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Abstract

Introduction: The purpose of this study was to examine data from the Johnston County Osteoarthritis (OA) Project for
independent associations of educational attainment, occupation and community poverty with tibiofemoral knee OA.

Methods: A cross-sectional analysis was conducted on 3,591 individuals (66% Caucasian and 34% African
American). Educational attainment (< 12 years or >12 years), occupation (non-managerial or not), and Census block
group household poverty rate (< 12%, 12 to 25%, > 25%) were examined separately and together in logistic
models adjusting for covariates of age, gender, race, body mass index (BMI), smoking, knee injury and occupational
activity score. Outcomes were presence of radiographic knee OA (rOA), symptomatic knee OA (sxOA), bilateral rOA

and bilateral sxOA.

adjusting for primary risk factors for knee OA.

Results: When all three socioeconomic status (SES) variables were analyzed simultaneously, low educational
attainment was significantly associated with rOA (odds ratio (OR) = 1.44, 95% confidence interval (Cl) 1.20, 1.73),
bilateral rOA (OR = 143, 95% Cl 1.13, 1.81), and sxOA (OR = 1.66, 95% Cl 1.34, 2.06), after adjusting for covariates.
Independently, living in a community of high household poverty rate was associated with rOA (OR = 1.83, 95% Cl
143, 2.36), bilateral rOA (OR = 1.56, 95% ClI 1.12, 2.16), and sxOA (OR = 1.36, 95% CI 1.00, 1.83). Occupation had no
significant independent association beyond educational attainment and community poverty.

Conclusions: Both educational attainment and community SES were independently associated with knee OA after
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Introduction

The most common form of arthritis is osteoarthritis
(OA), with more than 27 million Americans having
some form of OA [1]. Knee OA and hip OA are the
two types of OA considered to have the largest impact
as a result of their effects on mobility [2]. Risk factors
for knee OA include advanced age, female gender, high
body mass index (BMI], prior knee injury, positive
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family history of OA and lower levels of socioeconomic
status [1,3-6].

Associations between lower levels of educational
attainment and both OA presence and poorer health
status outcomes have been noted in a number of studies
[4,6-12]. Only two of these studies, however, examined
radiographic OA [4,6]. Using data collected from 1971
to 1975, Hannan and colleagues evaluated the first
National Health and Nutrition Examination Survey
(NHANES-I) and found that low educational attainment
was associated with both radiographic and symptomatic
knee OA, but only the associations with symptomatic
knee OA remained independent of occupation, age,
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race, obesity and knee injury [6]. Our group examined
limited educational attainment and radiographic and
symptomatic knee OA in a more contemporary cross-
sectional sample of 2,627 non-Hispanic African Ameri-
can and Caucasian adults aged 45 years and older from
the Johnston County OA Project [4]. We found that
after adjustment for known risk factors, educational
attainment was associated with increased presence of
symptomatic knee OA in both men and women and
with radiographic knee OA in women [4].

In other chronic diseases and in self-reported arthritis,
the poverty rate of one’s community has been found to
be associated with disease incidence and prevalence inde-
pendent of a person’s level of educational attainment
[13-18]. In Canada, two studies have examined associa-
tions between provincial or regional context with the pre-
valence of self-reported arthritis [16,17]. In the study
examining inter-provincial variations after adjusting for
individual level SES measures, and other important risk
factors, arthritis and most chronic conditions were
reported less frequently in Quebec compared to other
provinces in Canada [16]. Another study from Canada
found that differences in the prevalence of self-reported
arthritis were associated with both individual level SES
measures and regional level measures, such as the pro-
portion of families in a region with low incomes [17]. In
the only US study examining area-level measures and
arthritis prevalence, 7,770 US participants who were fol-
lowed in a family medicine practice-based research net-
work were evaluated. In that population, both non-
Hispanic African American and Caucasian participants
living in communities with high rates of poverty showed
increased odds of self-reported arthritis after adjusting
for individual educational attainment [12].

To date, such community contextual factors have not
been evaluated in radiographically defined knee OA.
The purpose of this study is to examine associations
between educational attainment, occupation (individual
level SES), and neighborhood household poverty rate
(community level SES) with radiographic knee OA and
symptomatic knee OA in the Johnston County OA Pro-
ject. We hypothesized that both individual and commu-
nity level SES would be independently associated with
radiographic and symptomatic knee OA.

