu si ng t he t eD mi nol ogy
scores’ Although a cutoff point of 16 has been used in previous research to indis&téor moderate or
severedepression® | conceptualized and analyzE&ESD scoresas a continuum (not mereiy
dichotomous terms

Between T2 and 3, the parent study switched depression measures from th®G&Be
PatientReported Outcome Measurement Informatgystem Depression (PROMI3) scale Thus, br

longitudinal analysed,used the?ROMISD scaleas a measure of depression with the TE&tered
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into models as the corresponding measure aPROMIS measureseredeveloped by thdlational

Institutes of Health (NIH)to more precisely and efficiently measure patieptorted symptoms,

functioning, and healthelated quality of lifé*® In contrast to the CE®, PROMISD items excluded

somatic symptoms, such as appetite and sleep to prevent confounding when assessing individuals with
physicalhealthconditions'®”28 Instead PROMIS D items focus on negative affect (e.g., sadness), views

of self(e.g., worthlessness), social cognition (e.g., loneliness), and decreased positive affect (e.g., loss of
interest):*® Indeed, whilesome items from the CEBand PROMISD ar e t he same (e.gg.,

depressed”) or have conbeptubikl ovbopapuleabouti hhi

PROMISD “ I f e I')tmary ofphe itemsirsthe CH3 are distinct from thosm the PROMISD
(e.g., “1 could not get going,” *“ Mypllappewiomthe was r es

CESD but are absent in the PROMLY. Also, in contrast to the CEB, an ltem Response Theory
approach was used to develop item lsafiak the PROMISD (rather than a Classical Test Theory
approachwhich was used to develop the CBR Regardless of differences, the PROMIS depression
scale has shown strong correlations with the {CES0.80) and the Patient Health Questionnaire (PHQ
9) (>0.70) among individuals with major depressive disorder seeking outpatient tretfrasntell as
the general populatior!

| used an 8tem short form of the PROMID. These 8temswererated on a $oint scale
(1=never; 2=rarely; 3=sometimes; 4=often; and 5=always) with higher scores indicating greater severity
of depressiod®®| summed responses atten converted the raw scores to standardized séorise
with scoring guidelinéd$®(Cr o n b a ¢ hn'thés stady=0194).

Reported knee impact scored. used three subcales KneeRelatedQuality of Life, Function in
Daily Living, andPain) from the Knee Injury an@steoarthritis Outcome Score (KOOS) to assess the

impact of knee OA*°Because of high observed correlations in these separatealds (>0.8i this

study), | calculated a composite score from the items comprisingthesua | es and named it
i mp a xamplé itefds from the threesgbc al es 1 ncl ude: “how often are vy
pr obl &KnesRefatedQualityofLi f e) , “what degree of difficulty ¢
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t o yourFunctioreiailyLi(vi ng), and *“ lwhave myaurtknee whilertwisting/ vy
pi v ot am)gResSponge options determine the frequency of problems in the past week and each item
is scored O to 4. calculated the mean of the 30 items and transformed scoresifdtale, with zero
represeni ng extreme problems and 100 riepthisstudyemIB8)i ng no
The KOOS has been extensively validated among individuals witk@hpwn to have adequate
reliability,’** and used in a number of OA studiés!*
At T2, itemsfrom the KOOS sulscales were asked without regard to specific knee, whereas at
T3, items from the KOOS sticales were asked of each kreer example, at Td,asked individuals:
“How often are you awar e ddaskegindivid ak se e “ pHHroavb lod meh” a
aware of your knee problem? (left)” and “How ofte
make scores comparable in longitudinal analylsexk the highest score for each set of knees at T3,
rather than each knee. Usitigg same example from above, if an individual scored their left knee to be a
4 and their right knee to be al@alculated the score for thedt ofitems to bea 4. | analyzed scores this
way on the intuitive assumptiahat individuals think ofheir nost painful knee when asked tcadate
overall knee functionind. calculated the mean of the 8 items and transformed scores16@<tale,
with O representing extreme problems and 100 representing no prolleme (n b a ¢ hn'thés stady p h a
for knee impacscoresat T3= 0.99).
Neighborhoodcharacteristics.| measured four neighborhood characteristics.
Neighborhood poverty. | defined neighborhood poverty as thercentage of households with
income below the poverty lingithin a censuslock group These data wereompiled from the 2010.S.
Censusl usedcensus block groups #ise unit of analysis, since they are the smallest administrative
boundary from the census that includes economic data. Census block groups generally coam bet
600 and 3,000 peoplét
Perceived neighbortood social cohesion. measured perceived neighborhood social cohesion
using Sampson et SodialColesiohandmust!fhA meaxsamel efi tem i s:
around here are wil |liassepsed atl itehtsm & Spoint likeet responsesscateh b or s . 7
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(1=strongly agree to 5=strongly disagrdghen summed responses, which ranged fre2b Swith higher

scores indicating more social cohesi@r(onb ac h’ s a I=®.B5. Prevouststodies haget u dy

found highrelabi I ity for this scale (Cronbach’ -eteshl pha ov:
ICC: 0.90; 95% CI: 0.84, 0.94}° Supporting validity, his scale has also been used in a variety of

research studies assessing social cohesion / social Gapitdl.

Perceivedneighborhood resources for physical activity and walkingl measured perceived
neighborhoodesources fophysical activity and walking usintl items from the Wlking andExercise
Environmens cal e. Thi s scale assesses opportunities for
example item i s: “my neighbor hood ofidssessedalmany opp
items on a foint likert response scale (1=stronglyegto 5=strongly disagree) and summed responses,
where higher scores indicate moesource$Cr onbac h’ s a |I=®.[R13. Preuwouststdies st udy
have shown this scale to have high reliability and consistency over timeefesttCC: 0.88; 95% CI:

0.79, 0.93)46

Perceived neighborhood safetyl measured percedd neighborhood safety with three items. An
example item is: *“I feel safe walking in my neigh
a 5point likert response scale (1=strongly agree to 5=strongly disagree) and summed, where higher
scoresndicate more safetydr onb ac h’' s a l=@B7. Prewouststindies hage tdamdnstrated
these items tbereliableandconsistenpver time (testetestiCC: 0.80; 95% ClI: 0.67, 0.88%°

Moderators. | assessed threeosslevel interactions involving) race/ethnicity?) knee OA
severity, an®) presence ofomorbidities First,| examined race / ethnicity as a moderator, given
previous research suggesting racial and ethnic disparities in OA prevalence, function, Atd*paimd
research suggesting that neighborhood characteristiceominjoute taracial disparities in healtt.

Second) examined kne®A severity as a moderator given previoesearch linking kne®A severity
with functioningand pairf and hypotheses that neighborhood context may interact withkAesverity
to influence health outcomelsdefined norsevere knee OA as presemde KL score of 2 and severe
knee OA as presence of a KL score of 3 dfidally, | examined presence of comorbidities as a
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moderator and defined this variable at two levels: individuals with knee OA only or individuals with knee
OA plus heart disease diabetesl selected heart disease and diabetes rather than other comorbidities
given research suggesting thahgprt disease and diabetas common comorbidities of O¥2) they

may interfere wittOA management guidelines, such as physical actifi{f>which could interactith
neighborhood characteristi@nd 3) they are associated wjthor functioning and wetbeingamong
individuals with OA159151

Control variables. In all main effect models (i.e., models without interaction ternm)trol
variables assessed were race / ethnicity (White or Black / African American), edicategorized as
less than high school or high school or greater), bodys index (BMI), gender (male or female), age,
health insurance status (categorized as health insurance or no health insurance), number of comorbidities
(defined using the Disease Inventory at T2 and the Charlson Comorbidity Index at T3), and physical
acivity (categorized as inactive, insufficiently active, or sufficiently active using questions from the
Behavioral Risk Factor Surveillance System, BRF3S

In modelsnvolving interactions withiace / ethnidy, | included all control variables except race /
ethnicity, which | conceptualized ggart of ourinteraction termin modelsinvolving interactions with
knee OA severityl included all control variables; and in modgigolving interactions with presen of
comorbidities] included all control variables except number of comorbidisexe number of
comorbidities and presence of heart disease or diabetes would be collinear
Data Analysis

Descriptive statistics.| first examined distributions of the data, checked for multicollinearity (all
Variance Inflation Factoscores were less than 3), and looked at bivariate associations among
neighborhood characteristjgshysical activityandhealthoutcomes.

Centering. Before modelinghedata in multilevel models,created group means for three
neighborhood variables (i.e., perceivesghborhoodocial cohesion, perceivegighborhood resources
for physical activity and walking, and perceiveeighborhoodafety) basedn average scores within
census bloclgroups. then a) grand mean centered these variables at the neighborhood level, which
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meand calculated the deviation of eanhe i g h b oscoredrandthe@serallmean of each
neighborhood/ariableand b) group mean centered these variables at the individual level, whichimeans

calculated the deviation of eachn d i v scdre feohthesneanf or t he i ndi vidual ' s cl
(neighborhood ensus block group in this casklsed these centered variablegartition the variance as
betweenneighborhood variance and withieighborhood varianc&*3This approach is known as an
unconflated multilevel model and reduces bias due to confl&tinally, | grand mean centered the
remainingcontrolvariables to make the intercept for each of the multilevel models more interprétable.
For clarity,| labeled all ilividuatl e vel vari abl es as ‘“nLeeivgehb olr"h ovaad”i ab
variables and labeled all neighborhdoc v e | variabl es as “ tneevglh b2’ hwaordi” e
variables.

Multilevel models. After centering] conducted a series of multilel modelswhich is
appropriate when data are nested (i.e., individuals are nested in larger organizational clusters, in this case
census block groupd)?| used multilevel models to examine the associationongneighborhood
characteristics and outcomes, adjustingctamtrol variablesin addition,| allowed Level 1 variables to be
modeled as random effects, which allows parameter estimates to vary across Level 2 units. For example,
modeling education as a random effect implies that the effect of education on depression may vary based
on the neighbdrood. Although it may be beneficial to assess random effects, depending on the research
guestion and theory, random effects can also be computatideafignding to calculate. Therefore, if
models failed to convergeremoved random effects and modeledélel units as fixed effects with
random intercepts.

Poisson regressionl observed that scores fdepressionvere highly positively skewedn that
more individuals had lower CEB and PROMISD scoresAccordingly,l used a multilevel poisson
regression to model results, as has been done in previous résearch.

Longitudinal analyses In longitudinal analyse$,used residualizd change scores to model
change in outcomes, controlling for prior levels of the measured outcome. For instancenvoldefed

PROMISD scoresas the outcome at TBeontrolled forCESD scoresneasured at T2. For timarying
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variables, which included BMI, agandphysical activity| calculated average scores across the two time
points. For health insurance status, which also varied across time poaitsjlatedhis variable as
proportion of individuals who had any heailtisurance at either time point and used this as a control. For
all other time nofvarying variables| included scores from T2 as control variables.

Interactions. After conducting separate multilevel models for each outcome-seasi®nally
and longitudnally, | added interaction terms tour separate modefsr: 1) each neighborhood
characteristic with the other neighborhood characteristics, 2) each ngigbdaharacteristic with race /
ethnicity, 3) each neighborhood characteristic with k@#eseveity, and4) each neighborhood
characteristic witlpresence of comorbiditie&iven the number of potential interactiohsnly probed
and graphed interactions that were significant at p<.01. Othevése,t cr i ti cal -tated = . 05 a
statisticaltests. For all analysesused SAS version 9.4 survey procedures (SAS Inc., Cary, NC, USA).
SensitivityAnalyses

| conducted three sensitivity analyses for the esessional analyses. Firstused multiple
imputation to impute missing datall missirg data were measured at Level*f)Using SAS Proc Ml|
created twenty multipymputed complete data sétél then used the multilevel modeling approach
described abovi® separately assess each of the 20 imputed data sets and obtained results via the SAS
ProcMIANALYZE procedure. Finally] determined whether use of multiple imputation produced
different results than listwise deletion by comparing the parameter estamat@values.

Second] excluded individuals who resided in a census block group with less than 5 other
individuals(n=37), since small neighborhood sizéght biaswithin- and betweemeighborhood
estimates for these individuals.

Finally, | analyzed somatic and n@omaticdepressive symptonseparately, since it is possible
that they would be differentially associated with neighborhood characteristics. Somatic symptoms
included items 1, 2, 5, 7, 11, and 20 from the @E&nd referred to wihiker individuals were bothered
by things, had a poor appetite, had trouble keeping their mind on what they were doing, felt that
everything was an effort, had restless sleep, and could not get'¢oing.
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Results
Participant Characteristics

Table 1 provides details on the demographic characteristics of participgilta. oursample
included adultsvho were oraverage 7@ years old (standard deviation (SD): 9 Barticipantavere
diverse, with a substantial numberAffican Americans (34%) and individuals without a high school
degree (25.5%). On averaggmrticipants had.9 comorbidities in addition to knee OA, aB€.8% had
either heart disease or diabet&dditionally, participantdhadlow CESD scoregmean: 6.6SD: 7.4,
possiblerange: 660), althoughll.®6 had scoreat orabove 16 indicative dfeing at risk fomoderate
or severalepressionandreportechigh knee impact scorémean: 77.5SD: 23.3, possibleange: 6100).
At T3, PROMISD scores werstill low (mean: 10.7, SD: 3,4o0ssible range:-80) andreportedknee
impact scores wergill high (mean: 70.0, SD: 25,%o0ssible range:-000).

Correlations

Table 2 provides details on olpged correlations among key neighborhood character;stics
physical activityandhealthoutcomes. At T2CESD scoresvere associated with all neighbodd
variables, except povertwith correlations rangingom -0.19 to0-0.25, all pvalues<0.001. Reported
knee impact scores were associated with all neighborhood variables, including poverty, and in the
expectedirection with correlations ranging fror®.10 (for neighborhood poverty) to 0.21, alV@lues
<0.01. Also, at T2, all neighborhoa@riables were significantly associated with physical activity, with
correlations ranging fror0.15 (for neighborhood poverty) to 0.09, atva@lues <.05.

At T3, no neighborhood variables were significantly associatedRROMISD or reportedknee
impactscores with the exception pérceivedcheighborhood safety, which was positively associated with
reported knee impact scores at 730(11, p=0.02)Also at T3,physical activity was significantly
associatedavith neighborhood poverty£-0.10, p=0.03) angerceived neighborhood social cohesion
(r=0.14, p=0.005), but not othaeighborhood/ariables CESD scoresat T2 andPROMISD scores at
T3 were significantly, moderately correlated.40, p<0.001), while reported knee impact scores at T2
and T3 wereignificantly, moderately correlated<0.66, p<.001).
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Is NeighborhoodContextAssociated withCES D Scoresand Kneel mpact?

Our models with random effects for Level 1 variables failed to convketgerefore modeled all
Level 1 variables as fixed effects summary table with results from all main effects can be seen in Table
3. Tables4 and5 include results from multilevel models fGESD scoresandreportecknee impact
scores, respectively. For both Tablleand 5 two models are presented. Modehéludes all Level 1
correlates (i.e., all individudével characteristicsncluding Level 1 neighbood variablesand Model
2 includes all Level 1 correlates, plus Level 2 correlates [(eegl 2 neighborhoouariable. Results
presented below afeom Model 2.

Adjusting forcontrol variablesl found thatLevel 1perceivecheighborhoodocial cohesion (B=
-0.04, p< 0.001) andevel 1perceivecheighborhood resources fphysical activity and walking (B=
0.03, p< 0.001) were associated witver CESD scoregTable4). | found no significant effect dfevel
1 perceivedheighborhoodafety onCESD scoresLevel 2perceivecheighborhoodocial cohesion (B=
0.07, p=0.02) was associated wibkwver CESD scoreswhile Level 2neighborhoogoverty, peceived
neighborhood resources fphysical activity and walkingandperceived neighborhoahfety were not.

Turning to knee impact, after adjusting tmntrol variablesl found no significant effects of
Level 1perceived neighborhoabcial cohesiolr safetyon reported knee impact scarbsitLevel 1
perceivedheighborhood resources fphysical activity and walkingvereassociated withigherreported
knee impact scores (B=0.48, p=0.008)bserved naignificantLevel 2neighborhoogffects on kee
impactscoregTableb).

Do NeighborhoodCharacteristicsl nteractwith One Another tol nfluence Health?

A summary table with results from afiteractionscan be seen in Table Ibobserved no
significant interactions among neighborhood variablesGiB8D scoresHowever, for reported knee
impact scored, observed a significant interaction amdreyel 2neighborhoogoverty,Level 2
perceived neighborhoathfety, andeportedknee impacscoreqp=0.009) (Figurea). Specifically|
found that amongeighborhoods with highovertylevels(defined as on8D above the mean)evel 2
perceivecheighborhoodafetywas associated witlower reported knee impact scores (E8-05
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p=0.@3). In addition, among neighborhoods with medium povkrtgls(defined as within on&D of
the mean), Level 2 perceived neighborhood safety was associated with lower reported knescomgmct
(B=-3.36, p=0.03). However, for neighborhoods witv poverty levelddefined as on8D below the
mean)Level 2perceivedcheighborhoodafetywas not associated with reported knee impact s¢Bres
1.32, p=0.48)In other wordssafetywas only associated with reported knee impact scores for
neighborhoodsvith high or medium poverty levels.
Do KeyIndividual Characteristicsl nteractwith Neighborhood context?

| observed several significant interactions among neighborhood characteristics and key individual
characteristics (Figurgb-d). These interactions aadsopresented below, organized by each of the three
moderatorexplored: racé ethnicity, presence ofomorbidities, kne®A severity, and by outcome,
starting with depression and then turning to knee impact sdoesnmary table with results from all
interactionscanalsobe seen in Table 6.

Race/ ethnicity. Fird, | found a significant interaction among rateyel 1 perceived
neighborhoodesources fophysical activity and walking, arfdESD scoregp=0.004). Specifically}
found that for both Black (B=0.03, p<.001) and white adults (B8.01, p=0.001)l.evd 1 perceived
neighborhoodesources fophysical activity and walkingrasassociated witlower CESD scores
however, the effect was stronger for African American vs. white adults.

Second) observed an interaction among ralceyel 1perceivedieighborhoodafety, andcCES
D scoreqp=0.009). For white adultéevel 1perceivecheighborhoodafety was associated withwer
CESD scoregB=-0.04, p=0003), whereas no association was found for Black adults (B= 0.02, p=0.33).

In other wordslevel 1 perceivecheighborhood resources fphysical activity and walking were
morestrongly associated with CH3 scores foBlack adults, butevel 1 perceivecheighborhoogafety
was morestrongly associated with CHS scoredor white adults.

Presence of omorbidities. Turning to comorbiditied, found four significant interactions.

First,| observed a significant association amaegel 1 perceived neighborhogdcial cohesion,
presence ofomorbidities, an€CESD scoreqp<0.001). Specificallyl.evel 1perceived neighborhood
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social cohesiomvas associated with lower CEBscoredor individuals with knee OAonly (B=-0.07,
p<0.001) there was no observed effect for individuals with knee OA plus heart disease or diabetes.

Similarly, | also observed agificant interaction amongevel 2 perceivedheighborhoodocial
cohesion, comorbidities, af@ESD scoreqp=0.001), wherd.evel 2perceived neighborhood social
cohesion was associated witlwver CESD scoredor individuals with knee OA only (B=0.12,
p<0.001), but there was no effect for individuals with knee OA plus heart disease or diabetes (B= 0.002,
p=0.86).

Additionally, | observed a significant interaction amdreyel 2 perceived neighborhogdfety,
presence ofomorbidities, an€CESD scoreqp<0.001). Specificallyl.evel 2perceivedcheighborhood
safety was associated withwer CESD scoresamong individuals with knee OA plus heart disease or
diabetes (B=0.15, p=0.02), but surprisingly associated vither CES D scoresamong individuals
with knee OA only (B= 0.13, p=0.02Appendix B includes a scatterplotthie data comprising this
interactionside by side the unexpected interaction.

