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Association between socioeconomic status and
pain, function and pain catastrophizing at
presentation for total knee arthroplasty
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Abstract

Background: Patients with higher socioeconomic status (SES) are shown to have better total knee arthroplasty
(TKA) outcomes compared to those with lower SES. The relationship between SES and factors that influence TKA
use is understudied. We examined the association between SES and pain, function and pain catastrophizing at
presentation for TKA.

Methods: In patients undergoing TKA at an academic center, we obtained preoperative pain and functional status
(WOMAC Index 0–100, 100 worst), pain catastrophizing (PCS, ≥16 high), and mental health (MHI-5, <68 poor). We
described individual-level SES using education as a proxy, and area-level SES using a validated composite index
linking geocoded addresses to U.S. Census data. We measured associations between these indicators and pain,
function and pain catastrophizing, adjusting for age, sex and BMI.

Results: Among 316 patients, mean age was 65.9 (SD 8.7), 59% were female, and 88% were Caucasian; 17% achieved
less than college education and 62% were college graduates. The median area SES index score was 59 (U.S. median
51). Bivariable analyses demonstrated associations between higher individual- and area-level SES and lower pain, higher
function and less pain catastrophizing (all p<0.05). Adjusted analyses demonstrated statistically significant associations
between higher individual- and area-level SES and better function and less pain.

Conclusion: In this cohort, patients with higher individual- and area-level SES had lower pain and higher function at
the time of TKA than lower SES patients. Further research is needed to assess what constitutes appropriate levels of
pain and function to undergo TKA in these higher SES groups.
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Background
In the U.S. population, rates of total knee and hip joint
arthroplasty continue to rise with persistent racial, ethnic
and geographic disparities in procedure use and outcomes
[1-4]. Studies to date have examined a number of factors
relating to socioeconomic status (SES) and joint arthro-
plasty including differences in access, need, willingness to
undergo the procedure, and outcomes. Prior studies based
in Europe and Australia examined the influence of SES
on joint arthroplasty and demonstrated that the lowest
income individuals and those from the most deprived

areas presented for surgery with the poorest health-
related quality of life, had the lowest rates of surgery,
and experienced more post-operative adverse events than
higher income individuals and those from less deprived
areas [5-8]. A Canadian-based study surveyed individuals
with moderate-to-severe knee and hip osteoarthritis
and found that less education and lower income were
associated with increased need for arthroplasty (based
on Western Ontario and McMaster Universities Arthritis
Index (WOMAC) score ≥39 without a contraindication to
surgery), and that these lower SES individuals were equally
willing to undergo the procedure as their higher SES
counterparts [9]. In the UK, a review of hospitalizations
for primary and revision hip and knee replacements
between 1991 and 2001 demonstrated that the most
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deprived fifth of the population experienced significantly
lower incidence rates of surgery [5]. In each of these stud-
ies, lower SES was shown to be associated with reduced
arthroplasty use or with adverse outcomes.
Prior studies have also investigated the relationship

between race/ethnicity and utilization of joint arthro-
plasty [10-12]. However, while a subset of these studies
adjusted for SES-related variables, the specific associ-
ation between SES and key factors shown to influence
surgical outcomes- pain, function and pain catastrophiz-
ing were not examined [10,13]. One study based in New
Zealand found that individuals from lower social classes
experienced a greater increase in knee pain and disability
over a seven-year period, compared to those from higher
social classes [14]. A recent study demonstrated associa-
tions between increased pain and disability among lower
SES individuals with radiographic knee osteoarthritis.
However, this study included all individuals with radio-
graphic evidence of knee osteoarthritis, and was not
specifically focused on the subset of the population with
severe enough disease to present for arthroplasty [15].
Increased pain and functional limitations at presentation

for arthroplasty are predictive of poorer postoperative
outcomes [16-18]. Heightened pain catastrophizing also
contributes to pain at presentation, pain-related disability,
psychological distress, and postoperative outcomes [19-22].
While studies demonstrate a potential relationship between
SES and pain and with arthroplasty utilization and out-
comes, an understanding of the association between SES
and these critical factors specifically at the time of presenta-
tion might allow for the development of interventions to
improve access and reduce disparities in care.
We therefore aimed to investigate the association of

SES, both at the individual and area levels, with preopera-
tive pain, function and pain catastrophizing [23]. We
hypothesized that a gradient may exist whereby greater
SES would be associated with lower levels of pain and bet-
ter function at presentation for TKA, possibly as a result
of earlier access to orthopedic care.