Materials and methods

This cross-sectional study uses baseline data derived
from 4,337 individuals who entered the Johnston
County OA Project in two enrollment periods, 1991-
1997 (original baseline) and 2003-2004 (cohort enrich-
ment baseline for new enrollees). The final study cohort
numbered 4,117 for people with information for at least
one knee outcome (Figure 1). The Johnston County OA
Project is an ongoing, population-based study of OA
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which is described in detail in a previous publication
[5]. All participants were living in Johnston County,
North Carolina at the time of enrollment. Participants
were civilian, non-institutionalized non-Hispanic African
Americans and Caucasians 45 years of age or older who
were physically and mentally capable of completing the
protocol involving radiographs, home interview, and
physical examination. Two home interviewer-adminis-
tered interviews were completed on all participants. Par-
ticipants also underwent a limited clinical and
functional examination, including assessment of weight
(kg) using a balance beam scale, height (cm) measured
with a stadiometer, and radiographic examination of the
knees. The current study is a cross-sectional evaluation
intended to examine the presence of radiographic knee
OA and symptomatic knee OA and their associations
with individual level SES factors (educational attainment
and occupation) and a community contextual factor
(Census-based household poverty rate), while adjusting
for important individual covariates. This study was
approved by the Institutional Review Boards of the Uni-
versity of North Carolina Schools of Medicine and Pub-
lic Health and the Centers for Disease Control and
Prevention. All participants gave written informed con-
sent at the time of recruitment.

Primary outcome measures

Data from participants’ interviews and examinations in
this large population screening were used to define a
sample with the following four outcomes: radiographic
tibiofemoral knee OA and a subgroup of this sample
with symptomatic tibiofemoral knee OA, defined either
generally (one or both knees) or bilaterally (both knees).
We used both radiographic and symptomatic definitions
since they are the two most commonly used.

Radiographic knee OA
X-rays of the knee in the baseline enrollees (1991 to
1997) were anterior-posterior (AP) whereas X-rays on
the new enrollees (2003 to 2004) were posterior-anterior
(PA). A large subset (n = 1,627) of baseline participants
were followed up in the 1999 to 2003 period and had
both AP and PA X-rays. Agreement between the AP
and PA as to the presence or absence of radiographic
OA by Kellgren-Lawrence grade (KL grade) was 89.2%
(AP(yes)/PA(no) in 4.9% of cases and AP(no)/PA(yes) in
5.9% of cases) with x 0.73, 95% confidence interval (CI)
0.69 to 0.76 [18]. Since results were so similar, the
determinations of radiographic OA from the two meth-
ods of X-ray were deemed comparable for this study.
Based on X-ray readings, the KL-grade of each knee
was assigned on a scale of 0 to 4 by a single bone and
joint radiologist (JBR), where higher values show stron-
ger evidence of osteoarthritic deterioration of the joint.



Callahan et al. Arthritis Research & Therapy 2011, 13:R169 Page 3 of 9
http://arthritis-research.com/content/13/5/R169
3187 1150
Baseline participants First follow-up new enrollees
4337
Total available
4117
With knee radiographs
3522
With a complete set of independent variables used in modeling
1 2 3 3473*
3522 3492 3498
With knee OA With bilateral With knee With bilateral
or not knee OA or not symptomatic knee
OA or not symptomatic
OA or not
2995° 3098°
With bilateral With bilateral
knee OA or no Knee
OA symptomatic
OA or no
symptomatic
OA
Figure 1 Participant flow chart. 'Sample excludes those without radiographic data for at least one knee (as used in Table 1 and modeling);
2sample excludes those without radiographic data for both knees (as used in Table 1); *sample excludes those without radiographic and pain
data for at least one knee (as used in Table 1 and modeling); “sample excludes those without radiographic and pain data for both knees (as
used in Table 1); *sample excludes those with unilateral knee OA (as used in modeling); ®sample excludes those with unilateral symptomatic
knee OA (as used in modeling)

A diagnosis of radiographic knee OA was indicated from
a KL-grade of 2 or higher in at least one knee. Bilateral
radiographic knee OA was defined as having KL grade >
2 in both knees.