Finally, turning to knee impadt,observed a significant association amaegel 2 perceived
neighborhoodocial cohesiomresence ofomorbidities, and reported knee impact scores (p=0.004).
Specifically, for individuals with knee OA plus heart disease or diabates] 2 perceived neighborhood
socialcohesion was associatedtiwhigher reportettnee impact scorgslope: 3.99, p=0.002), whereas
there was no association for individuals with knee @y (B=-0.48, p=0.62).

Together, these resubsiggestdthere were a number gfteractionsamongperceived
neighborhoodocial cohesion angresence ofomorbidities. Interestinglyt, found that for adults with
knee OA onlyLevel 1 and Level perceived neighborhood social cohesion was associatedowith
CESD scoresbut for adults with knee OA plus heart diseaseia@betes] evel 2perceived
neighborhood social cohesion was associatedhigtherreported knee impact scoréslso observed a
surprising interaction foEESD scoresandperceived neighborhoahfety, wherd.evel 2perceived
neighborhood safety was assated withiower CESD scoredor adults with knee OA plus heart disease
or diabetes, but associated witigher CESD scoredor adults with knee OA only.
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Knee OA =verity. Turning to kne®A severity,| found significant associations amobegvel 1
pereivedneighborhoodesources fophysical activityand walking kneeOA severity, andCESD scores
(p<0.001) and_evel 2 neighborhoogoverty, knedA severity, andCESD scoreqp<0.001).

For individuals with severe knee OB -0.01, p<0.001) andndividuals with norsevere knee
OA (B=-0.04, p9.001), Level Iperceivedcheighborhood resources fphysical activity and walking
wereassociated wittower CESD scoreshowever, the effect was stronger for individuals with-non
severe knee OA.

For individuals with norsevereknee OA, contiry to expectations, Level 2 neighborhood
poverty was associated withwer CESD scoregB=-0.02, p=0.004), whereas there was no effect for
individuals with severe knee OB€ 0.001, p=0.85)Appendix B includes a stterplot ofthe data
comprising this interactiorside by side the unexpected interaction.

Overall, these results suggest that perceived neighborkeodrces fophysical activity and
walking weremore important for adults with nesevere OA and that perty was unexpectedly
associated wittower CESD scoredor adults with severe knee OA.

Is NeighborhoodContextAssociated witlDepressive Symptonand KneelmpactOver Time?

In longitudinal analyses (Tabl@sand8), | found few significant relationships remained. For
PROMISD scoresl found no significant main effecter Level 1 or Level 2 neighborhood variables
(Table7). For reported knee impact scarefound Level 2perceivecheighborhoodocial cohesion was
as®ciated withower reported knee impact scores (BE65, p=0.04), whilé.evel 2perceived
neighborhoogafety was associated witigherreported knee impact scores (B=2.59, p=0.03) (Téble
SensitivityAnalyses

Additional tables with results from all sensitivity analyses are includéghpendixC and
summarized below.

Analyzing the data with multiple imputation did not chaagg conclusionsall significant

parameters remained significant and the magnituéstohatesvassimilar.
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Analyzing the data excluding individuals living in census block groups with less than 5
individuals(n=37)also did not changanyconclusions. All main effects remained significant with two
exceptions. First.evel 2perceivecheighborhoodsocial cohesion was no longer associated @ES D
scoregB=-0.07, p=0.10) and secoricevel 1perceivecheighborhoodafely became associated with
higher reportednee impact scores (B=1.05, p=0.04). In addition, all interactions also remained
significant.

Finally, analyzing the data by somatic vs. fsmmatic reported depressive symptoms (which
were moderately correlated with one another, r=0.64, p<.001) did not change our conclusions. All main
effects were similar across these models, bothagnitude and significance.

Discussion

In a sample of older adults with at least one chronic disease (kneé¢ fodd that neighborhood
context matters and interacts with key individual characteristics in nuanced ways. While relationships
remained sigificant in crosssectional analyses after controlling for a numberasfables | found few
significant effects over time. Also of note, partitioning variance of the neighborhood effediewvetial
(i.e., within-neighborhood) and Level 2 (i.e., betwasighborhoodfomponents illustrated thaevel 1
neighborhood effects were more consistently associated with our outcomésvehAneighborhood
effects. These findings have implications fesearch, practice, and policy, as discussed below.

In contrast ta previous systematic review that found neighborhood SES to be the strongest and
most consistent predictor of health outcomes among older aduatisared to other neighborhood
characterisics,*° | found no effect of neighborhood poverty depressiomr knee impact scores. There
arefour possible reasons why this occurred. First, in multilevel modeling, most variables have between
group variation and withkgroupvariation. In the present study, there was minimal clustering of health
outcomes (i.e CESD scoresand knee impact scores) bgnsus block groups, which means that most of
the variation in these outcomes was due to witldighborhood variation, rather than between
neighborhood variation. As a resultnity have beedifficult to detectassociations among Level 2
variables (i.e neighborhood povertygnd health outcomeSecond, although a number of previous
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studies have found neighborhood SES to be significantly associated with health outcomes, this is likely an
artifact of the increased number of studies on neighborhood &BSaced to other neighborhood
characteristic? Third, using administrative boundaries to capture neighborhood characteiistissi§
block groups in this case) may natveaccurately reflegdwhat individuals thinlof astheir
nei ghborhoods (&oabwasasiabi t 4dfpudneighparhodd paventy td be,
significantly correlated with other neighborhoduaracteristicen bivariate associationsamely social
cohesion and perceived safety. Although poverty may have not had a direct effeatessidapr knee
impact, an indirect effect through other neighborhood characteristidd have beelikely.

Relatedly,| found moreconsistensignificant effects fot.evel 1 perceivecheighborhoodocial
cohesion andlevel 1 perceived neighborhooesources fophysical activity and walking thathe Level
2 correlates of these variablda other words, individuals who perceived their neighborhoods to be more
cohesivgLevel 1 neighborhood social cohesiam}o have more built environment resour¢esvel 1
neighborhood resourcesrfphysical activity owalking—r el at i ve t o t heir—neighbor
had bettelCESD scoresand/or knee impact scordsis important to note thdtevel 1 neighbchood
variables are ndtuemeasures ofthtn e i ghb @erh dad™mnt ext ual nresteag, thbyo r h o o d
refer to individuallevel perceptions of neighborhood conditioBsnilar to our findings, somesearch
has also foundtronger effects fotevel 1neighborhood social cohesion (alsocalled ndi vi dual | ev
soci al c¢ ohesPpsychilogicalidistressi akdismaking°thanLevel 2 neighborhood
social cohesion.

Neighborhoods are not nesasily internally homogeneoul.is possible thaselfreported
assessments of neighborhoods more closely represent individualswn n e i powtheyimthraco d s ,
with them andhow theyare exposed to different neighborhood characterigtms aredevel aggregated
indicators of neighborhood conditiaffdlt is also likely that our findings resulted from some of the
reasons describeaxbove (i.e., minimal clustering of health outcomes, poor ability of census boundaries to
represent neighborhoodsythat true neighborhoelgvel effects of social cohesion and resources for
physical activity and walking are importamty still bedetermnants of healthFinally, it is also plausible
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thatindividuals with a particular disposition (i.endividuals with depressed mogdwayhaveratal their
environments as less satisfactory than individuals with a different dispgsiégrndividuals vithout
depressed moods) (t &Thieexplanat®mwodd esptain why eevebli as 7 )
neighborhood measures were significantly associated with[CESres, but Level 2 measures were
generally not.

| also observed a number of significant interactions. In general, these interactions suggest that
neighborhood context is associated with outcomes in different ways for subgroups of older adults with
knee OA. Of theninesignificant interactions, two wer@uptrary to expectationsevel 2 perceived
neighborhood safety was associated Wwitther CESD scoresamong individuals with knee OA only and
Level 2neighborhood poverty was associated Wither CESD scoresamong individuals with non
severe knee OAncluding only individuals living in neighborhoods with more than 5 individuals did not
change this pattern of resultmr did analyzing the data using multiple imputation. Qualitative research
teasing out why these interactions occurred might be usafuinstance) used a standard measure of
perceived neighborhood safety, whedsessetlow safe participants felt their neighborhood was during
the evening; the extent to which they felt their neighborhood was safe from crime; and the extent to which
theyfelt violence was a problem in their neighborhétiddowever, resarch suggests that other
dimensions of perceived neighborhood safety are important for older adults in rural neighb&ttfeards.
instance, when askedbout neighborhood characteristics that affect physical activity, older adults from
rural Georgia mentioned loose dogs and heavy or speeding traffic. Are these characteristics also important
for depression? And if so, what are the implications of usingsumea that do not capture these
dimensions®ualitative researcbouldalsot ease out what makes a neighbor
“ u n h e aDespitenecoghizinghata number oheighborhood/ariables are importarfor health(e.g.,
economic welfare, built eironment, environmental exposures, safety, parks, green spaces, etc.),
understanding hotheseneighborhooahaacteristics affect one anothéigw they interact with other

characteristics, such as genetic predispositions, individuel characteristicavork and school
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environmentsand examining how these neighborhood characteristics change over time to affect health is
needed.

The remainingseverinteractions mostly concerned depression scoreganerallysuggested
thatbetterneighborhood characteristics were associatedlaitier CESD scoredor lessvulnerable
older adults (i.e., adults with negevere knee OA, adults without diabetes or heart disease, and White
adults). The exception being tHagvel 1 perceivedieighborhod resources for physical activity and
walking weremore strongly associated wi@ESD scoredor African Americans andlevel 2 perceived
neighborhood safety was associated JWather CESD scores for adults with knee OA plus heart disease
or diabetes. Epirical and theoretical research on aging suggest that residential neighborhood context is
particularly important for older adults due to a number of reasons, including limited mobility, shrinking
social networks, and longer exposure to neighborhood d¢onsiit*°1t is possibé that more vulnerable
older adults, i.e., those with increased presence of chronic disease comorbidities or complications, may
not be able to take advantage of various neighborhood resources, such as parks or social network
resources, thereby making thetmracteristics less important or meaningful in everyday life. Why
observed these associations@#SD scoresbut not knee impaaicoress an interesting question for
future research. Given the number of interactioolsserved, their sometimes stising directions, and
inconsistent effects fAEESD andreportedknee impact scores, our results should be interpreted with
caution.

It is not surprising thatobserved.evel 1andLevel 2 perceiveaeighborhood social cohesion to
be associated witBES D scoresnor thatl found a significant association fbevel 1 perceived
neighborhoodesources fophysical activityand walking andeported knee impact scores. These findings
align with previous researéh which extensive relationships have been documented between the physical
environment and physical activityandamongthe scial environment and mental health outcoRi€s.
Interestingly,l did observe a significant association betwperceivedneighborhood resources for
physical activity and walkingndCESD scores Future research exploring associatiangongphysical
environment structures and mental health outcomes, particularly among olderiqdidtsanted.
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In longitudinal analyses,observed no consistent relationshipsongneighborhood
characteristics and outcomes. In a prior study that also examinedsentgsal and longitudinal
associations of neighborhood cohesion stnelssors with depressive symptoms, researchers found tha
neighborhood social cohesion, aesthetics, and violence were associated with depressive symptoms cross
sectionally but not longitudinall3#’ Reduced power to observe significant associations longitudinally
may explain these findings. Indeed, in longitudinal analyses, our sample size dropped by%#ndse 3
to parti ciltpsalsopossible tha meighberhood characteristicangedetween T2 and T3
Sincel did not reassess these characteristics, our measures of neighborhood environment (i.e., the
exposuresyvould have been insensitivettte effects of such changdsis likely that a combination of
these reasons explained our findings of stronger associations irsentgsial vs. longitudinal analyses.

Although the conventional longitudinal analyses did not show effects of neighloorhoo
characteristics over time, consideration of the length of time individuals lived in theibogiglods
suggests another interpretation of the ceesgional analyses of T2 dates other researchers have
suggested, if neighborhood characteristics ramaatively stable over timend if individuals have lived
extended periods in those neighborhoods, thesssectional analyses reflect cumulative Idegm
exposure tahoseneighborhood featured! Supporting this interpretation of the current finding®.,656
of participants reported being borndohnston Countgnd participants reported living at their current
address and average of 45 yg@B: 21.34)in measures taken at the beginning ofgitheentstudy.
Strengths and imitations

This study had a number of strengths, including our examination of four different neighborhood
characteristic¢neighborhood poverty, perceived neighborhood social cohesion, peroeigitborhood
resources for physical activity and walkjrgerceived neigborhood safety) and two different metrics of
health outcomes-depressiomnd knee impact scores. Additionallygssessed relationships cross
sectionally and longitudinally and explored whether key individual characteristics interacted with

neighborhood clracteristics to influence health. Finallyzconducted a number of sensitivity analyses to
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see if results changed under different assumptions. The robustness of our findings strengthens our
conclusions.

There are also a number of important limitationghie study. First| did not control for
individuaklevel income data, which may have accounted for the observed effects.|\Whileded a
measure of education and health insurance status, Whiaieen used as proxies of income in previous
studies, futher research controlling for incoraad examining interactions between neighborhood income
and individual income will be important. Second, this study relied on a specific poputatider adults
in Johnston County, NC. The use of this specific popuidtinits generalizability to other settings, such
as other counties in NGtates in th&JS, or other populationsiAlthoughin 2010,Johnston County was
relativelysimilar to other counties in NC by racial / ethnic makeupl&bof Johnston County was
African American vs. 2.5% of NC), age (13% of Johnston County was over the age of 65 v%4.df
NC), density of population per square mile (213.4 in Johnston County vs. 196.1 in NC) and percent of
householdsn poverty (6.1% in Johnston County vs75% in NC), other unmeasured differences may
have made the sample of participants Usedhis study uniqué? Relatedly only White and Black or
African American individuals were included in the T2 and T3 waves of the JOCO OA project. At the time
of T2 (using American Community Survey 2010 estimates), 12.0% of Johnston County residents
identified as Hispanic and at the time of T3 (using American Community Survey 2015 estimates, 13.2%
of Johnston County identified as Hispanic.

Finally, it is also impaant to note that participanitscludedthese analyses were selected from a
prospective cohort study and originally invited to participate between19917 (baseline) or 2062004
(for cohort enrichment). By the T2 wave of data collection (20081), may individuals had died.
Therefore, individuals sampled at the T2 wave of data collection may have been hetésetinghan
those notsampledatT2 i n ot her words, individuals sampl ed
“ h e a'tparticpants Accordingly, resultsnay not generalize ttommunity sampleof older adults.
Indeed, at baseline, compared to participaotsncludedn the T2 wave, participants included in the T2

wave were significantly more likely to:
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at



1
1

Be younger

Be female

Be White

Have a high school degree or higher
Have a BMI of 30 or greater

Have fewer comorbidities

Have a high SES job

Have lower CESD scores, and

Live in a neighborhood with fewer households below the poverty line at baseline

However, compared to gaipantsnot includedn the T2 analyses (i.e., the analytic sample used for

crosssectional analyses), participants included in the T2 analyses were significantly more likely to:

1
1

1
1

Be older

Be Black or African American

Have less than a high school degree
Have a BMI of 30 or greater

Have more comorbidities, and

Have a low SES job

Thus, participants included in T2 analyses were generally more disadvantaged at baseline than those

not included in analyses. This finding is likely a result of the inclusion ieriter the T2 analyses (i.e.,

analyses were only conducted on participants with knee OA). A similar trend was founticengrared

participants included in the T3 wave of data collection and the T3 analyses. All additional analyses can be

found in Appendi D.

Conclusions

In this sample of older adults with radiographic knee Ofaund that neighborhood context

affected health outcomes in nuanced, yet important ways. IFiosind effects of perceived neighborhood
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social cohesion 068ESD scoresand effects of peaivedneighborhood resources for physical activity

and walkingon CESD and knee impact scores. Seconfhund these effects to be more pronounced at

the individuallevel (orLevel 1). Finally, whilel did not observe many consisteatationships over time,

| did observe a number of interactions, suggesting thavigserable older adults mdyenefit more from
neighborhood resources. Interventions aiming to improve mental and physical functioning of older adults

with knee OA can looko this study as evidence on the importance of neighborttue@cteristics
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Tables for Study 1

Tablel. Participant characteristics of adults with knee OA from the T2 wave (n=656) and T3 wave
(n=434) of the Johnston County Osethritis Project, Johnston County, North Carolina, 20061 and
20132015

T2, 20062011 T3, 20132015
Characteristic N (%) or mean (SD) N (%) or mean (SD)
Age, years 70.0 (9.0) 72.5 (7.8)
Gender
Male 215 (32.8) 148 (34.1)
Female 441 (67.2) 286(65.9)
Race
White 433 (66.0) 288 (66.4)
Black or African American 223 (34.0) 146 (33.6)
Education
High school or greater 489 (74.5) 367 (84.6)
Less than high school 167 (25.5) 67 (15.4)
Health insurance
No 27 (4.1) 27 (6.2)
Yes 629 (95.9) 407 (93.8)
BMI 33.1(7.9) 32.0 (6.9)
Number of comorbiditie8 1.9 (1.3) 4.0 (1.8)
Diabetes and/or heart disease
No 395 (60.2) 256 (59.4f
Yes 261 (39.8) 175 (40.69
Severe knee OA
No 229 (34.9) 183 (42.2)
Yes 427 (65.1) 251 (57.8)
Neighborhood poverty (range4) 17.2 (10.7) 17.2 (11.2)
Perceived neighborhood social cohesion (rangg 18.9 (3.6) 19.1 (3.5)
25)
Perceivecheighborhood resources for physical 35.5(6.1) 36.2 (6.0)
activity and walkingrange 1155),
Perceivecheighborhood safety (rangel’) 11.1 (2.2) 11.1 (2.2)
Physical activity
Inactive 225 (34.3) 356 (59.0)
Insufficiently active 234 (35.7) 125 (28.8)
Sufficiently active 197 (30.0) 53 (12.2)
Depressiorscoreqrange 060) 6.5 (7.4) 10.7 (4.5)
Reported knee impact scores (rangt00) 75.6 (23.3) 70.0 (25.9)
a2Range for number of comorbidities at T2 wa$10(from the Disease Inventory) and range for
number of comorbidities at T3 waslB (from the Charlson Comorbidity Index)
b Totals do not add up to 434, since 3 participants were missing data on this variable. However,
individuals were not excluded since they were not part of the analyses in the multilevel models.
¢ At T2, depression was assessed using the-BE@ange 060) and at T3, depression was assessed
using the PROMID (range8-40).
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Table2. Correlationsamag neighborhood characteristics, physical activity, lagalth outcomes, among adults with knee OA, from the T2 wave

(n=6%5) and T3 wave (n=434) of the Johnston County Osteoarthritis Project, Johnston County, North Carolia@12G0@ 201-2015

1.Neighbohood | 2.Perceived | 3.Perceived | 4.Perceived | 5.Physical | 6.Physical| 7.CESD | 8.PROMIS | 9.Reported| 10.Reported
poverty neighbohood | neighbohood | neighbohood | activity activity scores D scores knee knee impact
social resources for | safety (T2) (T3) (T2) (T3) impact scores (T3)
cohesion physical scores (T2)
activity and
walking
1 - -0.21%** 0.03 -0.23%** -0.15%** -0.10* 0.05 -0.06 -0.10** -0.08
2 - 0.27*** 0.53*** 0.09* 0.14** -0.23*** -0.08 0.15%** 0.01
3 - 0.36*** 0.08* 0.04 -0.19*** 0.00 0.18*** 0.08
4 - 0.08* 0.06 -0.25%** -0.06 0.21%** 0.11*
5 - 0.24** | -0.25%** -0.09 0.21%** 0.19%**
6 - -0.02 -0.05 0.08 0.05
7 - 0.40*** -0.40*** -0.34***
8 - -0.25%** -0.35%**
9 - 0.66***
10 -

Boldface denotes significance at p < 0.05
*p<.05 *p<.0l,***p<.001




Table3. Summary of mairffectsfrom Study 1 usingdata fromthe T2 and T3 wave of théohnston
County Osteoarthritis Project, Johnston County, North Carolina,-2006and 20132015

Level 1 and Level Crosssectional results Longitudinal results

2 neighborhood | CESD scores Knee impact CESD scores Knee impact
characteristics scores scores
Level 1 perceived

neighborhood 1

social cohesion
Level 1 perceived
neighborhood 1 1
resources for

physicalactivity
and walking
Level 1 perceived
neighborhood
safety

Level 2
neighborhood

poverty
Level 2 perceived 1

neighborhood
social cohesion
Level 2 perceived
neighborhood
resources for
physical activity
and walking
Level 2 perceived

neighborhood I
safety
Note: Arrows indicate how to interpret effects. For instance, an arrow facing downwards indicate
there was a negative association between the indeperad@tileand outcome for the specified cell.
For instance, the arroim the upper left quadrant indicates that there was a significant negative
association between Level 1 perceived neighborhood social cohesion afial €ei6&sIn other
words, Level 1 perceived neighborhood social cohesion was associated with lowBr C&®s, or
less depressive symptoms.