Methods
Patient population
We obtained baseline data from a survey administered to
patients at a preoperative assessment visit prior to TKA, at
which time they were enrolled in the Adding Value in Knee
Arthroplasty (AViKA) Observational Cohort or the AViKA
Care Navigator Intervention Study, between 2010 and
2013. All of the patients were scheduled for TKA at one
urban, academic medical center. Demographic information
including age, sex, race/ethnicity, home address, body mass
index (BMI), and smoking status were obtained by self-
report. The studies were approved by the Partners Human
Research Committee (2010P-001135, 2010P-002597). The

AViKA Navigator trial was registered at ClinicalTrials.gov
(NCT01540851).

Individual level SES: educational attainment
Educational attainment, a frequently used proxy for
individual-level SES [23], was obtained by self-report in
response to the question: “What is the highest level of
education you achieved?” and included the categories of
1) did not graduate from high school, 2) graduated from
high school but did not attend college or technical
school, 3) graduated from high school and attended col-
lege or technical school and 4) graduated from high
school and graduated from college or technical school.
Given the small number of individuals indicating less
than high school education in our cohort, the first and
the second groups were combined and categorized as
“less than college”. This question of highest level of edu-
cation achieved, with the aforementioned categories, is
widely used in U.S.-based studies of adults as a relatively
static, well-demarcated measure across the U.S popula-
tion of individual-level SES.

Area-level SES: Composite index
Area-level composite measures, typically derived by geo-
coding addresses that link to U.S. Census variables, are
often utilized when individual measures are unavailable,
and may capture neighborhood factors such as social cohe-
sion, social capital, and neighborhood safety, that contribute
significantly and often independently to the health of indi-
viduals [24-26].
We used the Geographic Information System (GIS) to

geocode individual home addresses. Addresses of the
nearest post office were used if a Post Office Box was
provided. Federal Information Processing Standard
(FIPS) codes were obtained for each address and were
linked to U.S. Census and American Community Survey
data at the block group level. The block group is the
smallest geographic unit for which the variables needed
are published and includes populations of 600 to 3000
people. We then utilized a composite measure for SES
that was validated in the U.S. Medicare population [27].
The SES variables included occupation (percentage of
persons ≥16 in the labor force who are unemployed and
actively seeking work), income (percentage of persons
below the federally defined poverty line and median house-
hold income), wealth (median value of owner-occupied
homes), education (percentage of persons aged >25 with
less than a 12th grade education and percentage of persons
aged >25 years with at least four years of college) and
crowding (percentage of households containing ≥1 person
per room). Individual measures were weighted using
values previously determined through principal compo-
nents analysis as defined by the original index validated in
the Medicare population [27]. SES index scores were
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standardized (0–100) and divided into quartiles (≤55
(lowest), 56–59, 60–63 and >63 (highest)).

Mental health status assessment
We used the Mental Health Index-5 (MHI-5) as a measure
of general mental health. The MHI-5 has been validated
to assess mental health status and as a screening for
mood disorders [28,29]. It includes five questions that
are summed and scaled from 0 to 100 using a linear
transformation. Higher scores (≥68 in our cohort) are
indicative of better mental health and lower scores, <68,
of poorer mental health. This cutoff was used in a previ-
ous study with <68 representing mild, moderate and
severe depressive symptoms on the MHI-5 survey [30].

Outcomes: pain, function and pain catastrophizing
assessment
To obtain baseline pain and function, we used the
WOMAC Osteoarthritis index [31]. This is a validated
and widely used measure of lower extremity pain and
functional status in patients with osteoarthritis. Responses
were summed and scaled into 0 to 100 using linear trans-
formation separately for pain and for function. Higher
scores represented greater pain and poorer function.
We used the 13-item Pain Catastrophizing Scale (PCS) to

measure patients’ negative or exaggerated attitudes towards
pain with a specific focus on rumination, magnification and
helplessness [19,32,33]. Similar to a prior study, we utilized
a cutoff of ≥16 to represent a high degree of pain catastro-
phizing [19].