Symptomatic knee OA
The presence of symptomatic knee OA was defined as
at least one knee with radiographic OA and reported

symptoms (pain, aching, or stiffness on most days) of
any intensity in the same knee. Bilateral symptomatic
knee OA was defined as radiographic OA and symptoms
in both knees.

Primary exposures of interest
The primary exposures of interest included three mea-
sures of SES: two individual level measures (educational
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attainment and occupation) and a contextual commu-
nity level measure (Census-based household poverty
rate).

Individual level measures of SES

Educational Attainment: Education is represented as an
indicator for less than 12 years of formal schooling or at
least 12 years of schooling (referent).

Occupational Category: Occupation, based on the job
held for the longest duration, was represented by an
indicator variable that distinguished between occupa-
tions that are non-managerial and those that are man-
agerial/professional (referent), although it may not be a
perfect representation. There are six U.S. Census classi-
fications applicable to the principal occupation cited by
the participants. The non-managerial occupations were
(1) Service; (2) Farming, Forestry, and Fishing; (3) Preci-
sion Production, Craft, and Repair; (4) Operators, Fabri-
cators, and Laborers. The managerial were (5)
Managerial and Professional; (6) Technical, Sales, and
Administrative Support [19].

Community level measure of SES

Household Poverty Rate: The percentage of households
with income below the poverty level in a US Census
block group is the household poverty rate variable.
Block groups generally contain between 600 and 3,000
people. Each participant’s physical address was geo-
coded, linked to the block group identification number,
and then used to extract aggregated Census information.
The address at enrollment was linked to the most recent
Census information at the time of enrollment, 1990 for
baseline enrollees and 2000 for new enrollees from the
cohort enrichment. The Census-based household pov-
erty rate for a participant’s block group is intended to
indicate the contextual, community SES where the resi-
dent lives. Two residents of the same block group will
share the same household poverty rate, but may have
different individual characteristics, such as educational
attainment and occupation. The average household pov-
erty rate for the sample was 19.6%. With the intent to
compare people residing approximately in the upper
and lower quartiles of community poverty, the partici-
pants were divided into three groups using cut points of
12% and 25% for their block group poverty rates. This
scheme divides participants into three groups of low
(referent, 22%), medium (56%) and high (22%) commu-
nity poverty rates. The household poverty rates for the
67 block groups in the sample range from 0 to 50%.

Covariates

Associations between SES variables and OA outcomes
were adjusted for age, gender, race, BMI, current smok-
ing status, knee injury and occupational activity score.
The minimum age for the study was 45 years, and age
was expressed in categories as 45 to 54 (referent), 55 to

Page 4 of 9

64, and 65 or older using indicators in the models. For
gender, an indicator was used for female versus male
(referent). The race variable was an indicator for African
American versus Caucasian (referent). Obesity was
defined as BMI > 30 (weight in kg/height® in m?). The
smoking variable was an indicator of current smoking of
tobacco products (with “no” as referent), and knee
injury (with “no” as referent) is an indicator of any self-
reported previous knee injury. Occupational activity was
defined based on self-reports of frequencies of four
activities at work: squatting, standing, lifting and walking
(0 = never, 1 = seldom, 2 = sometimes, 3 = often, 4 =
always). The sum (0 to 16) of the individual occupa-
tional activity scores was dichotomized as low (<9 being
referent) or high (> 10), based on the median value
from the sample. The activity indicator carries direct
information about physical stress on the job as opposed
to the SES of occupational category, although the two
variables are correlated.

Statistical analysis

Data were prepared and processed into final form using
SAS v9.1 (SAS Institute Inc., Cary, NC, USA). The data-
set was then converted to STATA v9 (StatCorp LP, Col-
lege Station, TX, USA) for all analyses. Each person’s
physical address was geocoded into values of latitude
and longitude and assigned to one of the 68 block
groups in Johnston County. The Census block group
characteristic of household poverty rate was then used
as a contextual variable applicable to each participant.