Note: Red arrows indicate findings contrary to expectations
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Table4. Individual and neighborhoelével correlates o€EESD scoresamong individuals with knee OA,
n=656, from thel'2 wave of thelohnston County Osteoarthritis Project, Johnston County, North

Carolina, 20062011

Model 1 individuailevel

Model 2 (Model 1 +

correlates Neighborhoodevel)
Variable Regression p-value | Regression p-value
Coefficient Coefficient
(SE) (SE)
Intercept 1.78 (0.05) p<0.001 | 1.76 (0.05) p<.001
Level 1 Fixed Effects
African American (ref. White) 0.02 (0.04) p=0.68 0.02 (0.04) p=0.66
Female (ref. Male) 0.24 (0.04) p<0.001 | 0.24 (0.04) p<0.001
Age -0.005 (0.002)| p=0.02 -0.01(0) p=0.02
BMI 0.001 (0.04) | p=0.65 | -0.001 (0.002)| p=0.62
Lesstharhi gh school |0.09(0.04) p=0.02 0.09 (0.04) p=0.02
school)
Health insurance (ref. no insurance -0.17 (0.08) p=0.04 -0.17 (0.08) p=0.04
Number of comorbidities 0.11 (0.01) p<0.001 | 0.11 (0.01) p<0.001
Insufficiently active (ref. inactive) | -0.27 (0.04) | p<0.001 | -0.27 (0.04) | p<0.001
Sufficiently active (ref. inactive) -0.59 (0.05) p<0.001 | -0.59 (0.05) p<0.001
Perceived neighborhood social -0.04 (0.01) p<0.001 | -0.04 (0.01) p<0.001
cohesion?
Perceived neighborhood resources -0.02 (0) p<0.001 | -0.03 (0) p<0.001
for physical activity and walking,
Perceived neighborhood saféty, -0.02 (0.01) | p=0.10 -0.02 (0.01) | p=0.10
Level 2 Fixed Effects
Neighborhood poverty, -0.01 (0.01) | p=0.34
Perceived neighborhood social -0.07 (0.03) | p=0.02
cohesior?,
Perceived neighborhood access to 0 (0.01) p=0.99
physical activity and walking
resources,
Perceived neighborhood saféty, 0.04 (0.05) p=0.46
Model Fit
Akaike information criteriofAIC) 5640.80 5642.52
Bayesian information criteriofBIC) | 5674.83 5686.28

Notes

Boldface denotes a significant effect aO®B5

In the null model, the ICC wak02

avariables were group mean centered to estimate pure within effects
b variables were grand mean centered to estimate pure between effects

Results were estimated using a poisson multilevel md@dahterpret results, regression coefficients

can be added @ubtracted from the intercept and exponentiated.
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Table5. Individual and neighborhoelével correlates of reported knee impact scores among individuals
with knee OA, n=656, from th€2 wave of thelohnston County Osteoarthritisoiect, Johnston County,

North Carolina, 200&011

Model 1 individuailevel

Model 2 (Model 1 +

correlates Neighborhooedevel)
Variable Regression | p-value | Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 75.63 (0.81) | p<001 | 75.63 (0.8) p<.001
Level 1 Fixed Effects
African American (ref. White) 2.75(1.81) p=0.13 | 3.97 (1.95) p=0.04
Female (ref. Male) -3.72 (1.79) | p=0.04 | -3.95(1.8) p=0.03
Age 0.04 (0.1) p=0.69 | 0.03(0.1) p=0.80
BMI -0.83 (0.12) | p<0.001 | -0.8 (0.12) p<0.001
Lesstharhi gh school |-54(2) p=0.007 | -5.62 (2.02) p=0.006
school)
Health insurance (ref. no insurance 7.11 (4.22) p=0.09 | 7.35 (4.22) p=0.08
Number of comorbidities -2.7 (0.65) p<0.001 | -2.68 (0.65) p<0.001
Insufficiently active (refinactive) 6.15 (2.01) p=0.002 | 5.59 (2.02) p=0.006
Sufficiently active (ref. inactive) 6.84 (2.11) p=0.001 | 6.63 (2.12) p=0.002
Perceived neighborhood social -0.11 (0.29) | p=0.71 | -0.1(0.29) p=0.74
cohesion?
Perceivecheighborhood resources | 0.47 (0.18) p=0.008 | 0.48 (0.18) p=0.008
for physicalactivity and walking'
Perceived neighborhood perceived| 0.94 (0.51) | p=0.07 | 0.91 (0.51) p=0.07
safety?
Level 2 Fixed Effects
Neighborhood poverty, -0.11 (0.1) p=0.27
Perceived neighborhood social p=0.10
cohesior?, 1.26 (0.77)
Perceivecheighborhood resources p=0.11
for physical activity and walking 0.41 (0.25)
Perceived neighborhood perceived p=0.15
safety? -1.9 (1.3)
Model Fit
Akaike information criterior{AIC) 5808.7 5801.2
Bayesian information criteriofBIC) | 5811.1 5805.6

Notes

Boldface denotes a significant effect aO®B5
In the null model, the ICC was 0.01
avariables were group mean centered to estimate pure within effects

b variables were grand mean centered to estimate pure between effects
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Table6. Summary of interactions from Study dsing data fronthe T2 wave of theJohnston County Osteoarthritis Project, Johnston County,

North Carolina, 200&011

Neighborhood variables Race / Ethnicity Presence of comorbidities Knee severity
CESD | Knee impact | CESD scores Knee | CESD scores Knee impact CESD scores Knee
scores | scores impact scores impact
scores scores
Level 1 perceived ®For adults with
neighborhood social knee OA only
cohesion
Level 1 perceived ®For Black ®For adults with sever
neighborhood adults (stronger) knee OA
resources for physica
activity and walking ®For White ®For adults wittnor+
adults severe knee OA
(stronger)
Level 1 perceived ®For White
neighborhood safety participants
Level 2 ® For adults with
neighborhood severe knee OA
poverty
Level 2 perceived ®For adults with| - For adults
neighborhood social knee OA only with knee OA+
cohesion
Level 2 perceived
neighborhood
resources for physicg
activity and walking
Level 2 perceived ®For ® For adults with
neighborhood safety neighborhoods knee OA +
with medium
and high - For adults with
poverty knee OA only
Note: Arrows indicate how to interpret effects. For instance, an arrow facing downwards indicates that there was a negative astaeian the
independent variable and outcome for the specified cell. For instanegrdlein the first row indicates that there was a significant interaction among
1 perceived neighborhood social cohesion, TESores, and presence of comorbidities. Specifically, Level 1 perceived neighborhood social cohes
associated withower CESD scores (less depressive symptoms) for adults with knee OA only (not individuals with OA plus heart disease or diabe|
Note: Red arrows indicate findings contrary to expectations.
Note: OA+ indicates OA plus heart disease or diabetes.




Table7. Individual and neighborhoelével correlates dPROMISD scoresat T3among individuals with
knee OA, longitudinal results n=434sing data fronthe T2 wave and T3 wave of the Johnston County
Osteoarthritis Project, Johnston County, North Carolina, 2006 and 20132015

Model 1 individuallevel | Model 2 (Model 1 +

correlates Neighborhooedevel)
Variable Regression | p-value | Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 2.35 (0.02) p<0.001 | 2.35 (0.02) p<.001
Level 1 Fixed Effects
CESD scoresat T2 0.02 (0.002) | p<0.001 | 0.02 (0.002) p<0.001
African American (ref. White) -0.15 (0.04) | p<0.001 | -0.14 (0.04) p<0.001
Female (ref. Male) 0.09 (0.03) | p=0.01 | 0.09 (0.03) p=0.01
Age -0.003 p=0.20 | -0.003 (0.002) | p=0.27
(0.002)
BMI 0.00 (0.002) | p=0.92 | 0.00 (0.002) p=0.98
Lessthathi gh school |0.00(0.04) p=0.99 | 0.00 (0.04) p=0.99
school)
Health insurancéref. no insurance) | -0.12 (0.14) | p=0.40 | -0.13 (0.14) p=0.36
Number of comorbidities 0.03 (0.01) p=0.01 | 0.03 (0.01) p=0.01
Physical activity -0.03 (0.03) | p=0.33 | -0.03 (0.03) p=0.32
Perceived aighborhood social -0.004 (0.01) | p=0.38 | -0.005(0.01) p=0.38
cohesion?
Perceived aighborhoodesources | 0.001 (0.003)| p=0.68 | 0.002 (0.003) p=0.65
for physical activity and walking,
Perceivedneighborhoodafety? -0.005 (0.01) | p=0.61 | -0.005 (0.01) p=0.62
Level 2 Fixed Effects
Neighborhoodpoverty® -0.002 (0.002) | p=0.39
Perceived aighborhood social -0.01 (0.01) p=0.53
cohesiorf,
Perceived aighborhoodesources 0.01 (0.005) p=0.07
for physical activity and walking,
Perceived aighborhood safety, 0.01 (0.02) p=0.49
Model Fit
Akaike information criteriofAIC) 2329.20 2360.04
Bayesian information criteriofBIC) | 2388.07 2399.73
Notes

Boldface denotes a significant effect aO®B5

avariables were group mean centered to estimate pure within effects

b variables were grand mean centered to estimate pure between effects

Results were estimated using a poisson multilevel mddeahterpret results, regression coefficient
can be added or subtracted from the intercept and exponentiated.
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Table8. Individual and neighborhoeldvel correlates afeportedknee impactcoresat T3among
individuals with knee OA, longitudinal results n=43&jng data fronthe T2 wave and T3 wave of the
Johnston County Osteoarthritis Projeldhnston County, North Carolina, 262611 and 20132015

Model 1 individuallevel | Model 2 (Model 1 +
correlates Neighborhooedevel)
Variable Regression | p-value | Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 69.94 (0.97) | p<0.0QL | 69.95(0.95) p<.001
Level 1 Fixed Effects
Knee impact scorest T2 0.7 (0.05) p<0.001 | 0.71 (0.05) p<0.001
African American (ref. White) 3.09 (2.14) p=0.15 | 2.89 (2.29) p=0.21
Female (ref. Male) -4.61 (2.1) p=0.03 | -3.94 (2.11) p=0.06
Age 0.09(0.15) p=0.55 | 0.1(0.15) p=0.48
BMI -0.39 (0.16) | p=0.01 | -0.39(0.16) p=0.02
Lessthathi gh school 1.5(2.72) p=0.58 | 1.93 (2.71) p=0.48
school)
Health insurance (ref. no insurance)| -12.59 (8.99) | p=0.16 | -13.61 (8.98) p=0.13
Number of comorbidities -1.08 (0.63) | p=0.09 | -1.05 (0.63) p=0.20
Physical activity -0.46 (1.76) | p=0.79 | -0.26 (1.76) p=0.88
Perceived aighborhood social -0.43 (0.34) | p=0.20 | -0.45(0.34) p=0.19
cohesion?
Perceived aighborhoodesources for| -0.01 (0.22) | p=0.96 | -0.01(0.22) p=0.96
physical activity and walking,
Perceived aighborhood safety, 0.29 (0.57) p=0.61 | 0.31 (0.57) p=0.58
Level 2 Fixed Effects
Neighborhoodpoverty” 0.02 (0.11) p=0.83
Perceived aighborhood social -1.65 (0.79) p=0.04
cohesior?,
Perceived aighborhoodesources for -0.24 (0.28) p=0.39
physical activity and walkin8,
Perceived aighborhood safety, 2.59 (1.18) p=0.03
Model Fit
Akaike information criteriorfAIC) 3782.2 3775.0
Bayesian information criteriofBIC) | 3786.6 3779.4

Notes

Boldface denotes a significant effect aO®B5
avariables were group mean centered to estimate pure within effects
® variables were grand mean centered to estimate pure between effects
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Figuresfor Study 1

Figure2. Interactions among neighborhood context and key indivildwal characteristics among adults
with knee OA, n=656, from th€2 wave of thelohnston County Osteoarthritis Project, Johnston County,
North Carolina, 20062011

Figure 2. Neighborhood poverty, safety, and reported knee impact scores
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Figure2b. Interactions among race, neighborhood contextCi®lD scores
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Figure2c. Interactions amongresence ofomorbidities, neighborhood contetESD scoresand

reported knee impact scores
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Figure2d. Interactions among kne&®A severity, neighborhood context, aG&SD scores

20 20
4
£15 8 15
Q )
n
A 10 ?
7 A 10
wl %)
O ° w
Yoo >\
0
-20 -15 -10 -5 O 5 10 15 0
Level 1 perceived neighborhood resourt -18-15-10-5 0 5 10 15 20 25 30
for physical activity and walking Level 2 Neighborhood Poverty
=Severe Knee OA=—=Non-Severe Knee OA = Severe Knee QA== Non-Severe Knee OA
Note: the slopes for individuals with severe Note: only the slope for individuals with non
knee OA and noevere knee OA are both severe knee OA is significant at p<.05.

significant at p<.05, but the slope is stronger
for individuals with norsevereknee OA.

63



CHAPTER 5: STUDY 2

Introduction

More than half of all adults in the US117 million people—have a chronic conditiol? In
addition to accounting for mos fchronfc disehsmredft& heal t h
associated with considerable decline in quality of life, increased risk of mortality, and decreased
psychosocial and psychological functioninghe burden and patterning of chronic dissase clear—
individuals marginalized by social, economic, and geographic structures are dispraielyi burdene#.
Indeed, an extensive litany of raednalyses and reviews have documented the robust and consistent
effects of neighborhood characteristics on mortafityental healti>2° chronic diseases;>® health
behaviors, such as physical activity® and other metrie of wellbeingjncluding biological markers,
such as cortisol levef§ Because residential areas are also segregated, typically by income and/or race /
ethnicity, and marked by unequaltdisution of resources, neighborhoods not only affect health
outcomes but also contribute to health disparii€sDespite the growing prominence of research on
neighborhoods and the robustnesa @ i g h b oeffdtte an theslth, a number of gaps remain.

Although there has been longstanding interest in heighborhoods and communities affect
health, studies examining the effects of neighborhood characteristics on health only began in earnest in
the late 1980s / early 1998dMost of these early studies, e.g., Hann et al. (1983%amined whether
neighborhood poverty, SES, or disadvantage were associated with health outcomes and/or mortality.
While subsequdémeighborhood studies began to focus on additional neighborhood characteristics, e.g.,
social and physical features, economic conditions remain some of the most studied structural factors
relevant to health status and few studies have examined socalhsidal environment featur€sEven
today, few studieassess neighborhood characteristics usieglevel indicators thadre independent of

resi dent s {(suclpas neigkbprhoodopoverty measured through census indicatosgjfand
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reportednei ghbor hood characteristics (such as indivi
important since many neighborteboharacteristics cannot beeasureavithout selfreport(e.qg., social
cohesioft) andarealevel indicators and seteportedneighborhood measures are associated with health
in different,but important way$?

In addition to limiting their foci to one or two neighborhood characteristimsst neighborhood
studies have only examined one health outcome or condition, néhely related tphysical health, as
indicated by the substantial evideticking neighborhoodso obesity chronic disease risk and
management, morbidity, and mortalfyWhile at least six systematic reviews in the past déé4teave
documented how neighborhood features may be associated with depression and mental health, most of
these studies only focused on neighborhood SES. Indeed, one of the six reviews focused exclusively on
neighborhood SE&,three of the reviews included a majority of articles that focused only on
neighborhood SE;*"*%and to of the reviews includecharacteristicef the built environmentout
mostly assessed factors like housing quality, residential density, air quality, etc., without examining other
features of théuilt environment, such as accessibility or availabiityhysical activity or walking
resources®4°

Moreover, most of these studies were conduictesban environments, with few studies
examining whether associations between naedghbod context in health extetwlrural aml suburban
areas' The narrow focus of these studies (meéghborhood characteristic, one health outcome, mostly

urban settings) has limited interpretability and comparison of results across studies. Indeed, more research

du

isneededona)neighpor hoods and ment al heal t h,ociHandluitar act er i

environmens, including walkability,on mental health) researcton neighborhoods and heaithrural
areasand d) interactions of differeneighborhoodiomains (e.g., social and built environment features
of rural neighborhoods).

Finally, since the 1980s, researchers have developed a number of theories and conceptual
frameworks to illustrate how neighborhoods affect health (see work on social determinants df health,
social disorganization thed®and conceptual models from Diez & Roit Brownet al.}* Carpiand’®
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Blair et al.?6 and Kawachi & Berkma¥), yet these models have rarely been empirically testedeseth
models,characteristics of theeighborhood economenvironmente.g., which can refer to both
neighborhood disadvantage and compositional features of neighborhoods, such as racial segregation, that
have been useatk proxiedor economic disadvantagaje thought to influenceharacteristics of the
neighborhood physicanvironmeni{e.g., environmental exposures, food, physical activity, and
recreation resources, services), ahdracteristics of theeighborhood soci@nvironmenie.g., safety,
norms cohesion, capitaPf In turn, characteristics of theeighborhood physical and social environnsent
are then associated with health outcomes both directly and indirectly through various mediators, including
but not limited to:

4) Psychosocial processes (e.g., sosiglport, stress, resiliency, sense of control, sense of fear and

anxietyp*46

5) Health behaviors, including physical activifyt245.90.91

6) Access to resources, medical care and qdafitsf*°!