Statistical analysis
We performed both crude and adjusted analyses to exam-
ine the association of individual-level and area-level SES
with pain, function and pain catastrophizing. Individual-
level SES was defined using the three aforementioned
categories of educational attainment. Area-level SES index
scores were grouped and treated in an ordinal manner
in both crude and adjusted analyses and were divided
into quartiles with the upper two combined (≤55, 56–59
and >59) due to similar distribution of outcomes in bivari-
able analyses.
We first assessed bivariable associations between our

two central SES constructs- individual and area-level
SES- and a range of covariates using Chi-squared tests.
The goal of the bivariable analyses was to obtain crude
associations between exposures and outcomes and to
identify potential confounders based on their relation-
ship with both the exposures and the outcomes. These
covariates included age (<65, ≥65), sex, race (Caucasian vs.
other), BMI (≤25, 25.1-30, 30.1-35, >35), and mental
health (MHI-5 <68 or ≥68). We then investigated the rela-
tionships between individual and area-level SES and our
outcomes of interest- pain (WOMAC ≤30, 31–55, >55),

functional status (WOMAC ≤30, 31–55, >55), and pain
catastrophizing (PCS ≥16 or less).
Two distinct sets of analyses were performed, separ-

ately for individual and area-level SES. In the first set of
analyses, we defined the outcomes of interest as func-
tional status, pain, and pain catastrophizing, expressed
as continuous variables. We performed a second set of
multivariable linear regression analyses that allowed for
interpretation at the individual subject level and for adjust-
ment by key covariates. We expressed the principle out-
comes as the percentages of subjects with poor WOMAC
function (WOMAC Function >55), high WOMAC pain
(WOMAC Pain >55) and high pain catastrophizing score
(PCS ≥16). Regression analyses included patient factors
identified a priori (age and BMI) given their statistically
significant relationship with both SES and the outcomes of
interest. We chose to include sex based on prior studies
that demonstrate differences by SES and by our outcomes
of interest, although the relationship between sex and
SES was not significant in our preliminary analyses.
The relationship between SES and mental health (MHI-5)
was significant at the individual level and of borderline
significance at the area level. We felt that the role of
depression specifically as a potential confounder of the
relationship between SES and the outcomes of interest
was less clear and we therefore conducted multivariable
analyses both with and without adjustment by MHI-5.
Other variables, including race/ethnicity and smoking
status, were not adjusted for in this model because they
were not significantly associated with both SES and the
outcomes. Separate models were used to assess individual
and area-level SES both because of collinearity and to
examine their separate effects. For each of these key inde-
pendent variables, separate models were carried out to
examine the three outcomes: low function, high pain and
high pain catastrophizing. The adjusted least square
means of the principle outcomes (proportion of subjects
with poor function, high pain, high catastrophizing) were
calculated for each individual and area-level SES group
and tests for SES trend were performed. All analyses were
conducted using SAS 9.3, Cary, NC.

Results
There were 316 individuals enrolled in the combined
cohort; the mean age was 65.9 (SD 8.7) the median was
65.8, 186 (59%) were female, and 278 (88%) were Caucasian
(Table 1). The mean BMI was 30.5 (SD 6.3), the median
BMI was 29.6, 8 percent were current smokers, 17 percent
had less than college education, 21 percent had some col-
lege education and 62 percent were college graduates. The
overall mean MHI-5 score for this cohort was 76.2 (SD
17.2) and the median was 80. There were 239 individuals
(76.4%) with MHI-5 scores ≥68. The MHI-5 was significant
across individual-level SES groups (p = 0.04) and of borderline
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significance across area-level SES groups (p = 0.06). Using the
available 296 street addresses and 20 post offices addresses
closest to the designated P.O. Boxes, the median area-level
SES index score was 59 (mean 59 (SD 6), range 42–78), higher
than the median U.S. population SES index score of 51 [27].
The overall mean score for WOMAC pain was 41.0 (SD
18.2), for WOMAC function was 41.8 (SD 17.1) and for
pain catastrophizing was 12 (SD 10.7).
Unadjusted bivariable analyses demonstrated associa-

tions between lower levels of preoperative pain and several
variables including: older age (≥65), male sex, lower BMI,
and higher MHI-5 score (≥68; all p-values <0.01). Simi-
larly, older age (p = 0.02), lower BMI (p < 0.01), and higher
MHI-5 score (p < 0.01) were associated with better func-
tional status. Older age (p = 0.05) and higher MHI-5
scores (p < 0.01) were also associated with lower pain cata-
strophizing scores.
Bivariable analyses examining the key outcomes as continu-