Outcome variables for radiographic OA and sympto-
matic OA were dichotomous (yes = 1 or no = 0), and
logistic regression modeling was utilized. Radiographic
OA was considered as present if there was OA in one
or both knees and as absent if OA in neither knee.
Radiographic bilateral OA was considered as present if
there was OA in both knees, and as absent if OA in
neither knee, and excluded from analysis if OA in only
one knee. Parallel definitions apply to symptomatic OA.

In deciding on the final modeling approach, we con-
sidered whether race modified any of the main SES
effects for each outcome. In preliminary analyses of all
outcomes, we explored every possible model with single
SES variables, including race and the race by SES inter-
action, adjusted for all other covariates. There were no
significant interactions at the 0.05 level. Based on these
results, race was treated as a covariate rather than strati-
fying statistical models by race. Similar analyses found
no effect modification by gender.

We also examined the percentage of African American
residents in the block group as a possible community
variable indicating segregation. For the 67 block groups,
the percentage of African American residents ranged
from 0 to 93% and averaged 16.8%. Because of racial
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disparities in income, there was a strong positive corre-
lation (0.83) between household poverty rate and this
measure of segregation. Ultimately, the percentage of
African Americans in the block group was determined
to have minor independent predictive value and was
dropped from the final modeling approach.

Analyses were carried out on a complete-case dataset
where all subjects had no missing values for any covari-
ates. However, owing to the moderate amounts of miss-
ing data in the cohort, primarily for occupation and
occupational activity (both missing 6.3% of values), mul-
tiple imputation of missing observations was performed
to evaluate whether complete-case analyses introduced
bias. Since it is difficult to verify that variables are miss-
ing completely at random (MCAR), our data were con-
sidered to be missing at random (MAR) and were
assumed to have only a minor impact on the estimates
[20]. We performed this imputation for missing covari-
ates using the method of multiple imputation by
chained equations (MICE) via IVEware software Version
0.2 (University of Michigan, Ann Arbor, MI, USA).
Results using 10 iterations indicate that there are no
meaningful differences in findings from data including
imputed values compared to the complete case analysis.
Therefore, results from a complete-case analysis are
reported here.

As we carried out a cross-sectional study on combined
data from the original baseline data, which was pro-
duced from complex probability sampling, and the
enrichment cohort, which was not, we wanted to verify
that clustering by the primary sampling unit (PSU) did
not affect the estimates or their precision. Analyses
accounting for within-PSU correlation using generalized
mixed models in the original baseline study. We found
no meaningful differences in results accounting for the
PSU; therefore, reported analyses do not involve adjust-
ment for PSU.

Results

The characteristics of the complete sample with all non-
missing explanatory variables (# = 3,522) are displayed
in Table 1. The sample sizes are given in Figure 1, and
the percentages for the OA definitions are based on all
participants (unilateral OA included). The mean age was
60.9 + 10.5; 61.7% were female; 39.8% had BMI of at
least 30; 21.6% were current smokers of tobacco; 19.1%
reported a past knee injury; and 46.9% reported frequent
occupational activities (lifting, standing, squatting, walk-
ing). In terms of our main variables of interest, SES vari-
ables, 33.7% had low educational attainment (less than
12 years), 56.2% had non-managerial occupations at
their longest job, and 22.4% lived in block groups with
household poverty rates over 25%. Radiographic knee
OA was noted in 29.5% of the sample, with 14.7%
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Table 1 Characteristics of the sample overall
Variable Total group
(n = 3,522)
Age group, %
45 to 54 356
55 to 64 296
> 64 349
Female, % 61.7
BMI > 30% 39.8
African American 338
Smoking now, % 216
Knee injury, % 19.1
"High occupational activity, % 46.9
Educational attainment, %
Less than 12 yr 337
2Non—managerial Occupation, % 56.2
Poverty rate group, %
Low (< 12%) 217
Medium (12 to 25%) 559
High (> 25%) 224
Knee OA, % 295
Bilateral Knee OA, % 14.7
Knee Symptomatic OA, % 177
Bilateral Knee Symptomatic OA, % 6.3

! Self-report of above-median frequency for job-related squatting, lifting,
standing, and walking.