Most of theseonceptuamodels were built for general use, without regard to specific
populations. However, some research suggests that neighborhoods are pgriticpéathnt for older
adultssincethey1) are less mobilthan younger adult€,which may make them more likely to rely on
resources within their neighborhoo@ maylosesocial contactas theyage?® therebyincreasing the
importance ofocial cohesiorand3) may not leave their neighborhoods as much as younger adults who
may be working or have other obligatidii$n addition,most obler adults iearly 80% own their
home$&® and have lived in their neighborhoods for a nunidfeyears, thereby increasing aggregate
exposure to residential neighborhood effe&timally, most older adults (more than 80%t)rrentlyhaveat
least onechronic conditiorf, and chronic disease management is associatedeiighborhood
characteristicd* The number and magnitude of these factors suggest that older adults may be more
vulnerable to certain neighborhood features and make research on neighborhoods and older adults

especially usefut9
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The presentstudy builds on previous research in two ways. First, using theory, this research
specifies ways in which four neighborhood characteristics may influence depressive symptomgs
older adults in a rural setting. Second, this stuslyd SEMwhich is a powerful analytical technique that
can allow researchers to model complex relationships.
Methods
Participants andProcedures

Data for this study comeom a populatiorbased pospective cohort of knee and hip OA among
African American and Caucasian individuals (the JOCO OA projéeAithough the parent study was
designed to capture OA prevalence and risk factaomnk advantage of thepportunity to examine how
neighborhood characteristiegereassociated with wellbeing amoadarge sample aflder adultsl|
thereforedid not exclude participants based on OA staReruitment occurred in Johnston County, NC,
which at the time of this study, was classified as a mostly rural cétiidgtails on the studyesign, data
collection procedures, and study population are detailed in prepidnligationst?® In brief, the study
was designed to be representative of civilian,-mstitutionalized African Americans and Caucasians
over the age of 45 who resided in one of six towns or townshihirstbn County, NC for at least one
year, were living in the county at the time of study enrollment, and physically and mentally capable of
completing the study protocd\l participants completedn initial home interviewa limited clinical and
functional examination, which included an assessment of weight and height and radiographic examination
of the kneesand an additional home interview approximately 2 weeks after the clinicAtisiaseline,
all participants provided informed written cems at the time of recruitment. The study was approved by
the Institutional Review Boards of the University of North Carolina Schools of Medicine and Public
Health and the CDC. The analytical sample for this study uses the T22R006&ohort of adults.
Measures

Outcome. | used theCESD to assess depressive symptoms. The-DESone of the most
widely used selfeport scales to assess current levels of depressive symptortitibgyeloped in 1977,
the CESD was intended to assess epidemiology of depression getieral populationrather than
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diagnosis atlinical intake!3! While items were chosen from preuily validated depression scales and
based on symptoms of depression in clinical cases, theDDE&s not designed to reflect diagnostic
criteria of depression at the time of its developmé&rindeed, some diagnostic criteria are not reflected
(e.g., suicidality) and ma nperiehcasomd of theysymptomns “ nor mal
reflected in CESD items. In contrast to other widely used measures, such as the Beck Depression
Inventory, the CED focuses more on affective aspects of depression, rather than depression
cognitions!3?
The CESD contains 20 items that assess symptoms that occurred in the week prior to the
interview. Response optionsrafgge om 0O t o 3, which refer to frequen
none of the time” t oD wasoridinallppositediioehave & felactor)structufeh e CE S
model composed of depressed affect, positive affect, somatic activity,tarmeisonal issueé! For
instance, thres$sed” “Woldledtbaeleong to the depressed
future” would belong to the positive affect fact o
activity factor, and “peopl e er@nralassuestdctori Howeder,y” wo ul
more than 20 alternative factor structurdéacluding a unidimensional factor structdfé—have been
reported:®* In practice, many researchers (including Radloff, the original developer of th@®©CEPort
a total scorgthereby treating the measure as unidimensitathereforeanalyzed depressive symptoms
as a unidimensional latent factédthough a cutoff point of 16 has been used in previous research to
indicaterisk for moderate or sevetepression® | conceptualized and analyzed GBScores as a
continuum (not merelin dichotomous terms)zor consistencyl refer tothe latent variale comprised of
CESDitemsas “depressive symptoms” throughout this man
Neighborhood characteristics | measured four neighborhood characteristics.
Neighborhood poverty. | defined neighborhood poverty as the percentage of households with
income below the poverty line withenansus block group.compiled these data from the 2010 U.S.

Censusthat bounded the time in which T2 data were gathered,-20056 | usedcensus kbck groups as
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theunit of analysis, since they are the smallest administrative boundary from the census that includes
economic data. Census block groups generally contain between 600 and 3,00&*heople.

Perceived neighborhood social cohesiohmeasured perceived neighborhood social cohesion
using Sampson et SodialColesiob andmus!fhA meaxamel efi tem i s:
aromd here are wil |l i nlgssésseddlla@dmp ontgpbird likert responsgdedbeo r s . 7
(1=strongly agree to 5=strongly disagree). Previous studies have found high reliability for this scale
(Cronbach’”s al pha oV eime (@estr8t@sintracclass cooetatigdGCsOt9@ 8580y o Vv e r
Cl: 0.84, 0.94}4¢ Supporting validity, thecale has also been used in a variety of research studies
assessing social cohesion / social capiti#’

Perceived neighborhood resources for physical activity and walkind measured perceived
neighborhood resources for physical activity and walking uslnigeins from the Walking and<grcise
Ehvironment scale. This scale assesses opportunitd.i
example item i s: “my nei ghbor hood ofidssessedalmany opp
items on a goint likert response scale (1=stronglyegito 5=strongly disagredrevious studies have
shown this scale to have high reliability and consistency over timerétestiCC: 0.88; 95% CI: 0.79,
0.93)146

Perceived neighborhood safetyl measured perceived neighborhood safety with three items. An
example item is: “1 feel sgaftehewaelvkeinngngi.n myl Ineiitgehn
a 5point likert response scale (1=stronglgree to 5=strongly disagre@yevious studies have
demonstratethese itemso bereliableandconsistenbver time (testetestiCC: 0.80; 95% CI: 0.67,
0.88)146

Mediators. | selected three mediators based on their importanaewops research and theory.

Physical activity. | assessed physical activity using items from the 20019 BRFSS>2 The
physical activity BRFSS items assess two types of physical aetivityderate and vigorogsand
classifies individuals 8%

1 Inactive (Respondent reports doing no moderate or vigorous physical activity)
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1 Insufficiently active (Respondent reports doing insufficient moderate or vigorous physical

activity to meet recommendations)

91 Active (Respondent reports doing enough moderate or vigorous physical activity to meet the
recommendations)

Following guidelines for se of theBRFSS'™2to be classified as meeting recommended goals for
moderate activity, a respondent needed to report 5 or more days of moderate activity with 30 or more
minutes per day. To be classified as tilegrecommended goals for vigorous activity, a respondent
needed to report 3 or more days of vigorous activity with 20 or more minutes per day. An individual who
met the moderate goal, the vigorous goal, or both was classififedas t while arf’ individial who
reportedsomemoderate activity, vigorous activity, or both laitl notmeet the goals for either moderate
or vigorous activity was classified as insufficiently acti@¢herwise, individuals were classified as
“ 1 n a cTha BRESS’guestionnairafibeen used to assess national trends in physical activity and can
be used to assess level of physical activity among adults in accordance with national gdfdelines.

Social support.l assessesocial supprt using four items from the Strong Tiesale, which
assesses the degree to which individuals are bothered by not having a close companion, enough people to
whom they are close, enough friendships, and someone who shows them love and affection. All items
were assessed on gbint likert respose scale (1=strongly agree to 5=strongly disagree). This scale has
been found to have moder at el y handhhs beea liseddnpievious y ( C|
studiest®®

Perceived individual control. To assess perceived individual conttalsed two items from
I srael et al .’ s PTehrecseei vietde nGso nu erove the Sadiaidieshat affeat o nt r o |

my | ife and “1 am satisfied with the afilesent of c
items were assessed on-pdint likert response scale (1=strongly agree to 5=strongly disagree) and
reversecoded, sahat higher scores indicate more control. These items have been used prandusly

found to be reliablé Cr onbach’ s @ pha = 0.83) .
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Control variables. Control variables assessed were race / ethnicity (White or BlafricAA
American), education (categorized as less than high school or high school or greatégs BMI
continuous variable)gender (male or female), afgs a continuous variabld)ealth insurance status
(categorized as health insurance or no healtirémee) andnumber of comorbidities (defad using the
Disease Inventory) also assessed knee OA status as a control variable using radiography and the
Kellgren and Lawrence (KL) grade, which scores OA severity on a scalé.8flClassified individuals
with scoresf 2-4 as having knee OA. Otherwideslassified individualgasnot having knee OA.
Data Analysis

Descriptive statistics Descriptive statistics included means, standard deviations, and frequencies
of all identified demographic variables, neighborheadables, and depssive symptom®’ Bivariate
correlation analyses were used to assess relationships among neighborhood variables and depressive
symptomsl conducted descriptivetatistics using SAS version 9.4 survey procedures (SAS Inc., Cary,
NC, USA).

Confirmatory factor analysis and structural equation modeling To examine how
neighborhood characteristics were related to depressive symptoms through the proposed mediadors,
SEM. SEM is an analytical approach for data analysis that allows researchers to test multiple regression
relationships among latent variables and between observed and latent variables and allows for models in
which one or more variables are simultamsy predicted and predictor variables, thereby making it a
powerful analytical techniqu®.Using MPlus versioi, | followed a twestep structural equation
modeling approach to establish the quality of the measurement model and test the full genérél SEM.
Usingthistwest ep approach (also called a “jigsaw piecew
several researchéfd’ because it allows one to isolate fastand items that may be problematic and/or
lead to poor fit.

| first used Confirmatory Factor Analysis (CFA) to evatutite fit of six latent variables: 1)
perceivedheighborhood social cohesion, [@®rceived neighborhood resourcesgbysical activityand
walking, 3) perceivecheighborhood safety, 4) social support, 5) perceirdividual control, and 6)
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depressivasymptoms These variablesere specifiec@s latent variables because thegresent

unobservable (i.e., latent) constructs #melyweremeasured using multiple items (combined into scales),
which thereby makes CFA approprigdtexamined neighborhood pawgas an observed variable sirice

only had one item to define this construalso examined physical activity as an observed variable.
Although| wasable to measure multiple types of physical activity (e.g., moderate and vigorous) and the
amount of tme people devote to those activitie®llowed BRFSS guidelines and analyzed physical
activity as a single outcome with three response levels (inactive, insufficiently active, &éfivsjtered

the remainmig controlvariables into the models abserved variables.

After determining adequate fit of the measurement models and making any necessary
modifications,| assessed the fit of the structural model controlling for clustering at the neighborhood
census block group level (using type=complex). As seen in Figjusar SEM contains three main
pathways: 1) the pathway from neighborhood povergyei@eivecheighborhood environment, 2) the
pathway fromperceivedcheighborhood environment to the proposestirators, and 3) the pathway from
the proposed mediators to depressive symptoms.

To determine the fit of the mea@ment model and SEMused goriori, well-established criteria,
including the chisquare test (walue should be >0.05; however, modetfin still be adequate if this p
value value is <0.05 since esijuare is dependent on sample’$frethe Comparative Fit Index (CFI)
and TuckerLewis Index(TLI) (CFI, TLI should be >0.98%17); the root mean square error of
approximation (RSMEA, should be <0!3%''9; and standardized factor loadings (should be 3030
The model illustrated in Figure 1 was tested. For all paths, significance was set at pGivi®hat all
latent variables were ordinal (measured or&astale)] usedweighted least squareseans and variance
adjusted (WLSMV) estimation, which is appropriate for data withmarmal distribution$® For alll
models, full information maximum likelihood (FIML) was used, which has been found to be superior to
pairwise deletion, listwise deletion, and multiple imputation for data that are not missing at random and

when missing rates are sm&}L’®17%n our structural equation models39 cases (approximateBi2% of
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the sample) were missing some of the observed exogenous variables (i.e., control variables) and excluded
by MPlus.For all analysed,s e t ¢ r 0% andcusdd-faied statistical tests.
SensitivityAnalyses

| conducted two sensitivity analysén the first,| analyzedseparatelsomatic and nesomatic
depressive symptonmn the CESD, since it is possible that they would be differentiakgociated with
neighborhood characteristicSomatic symptoms included items 1, 2, 5, 7, 11, and 20 from theDCES
and referred to whether individuals were bothered by things, had a poor appetite, had trouble keeping
their mind on what they were doingltfehat everything was an effort, had restless sleep, and could not
get going3

Second] excluded individuals without a chronic condition to determine if results differed for
only those individuals with at least one chronic condition. Our list of chronic conditions included: knee
and hip OA, heart disease (heart attack, angina, congestirtddikeaie or other heart condition),
hypertension, lung disease (including asthma, tuberculosis, chronic bronchitis, emphysema, chronic
allergy or other chronic lung problem), vascular disease (including: stroke or circulation problems), liver
disease, aacer, diabetes, and kidney disease/renal failselected these chronic conditions because 1)
they are common chronic conditions in the ¥%) they ardeading causes of death and disabfttfand
3) they share many of the same risk factdrsieasured all conditions using the Disease Inventory Index,
except for knee and hip OA wheresed radiography and KL scorés.
Results
DescriptiveStatistics

Table9 provides details on the demographic characterisfipaicipants Our sample was
composed of adults who were on averé8el years old §D: 9.1). Participants were diverse, with a
substantial number of African Americand (2%) and individuals without a high school degr2é.8%).
Almost half ofparticipants (44.5%) had knee OA and on averagelfaasthercomorbidities
Additionally, participantseported few depressive sympto(nsean: 6.6SD: 7.5,possiblerange: 660),
althoughl1.4% had scoreat orabove 16 indicative of being at risk foloderate or severe depression
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Confirmatory Factor Analysis
The measurement model with no modifications hatbderate fit to the data (Takl@). Two
latent variables®iad poorinitial fit: measures for perceivegtighborhood resources for physical activity
and walkingand social support. After reviewing correlation matrices for the 11 iteakéng up the
factor forneighborhood resources for physical activity and walkimgcluded 4 items in the revised
mo d e | (“My neighbor hoodbeofpheyssi cnaalnlyy oapcptoirvteu,n’i tilets
my neighborhood,” “There are enough trees in my n
nei ghborhood, the street s |ohosethésaiemsabhskdonteothe i n goo
empirical (interitem correlations > 0.40) and theoretical evidence from previous literature, suggesting
streets, shade, and neighborhood aesthetics are important domains for walkability in rural
neighborhood$ For social support, although the RMSEA value (0.10; 95% Cl: 0.07, 0.13) was above
the desired 0.06 cuudff,2>175the model demonstrated adequate fit based on the other indices and
modifications would not have been theoretically or empirically based.
Bivariate Correlations
Bivariate analyses revealed significant relationships among most latent and observed variables
the hypothesized directions (Taldlg). Correlations of neighborhood poverty with other neighborhood
variables ranged fron®.11 to-0.26 (all pvalues €.05), while correlations among perceived
neighborhood social cohesion, perceimetijhborhood reseoces forphysical activity and walking, and
perceivedcheighborhoodafety were moderate to high, ranging from 0.66 to 0.75 {adlyes ©.001).
These three neighborhood characteristics were all significantly associated with the three selected
mediators hysical activity, social support, and perceive individual coptvath correlations ranging
from 0.13 to 0.65 (allwalues ©.001). Finally, depressive symptoms were moderately associated with
all variables, except for neighborhopdverty where thereias a weak, but still significaassociation

(r=0.08, =0.03).
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Structural Equation Model

The initial hypothesized structural equation model had a relatively good fit to the data, but several
of the associations among perceived neighborhood social cohpsiaeivedieighborhood resources for
physical activity and walkingperceived neighborhood safety, and the proposed mediators were not in the
expected direction based on bivariate correlational resuiigothesized that this was due to
multicollineaity among the three neighborhood characteristdisen collinearity is present, the
introduction of additional predictors into the model can diminish the regression coefficient and
significance of a predictor, and the regression coefficient can evenaéveign'®?| therefore fit a
mod el with a higher order factor (whiehlwaslcenprisédper cei
of these three neighborhood characteriggcgial cohesion, resources for physical activity/walking,
safety and only specified pathways that were significant in the bivariate correlations at p<.05.

Results from the structural equatimodel can be seen in Tak2 | found the model represented
in Figure4 demonstrated adequate fit with respect to the following metrics: RMSEA = 0.02 (95% CI:
0.02, 0.02), CFI = 0.96, and TLI =@.9Although, the pvalue associated with tlehi-squarevalue
(171146, p < 0.001) was significant, research suggests that the significancecbf-#upiarevalue is
contingent on sample size, such that with larger samples, it becomes more difficult to obtain a non
significantchi-squarevalue® As a result) selected this model disefinal model.

| found neighborhood poverty was significantly negatively associatecpertieived
neighborhood environme(B=-0.16, p<.001)andphysical activity(B=-0.06,p=0.04), but not with
depressive symptoms. In tuperceived neighborhood environmevassignificantly associated with
physical activity (B=0.0, p=0.005), social support (B=0Y4 p<0.001), and perceived individual control
(B=0.61, p<0.001), but not depressive symptoms, dedpigdr significance in bivariate correlationAll
three mediatora/eresignificantly associated with depressive symptoms (physical activity anesdée
symptoms: B=0.13, p<0.00Z; social support and depressive symptoms 08, p<0.001; and perceived

individual control and depressive symptoms:-®&42, p=0.01).
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In addition,l observed a number ofdirect effects. The pathways from perceived neighborhood
environment to depressive symptoms through the proposed mediators were all significant (standardized
beta coefficients ranging from B8.01to B=-0.19 p-values <0.05). Specifically, the indirect effect for
perceived neighborhood environment on depressive symptoms through social sagiert-0.19; 95%

Cl: -0.16,-0.22;p<0.001; the indirect effect through perceived individual contkalsB=-0.07; 95% CI.
-0.02,-0.12;p=0.02 and the indirect effect through physieativity wasB=-0.01;95% CI:-0.01,-0.02;
p=0.003 Social support emerged as the strongest of the three medrgdesnonstratethrough the
nonoverlapping 95% confidence intervals of the indirect effect

In addition,poverty was significantly associated with depressive symptoms through physical
activity and perceived neighborhoedvironmen{B= 0.002, p=0.02) and significantlyssociated with
physical activity througlperceived neighborhood environméBt -0.02 p=0.01).

Overall, all variables (neighborhood and control) explained 41% of the variance in depressive
symptoms, 20% of the variance in social support, 37% of thenge in perceived individual control, and
13% of the variance in physical activity. Alofiacluding direct and indirect effect)eighborhood
variables explained 12% of the variance in depressive symptoms, 15% of the variance in social support,
37% ofthe variance in perceived individual control, and 4% of the variance in physical activity.
Sensitivity Analysis

Results from sensitivity analyses can be seen in Appdhdithen analyzing somatic and ron
somatic depressive symptoms separatdlypaths wted above were confirmed, with the exception that
perceived individual control no longerediated the effects of perceived neighborhood characteristics on
somatic depressive symptoms (Bx06, p=0.08), but significantly mediated the effects of perceived
neighborhood characteristics on reomatic depressive symptoms (Bx08, p=0.02). In addition,
found that results did not change when only including adults with at least one chronic disease; all indirect

and direct effects remained significant and paater estimates were of similar magnitude.
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Discussion

Amongthis sample oblder adults—91% of whom reported havingt least one chronic
condition—several neighborhood characteristics were associated with depressive symptoms. Within this
pattern of resultghree interestinfindingswereobserved. Firstheighborhood factors were strongly
associated with depressive symptoms and this relationship was mediated by indievidlariables.

This observation suggests that both individleakl and neighborhablevel characteristics may be
important forfuture interventions looking tionprove mental health outcome®econd, this study focused
on older adults (the majority of whom had at least one chronic condition), which suges$tsure
interventionsespecially those focused on comorbid depressive symptoms and chronic disease
management, may therefore look to the potential of neighborhood characteristics and mediators in
improving outcomedrinally, | found that social support emerged as the stromgedtator of
neighborhood characteristics on depressive symptoms. These findings have a number of important
implications for public health practice and research.