ous variables demonstrated lower mean WOMAC scores
for pain and functional limitation and lower mean pain
catastrophizing scores among college graduates compared
to individuals with less education (all p-values <0.01)
(Table 2). Similarly, at the area SES level, bivariable analyses
demonstrated lower mean WOMAC scores for pain and

functional limitation and lower mean pain catastrophizing
scores among the highest area-level SES groups compared to
the lowest (all p-values <0.01) (Table 3).
We observed associations between higher individual-

level SES and less pain, better function and lower pain
catastrophizing scores (Figure 1). Among those with the
highest educational attainment (college graduates), 38%
presented with low pain compared with 19% among
those with the least education (less than college); 32%
with the highest education presented with high function
compared with 13% with the least education. In addition,
80% of those with the highest education presented with
low pain catastrophizing scores compared with 54% with
the least education. Similarly, higher area-level SES was
associated with less pain, higher function and lower pain
catastrophizing scores (Figure 2). Comparing the highest
two area-level SES quartiles to the lowest, 41% in the
highest presented with low pain (WOMAC ≤30) and
31% with high function (WOMAC ≤30), compared to
25% with low pain and 15% with high function in the
lowest area-level SES quartiles. In the highest SES
groups, 79% presented with low pain catastrophizing
scores (<16) compared with 68% in the lowest SES
groups. Lower BMI was also associated with higher area-

Table 1 Baseline characteristics of the overall preoperative TKA cohort, and stratified by area-level socioeconomic
status (SES)

Characteristics Overall cohort SES 1 SES 2 SES 3 p-value*

N = 316 N = 85 N = 87 N = 144

Age – mean (SD) 65.9 (8.7) Median: 65.8 63.2 (8.0) 65.6 (9.8) 67.6 (8.1) <0.01

Sex: Female – n (%) 186 (59) 52 (61) 50 (57) 84 (58) 0.89

Race: Caucasian – n (%) 278 (88) 65 (76) 78 (90) 135 (94) <0.01

BMI – mean (SD) 30.5 (6.3) Median: 29.6 32.5 (6.9) 31.0 (6.5) 28.9 (5.4) <0.01

Current smokers – n (%) 24 (8) 10 (12) 2 (2) 12 (8) 0.04

Educational attainment – n (%) 0.01

Less than college 53 (17) 22 (26) 15 (17) 16 (11)

Some college 65 (21) 20 (24) 22 (26) 23 (16)

College graduates 195 (62) 43 (51) 49 (57) 103 (73)

Mental Health Index Score – mean (SD) 76.2 (17.2) Median: 80 73.6 (18.0) 74.8 (17.8) 78.5 (16.2) 0.06

*P-values compare SES groups with Kruskal-Wallis test for continuous and Fisher’s Exact test for categorical variables; SES 1 is the lowest area-level SES quartiles,
SES 3 is the highest two quartiles combined.

Table 2 Mean values of the outcomes of pain, function and pain catastrophizing from bivariable analyses for
individual SES represented by educational attainment level

Dependent variable Overall cohort Less than college Some college College graduates p-value*

N = 313** N = 53 N = 65 N = 195

Pain – mean (SD) 41.0 (18.2) 48.9 (20.1) 43.1 (20.3) 38.2 (16.3) <0.01

Functional status- mean (SD) 41.8 (17.1) 49.6 (17.1) 44.6 (16.5) 38.7 (16.6) <0.01

Pain catastrophizing- mean (SD) 12.0 (10.7) 17.6 (13.9) 14.3 (10.9) 9.8 (8.8) <0.01

*P-values determined from ANOVA.
**3 subjects were missing educational attainment data.
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Table 3 Mean values of the outcomes of pain, function and pain catastrophizing from bivariable analyses for each
area-level SES† group

Dependent variable Overall cohort SES 1 SES 2 SES 3 p-value*

N = 316 N = 85 N = 87 N = 144

Pain – mean (SD) 41.0 (18.2) 46.2 (20.2) 42.4 (18.4) 37.2 (15.9) <0.01

Functional status- mean (SD) 41.8 (17.1) 46.6 (17.8) 42.8 (17.5) 38.4 (15.8) <0.01

Pain catastrophizing- mean (SD) 12.0 (10.7) 13.8 (12.1) 13.3 (11.5) 10.2 (8.9) 0.01

*P-values determined from Ward tests of beta coefficients in a model assuming linear trend of SES index groups: †SES 1 is the lowest quartile, SES 3 is the highest
two quartiles combined.