2 An indicator of lower SES occupational category which may include jobs
where one has less control over the pace of their work and tend to exclude
jobs described as office work, managerial, professional, technical, and sales.

having bilateral radiographic knee OA, 17.7% with
symptomatic knee OA, and 6.3% with bilateral sympto-
matic knee OA.

The odds ratios for the unadjusted associations
between the three SES measures with each of the covari-
ates with the four knee outcome variables are displayed
in Table 2. Low educational attainment, a non-manage-
rial occupation, and living in a neighborhood with
higher rates of household poverty were all significantly
(P < 0.05) associated with radiographic, bilateral radio-
graphic and symptomatic OA (ORs ranging from 1.39
to 2.29). In addition, low educational attainment (OR =
1.89, 95% CI 1.43, 2.49) and a non-managerial occupa-
tion (OR = 1.43, CI 1.08, 1.90) were both significantly
associated with bilateral symptomatic OA. The adjusted
analyses for each of the SES variables considered in
separate models are also shown in Table 2. The magni-
tudes of the ORs for the SES variables were attenuated
when compared to the bivariate results, but each SES
variable remained statistically significant for radio-
graphic, bilateral radiographic, and symptomatic knee
OA (association of non-managerial occupation and
bilateral radiographic knee OA was of borderline signifi-
cance, OR = 1.24, 95% CI 0.99, 1.55, P = 0.056). Those
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Table 2 Associations between each independent SES variable analyzed singly with each OA outcome.

Independent variables
OR, 95% Cl

Knee radiographic OA  Bilateral Knee radiographic OA
OR, 95% CI

Symptomatic OA
OR, 95% ClI

Bilateral Symptomatic OA
OR, 95%CI

Unadjusted odds ratios for each independent variable singly as associated with each outcome

Low educational attainment 207 (1.78, 2.41)** 2.29 (1.89, 278)** 223 (1.87, 2.66)** 1.89 (143, 249)**
Non-managerial occupation 139 (1.20, 1.61)** 153 (1.2 86)** 149 (1.24, 1.78)** 143 (1.0 90)*
Medium poverty rate, 12 to 25%  1.24 (1.03, 1.51)* 1.07 (O 83 38) 128 (1.01, 1.62)* 1.14 (O 63)
High poverty rate, > 25% 191 (1.54, 2.38)** 1.85 (1.40, 245)** 1.63 (1.25, 2.12)** 1.39 (0.92, 209)

Adjusted odds ratios for each independent variable singly as associated with each outcome

Low educational attainment 1.52 (1.28, 1.80)** 149 (1.2 86)** 1.74 (142, 2.12)** 1.32 (0.97, 1.79)
Non-managerial occupation 1.26 (1.07, 148)** 1.24 (O 99, 1.55) 1.33 (1.09, 1.63)** 1.20 (0.88, 1.64)
Medium poverty rate, 12 to 25%  1.24 (1.01, 1.53)* 1.02 (0.78, 1.34) 1.23 (096, 1.57) 1.04 (0.71, 1.51)
High poverty rate, > 25% 1.92 (1,50, 246)** 164 (1.19, 227)** 144 (1.07, 1.94)* 1.15(0.73, 1.82)

SAdjusted for age, gender, race, BMI, smoking, knee injury, and occupational activity score

* P < 0.05; ** P < 0.01: from test for OR = 1.

! This table presents odds ratios and 95% confidence interval results of 24 logistic models (3 single SES variables, 4 outcomes, both unadjusted and adjusted).

with low educational attainment were 50% more likely
than those with higher educational attainment to have
radiographic knee OA and bilateral radiographic knee
OA and 75% more likely to have symptomatic knee OA.
Those living in high poverty areas were almost twice as
likely as those not living in such areas to have radio-
graphic knee OA, 64% more likely to have bilateral
radiographic knee OA, and 44% more likely to have
symptomatic knee OA. Compared to those in manage-
rial occupations, those with non-managerial occupations
were about 25% more likely to have radiographic knee
OA and bilateral radiographic knee OA, and 33% more
likely to have symptomatic knee OA. None of the SES
variables were significantly associated with bilateral
symptomatic OA, although associations were in the
expected direction, and the association between low
educational attainment and bilateral symptomatic knee
OA was of borderline significance (OR = 1.32, 95% CI
0.97, 1.79, P = 0.08). The low frequency of bilateral
symptomatic knee OA is likely responsible for the lack
of statistical significance.