Little research has examinedwneighborhood characteristics are associated with healthidn t
study,| found three variables completely mediated the effecpeafeived neighborhood environmemt
depressive symptoms. These results suggest the importance of thesaribi#es—physical activity,
social support, and perceived individual cohtras behavioral and psychosocial mediators of the effects
of neighborhood factors on depressiAdditionally, while | foundthatphysical activity, social support,
and perceived individual control fully mediated the effects of the perceived neighbetmnozhment on
depressive symptomperceived neighborhood environment only partially mediated the effects of poverty
on physical activityln other wordspoverty was associated with physical activity both directly and
indirectlythrough its influence on perceived neighborhood environment. These firsdiggest that
enhancements of neighborhood social cohesion, safety, and the built environmeatthgdoyffer the
effects of poverty ophysical activity andlepressive symptomgvhile randomized controlled trials
changing neighborhood disadvantage are almost nonexXi$thate are innovative ways to encourage
social interaction in neighborhoods (increasing vegetation and common ¥paesigning homes with
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porches or stoop¥), and encourage seathire behaviors, such as physical activity, through improvements
to infrastructure like lighting or sidewalk&

Interestingly, the strongest pathway through which neighborhood characteristics influenced
depressive symptoms was soaapport. Social relationships are fundamental among pritfbaes!
directly influence biological processes undermining health outcéihiesleed,in a metaanalysis of 148
longitudinal studies, Holtundstad et al. found a 50% reduction in mortality for individuals with strong
social relationships which was comparable with reductions in morgdtiiputable tsmoking!°® Our
findings suggest that interventiodssignedo improvedepressiommong older adults in rural
neighborhoods may choose to focus on social supploid.need not be to the exclusionpafrceived
individual control and physical activityowever that alsemerged as significant, but weaker, mediators.

Also of interest, results held whenly individuals withchronic diseases werecinded. It should
be noted that depression has emerged as an important outcome of chronic disease management and care in
its ownright.18” Intervention features that may influence depression are important imiguild
comprehensive approaches to chronic disease management. Together and along with the other mediating
and control variables in the final model, neighborhood characteristics explditedf4he variance in
depressive symptoms. Future interventions, a@afethose focused on comorbid depressive symptoms
and chronic disease management, may therefore look to the potential of neighborhood characteristics and
mediators in improving outcomes, especially for those attempting to manage complex health
conditions!®® Interestingly, adults in this sample reported relatively few depression symptoms despite
having on average 2morbidities in addition to knee OA. This finding aligns with a paradox of aging
that mental health improves with age, despiéclines in physical and cognitive functionify.

In our study and as in previous resedfdhfound stronger associations with depressive
symptoms for neighborhood perceptions vermeslevel measures of the neighborhood environment
t hat are i ndepend e (inthiscdse, neglsborltbedmpoverty). Vrsefreperted i o n
measuresmayonr e directly align with individual’'s exper.i
their neighborhoods, they are typically limited by same source bias. In other words, individuals with a
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particular disposition (i.e., individuals who are less phalsiactive or individuals with more chronic
conditions) may rate their environments as less satisfactory than individuals with a different disffosition.
Importantly, with SEM] amable to partly control for these effects tegressing neighborhood
perceptions o individuatlevel characteristics, such as age, race, BMI, and dtherhkile it is possible
that other unmeasured variables may have affected
environments, our analyses begin to disentangle the potential biaslthaportedassessments of
neighborhoods may contaif.

Finally, this is one of few studies that has focused on neighbodi@dcteristicamong older
adults in rural neighborhoods. In 2014, 14.5% f@#ion) of the US population was aged 65 or o|dsr
2060, this figure will reacB3.5%(98 million).1*® As adults continue to live longer, health care spending
will likely increase, particularly for chronic diseases, which represent 95% of all health care costs for
older adults in the U%? Innovative strategies to maintain and promote the quality of life of older adults
areneeded.Onesth strategy is allowing older adults to *a
own*“homes and communitiesafely, independently, and comfortably, regardléssge, income, or
abi | i t'%Despievthe Impditance of both home and community environmeotgjnterventions
tailored to older adults have focused on making improvements to homes (e.g., making modifications and
adaptions to homes in order to prevent accidents or falls, improving functional ability of features in
homes, providing services in homesmoving barriers that would prevent older adults from continuing to
live at home, etc.}®® The results from this dissertation suggest that both poverty and perceived
neighborhood environment are importaatatminants of quality of life that should be taken into
consideration when designing public health interventions for older adults in rural areas.
Strengths and.imitations

This study had a number of strengths, including our examination of four diffesigibiorhood
characteristic¢neighborhood poverty, perceived neighborhood social cohesion, perceived neighborhood
resources for physical activity and walkinggrceived neighborhood safety), appropriate statistical
techniques (e.g., SEM and controlling &ustering by neighborhoods and a number of individenad!
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control variables), innovative research questions (i.e., mediation analyses), and a key population and
setting (i.e., older adults living in primarily rural neighborhoods).

However, here are several limitations ¢air findings First, becauskused crossectional,
observational data,wasunable to infer causality. There are a number of reasons why associations could
be occurringMost notably,l) individuals may select into certaneighborhoods, based on individual
attributes, which are themselves associated with
certain dispositionmayratetheir neighborhoods more or less favorably and these dispositighs be

thenreponsi bl e for observed associations (ter med s a
possible that selection issues may have biased results, given the number of people who reported being
born in Johnston County (almost 6G%the beginning athe parent study in 1990997 and the length
of timeindividualsreported living at their residence (average of 45 yahitise beginning of the parent
study), this bias is not likely. Regarding the latiepartly controlled for same sourb@s by regrssing
neighborhood perceptions on individdalel characteristics, such as age, race, BMI, and others.
However, it is possible that other unmeasured or omitted variables influenced how participants perceived
and reported neighborhood characteristics. Rgss,| am careful to not make claims of causal
inferenceor causal mediation, which are of growing interest to social epidemiol&tfists

Secondl did not control for individualevel income data, which may have accounted for the
observed effeciespeciallythose related taeighborhood poverty. Whilkincluded a measure of
education and health insurance status, whakebeen used as proxiesiofEome in previous studies,
further research controlling for incora@d examining interactions between neighborhood income and
individual income will be importaniThird, | did not estimate multilevel SEM models due to the minimal
amount of clustering byansus block group in most of the variables. Research on multilevel SEM is
usefulfor its ability to disentangle betwegmoup and withirgroup variation in variables. Future
investigations using multilevel SEM, particularly with datasets designed to expldtilevel
associations, will help progress research on neighborhoods and fbalihthere was a limited amount

of missing data for control variables and a small number of observépmoximately 8.2% of the
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sample)wereexcluded from analyses,hich could have biased resulEourth this study relied on a
specific populatior-older adults in Johnston County, NThe use of this specific population limits
generalizability to other settings, such as other counties in NC or states in the US apdmilaions.
Finally, it is also important to note that participaimsludedthese analyses were selected from a
prospective cohort study and originally invited to participate between1991 (baseline) or 2003004
(for cohort enrichment). By the Tave of data collection (2068011), many individuals had died.
Therefore, individuals sampled at the T2 wave of data collection may have been hatiésetinghan

those not sampled at T2; in other words, individuals sampled at T2 could represestthe vi vor s or
“heartiest” participants. Acomounitysamgaofylderadalts.ul t s ma:
Indeed, at baseline, compared to participaotsncludedn the T2 wave, participants included in the T2
wave were significantly more likely to:

 Be younger

1 Befemale

1 Be White

1 Have a high school degree or higher

1 Have a BMI of 30 or greater

1 Have fewer comorbidities

1 Have a high SES job

1 Have lower CESD scores, and

1 Live in a neighborhood with fewer households below the poverty line at baseline

Theseadditional analyses can be found in Apperix
Conclusions

In this sample of mostly rural, older adults with chronic disegamaerty andoerceived

neighborhood envimment(namely social cohesion, safety, and access to physical activity and walking

resources) were associated with reports of depressive symptoms through social support, perceived

81



individual control, and physical activity. Specificalgoverty was assodied with worse perceived
neighborhood environment. In turn, perceived neighborhood environmematsgasateavith more

social tiesanincreased sense of control, and increased physical activity, which were then associated with
fewer depressive symptonadtogether accounting forl%o of the variance in depressive symptoms

(along with control variablesplone (including direct and indirect effects)eighborhood variables

explained 12% of the variance in depressive symptoms, 15% of the variance inuggmiat, 37% of the
variance in perceived individual control, and 4% of the variance in physical actikigge findings

suggest thabothindividuallevel mediatorandneighborhood contexdre importanteterminants of

depressive symptoms among oldeults.
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Tables for Study 2

Table9. Participant characteristics of adults from the T2 wave of the Johnston County Osteoarthritis
Project, Johnston County, North Carolina, 2@04.1, n=1697

Characteristic N (%) or mean (SD)
Race
Caucasian 1167 (68.8)
African American or Black 530 (31.2)
Gender
Male 552 (32.5)
Female 1145 (67.5)
Age (range 5@5), mean (SD) 68.1 (9.1)
BMI (range 12.678.1), mean (SD) 31.5(7.2)
Education
High school or greater 1297 (78.2)
Lessthan high school 362 (21.8)
Health insurance
No 109 (6.4)
Yes 1588 (93.6)
Number of comorbidities (rangell) 1.7 (1.3)
Knee OA
No 910 (55.5)
Yes 729 (44.5)
At least one chronic condition presént
No 152 (9.1)
Yes 1520 (90.9)
Neighborhoodpoverty (range €14), mean (SD) 16.7 (10.3)
Perceived neighborhood social cohesion (rargg) mean (SD) | 18.9 (3.6)
Perceivedeighborhood resources for physical activity and 35.9 (6.2)
walking (range 1155), mean (SD)
Perceived neighborhood safétange 315) 11.0 (2.3)
Social support (range20), mean (SD) 17.8 (2.7)
Perceived individual control (ran@el10), mean (SD) 8.0 (1.5)
Physical activity
Inactive 484 (28.7)
Insufficiently active 627 (37.2)
Sufficiently active 573 (34.0)
Depressive symptoms (rangé0), mean (SD) 6.6 (7.5)
Note:

aChronic conditions include: knee and hip OA, heart disease (heart attack, angina, con
heart failure or other heart condition), hypertension, lung disease (including asthma,
tuberculosis, chronic bronchitis, emphysema, chronic allergy or otherictwag problem),
vascular disease (including: stroke or circulation problems), liver disease, cancer, diabg
and kidney disease/renal failuteneasured all conditions using the Disease Inventory Ing
except for knee and hip OA whdresed radiognahy and KL scores.
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Table10. Model fit from the confirmatory factor analysts adults from the T2 wave of the Johnston
County Osteoarthritis Project, Johnston County, North Carolina,-2006, n=1697

Variable Items Modifications | Chi-Square | CFI3 | TLI & | RMSEA?3¢
(p-value 2
Depressive | All 20 items -- 810.71 0.96 0.95 0.05 (0.05,
symptoms (p<.0001) 0.05)
Perceived All 5 items - 386.66 0.95 0.89 0.21 (0.20,
neighborhood (p<.0001) 0.23)
social All 5 items Correlated 27.61 0.99 0.99 0.06 (0.04,
cohesion two items, (p<.0001) 0.08)
which were
reverse coded
Perceived All 11 items - 6995.897 0.66 0.57 0.31 (0.30,
neighborhood (p<.0001) 0.31)
resources for| 4 items (8, 10, | Onlyincluded | 7.71 (p=0.02) | 0.99 0.99 0.04 (0.01,
physical 11, 16) 4/11 items 0.07)
activity and since the
walking initial model
had poor fit.
Perceived 3 items -- -- -- -- --
neighborhood
safety®
Social All 4 items - 51.70 0.99 0.96 0.12 (0.10,
support (p<.0001) 0.15)
Perceived 2 items - - -- - --
individual
control®

Perceived Higher order -- -- -- -- --
neighborhood factor
environment | comprised of

€ neighborhood
social cohesion,
access to
physical activity
and walking
resources, and
safety

Notes

a All CFAs controlled for clusteringsing type=complex

b Chi-square test (palue should be >0.05; however, model fit can still be adtnjf this pvalue
value is <0.05 since chsquare is dependent on sample$fixe

¢ The Comparative Fit Index (CFl) and Tuckezwis Index (TLI) (CFI, TLI should be >0.95174
4 The root mean square error of approximation (RSMEA, should be €806

€ The model fit of factors with 3 or less items cannot be determined sinoethed would be just
identified or not identified.

Fltems were selected based on empirical evidence (correlations addiprevious research
suggestingheirimportancefor measuring resources for physical activity and walking in rural
neighborhoods.
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Tablell. Correlation matrix of observed and latent varialitesadults from the T2 wave of the Johnston County Osteoarthritis Project, Johnston

County, North Carolina, 2008011, n=169

1.Neighborhood | 2.Perceived 3.Perceived 4.Perceived 5.Physical | 6.Social | 7.Perceived | 8.Depressive
poverty neighborhood | neighborhood | neighborhood | activity support | individual symptoms
social cohesior] resources for | safety control
physical
activity and
walking
1]-- -0.18*** -0.11* -0.26*** -0.14%** -0.03 0.01 0.08*
2 -- 0.66*** 0.74*** 0.13%** 0.34*** | 0.45%** -0.30***
3 -- 0.68*** 0.13%** 0.34*** | 0.65*** -0.32%**
4 - 0.14%** 0.28*** | 0.35*** -0.26***
5 - 0.17** | 0.06 -0.22%**
6 -- 0.36*** -0.56***
7 - -0.27%**
8 --

Note, in final structural models, a higher order factor comprised of perceived neighborhood social cohesion, perceiveuboeig
resources for physical activity and walking and perceived neighborhood safety was m@daieldtions of this factor (perceived

neighborhood environment) with poverty we@e20***, with perceived individual control were 0.58***, with physical activity we|
0.16***, and with social support were 0.39*** and with depressive symptoms \0e36.**
Boldface denotes significance at p<0.05




Tablel12. Resultsfrom the structural equation model adults from the T2 wave of the Johnston County
Osteoarthritis Project, Johnston County, North Carolina, 2004, n=558

Exogenous Endogenous variables

variables Perceived Physical Social support | Perceived Depressive
neighborhood | activity individud symptoms
environment control

Poverty B=-0.16*** B=-0.06* -- -- B=-0.02

Perceived -- B= 0.09* B= 0.41** B= 0.61** B=-0.002

neighborhood

environment

Physical - -- -- -- B=-0.13**

activity

Social -- -- -- -- B=-0.48**

support

Perceived -- B=-0.12

individual

control

Notes

N=1558 (139 observations were deleted because they were missing on all individual control
variables) All relationships controlled for race, gender, BMI, education, health insurance stat
number of comorbiditiegge and knee OA statudll relationships also controlled for clustering
using type=complexBeta coefficients are standardized.

* p<.05, ** p<.01, *** p<.001

Model Fit:
Chi-Square value (palue): 172146, p<.001); RMSEA: 0.02 (95% CI: 0.02, 0.02);IC6.96; TLI:
0.9%

Indirect Effects (only significant results presented

1 Perceived neighborhood environméntPhysical activityA Depressive symptoms: B£.01
(95% CI:-0.01,-0.02), p9.003

1 Perceived neighborhood environméntSocial supporfy Depressive symptoms: B6.19
(95% CI:-0.16,-0.22), p<0.001

9 Perceived neighborhood environméntPerceived individual contrdy, Depressive
symptoms: B=0.07(95% CI:-0.02,-0.12) p=0.02

1 PovertyA perceived neighborhood environméntPhysical activityh Depressive symptoms
B=0.002(95% CI:0.001, 0.008 p=0.02

1 PovertyA perceived neighborhood environméntPhysical activity: B=0.02 (95% Ci-0.02,
-0.03, p=0.01
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Figures for Study 2

Figure3. Conceptual model for proposstiuctural equation model pathwags adults fronmthe T2 wave
of the Johnston County Osteoarthritis Project, Johnston County, North Carolineg @0D6
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Figure4. Finalconceptuamodelwith direction and significancef paraneter estimatefor adults from
the T2 wave of the Johnston County Osteoarthritis Project, Johnston County, North Carolir202D06
n=1558

Neighborhood Factors

Neighbothood Perceived Neighbohoo0
Poverty Environment S

Individual Factors \

Depressive
Symptoms
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Note: Dashed arrows indicate naignificant pathwayAll parameter estimates can be seen in Table 12.
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CHAPTER 6: SYNTHESIS AND FUTURE DIRECTIONS

The purpose of this dissertation was to examine if, how, and for whom neighborhood
characteristics matter for health and wellbeisgummary of findings, includiopstrengthg limitations
and directions for further research and practice presented below.
Summary of Findings
Study 1

Amongolder adultswith radiographic knee OA, Studyshowed thaperceived neighborhood
social cohesion (Level 1 and Level 2) was significantly associatedleftfessioand perceived
neighborhood resources for physical activity and walking (Level 1 only) were significantly associated
with reported knee impact scoraisd depressiolthoughthese results were not consistent over time,
did observe a number of interactions, suggesting that less vulnerable older adults may be able to benefit
more from neighborhood resourcag$iese findingglemonstrate that neighborhaatharacteristicsnatter
for both mental and physical health among older adults with at least one chronic disease.

Thatl observed these associati@mong older adults living in primarilyrral neighborhoods is
an important contribution to the field. Most research on neighborhoods and health has been conducted in
urban areds°°and until recentlfew studies have examined rural neighborhoods, despitenilhir
burden of chronic disea8eOur results suggest that perceived neighborhood social cohesion and
resources fophysical activity and walking in rural areas are important determinants of health.IWhile
observed no main effects of perceived neighborhood safety or poverty, future research could explore their
effects amon@ more representative sampleotder adultsand examindiow these variables may be
associateavith healthin complex ways (i.e., neighborhood poverty influencing perceived neighborhood
environment, which in turn could influence health outcomes). Study 2 atterngptartonethese

relationships, bumore research in otheettingsbeyond NC would be valuable.
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Additionally, | found thatmost of the variation in health occurred within neighborhoods, rather
than between neighborhoods. WHilested research questions using multilevel modeling, the minim
variation between neighborhood®ant that | was not abte fully determine how Level 2 neighborhood
variables were associated with health. The lack of variation, however, indicates that census block groups
may not be the best approximation of neigtioard boundaried-uture research using persoentered
neighborhood boundaries could investigate neighborhood exposures andsteiatass with health.
Study 2

Among older adult$91% of whom have at least one chronic dise&&idy 2showedhat
neighborhood factors were strongly associated with depressive symptoms and this relationship was
mediated by individualevel variablesnamely physical activity, social support, and perceived individual
control Thisfinding suggestshe dual importancefdoth neighborhood and individubdvel
characteristics, particularly for interventions aiming to improve mental health outcomes of older adults.
Altogether,these variables accounted % of the variance ineporteddepressive symptoms (along
with cortrol variables) Encouraginty, these findings suggest modifiable approaches to improving
depressive symptoms.

As in Study 1there wasninimal varidgion between neighborhoods, which meant that | was
unableto estimate these pathwaysing a multilevel SE approachHowever, future research could
build on this st udybothLevelilamntiLeave)Zneighborheaod sanablese h o w
contribute to health outcomesingeven more advanced statistical techniques.

Taken together, Study 1 and Study 2whibat neighborhood factoese associated witmental
and physical health outcomesolder adults living in primarily rural areas of NC. Importantly too, these
studies demonstrate that psychosocial and behavioral variables mediate and interact viaitnheegh
context in nuanced ways. Therefore, these studidsrscorgéhe complexity otdisentanglinghow

neighborhoods affect health.
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Study Strengths

This dissertation had a number of strengths. Notably, advanced statistical techaigugievel
modeling longitudinal data analysiSEM—helped disentangle and appropriately assess associations
amongneighborhood characteristics and health outcomes. Innovative research questions were identified
to understand how this dissertation cottahtribute to furtheresearch on neighborhoods and health
Finally, this study relied on data from an important populadiot setting—older adultavith knee OA
(Study 1) and older adults, 91% of whom have at least one chronic disease, (Sitadyg &) primarily
rural neidiborhoods.

AdvancedStatistical Techniques

Study 1 used multilevel modeling and longitudinal data analysis to assess how neighborhood
characteristics were associated with health outcokekilevel modeling allows for: a) simultaneous
examination of neighorhood and individuakvel predictors, b) neindependence of observations within
neighborhoods, and c) examination of both with@ighborhood and betwe@mighborhood variatiof¥.