Figure 1 Unadjusted percentages of subjects with low pain
(WOMAC ≤30), moderate pain (WOMAC 31–55) and high pain
(WOMAC >55), high function (WOMAC ≤30), moderate function
(WOMAC 31–55) and low function (WOMAC >55), and high pain
catastrophizing score (PCS ≥16) and low pain catastrophizing
score (PCS <16) by individual-level SES (educational attainment).

Figure 2 Unadjusted percentages of subjects with low pain
(WOMAC ≤30), moderate pain (WOMAC 31–55) and high pain
(WOMAC >55), high function (WOMAC ≤30), moderate function
(WOMAC 31–55) and low function (WOMAC >55), and high pain
catastrophizing score (PCS ≥16) and low pain catastrophizing
score (PCS <16) by area-level SES (SES 3 is highest).
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level SES (p < 0.01). We did not find significant associa-
tions between race (Caucasian versus non-Caucasian) and
pain and function.
We then conducted a series of unadjusted and adjusted

analyses examining the percentage of subjects, stratified
by SES, with high pain (WOMAC >55), low function
(WOMAC >55) and high pain catastrophizing (PCS ≥ 16).
In our unadjusted analyses, at both the individual and
area-level, we found statistically significant trends between
higher SES and lower percentages with high pain, low
function and high pain catastrophizing (Additional file 1:
Table S1 and Additional file 2: Table S2). Multivariable
analyses, adjusted for age, sex, and BMI, showed signifi-
cant associations between lower individual-level SES and
poor function (WOMAC >55), high pain (WOMAC >55)
and high pain catastrophizing (PCS ≥16). We found that
33.8% of subjects (95% CI 22.5-45.2) with less than college
education (lowest SES) and 20.5% (95% CI 14.6-26.3) of
college graduates (highest SES) presented with high pain
(p = 0.02), while 36.1% (95% CI 25.2-47.0) with the lowest
SES and 17.0% (95% CI 11.4-22.5) with the highest pre-
sented with poor function (p < 0.01) (Figure 3). We also
observed significantly higher mean pain catastrophizing
scores among patients with less than college level
education compared with college graduates (p < 0.01).
Compared to our unadjusted model, at the individual
SES level, we saw a slight attenuation in percentage of

those in the lowest SES group with high pain, low function
and high PCS, however values were within less than 7%
for all SES strata and statistical significance was consist-
ently achieved.
In parallel adjusted analysis that examined area-level

SES, we found that 34.6% (95% CI 25.6-43.6) with the
lowest area SES and 18.2% (95% CI 11.3-25.1) with the
highest presented with high pain (p = 0.01), while 31.1%
(95% CI 22.4-39.8) with the lowest area SES and 18.2%
(95% CI 11.5-24.9) with the highest presented with poor
function (p = 0.03) (Figure 4). We did not observe a sta-
tistically significant trend in the relationship between
area-level SES and pain catastrophizing scores (p = 0.12).
We conducted additional analyses of the associations be-

tween education or area-level SES and our three dependent
variables, in which we added mental health, as measured
by the MHI-5, as a covariate to age, sex and BMI. The
adjusted mean percentages of subjects with high pain, low
function or high PCS were virtually identical with and
without adjustment for MHI5 (Additional file 1: Table S1
and Additional file 2: Table S2).

Discussion
Higher socioeconomic status, whether measured at the
individual or the area-level, is associated with greater
access to discretionary procedures, healthier behaviors, bet-
ter mental health, and lower morbidity and mortality [34,35].