The results of the fully adjusted logistic model, con-
taining all three SES variables simultaneously, and
adjusted for all covariates, are displayed in Table 3. Both
low educational attainment (OR = 1.44) and high com-
munity poverty rate (OR = 1.83) were independently
and significantly associated with radiographic OA.
Those with low educational attainment were 44% more
likely to have radiographic OA after adjusting for occu-
pation, community poverty and covariates. And, indivi-
duals living in a community with a high poverty rate
were 83% more likely to have radiographic OA after
adjusting for educational attainment and occupation.
Both low educational attainment and living in a commu-
nity with a high poverty rate were independently asso-
ciated with bilateral knee symptomatic OA as well.
Compared to individuals with at least 12 years of

schooling, those with low educational attainment were
43% more likely to have bilateral radiographic knee OA
and 66% more likely to have symptomatic knee OA
after adjusting for occupation, community poverty and
other covariates. And, those individuals living in a com-
munity with a high poverty rate were 56% more likely to
have bilateral radiographic OA and 36% more likely to
have symptomatic OA compared to those in commu-
nities with low poverty rates, after adjusting for educa-
tion, occupation and other covariates. Having a non-
managerial occupation was not associated with any out-
come when adjustments were made for educational
attainment and community poverty, in addition to the
covariates.

Discussion

Both low levels of educational attainment and living in a
community with a household poverty rate greater than
25% were independently associated with radiographic
knee OA, bilateral knee radiographic OA, and sympto-
matic knee OA in a cohort of individuals from a rural
community in the southeastern United States, after
adjusting for occupation and the primary risk factors for
knee OA including age, BMI, gender, knee injury and
occupational activity score. This is the first study to
examine the role of a contextual measure of community
SES in addition to individual level SES measures in asso-
ciation with knee OA. Our results extend findings not-
ing the significant independent associations between
individual and community SES measures with the fre-
quency of self-reported arthritis [12] to radiographic and
symptomatic knee OA. As noted in self-reported arthri-
tis, we found both educational attainment and commu-
nity household poverty rate were independently
significantly associated with radiographic and sympto-
matic knee OA. In addition, this is the first study to
examine the role of a possible community segregation
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Table 3 Associations between all three SES variables analyzed simultaneously with OA outcomes

Variables

Knee radiographic

Bilateral knee radiographic

Knee symptomatic

Bilateral knee symptomatic

OA OA OA OA

OR, 95% Cl OR, 95% Cl OR, 95% Cl OR, 95% Cl
Low educational attainment 144 (1.20, 1.73)** 143 (1.13, 1.81)** 1.66 (1.34, 2.06)** 1.27 (091, 1.76)
Non-managerial occupation 1.07 (0.90, 1.28) 1.07 (0.84, 1.36) 1.09 (0.88, 1.36) 1.10 (0.79, 1.54)
Medium poverty rate, 12 to 1.21 (0.98, 1.48) 0.99 (0.75, 1.29) 1.18 (092, 1.51) 1.01 (0.70, 1.48)
25%
High poverty rate, > 25% 1.83 (143, 2.36)** 6 (1.12, 2.16)** 1.36 (1.00, 1.83)* 2 (0.71, 1.76)
Age (55 to 64) 1.68 (1.36, 2.07)** 2.14 (159, 2.90)** 1.96 (1.50, 2.54)** 2.34 (153, 3.58)**
Age (65 and above) 3.70 (3.00, 4.57)** 5.59 (4.17, 7.50)** 369 (2.84, 4.79)** 4.80 (3.17, 7.26)**
Female 1.06 (0.89, 1.25) 4(091, 142) 1.24 (1.01, 1.52)* 8 (1.14, 2.19)**
African American 092 (0.77,1.11) 3 (0.89, 1.45) 0.95 (0.77, 1.19) 0 (0.72, 1.40)
BMI > 30 239 (2,03, 2.81)** 2.89 (232, 3.58)** 292 (240, 3.56)** 393 (2.89, 5.35)**
Current smoker 0.68 (0.55, 0.84)** 0.61 (045, 0.83)** 0.80 (0.62, 1.04) 0.82 (0.54, 1.25)
Knee injury 2.11 (1.75, 255)** 0 (148, 2.44)** 3.15 (255, 3.88)** 2.23 (161, 3.08)**
High activity score 1.00 (0.85, 1.17) 0 (0.81, 1.24) 6 (0.96, 1.41) 9 (0.88, 1.59)

SAge, gender, race, BMI, smoking, knee injury, and occupational activity score
* P < 0.05; ** P < 0.01: from test for OR = 1.