In other words, using multilevel modeling allows researchers to answer more coaggaxch questions,
including: How are Level 1 and Level 2 neighborhood variables associated with health? Are
neighborhooédevel variables related to health outcomes after controlling for individwal variables?

Do individuatevel associations vary from neighborhood to neighborhood? And do neighbdewvebdd
variables modify the effects of individubdvel varidbles? Additionally, in Study 1, results were robust
with regards to a number of assumptions (i.e., after multiple imputatiddaxg individuals residing in
census block groups with less than 5 individuals, and analyzing somatic asdmatic depresee
symptoms separatelyf¥inally, Study 1 also usdongitudinal data analysis to examine how relationships
occuredover time.

Study 2 used SEM, which is an analytical approach for data analysis that allows researchers to
test multiple regressiarlationships among latent variables and between observed and latent variables
and allows for models in which one or more variables are simultaneously predicted and predictor
variables, thereby making it a powerful analytical techni§liportantly, with SEM] wasable to
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partly control for selection into different neighborhood characteristics based on indeidwacteristics.
For instance, in our study, whéestimated pathways between perceived neighborhood environment and
physical activity, controlled for race, gender, age, BMI, number of chronic conditions, eduda#on,
statusand health insurance stiat While it is possible that other unmeasured variables may have affected
individual s’ perceptions of their neighborhood
potential bias that subjective assessments of neighborhoodsrotuce
Innovative ResearchQuestions

Researchers have developed a number of theories and conceptual frameworks to illustrate how
neighborhoods affect health (see work on social determinants of fresdthal disorganization thed#dy
and conceptual models from DiezRoux3* Brown et al.#* Carpiand®® Blair et al./® and Kawachi &
Berkmari'), yet these models have rarely been empirically tested. Specifically, these models suggest the
importance of individualevel mediators and crodsvel interactions. In response, both Study 1 and Study
2 examinal innovative researdiuestions involving mediation and moderation analysis. That both studies
used four neighborhood characteristicgluding selfreported and arel@vel indicators independent of
resi dent s facijiates comparisone eésuljs withpreviousand future research. Additionally,
using two health outcomédepression and knee impact scoiasJtudy 1 and focusing on depression in
Study 2 provides new evidence for how neighborhood context is assogitdtdubth mental anghysical
functioning.
KeyPopulationand Setting

The participants incluetlin Studies 1 and-2-older adults in primarily rural neighborhoeéds
represent important populations for both public health intervention and research on neighborhoods and
health. Mostesearch on neighborhoods and health has been conducted in urb&i*feasl until
recently few studies have examined rural neighborhoods, desgitdigher burden of chronic disedse.
Moreover, some research suggests that neighborhoods are particularly important for older adults due to

their more limited mobility}” shrinking social network® and increased exposure to residential
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neighborhood effects:*°Results from this dissertation could be used to guide additional studies focusing
on older adults living in primarily rural neighborhoods.
Study Limitations

There are a number of limitations to this dissertation, including 1) the inability to infer causal
relationships, 2) the inability to assess environments beyond the neighborhdadhinngividuals may
interact and the use of census block group boundaries to represent neighborhoods, 3) minimal clustering
by neighborhoods which limiteahy ability to detectbetweenneighborhood effects, 4) no measure of
individual income, and 5) limitkgeneralizability.
Inability to I nfer Causal Relationships

In Study 1,1 assessed crosectional and longitudinal associati@mongneighborhood
characteristics and outcom@sereare a number of reasons why associatmturredthat do not
include acausal pathway from neighborhoods to hedltiese reasons include:

1. Most notably,ndividuals may select into certain neighborhodmssed on individual attributes,
whichare themselves associated withhee®. hi s bi as is often ter med
violates the exchangeability assumption of causal inferé¥hBasearchers attempt to control for
this biasby controlling for numerous individudével variables?® asl did in both studies.

However, it is possible that other omitted variables (e.g., income) caused people to live in certain
neighborhoods (e.g., neighborhoods with different poverty levelsthanthese variables (e.g.,
income)aredifferentially associated with health outcomes (e.g., depression or knee impact scores
in this case). In other worddese omitted variablepuld have confounded observed
associationsWhile selection bias is a key issue in observational studies of nefgidzbeffects,

most participants reported being born in Johnston County (60%) and reported living in the same
area foran average of 45 yeaas the beginning of the parent study (199®7).

2. Relatedly, it is also possible thatalth (our outcomes) playedcausal role in the choice of
residential locatiof t er me d “ r e v.Earexample, eevessachusation tduld mean that
individuals who experience an illness may be forced to move to a worse neighbduedndcost
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of the illness or disabilitytatus resulting from the illnes% In our study, reverse causatiocould
havemeart that individuals withcertaindepression or knee impact scocésse to live in
different neighborhoods. Reever, again, when interpreted in lighttb&length of time people
hadlived intheir neighborhoodsit the beginning of the parent studlyis bias is perhaps not
likely. Longitudinal study designs assessing a) residential mobility patterns, b) repeaisaes
of health status, and c) why people move to certain residential areas could help minimize this
bias%
3. ltis also possible that individuals with certain dispositions rated theirbaighods more or less
favorably and that thesitspositions were then responsible for observed associations (rather than
neighborhood characteristicd).hi s i s somet isemeso u red &' Sluidyds 't .o as
partially controls folsame sourcbias by regressing neighborhood periays on individual
level characteristicsuch as age, race, BMI, and otif&ralthough | can still not infer causality,
previous research documenting the robust effect of neighbortidods® and randomized
contrdled trials demonstrating that individuals moving from high to-fpeverty neighborhoods
improves healti support the argument thagighborhoodare at least partly responsible for
health behaviors and outcomes.
Inability to AssesgEnvironmentsBeyond theNeighborhood in Wich IndividualsMay Interactand
Use ofCensusBlock Groups

In the present study, neighborhood features were evaluated at the levetefgtie block group.
This is problematic for a number of reasons, most notably that individuals may not consider their census
block groupstobé hei r “ n g ilgrylbenguhbock greups may miss other important
neighborhood features that are just outside block group boundaries, and individuals often work and
interact in other areas beyond their census block group. In contrast, some ofkiu Brenner and
colleagues in Camden New Jersey has explored hot spots defined at more micro levels, such as buildings
and neighborhood block&***a nd ot her researchers have proposed
which refers to the idea that individuals are exposed to multiple contexts that interact to affect health (not
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just neighborhoods¥? Future research will address these various determinants and contexts, and
importantly, will need to identify levels of influence that may be actionable at the level of individual or
community interventions and policies.
Minimal Clustering Limits the Ability to Find BetweenNeighborhoodEffects

With sufficient clustering and power, multilevel modeling allows researchers to parse out
betweenneighborhood variation and withimeighborhood variation. However, in the present study,
observed little betweaeneighborhood variation of health outcomes (depressiomnd knee impact
scores) by census block groups. This means that most of the variation in these outcomesowvas due t
within-neighborhood variation. As a resutty ability to detecthow Level 2 variables (or between
neighborhood variablesyereassociated with outcom&gs constrained-uture research with more
betweenrgroupvariationwill be useful to uderstand how both levels (Levels 1 @&)dperate to
influence health.
No Measue of Individual | ncome

While | included individuallevel control variables in the present studiedid not have a measure
of individuatlevel income, which could hawexplainedheseresults.Althoughl included a measure of
education and health insuranstatus, whiclhavebeen used as proxies of income in previous studies,
further research controlling for incoraad examining interactions between neighborhood income and
individual income will be important.
Limited Generalizability

Finally, this studyelied on a specific populatienolder adults in Johnston County, NC. The use
of this specific population limits generalizability to other settirgpich as other counties in NC, other
states in the USand other populations, such as younger adults.
Implic ations for Research

This study raised a number of important questions for future research. These questions are

outlined and detailed below.
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How Will Technology hangeAssessment anifleasurement oNeighborhoodCharacteristics and
Health Outcomes?

In Studies 1 and 2,measured neighborhood characteristics at one time p@hile this
approach—which relies on &taticconceptualization and assessment of neighborhedsommon in
research on neighborhoods and health, it limits our understandindiofv neighborhoods may affect
outcomes in real time and 2) how different environmental features outside of residential neighborhoods
may affect health. Ecological momentary assessment (EMA) allows researchers to coltauerdata
on individuals andheir behaviors, moods, and social interactions. A few studies have begun combining
EMA data with Global Positioning System (GPS) technology in mobile phones to geotrack individuals.
This geotracking all ows r es e apaeli.e.rhemetocatioo and other e an
routine places individuals travel to for work, leisure, or other activities) and thetimeahealth
behaviors. This is a new field and researchers are just beginning to demonstrate the spatial accuracy of
Geographi&EMA.20+203 However, the imlications for how this could advance our understanding of
neighborhoods and healtiheexciting.For instance, one study is combining Geographic EMA with
gualitative semstructured interviews to 1) estimate associateimgnge-cigarette and cigarette ys®
examine how immediate environmental and psychosocial contexts are associated witlandthin
betweenparticipant differencesinei gar ette and cigarette use, and 3
experiences andeanings given to environmental apslychosocial factors and theissociations with
smokingrelated behaviof®?

How Can We AlsdAssesdNeighborhood Change?

While EMA studies typically occur over relatively short time periods, researchers have also
begun using longr longitudinal studies (e.g., more than 10 yeast) repeated measuremeitds
examinea) how neighborhood characteristics change over,tbh&éow health changes over tinag how
individuals move in and out of neighborhoods with different charactavjgjiaverage differences in
health between different individuals that is due to neighborhood characteristics, and e) \@afriation
healthin individualsover timethat is due to neighborhood characteristidse emphasis in these studies

96



is placed on nderstandinglynamic patterns athange in neighborhoodshobility trends, and within and
betweerperson differences in heat?f-?*>The results from these studies can be used to improve our

understanding neighbor hoods causal effects on he:
How Will AdvancedStatistical MethodsChangeOur Understanding ofComplexRelationships?

The present study usedivanced statistical techniques, includmgiltilevel modeling,
longitudinal data analysis, al®EM, to understand complex relationshiygssongneighborhoods,
mediators, and health outcomes. However, these techrstjliéisit our ability to estimatehe
complexity with whichindividuals interactvith neighborhood characteristics. New techniques like agent
based modeling can advance our research questions and understanding of how neighborhoods affect
health?°¢208 Agentbased modeling is a computation modeling approach, which endows agents (e.g.,
i ndividual s, nei ghb-wo hbdds ) Thipapirdadh allsves researther§ to e a |
understand complex causal effects and underlying mechanisms behind complex systems. For instance,
tobacco control researchers used adpasied modeling to understand how four neighborhood policies to
reduce tbacco retail density would affect accessibility of tobacco products in four hypothetical settings
that varied by income and geography (rural vs. urB&iesults not only demonstrated which policies
would be most effective, but also the atl@i or synergistic effects of policies, the effectiveness of
policies for different settings, and which policies would reduce or exacerbate existing health digfyarities.
How Can We Incorporate Life Course Theory intResearch orNeighborhoods?

Finally, as research on neighborhoods and health advamzkemethods improve (e.qg.,
longitudinal, multilevel designsjesearchers have begun to incorporate new perspectives in analysis and
interpretation of datd.ife course epidemiologfocuses on how exposures throughout life are associated
with health and focuses on vulnerable peritiéi&\pplying a life course perspectite neighborhood
researcloften involves looking atéalth trajectories, examining neighborhood characteristics during
childhood, and incorporating time, age, and developmental stages into neighborhood*%tedies.
instance, in one recent styaesearchers examined how cumulative disadvantage is associated with

health transitions, using multiple waves of ayEar study of adult&® Other researchers have begun
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teasing out developmentalensitive time periods in which certain neighborhobaracteristics (or
interactions among neighborhood characteristics) may be impéttant.
Implications for Practice

This study raised a number of important questions for interventions, dedletlow.
Focusing Resources ormNeighborhoodL evelCharacteristics

Study 1 foundtonsistent effects gderceivel neighborhood social cohesiandresources for
physical activity and walkingnreported knee impact scores atgpression scorder individuals with
knee OA National agencies, like tHeDC and the Arthritis Foundation already recognize the importance
of neighborhoods for OA prevention and managerfigfitidings from Study 1 move these
recommendations forward by providing more cate guidance on what neighborhood characteristics
should be addressed, individuals who represents priority populations for interventions, and how
neighborhood characteristics interact with key indivielea&kl characteristics to influence health.

Specifcally, for older adults with knee OA, interventions designed to improve neighborhood
social cohesion and resources for physical activity and walking, could imgegpvessioscoresand/or
reported knee impact scord$ere are innovative ways to encowagpcial interaction in neighborhoods
(increasing vegetation and common spa€&designing homes with porches or stddf)sand encourage
selfcare behaviors, such as physical activity, through improvements to infrastructure like lighting or
sidewalks'®® In addition, campaigns designed to inform residents about neighborhood resources for
physical activity and walking or ways residents can take advantage of resooube improve
perceptions of neighborhood characteristics and therefore health outédtnesghresults suggested
that less vulnerable older adults (e.g., adults withsmrere knee OA or adults withchgart disease or
diabetey may be more able teebefit from neighborhood characteristics, care should be taken to focus on
and irclude a variety of older adults, as well as considering focusing on those neighborhood

characteristics that would be important for more vulnerable older adults.
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Recognizing ad Valuing the Role of I ndividual-LevelCharacteristics

Study 2 extended the findings from Study 1 and found associations between neighborhood
poverty and depressive symptoms to be mediated by perceived neighborhood environment, as well as
social support, physical activity, and perceiuedividual control. Togther, these findings demonstrate
the importance dfoth neighborhoodevel characteristics and mediators at the individienad!.
Multilevel level interventions, which target behavioral change at more than one ecologic&lare|,
important tools in improving health and reducing health disparities. Yet, most public health interventions
are targeted at intrapersonal and interpersonal |&/&lss is likely due to a number of reasons,
including but not limited to: lack of training or resources for health professionals seeking to implement
institutional, community, or policlevel programs; lack of theories or training in theories for creating
interventions to change upper ecologicakls; fewer metrics to evaluate changes at upper ecological
levels; and added financial and logistical difficulty in trying to address upper ecological determinants.
Transdisciplinary approaches, in which theories and methods are integrated acrossefisanaly be
particularly beneficial in disseminating lessons learned for future research on neighborhoods and
health?'? For example, collaboratismmongpublic health, medicine, public policy, and city and regional
planning, among others could help broaden the scope of our research quektioge and improve our
interventions, and assist with integration of theerifisereby increasing the chances of successful
community and neighborhoddvel interventiong*?
Intervening with Rural, Older Adults

Finally, older adults are a priority populatioim 2014,14.5% (46million) of the US population
was aged 65 or oldgby 2060, this figure will reach3.5%(98 million).2*® As adultscontinue tdive
longer,health care spending will likely increase, particularly for chronic diseases, which represent 95% of
all heath care costs for older adults in the 8¥Snnovative strategies to maintain and proetbe
quality of life of older adults are needédne such strategy isial lpbor@aiced ol d
allowing themto stayin their own*homes and communitiesafely, independently, and comfortably,
regardless foage, income, or ability e v Despie the importance of both home and community
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environments, most interventions tailored to older adults have focused on making improvements to homes
(e.g., making modifications and adaptions to homes in order to prevent accidents or falls, improving
functioral ability of features in homes, providing services in homes, removing barriers that would prevent
older adults from continuing to live at home, eté&)The results from this dissertation suggest that both
poverty and perceived neighborhood environment are important determinants of quality of life that should

be taken into consideration when designing public health interventions for older adults in rural areas.
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APPENDIX A. MEASURES

Construct Scale Name | Item(s) Notes
and time
point if
applicable
Depression | CESD fI was bothered by Response options
(T2) bother me. range from O (rarely
1 1 did not feel like eating; my appetite was| Or none of the time)
poor. to 3 (most or all of
{ | felt that | could not shake off the blues | the time), which
even with help from my family or friends. | refer to frequency of
1 | felt | was just as good as other people. | the symptoms in the
11 1 had trouble keeping my mind on what | | Past weekl did not
was doing. calculate score totals
{ | felt depressed. for individuals with
9 I felt that everything | did was an effort. more than four
1 | felt hopeful about the future. MISSING rESPONSEs.
1 I thought my life had been a failure After reverse coding
' items are summed t¢
T 1 felt fearful. create a total score
1 My sleep was retless. that ranged from O
T I'was happy. (best possible) to 60
9 | talked less than usual. (worst).
1 1 felt lonely.
9 People were unfriendly.
1 I enjoyed life.
1 I had crying spells.
9 | felt sad.
1 I felt that people dislike me.
fl could not get “g
Depression | PROMISD |  Inthe past 7 days, | felt wibress. Each item on the
(T3) 1 In the past 7 days, | felt that | had nothin¢ measure is rated on
to look forward to. 5-point scale
1 In the past 7 days, | felt helpless. (l=never.; 2=rarely;
1 In the past 7 days, | felt sad. 3=sometimes;
1 In the past 7 days, | felt like a failure. 4=often; and
1 In the past 7 days, | felt depressed. 5=always) with
1 In the past 7 days, | felinhappy. _hlg_her_scores
indicating greater
1 In the past 7 days, | felt hopeless. .
severity of
depression. Raw
scores are summed
are then conveed to
standardized scores
Knee impact | KOOS 1 (see items below corresponding to the thy | calculated the mea
(T2) Quality of subscales) of the 30 items
Life, representing the 3
Function in KOOS subscales
Daily below and
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Living, and
Pain sub
scales

transformed scores {]
a 0-100 scale, with
zero representing
extreme impact of
knee OA and 100
representing little
impact of knee OAl
did not calculate
score totals for
individuals with
more than half of the
items missing
responses.

KOOS
Knee
Related
Quality of
Life sub
scale

1 How often are you aware of your knee
problems?

9 Have you modified your lifestyle to avoid
potentially damaging activities to your
knee?

9 How troubled are you with lack of
confidence in your knee?

1 In general, how much difficulty do yo
have with your knee?

Response options
determine the
frequency of knee
related quality of life
problems (e.g.,
O=never, 1=monthly,
2=weekly, 3=dalily,
4=always and O0=not
at all, 1=mildly,
2=moderately,
3=severely,
4=totally) and each
item is scored 0 to 4
| reverse coded
necessary items so
that higher scores
indicate fewer
problems.

KOOS
Function in
Daily Living
subscale

What degree of difficulty do you have

9 Descending stairs (going down stairs) du
to your knee?

1 Ascending stairs (going up stairs) doe
your knee?

1 Rising from sitting due to your knee?

9 Standing due to your knee?

9 Bending to the floor to pick up an object
due to your knee?

9 Walking on a flat surface due to your kne

9 Getting in / out of cars due to your knee?

9 Going shopping due to your ke

1 Putting on socks / stockings due to your
knee?

1 Rising from bed due to your knee?

1 Taking off socks / stockings due to your
knee?

1 Lying in bed (turning over, maintaining hi
position) due to your knee?

Response options
determine the extent
of kneerelated
problems (e.g.,
O=none, 1=mild,
2=moderate,
3=severe,
4=extrene) and each
item is scored O to 4
| reverse coded
necessary items so
that higher scores
indicate fewer
problems.
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1 Getting in / out of baths due to your knee
1 Sitting due to your knee?

1 Getting on / off toilet due to your knee?
9 Heavy domestic duties due to your knee?
1 Light domestic duties due to your knee?