Figure 3 Percentage and 95% confidence interval of subjects with high pain or low function (WOMAC >55), or high pain catastrophizing
(PCS ≥16) adjusted for age, sex, and BMI stratified by individual level SES measured by educational attainment.
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Studies demonstrate that the association between SES and
health spans the entire SES spectrum and is not limited to
the poverty threshold [35]. In our cohort of individuals with
higher area-level SES than the general U.S. population, we
demonstrated that individuals from the highest SES areas
presented for TKA with less self-reported pain and better
functional status than those from lower SES areas. At the in-
dividual level, education, a frequently used proxy for SES,
provided parallel findings- those with the highest level of
education presented with significantly less pain, better func-
tion and lower pain catastrophizing scores than those with
less education.
A number of factors may have contributed to these

findings. Lower SES individuals may wait longer to present
for their procedure, which may be related to health system
delays, physician bias, patient education or patient prefer-
ence [36]. Barriers such as language, literacy and access to
educational resources may also contribute. While prior
studies demonstrated racial/ethnic differences in willingness
to undergo joint replacement surgery, differences by SES
have not been thoroughly examined.
A number of studies also describe a relationship between

psychological health and SES [35,37]. Lower individual and
area-level SES contributes to increased psychological stress

and poor mental health [38]. Conversely, prolonged poor
psychological health may result in lower SES [39]. In our
cohort, while lower scores on the mental health index were
associated with increased pain and decreased function, the
relationship with SES was of borderline significance. We
observed little difference in the relationship between SES
and pain, function and pain catastrophizing in our models
that adjusted for MHI-5 compared to those that did not,
suggesting that SES effects are independent of mental
health.
Psychological health and pain catastrophizing, a reflec-

tion of stress and coping, are associated with outcomes
follow joint replacement [19-22,40]. A study in sclero-
derma patients examined pain catastrophizing as a pos-
sible mediator or moderator of the relationship between
education and pain [41]. The authors found that while
catastrophizing and depression contributed significantly
to education-related differences in report of pain, lower
educational attainment remained a significant risk factor
for poor pain-related outcomes. Similarly, in a study of
patients with fibromyalgia, lower SES, as measured by
education level, exhibited greater pain catastrophizing
and more severe disease [42]. In our adjusted analyses,
we found a significant association between higher

Figure 4 Percentage and 95% confidence interval of subjects with high pain or low function (WOMAC >55), or high pain catastrophizing
survey scores (PCS ≥ 16) adjusted for age, sex, and BMI stratified by area-level SES.
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educational attainment and lower pain catastrophizing
scores. However we did not find a significant relationship
between area-level SES and pain catastrophizing. We are
not sure why neighborhood characteristics appear to play
less of a role than individual-level factors on this aspect of
psychological health, and suggest this as an important area
for further inquiry.
Among college graduates- the highest individual SES

group- we found that 38% presented with low pain and
32% with high function while only 20% presented with
high pain, and only 16% with poor function. Similarly,
among the highest area-level SES groups, we found that
41% presented with low pain and 31% with high func-
tion, while only 15% presented with high pain or with
poor function. Our finding, that among patients who
presented for TKA, significantly fewer with higher SES
had high levels of pain and low levels of function, raises
the question of whether TKA was indicated for this
population. One prior study examined area the role of
area variation in appropriate TKA use and among indi-
viduals with severe arthritis, demonstrated a higher per-
centage willing to undergo joint replacement surgery in
geographic areas with higher rates of arthroplasty. These
high-rate areas had a similar percent of lower income indi-
viduals than low-rate areas, but a lower percent of high
school graduates [43]. In the population studied, it did not
seem that SES factors played a role on willingness to
undergo arthroplasty, although it was not explicitly investi-
gated. Prior studies in fields outside of rheumatology and
orthopedics have described potential underuse – necessary
procedures not performed- among lower SES individuals
[44]. However there are few studies to date that examine
overuse – inappropriate procedures performed- among
higher SES groups [45,46]. In cardiovascular disease,
appropriateness and necessity criteria were developed for
cardiac revascularization procedures. Notable racial/ethnic
and gender differences in procedure use among those for
whom it was deemed appropriate, were described [47,48].
In the joint replacement literature, one study showed that
when explicit appropriateness criteria based on WOMAC
scores for pain, function and stiffness was applied to TKA
and total hip arthroplasty surgery patients, those who
were deemed to be appropriate candidates experienced
the greatest post-operative improvement in health-related
quality of life [49]. The scope of our study was limited
only to WOMAC pain and function scores preoperatively
in a cross-sectional population of individuals undergoing
TKA. Therefore, we cannot conclude whether the TKAs
performed were appropriate or not. However, the small
percentage of individuals with high SES with high pain
and poor function undergoing TKA, does raise the
question of whether other factors specific to this group
contribute to easier, and possibly earlier access to the
procedure.