! This table presents odds ratios and 95% confidence interval results of four logistic models (four outcomes).

variable, percentage of African American residents in a
block group, and its association with knee OA. We
found, though, that due to the substantial correlations
between household poverty rate and our measure of seg-
regation that there was no advantage to including both
community contextual measures in our final models.

Compared to our previous study examining limited
educational attainment and radiographic and sympto-
matic knee OA in the Johnston County OA Project [4],
the data and approach in this study differ in several
ways: (1) the participant sample was expanded about
37% by including new enrollees from the cohort enrich-
ment from 2003 to 2004; (2) men and women were ana-
lyzed together since tests showed no significant effect
modification by gender on the SES variables for any out-
come (our previous stratification by gender was moti-
vated by looking for effects of hormone replacement
therapy); (3) occupational status was treated as a main,
individual SES variable rather than as a potential con-
founding variable, and; (4) census block group house-
hold poverty rate was included as a main, community
contextual SES variable.

Given the high prevalence of radiographic and symp-
tomatic knee OA [1,21], it is important to understand
the association of both individual level and community
level SES measures with the disease. A number of beha-
vioral and lifestyle factors have been discussed as possi-
ble mediators of associations between lower educational
attainment and knee OA [4]. These include dietary fac-
tors [22-24] and psychological variables, such as depres-
sion, self-efficacy, and helplessness [25]. Much less has
been explored in terms of community SES variables, and
the work relating to contextual community variables in

knee OA has focused more on disease management (for
example, use of community resources for arthritis man-
agement) rather than the prevalence of disease [26,27].
The socioeconomic context of communities may affect
characteristics of the physical environment all residents
are exposed to regardless of their own socioeconomic
position. This could have an impact on the availability
of medical and recreational facilities, senior centers, and
safe environments for engaging in physical activity [26].
These are all community resources that may be relevant
and essential to an individual’s management of their
weight, an important risk factor for OA [26,28]. The
socioeconomic context of a community could also influ-
ence an individual’s exposure to environmental toxicants
that may have an impact on OA [29]. A better under-
standing of these important contextual mediators could
help national, state and local policy makers evaluate
communities for resources that might help reduce the
prevalence of chronic conditions that contribute the
most to disability and reduced quality of life.

The primary strengths of our study are that we had
measures of both radiographic and symptomatic knee
OA and our data had a large representation of African
Americans. Our study took place in a non-urban setting.
We were also able to examine a measure of segregation
in addition to household poverty as a contextual
variable.

Our study is limited in that the data were collected in
a single county, which limits its generalizability. We also
did not have a measure of participant income to include
as an individual SES measure, but we have shown in
other studies that although income is probably the indi-
vidual SES variable with the most significant impact on
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arthritis outcomes, educational attainment is still a very
strong indicator of social position [30]. Our contextual
measures of community SES, household poverty rate
and the percentage of African Americans in a block
group are fairly crude measures of a neighborhood or
community. However, even using crude community SES
measures from the Census, we noted independent sig-
nificant associations between knee OA and both com-
munity poverty and educational attainment.

Conclusions

In conclusion, in examining OA outcomes, it is impor-
tant to consider both an individual’s community and
personal socioeconomic position in addition to other
important demographic and lifestyle risk factors that are
known to be associated with radiographic and sympto-
matic knee OA. Further research is needed to identify
the specific attributes of a community that contribute to
these associations. A better understanding of the role of
community resources and environmental exposures
would help policymakers and the public health commu-
nity develop effective interventions and programs, and
support improvements to the built environment targeted
toward reducing knee OA.
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