KOOS Pain | 1 How often do you experience knee painy Regonse options
subscale How much pain do you have determine the
1 In your knee while walking on a flat frequency and exten
surface? of knee pain (e.qg.,
1 In yourknee while going up or down stairy 0=never, 1=monthly,
1 In your knee at night while in bed? 2=weekly, 3=dalily,
1 In your knee while sitting or lying down? | 4=always and
1 In your knee while standing upright? Ofnone, 1=mild,
1 In your knee while twisting / pivoting? 2=moderate,
. . . 3=severe,
1 While straightening your knee fully? _
1 Bending your knee fully? 4=extreme) and eac
' item is scored O to 4
| reverse coded
necessary items so
that higher scores
indicate fewer
problems.
Knee Impact | KOOS 1 (see items below corresponding to the thi For each knee pair,
(T3) Quality of subscales) took the highest
Life, score. For instance,
Function in if someone scored a
Daily 4 on their left knee
Living, and for ““how
Pain sub you aware of your
scales knee prob

a 0 on their right
knee for the same
guestion, their score
would be 4 for that
item. | calculated the
mean of the 17 itas
and transformed
scores to a<100
scale, with zero
representing extremg
impact of knee OA
and 100 representing
little impact of knee
OA. | did not
calculate score totals
for individuals with
more than half of the
items missing
responses.
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KOOS

1 How often are you aware of your knee

Response options

Knee problem? (left) determine the
Related  How often are you aware of your knee | frequency of knee
Quality of problem? (right) related quality of life
Life 1 Have you modified your lifestyle to avoid | Problems (e.g.,
potentially damaging activities to your | O=never, 1=monthly,
knee? (left) 2=weekly, 3=daily,
1 Have you modified your lifestyle avoid | 4=always and 0=not
potentially damaging activities to your | atall, 1=mildly,
knee? (right) 2=moderately,
1 How troubled are you with lack of 3=severely,
confidence in your knee? (left) 4=totally) and each
1 How troubled are you with lack of item is scored O to 4
confidence in your knee? (right) | reverse (_:oded
1 In general, how much difficulty do you necesary items so
have with your knee(left) f[haj[ higher scores
1 In general, how much difficulty do you indicate fewer
have with your knee? (right) problems.
KOOS What degree of difficulty do you have Response options
Function in | { Rising from sitting due to your knee (left)] determine the extent
Daily Living | { Rising from sitting due to your knee of kneerelated
subscale (right)? problems (e.g.,
1 Bending to the floor to pickip an object | 0=none, 1=mild,
due to your knee (left)? 2=moderate,
1 Bending to the floor to pick up an object | 3=Severe,
due to your knee (right)? 4=extreme) and eac
1 Putting on socks / stockings due to your | €M is scored 0 to 4
knee (left)? | reverse C(_)ded
1 Putting on socks / stockings due to your | Necessary items so
knee (right)? that higher scores
1 Rising from bed due to your knee (left)? indicate fewer
1 Rising from bed due to your knee (right)? problems.
il
KOOS Pain | § How often do you experience knee pain | Response options

(left)?
9 How often do you experience knee pain
(right)?

How much pain do you have

19 In your knee while walking on a flat surfa
(left)?

1 In your knee while walking on a flat surfa
(right)?

1 In your knee while going up or down stair|
(left)?

1 In your knee while going up or down stair,
(right)?

1 In your knee at night while in bed (left)?

1 In your knee at night while in bed (right)?

determine the
frequency and exten
of knee pain (e.g.,
O=neve, 1=monthly,
2=weekly, 3=dalily,
4=always and
O=none, 1=mild,
2=moderate,
3=severe,
4=extreme) and eac
item is scored O to 4
| reverse coded
necessary items so
that higher scores
indicate fewer
problems.
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1 In your knee while sitting or lying down
(left)?

1 In your knee while sitting or lying down
(right)?

1 In your knee while standing upright (left)?

1 In your knee while standing upright (right

1 In your knee while twisting / pivoting
(left)?

1 In your knee while twisihg / pivoting
(right)?

1 While straightening your knee fully (left)?

9 While straightening your knee fully (right)

1 Bending your knee fully (left)?

9 Bending your knee fully (right)?

Neighborhood -- Block group household poverty compiled | Analyzed as a
poverty from 2010 census data. continuous variable.
Neighborhood Sampson et | § People around here are willing to help thg All items were
social al .’ s neighbors. assessed on afint
cohesion measure of | § This is acloseknit or unified likert response scale
Social neighborhood. (1=strongly agree to
Cohesion fPeople in my nei ghl|5S=stronglydisagree)
andTrust trusted. After reverse coding
fPeopl e in my nei ghlanynecessaryitems
with each other. responses were
1 People in my neighborhood do not share| Summed and ranged
the same values. from 5-25, with
higher scores
indicating more
social cohesion.
Responses
know” wer
combined with
responses that
indicatld),
in line with Sampson
et al .’'s
analysis of this
variable.
Neighborhood Walking and| 9 My neighborhood offers many All items were
access to Exercise opportunities to be physically active. assessed on afint
physical Environment| 9 Local sports clbs and other providers in | likert response scale

activity and
walking
resources

scale

my neighborhood offer many opportunitie
to get exercise.

91t is pleasant to walk in my neighborhood

9 There are enough trees in my neighborhg
to provide shade.

1 My neighborhood has heavy traffic

9 There are busy roads to cross wieeihfor
walks in my neighborhood.

(1=strongly agree to
5=strongly disagree)
and after reverse
coding, were
summed, where
higher score
indicate more acces
Responses
know” wer
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1 In my neighborhood, it is easy to walk to
places.

9 There are stores within walking distance
my home.

9 On my neighborhood, the streets and
sidewalks are in good condition.

11 often see other people walking in my
neighborhod.

11 often see other people exercise (for
example, jog, bicycle, play sports) in my
neighborhood.

combined with
responses that
indicated

Neighborhood -- 1 | feel safe walking in my neighborhood | All items were

perceived during the evening. assessed on afint

safety My neighborhood is safe from crime. likert response scale

{ Violence is a problerm my neighborhood.| (1=strongly agree to

5=strongly disagree)
and after reverse
coding any necessat
items, summed,
where higher scores
indicate more safety
Responses
know” wer
combinedwith
responses that
indicated

Race / -- White or Black / African American

ethnicity

Gender -- Male / Female

Age -- Age

BMI -- 1 Measured wight (to the nearest pound) | Calculated BMI
9 Measured &gight (to the nearest .5 inch)

Education -- What is the highest grade or year of school Education was used
that you have completed, including trade ol as a dichotomous
vocational school or college? variable indicating
100 through 12=Grade school having completed
113=GED less than 12 years of
{1 14=vocational, one year formal schooling or
1 15=vocational, two years 12 years or more.

9 16=vocational, three years

9 17=college, one year

9 18=cdlege, two years

9 19=college, three years

9 20=college, four years

9 21=graduate or professional school with
advanced degrees

Health -- Do you now have health insurance Insurance status

insurance t hrough..? dichotomized as any

9 None
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9 Work or union

9 Medicare A

1 Medicare B

9 Medicare D

9 Medicaid or public aid

9 Grange Farm Bureau

9 Medical Society, or Group Retirement Plg

9 Direct purchase from insurance company
by yourself

1 Veterans Administration

1 CHAMPUS-coverage for military
personnel and dependents

9 Any other plan?

(coded as 1) or none
(coded as 0).

Number of Disease Please tell me which of the following A comabidity index

comorbidities | Inventory conditions or illnesses a DOCTOR, NURSEH of 11 diseases (hear

(T2) or HEALTH PROFESSIONAL has told you| disease, high blood
that you have NOW. pressure, lung

1 Heart disease (heart attack, angina, disease,
congestive heart failure or other heart cardiovascular
condition) disease, ulcer, liver

1 High blood pressure (hypertension) disease, cancer,

{ Lung disease (asthma, TB, chronic anxiety/depression,
bronchitis, emphysema, chronic allergy of @anemia, diabetes, ar
other chronic lung problem) kidney disease) was

1 Vascular disease (stroke or circulation created and defined
problems) as t_h_e sum of

1l Ulcer (stomach ulcer or GERD) positive responses

q Liver disease fc_)r individual

{ Cancer diseases.

1 Anxiety/depression

1 Anemia

9 Diabetes

9 Kidney disease (kidney stone or renal
failure)

Number of Charlson Have you ever .. The Charlson
comorbidities | Comorbidity |  Had a heart attack? Comorbidity Index
(T3) Index 1 Been treated for heart failure? contains 19

9 An operation to unclog or bypass the
arteries in your legs?
9 Had a stroke?
0 Had a cerebrovascular accident?
0 Had a blood clot in the brain?
o Had bleeding in the brain?
0 Had a transient ischemic attack (TIA)?
o Had difficulty moving an arm or leg as
result of the stroke or cerebrovascular

accident? of l,2,3_or 4
{ Had asthma? depending on the
risk of dying

categories of
comorbidity and
predictsthe tenyear
mortality for a
patient who may
have a range of eo
morbid conditions.
Each condition is
assigned with a scor




o Do you take medicines for your
asthma?

0 Only with flareups of your asthma?

o | take medicines regularly, even wher
am not having a flarep?

9 Do you have emphysema, chronic
bronchitis, or chronic obstructive lung
disease?

o Do you take medicines for your lung
disease?

0 Only with flareups of you lung
disease?

o Do you take medicines regularly, eve
when you are not having a flaup?

9 Do you have stomach ulcers, or peptic ul
disease?

0 Has this condition been diagnosed by
endoscopy (where a doctor looks intg
your stomach through a scope) or an
upper Gl or barium swallow study
(where you swallow chalky dye and
then xrays are taken)?

9 Do you have diabetes (high blood sugar)

o Treated by modifying your diet?

o Treated by taking medications by
mouth?

o Treated by insulin injections?

0 Has the diabetesaased problems with
your kidneys?

0 Has the diabetes caused problems w
your eyes, treated by an opthamologi

9 Poor kidney function (blood tests show
high creatinine)?

0 Have used hemodialysis or peritonea
dialysis?

0 Have received kidney transplantation

9 Do you have rheumatoid arthritis?

o Do you take medications for it
regularly?

0 Do you have lupus? (systemic lupus
erythematosus)?

o Do you have Polymyalgia rheumatica

9 Alzheimers Disease or other form of
dementia?

1 Cirrhosis or serious liver damage?

9 Leukemia or polycythemia vera?

91 Lymphoma?

1 Cancer, other than skin cancer, leukemia

lymphoma?

associated with this
condition. Higher
scores indicating
greater comorbidity
(patients vith a score
> 5 have essentially
100% risk of dying
at one year). For
example, a patient
may have cancer, by
also heart disease
and diabetes so
severe that the costs
and risks of the
treatment outweigh
the shortterm
benefit from
treatment of the
cancer
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0 Has the cancer spread, or metastasiz
to other parts of your body?
T AIDS?

Physical
activity

Behavioral
Risk Factor
Surveillance
System

Moderate activities are defined as any acti
performed for at least 10 minutes at a time
such as brisk walking, bicycling, vacuuming
gardening, or anything else that causes so
increase in breathing or heart rate.

Vigorous activities are defined agy activity
performed for at least 10 minutes at a time
such as running, aerobics, heavy yard worl
or anything else that causes large increase
breathing or heart rate.

9 Thinking about the MODERATE activities
that you do IN A USUAL WEEK, do you
do MODERATE activities for at least 10
minutes at a time, such as brisk walking,
bicycling, vacuuming, gardening or
anything else that causes small increases
breathing or heart rate?

1 How many DAYS PER WEEK do you do
these MODERATE activities for at least 1|
minutes at a time?

9 On days when you do MODERATE
activities for at least 10 minutes at a time
how much TOTAL TIME PER DAY do
you spend doing these activities? (measu
in hours)

9 On days when you do MODERATE
activities for at least 10 minutes at a time
how much TOTAL TIME PER DAY do
you spend doing these activities? (measu
in minutes)

9 Now thinking about VIGOROUS physical
activities you do IN A USUAL WEEK, do
you do VIGOROUS activities for at least
10 minutes at a time, such as running,
aerobics, heavyard work, or anything else
that causes large increases in breathing (¢
heart rate?

1 How many DAYS PER WEEK do you do
these VIGOROUS activities for at least 1(
minutes at a time?

1 On days when you do VIGOROUS
activities for at least 10 minutes at a time
howmuch TOTAL TIME PER DAY do
you spend doing these activities? (measu

in hours)

Based on rgmnses

to questions,

individuals were

classified as

fInactive
(participants that
report doing no
moderate or
vigorous physical
activity).

finsufficiently active
(participants that
report doing
insufficient
moderate or
vigorous physical
activity to meet
recommendations,
i.e. participants tha
reported less than §
days of moderate
activity with 30 or
more minutes per
day and less tha®
days of vigorous
activity with 20 or
more minutes per
day)

TActive (participants
that report that
report doing
enough moderater
vigorous physical
activity to meeting
the
recommendations,
i.e., participants
that reported 5 or
more days of
moderate activity
with 30 or more
minutes per day
and/or 3 or more
days of vigorous
activity with 20 or
more minutes per
day)




1 On days when you do VIGOROUS
activities for at least 10 minutes at a time
how much TOTAL TIME PER DAY do
you spend doing these activities? (measu
in minutes)

Knee OA

KL scale

Radiographic knee
OA was assessed
using clinical exams.
Posteriofranterior
radiographs of the
knee were obtained
and interpreted by a
radiologist who will
score OA on the
KellgrenLawrence
(KL) scale from 0 to
4. Presence of
radiographic OA was
defined as KL grade
at 2 or higher.

Severe knee
OA

KL scale

Severe radiographic
OA was defined as
presence of KL scor¢
of 3 and 4.

Social support

StrongTies
scale

1 How often are you bothered by not havin
a close companion?

1 How often are you botherdxy not seeing
people you feel close to?

1 How often are you bothered by not havin
enough close friends?

9 How often are you bothered by not havin
someone who shows you love and
affection?

All items were
assessed on afpint
likert response scale
(1=stronglyagree to
5=strongly disagree)
and summed, where
higher scores
indicate more
support.

Perceived
individual
control

Perceived
Control
Scale

9 1 have control over the decisions that affe
my life.

1 | am satisfied with the amount of control
have over decisits that affect my life.

Both items were
assessed on appint
likert response scale
(1=strongly agree to
5=strongly disagree)
reverse coded, and
summed, where
higher scores
indicate more
control.
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APPENDIX B. SUPPLEMENTARY FIGURES FOR STUDY 1

Figure B.1. Scatterplot of the interaction involving Level 2 perceived neighborhood safety, presence of
comorbidities, and CED scores sidéy-side interactionamong adults with knee OA, n=656, from the
T2 wave of the Johnston County Osteoarthritis Rtpjohnston County, North Carolina, 200611

20 o0 <
< < 20
o 110
e Knee OA + Knee OA Only
o o oo
154 ¢ e ®
co o © n 15
° O &)
H < & & o
s ° 60 00 @ o 8
2 10 o @ 000 + © < 10
5 o 00 - B (@)
8 o 00 00 O 00 h
o e o +00M0 O 0 © L
CHDOOB®D © ®)
5 © 0 00 LOMON O 5
o © WRB O
O 00000 WO 01 ¢ 00
° 00D D B0+ 0 60 1000
o 000 10O VBVOOW® O & O
04 Q0 OB Ao OB W OO < 0
A 5 3 : 7 -4 3 -2 -1 0 1 2 3 4
Level 2 perceived neighhorhood safety Level 2 perceived neighborhood safety

|Presence of Comorbidities Knee OAonly ¢ Knee OA+ ‘

Note: Scatterplot indicates that there are no obvious outlietise interaction, the slopes for
individuals with knee OA and individuals with knee OA+ are both significant at p<.05. See Figurt
for more details.

111



Figure B.2. Scatterplot of the interaction involving Level 2 neighborhood poverty, knee OA severity, and
CESD scores siddy-side the interactior@mong adults with knee OA, n=656, from the T2 wave of the
Johnston County Osteoarthritisdiect, Johnston County, North Carolina, 202151 1
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APPENDIX C. SUPPLEMENTARY TABLES FOR STUDY 1

TableC.1 Individual and neighborhoelével correlates o€ESD scoresamong individuals with knee
OA, excluding individuals who live in block groups with less than or equal to 5 individuaits the T2
wave ofthe Johnston County Osteoarthritis Project, Johnston County, North Carolina2@DDen=619

Model 1 individuallevel Model 2 (Model 1 +
correlates Neighborhooedevel)
Variable Regression p-value Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 1.78 (0.05) p<0.001 | 1.76 (0.05) p<.001
Level 1 Fixed Effects
African American (ref. White) 0.01 (0.04) p=0.82 0.01 (0.04) p=0.89
Female (ref. Male) 0.23 (0.04) p<.001 0.24 (0.04) p<.001
Age -0.005 (0.002)| p=0.03 -0.005 (0.002) p=0.03
BMI 0 (0.002) p=0.90 0 (0.002) p=0.85
Lessthathi gh school p=0.01 p=0.01
school) 0.1 (0.04) 0.1 (0.04)
Health insurance (ref. no insurance) -0.21 (0.08) | p=0.01 -0.21 (0.08) p=0.01
Number of comorbidities 0.11 (0.01) p<0.001 | 0.11(0.01) p<0.001
Insufficiently active (ref. inactive) -0.25 (0.04) p<0.001 | -0.25 (0.04) p<0.001
Sufficiently active (ref. inactive) -0.59 (0.05) p<0.001 | -0.59 (0.05) p<0.001
Neighborhood social cohesidn, -0.04 (0.01) p<0.001 | -0.04 (0.01) p<0.001
Neighborhood access to physical
acti?/ity and walking I’eSOl?I’C)éS, -0.02(0) p<0.001 | -0.02 (0) p<0.001
Neighborhood perceived safeéty, -0.02 (0.01) p=0.07 -0.02 (0.01) p=0.08
Level 2 Fixed Effects
Neighborhood disadvantage, -0.002 (0.01) p=0.73
Neighborhood social cohesién, -0.07 (0.04) p=0.10
Neighborhood access to physical p=0.29
activity and walking resourcés, -0.02 (0.02)
Neighborhood perceived saféty, 0.02 (0.06) p=0.79
Model Fit
Akaike information criteriofAIC) 5402.07 5405.88
Bayesian information criteriofBIC) | 5429.92 5441.68
Notes
Boldface denotes a significant effect p<0.05
avariables were group mean centered to estimate pure within effects
b variables were grand mean centered to estimate pure between effects
Results were estimated using a poisson multilevel modeht&rpret results, regression
coefficients can be added or subtracted from the intercept and exponentiated.
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TableC.2. Individual and neighborhoelvel correlates afeportedknee impacscoresamong
individuals with knee OAexcluding individuals who live in block groups with less than or equal to 5
individuals from the T2 wave of the Johnston County OsteoarthritiBr,ojohnston County, North
Carolina, 20062011, n=619

Model 1 individuallevel Model 2 (Model 1 +
correlates Neighborhooédevel)
Variable Regression p-value Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 75.75 (0.83) | p<0.001 | 75.75(0.83) p<0.001
Level 1 Fixed Effects
African American (ref. White) 3.28 (1.85) p=0.08 4.59 (2) p=0.02
Female (ref. Male) -3.25 (1.83) p=0.08 -3.29 (1.85) p=0.08
Age 0.05 (0.11) p=0.64 0.04 (0.11) p=0.71
BMI -0.82 (0.12) | p<0.001 | -0.81(0.12) p<0.001
Lessthathi gh school -6.68 (2.06) p=0.001 | -6.78 (2.08) p=0.001
school)
Health insurance (ref. no insurance] 9.68 (4.45) p=0.03 9.88 (4.45) p=0.03
Number of comorbidities -2.77 (0.66) | p<.001 -2.75 (0.66) p<.001
Insufficiently active (ref. inactive) 5.17 (2.07) p=0.01 4.6 (2.09) p=0.03
Sufficiently active (ref. inactive) 5.71 (2.18) p=0.009 | 5.58 (2.19) p=0.01
Neighborhood social cohesidn, -0.14 (0.29) p=0.62 -0.14 (0.29) p=0.63
Neighborhood access to physical | 0.41 (0.18) p=0.03 0.42 (0.18) p=0.02
activity and walking resourcés,
Neighborhood perceived safeéty, 1.06 (0.51) p=0.04 1.05 (0.51) p=0.04
Level 2 Fixed Effects
Neighborhood disadvantage, -0.11 (0.11) p=0.30
Neighborhood sociatohesior?, 1.52 (0.9) p=0.09
Neighborhood access to physical 0.16 (0.3) p=0.58
activity and walking resourcés,
Neighborhood perceived saféty, -2.01 (1.5) p=0.18
Model Fit
Akaike information criterior{AIC) 5477.4 5470.2
Bayesian information criteriofBIC) | 5479.4 5474.2
Notes
Boldface denotes a significant effect p<0.05
avariables were group mean centered to estimate pure within effects
bvariables were grand mean centered to estimate pure between effects
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TableC.3. Individual and neighborhoelkvel correlates 0€EESD scoresamong individuals with knee
OA, using multiple imputation, from the T2 wave of the Johnston County Osteoarthritis Project, Johnston
County, North Carolina, 2068011,n=729

Model 1 individuallevel Model 2 (Model 1 +
correlates Neighborhooedevel)
Variable Regression p-value Regression p-value
Coefficient (SE) Coefficient (SE)
Intercept 1.78 (0.05) p<0.001 | 1.78 (0.05) p<0.001
Level 1 Fixed Effects
African American (ref. White) -0.04 (0.04) p=0.29 -0.04 (0.04) p=0.28
Female (ref. Male) 0.19 (0.04) p<.001 0.19 (0.04) p<.001
Age -0.005 (0.002) | p=0.01 -0.005 (0.002) p=0.01
BMI -0.002 (0.002) | p=0.50 -0.002 (0.002) p=0.47
Lessthathi gh school p=0.02 p=0.01
school) 0.09 (0.04) 0.09 (0.04)
Health insurance (ref. no p<0.001 p<0.001
insurance) -0.31 (0.07) -0.31 (0.07)
Number of comorbidities 0.12 (0.01) p<0.001 | 0.12 (0.01) p<0.001
Insufficiently active (ref. inactive)| -0.26 (0.04) p<0.001 | -0.25 (0.04) p<0.001
Sufficiently active (ref. inactive) | -0.55 (0.04) p<0.001 | -0.54 (0.04) p<0.001
Neighborhood social cohesidn, | -0.03 (0.01) p<0.001 | -0.03 (0.01) p<0.001

Neighborhood access to physical -0.03 (0.003) p<0.001 | -0.03 (0.003) p<0.001
activity and walking resourcés,

Neighborhood perceived saféty, | -0.02 (0.01) p=0.06 -0.02 (0.01) p=0.06
Level 2 Fixed Effects

Neighborhood disadvantage, -0.03 (0.01) p=0.62
Neighborhood social cohesién, -0.1 (0.03) p=0.002
Neighborhood access to physica p=0.53
activity and walking resourcés, 0.01 (0.01)
Neighborhood perceived saféty, 0.1 (0.05) p=0.07
Model Fit

Akaike information criterion 6302.32 6300.80

(AIC)

Bayesian information criterion 6336.68 6344.98

(BIC)

Notes

Boldfacedenotes a significant effect p<0.05

avariables were group mean centered to estimate pure within effects

b variables were grand mean centered to estimate pure between effects

Results were estimated using a multilevel poisson mdddahterpret results, ggession
coefficients can be added or subtracted from the intercept and exponentiated.
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TableC.4. Individual and neighborhoelével correlates afeportedknee impacscoresamong

individuals with knee OAusing multiple imputation, from the T2 wave of the Johnston County

Osteoarthritis Project, Johnston County, North Carolina, -2006.,n=729

Model 1 individuallevel

Model 2 (Model 1 +

Boldface denotes a significant effect p<0.05
avariables were group mean centered to estimate pure within effects
b variables were grand mean centered to estimate pure between effects

correlates Neighborhooédevel)
Variable Regression p-value | Regression p-value
Coefficient (SB Coefficient (SE)
Intercept 75.54 (0.77) p<0.001 | 75.54 (0.77) p<0.001
Level 1 Fixed Effects
African American (ref. White) 1.98 (1.72) p=0.25 | 3.15(1.85) p=0.09
Female (ref. Male) -3.83 (1.72) p=0.03 | -4.07 (1.73) p=0.02
Age 0.05 (0.1) p=0.59 | 0.04 (0.1) p=0.68
BMI -0.83 (0.11) p<0.001]| -0.81 (0.11) p<0.001
Lessthathi gh school p=0.004 p=0.003
school) -5.47 (1.9) -5.67 (1.91)
Health insurance (ref. no p=0.76 p=0.74
insurance) 1.11 (3.59) 1.19 (3.59)
Number of comorbidities -3.01 (0.62) p<0.001 | -2.99 (0.62) p<0.001
Insufficiently active (ref. inactive)| 6.85 (1.93) p=0.004 | 6.35 (1.94) p=0.001
Sufficiently active (ref. inactive) | 6.07 (2.03) p=0.003 | 5.92 (2.04) p=0.004
Neighborhood social cohesign, | -0.04 (0.28) p=0.88 | -0.03 (0.27) p=0.91
Neighborhood access to physical 0.44 (0.17) p=0.01 | 0.44 (0.17) p=0.009
activity and walking resourcés,
Neighborhood perceived saféety, | 0.85 (0.48) p=0.08 | 0.82 (0.48) p=0.09
Level 2 Fixed Effects
Neighborhood disadvantage, -0.1 (0.09) p=0.30
Neighborhood social cohesién, 1.54 (0.82) p=0.06
Neighborhood access to physical p=0.17
activity and walking resourcés, 0.35 (0.25)
Neighborhood perceived saféty, -2.19 (1.27) p=0.09
Model Fit
Akaike information criteriofAIC) | 6472.1 6464.1
Bayesian information criterion 6474.5 6468.5
(BIC)
Notes
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TableC.5. Individual and neighborhoelvel correlates oc€CESD scoresby somatic and nesomatic
items, among individuals with knee Qfkom the T2 wave of the Johnston County Osteoarthritis Project,
Johnston County, North Carolina, 202611,n=654

Somatic items Non-somatic items
Variable Regression p-value | Regression p-value
Coefficient Coefficient (SE)
(SE)
Intercept 1.09 (0.04) p<0.001 | 1.01 (0.07) p<0.001
Level 1 Fixed Effects
African American (ref. White) -0.09 (0.06) p=0.12 0.11 (0.06) p=0.08
Female (ref. Male) 0.29 (0.05) p<0.001 | 0.2 (0.05) p<.001
Age 0.001 (0.003) | p=0.74 -0.01 (0.003) p=0.70
BMI 0.00 (0.003) | p=0.95 -0.001 (0.003) p=0.90
Lessthathi gh school 0.09 (0.05) p=0.11 0.09 (0.05) p=0.11
school)
Health insurance (ref. no insurance) -0.08 (0.12) p=0.50 -0.24 (0.11) p=050
Number of comorbidities 0.11 (0.02) p<.001 0.11 (0.02) p<.001
Insufficiently active (ref. inactive) -0.25 (0.05) p<.001 -0.3 (0.05) p<.001
Sufficiently active (ref. inactive) -0.46 (0.06) p<.001 -0.72 (0.07) p<.001
Neighborhood social cohesidn, -0.03 (0.01) p=0.002 | -0.06 (0.01) p<.001
Neighborhood access piysical -0.03 (0) p<.001 -0.02 (0) p<.001
activity and walking resourcés,
Neighborhood perceived safeéty, -0.02 (0.01) p=0.21 -0.01 (0.01) p=0.42
Level 2 Fixed Effects
Neighborhood disadvantage, -0.005 (0.005)| p=0.35 -0.005 (0.005) p=0.53
Neighborhood social cohesién, -0.05 (0.03) p=0.07 -0.08 (0.04) p=0.05
Neighborhood access to physical | -0.01 (0.01) p=0.27 0.01 (0.02) p=0.62
activity and walking resourcés,
Neighborhood perceived saféty, 0.07 (0.05) p=0.14 0.002 (0.07) p=0.98
Model Fit
Akaike information criteriorfAIC) 3469.52 4253.67
Bayesian information criteriofBIC) | 3513.28 4297.42
Notes
Boldface denotes a significant effect p<0.05
avariables were group mean centered to estimate pure within effects
bvariables were grand mean centered to estimate pure between effects
Results were estimated using a poisson multilevel modeht&ipret results, regression coefficients cg
be added or subtracted from the intercept and exponentiated.




APPENDIX D. BASELINE PARTICIPANT CHARACTERISTICS ANALYSIS FOR STUDY 1

TableD.1. Baseline characteristics for participants included and not included in T2 analygbe di2d

wavefor Study 1 from theJohnston County Osteoarthritis Project, JohnstomGodorthCarolina,

20062011
Baseline Baseline P-value Baseline Baseline P-value
characteristics for | characteristis characteristics | characteristics
participants not for participants for participants for
includedin T2 includedin T2 notincludedin participants
analyses analyses T2 wave includedin T2
N (%) or N (mean) | N (%) or N N (%) or N wave
(mean) (mean) N (%) or N
(mean)
Characteristic
Age, yearsmean 1008 (57.1 656 (59.9) | p<.0001| 2673 (62.7) 1664 (58.2) | p<.0001
Gender
Male 329(32.6) 215 (32.8) p=0.95 1044 (39.1) 544 (32.7) | p<.0001
Female 679 (67.4) 441 (67.2) 1629 (60.9) 1120 (67.3)
Race
White 718 (71.2) 432 (65.9) p=0.02 1671 (62.5) 1150 (69.1) | p<.0001
Black or 290 (28.8) 224 (34.2) 1002 (37.5) 514 (30.9)
African American
Education
2 High school 808 (80.6) 486 (74.4) | p=0.003| 1479 (55.6) 1294 (78.1) | p<.0001
< High school 195 (19.4) 167 (25.6) 1183 (44.4) 362 (21.9)
Health insurance
No 50 (5.1) 31 (4.9 p=0.84 146 (5.9) 81 (5.0) p=0.22
Yes 933(94.9) 607 (95.1) 2332 (94.1) 1540 (95.0)
BMI
<30 642 (65.6) 314 (48.5) | p<.0001 1571 (61.7) 956 (58.2) p=0.03
230 352 (35.4) 334 (51.5) 976 (38.3) 686 (41.8)
Number of 1008 (0.97) 656 (1.1 p=0.01 2670 (1.3) 1664 (1.0) | p<.0001
comorbidities
Occupation
High SES job 518 (55.2) 296 (48.2) | p=0.007 910 (38.2) 814 (52.4) | p<.0001
Low SES job 421 (44.8) 318 (51.8) 1472 (61.8) 739 (47.6)
CESD scores 1001 (6.4 649 (6.3 p=0.64 2620 (7.6) 1650 (6.3) | p<.0001
(range 060),
mean
Neighborhood 974 (18.2) 632 (10.7) p=0.14 2556 (20.4) 1606 (18.5) | p<.0001
poverty
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TableD.2. Baseline characteristics for participants included and not includeglamdlyses and the3T

wavefor Study 1 from the Johnston County Osteoarthritis Project, JohrStamty, North Carolina

Baseline Baseline P-value Baseline Baseline P-value
characteristics for | characteristics characteristics | characteristics
participants not | for participants for participants for
included in B included in B not included in| participants
analyses analyses T3 wave included in B
N (%) or N (mean) | N (%) or N N (%) or N wave
(mean) (mean) N (%) or N
(mean)
Characteristic
Age, years, mean 459 (55.0) 434 66.6) p=0.002| 3444 (62.3) 893 (55.8) | p<.0001
Gender
Male 139(30.3) 148 (34.1) p=022 1301 (37.8) 287 (32.1) | p=0.002
Female 320 (69.7) 286 (65.9) 2143 (62.2) 606 (67.9)
Race
White 308 (67.1) 288 (66.4) p=081 2225 (64.6) 596 (66.7) p=0.23
Black or 151 (32.9) 146 (33.6) 1219 (35.4) 297(33.3)
African American
Education
2 High school 396 (86.8) 366 (84.5) p=032 2011 (58.7) 762 (85.7) | p<.0001
< High school 60 (13.2) 67 (15.5) 1418 (41.4) 127 (14.3)
Health insurance
No 25 (5.6) 32 (7.6) p=024 170 (5.3) 57 (6.5) p=015
Yes 424 (94.4) 392 (92.5) 3056 (94.7) 816 (93.5)
BMI
<30 290 (64.0) 231 (53.5) | p=0.001 2006 (60.7) 521 (58.9) p=032
230 163 (36.0) 201 (46.5) 1298 (39.3) 364 (41.1)
Number of 459 (0.92) 434 (0.96) p=055 3441 (1.3) 893 (0.9) p<.0001
comorbidities
Occupation
High SES job 249 (57.6) 224 (54.6) p=038 1251 (40.5) 473 (56.2) | p<.0001
Low SES job 183 (42.4) 186 (45.4) 1842 (59.6) 369 (43.8)
CESD scores 455 (6.7) 427 (6.2) p=035 3388 (7.3) 882 (6.4) p=0.008
(range 660),
mean
Neighborhood 439 (18.3) 422 (18.2) p=089 3301 (20.1) 861 (18.3) | p<.0001
poverty




APPENDIX E. SUPPLEMENTARY TABLES FOR STUDY 2

TableE.1. Results of the structural equation model for adults aitleast one chronic diseaf®m the
T2 wave of the Johnston County Osteoarthritis Project, Johnstamy;&orth Carolina, 2008011,

n=1482

Exogenous Endogenous variables

variables Perceived Physical Social support Perceived Depressive
neighborhood | activity individual symptoms
environment control

Poverty B=-0.16*** B =-0.05 -- -- B=-0.03

Perceived - B=0.11 B= 0.40*** B= 0.60** B=-0.01

neighborhood

environment

Physical -- -- -- -- B=-0.17**

activity

Social -- -- -- -- B=-0.49"**

support

Perceived -- B=-0.14*

individual

control

Notes

type=complexBetacoefficients are standardized.
* p<.05, ** p<.01, *** p<.001

Model Fit:

Indirect Effects (only significant)
0.02, p#.003

0.20, p<0.001

symptoms: B98.003, p9.006

All relationships controlled for race, gender, BMI, education, health insurance status, number of
comorbidities, age, and knee OA staitd relationships also controlled for clustering using

Chi-Square value @ualue): 163.95 p<.001); RMSEA: 0.02 (95% CI: 0.02, 0.02); CFI: 0.96; TLI: 0.

1 Perceived neighborhood environméntPhysical activityhA Repored depressive symptoms: B=
91 Perceived neighborhood environméntSocial suppory Reported depressive symptoms: B=

1 Perceived neighborhood environmeéntPerceived individual contr@, B=-0.08, p$.002
1 PovertyA perceived neighborhood environméntPhysical activityh Repated depressive

1 PovertyA perceived neighborhood environméntPhysical activity: B=0.02, p=0.004
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TableE.2. Results of the structural equation modet,somatic and nesomatic depressive symptoms,
for adults from the T2 wave of the Johnston County Osteoarthritis Project, Johnston County, North
Carolina, 20062011, n1558

Exogenous Endogenous variables

variables Perceived Physical | Social Perceived | Depressive | Depressive
neighborhood | activity support individual | symptoms | symptoms
environment control (somatic) (non

somatic)
Poverty B=-0.16*** =- - - B=-0.06 B=0.01
0.06*

Perceived -- = B= B= B=-0.02 B=0.01

neighborhood 0.09** 0.41%** 0.61***

environment

Physical -- -- -- -- B=-0.12*** | B=-

activity 0.13%**

Social -- -- -- -- B=-0.37** | B=-

support 0.50***

Perceived - B=-0.08 B=-0.13*

individual

control

Notes

All relationships controlled for race, gender, BMI, education, h&adtirance status, number of
comorbidities, age, and knee OA staidé relationships also controlled for clustering using
type=complexCorrelation among somatic and rsomatic symptoms was 0.8eta coefficients
are standardized.

* p<.05, ** p<.01, *** p<.001

Model Fit:
Chi-Square value fpalue): 1642.53, p<.001); RMSEA: 0.02 (95% CI: 0.02, 0.02); CFI: 0.96;
0.96

Indirect Effects (only significant)

1 Perceived neighborhood environméntPhysical activityh Reported depressive symptoms
(somatic): B--0.01, p#6.003

9 Perceived neighborhood environméntPhysical activityh Reported depressive symptoms
(nonsomatic): B=0.01, p9.01

91 Perceived neighborhood environméntSocial suppory Reported depressive symptoms
(somatic): B=-0.15, p<0.001

1 Perceived neighborhood environméntSocial supporfy, Reported depressive symptoms
(nonsomatic): B=0.20, p<0.001

91 Perceived neighborhood environméntPerceived individual contr@y, Reported depressive
symptoms (nofsomatic) B=-0.08, p9.02

1 PovertyA peceived neighborhood environmeit Physical activityA Reported depressive
symptoms (somatic): Bx:001, p#9.02

1 PovertyA perceived neighborhood environmeént Physical activityh Reported depressive
symptoms (nofsomatic): B6.002, p9.02
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APPENDIX F. BASELINE PARTICIPANT CHARACTERISTICS ANALYSIS FOR STUDY 2

TableF.1 Baseline characteristics for participants included and not included in T2 arialyS¢sdy 2
from the Johnston County Osteoarthritis Project, Johnstont¢€oNorth Carolina, 20062011

Baseline Baseline P-value Baseline Baseline P-value
characteristics for | characteristics characteristics | characteristics
participantanot for participants for participants for
includedin T2 includedin T2 not includedn participants
analyses analyses T2 wave includedin T2
N (%) or N (mean) | N (%) or N N (%) or N wave
(mean) (mean) N (%) or N
(mean)
Characteristic
Age, years, mean 106 (60.5) 1558 (58.0) | p=0.006| 2673 (62.7) 1664 (58.2) | p<.0001
Gender
Male 28 (26.4) 516 (33.1) p=0.15| 1044(39.1) 544 (32.7) | p<.0001
Female 78 (73.6) 1042 (66.9) 1629 (60.9) 1120 (67.3)
Race
White 68 (64.2) 1082 (69.5) | p=025 1671 (62.5) 1150 (69.1) | p<.0001
Black or 38 (35.9) 476 (30.6) 1002 (37.5) 514 (30.9)
African American
Education
2 High school 69 (68.3) 1225 (78.8) | p=0.L 1479 (55.6) 1294 (78.1) | p<.0001
< High school 32 (31.7) 330 (21.2) 1183 (44.4) 362 (21.9)
Health insurance
No 4 (3.9 77 (5.1) p=059 146 (5.9) 81 (5.0) p=0.22
Yes 99 (96.1) 1441 (94.9) 2332 (94.1) 1540 (95.0)
BMI
<30 43 (41.4) 913 (59.4) | p=0.003| 1571 (61.7) 956 (58.2) p=0.03
230 61 (58.7) 625 (40.6) 976 (38.3) 686 (41.8)
Number of 106 (1.1) 1558 (1.0) p=038 2670 (1.3) 1664 (1.0) | p<.0001
comorbidities
Occupation
High SES job 40(42.6) 774 (53.1) p=0.(% 910 (38.2) 814 (52.4) | p<.0001
Low SES job 54 (57.5) 685 (47.0) 1472 (61.8) 739 (47.6)
CESD scores 105 (7.2) 1545 (6.3) p=024 2620 (7.6) 1650 (6.3) | p<.0001
(range 660),
mean
Neighborhood 100 (18.9) 1506 (18.4) | p=063 2556 (20.4) 1606 (18.5) | p<.0001
poverty
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