Another potential explanation for our findings may be
that higher SES individuals undergo TKA surgery at
appropriate times while lower SES individuals wait too
long for their procedure, which may result in poorer out-
comes [5-8]. It is plausible that individuals with higher
SES may have both better access to orthopedic care and a
lower threshold to seek TKA surgery compared to those
with lower SES. A slight improvement in quality of life
might be seen as readily attainable and therefore desirable.
The loss of work during recovery may be less of a factor
for higher SES individuals, and caretakers and social sup-
port may be more available. One study examined outcome
expectations for joint replacement surgery and found that
the differences by race were attenuated when employment
status, income and education were added to the regression
model [13]. Certain factors that we observed, such as less
smoking and lower BMI among higher SES individuals
may also render them better surgical candidates increasing
the likelihood that the TKA would be offered. In our co-
hort, the majority of patients are Medicare recipients and
therefore insurance status likely plays less of a role for
both the patient and the surgeon.
In addition, our study both complements and extends

the findings of two studies in the Johnston County Osteo-
arthritis cohort that demonstrated significant associations
between individual and community SES and radiographic
knee osteoarthritis [15,50]. In their subset of patients who
described symptoms, less of an association between SES
and pain and disability was seen [15]. To further explore
this, our study focused specifically on the population of
individuals who were symptomatic enough to undergo
TKA and we found a significant relationship between
pain, function and SES. In addition, in this population we
extended prior work by assessing the association between
SES and pain catastrophizing, an important predictor of
TKA outcomes.
Results of this study should be viewed in light of several

limitations. First, our cohort is comprised of predominately
Caucasian individuals receiving care at one academic,
tertiary care medical center. Therefore, the relationship
between race/ethnicity and our outcomes of pain, function
and pain catastrophizing could not be examined compre-
hensively and our findings may not be generalizable to
other groups. In addition, the area-level SES for our popula-
tion is higher than the U.S. population median. As a result,
our findings are more likely to reflect less pain and better
function at presentation for TKA than delays to care
among the lower SES groups. In line with this, while we
examined both an individual-level measure of SES (educa-
tional attainment as a proxy) and a validated area-level
composite index that included education, occupation, in-
come and crowding at the smallest area-level available,
other aspects that contribute to SES such as discrimination
and rank, may not be captured by either measure. At the
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individual level, we cannot account for differences in quality
of higher education, or for the possibility of misreporting.
However, our finding of similar results using either the indi-
vidual or the area-level SES supports the validity of our
measures. In addition, while efforts were made to obtain
exact addresses, 20 (6%) were post office boxes and there-
fore the post office addresses were geocoded. It is therefore
possible that the area-level SES for these individuals was
misclassified. In addition, our objective of this cross-
sectional study was to investigate sociodemographic factors
that contribute to baseline pain, function and pain catastro-
phizing at the time of presentation of TKA. While the
chosen measures have all been shown to correlate with
postoperative outcomes, this evaluation was beyond the
scope of our study. Further, we chose to examine pain cata-
strophizing as a separate outcome of interest in our models
given a relationship both with presentation for TKA and
with surgical outcomes. It is plausible that pain catastro-
phizing, as a coping mechanism, may mediate the relation-
ship between SES and pain and function [51,52].

Conclusion
In conclusion, in our cohort, we found that individuals with
higher educational attainment and from higher SES areas
were significantly less likely to present for TKA with high
pain and poor function compared to individuals with low
educational attainment and from low SES areas. We found
a significant relationship between higher educational attain-
ment and lower pain catastrophizing scores. We also identi-
fied an association between older age and better function
and lower catastrophizing, which is an important topic to
examine further in future research. Overall, this is the first
U.S.-based study to specifically examine the association be-
tween individual and area-level SES and pain, function, and
pain catastrophizing among individuals undergoing TKA.
These factors have been shown to be important predictors
of TKA outcomes. Additional strengths of this study in-
clude the use of both individual and area-level geocoded
measures to allow for a multifaceted understanding of the
relationship of SES with our outcomes of interest. We also
conducted our analyses using a relatively large cohort of in-
dividuals with complete, comprehensive demographic in-
formation and validated survey measures. Further studies
are necessary to confirm a trend of less severe pain and bet-
ter function at baseline among individuals with higher indi-
vidual and area-level SES compared to lower. Additional
research is also needed to develop and apply appropriate-
ness criteria to examine potential sociodemographic dispar-
ities in TKA use and outcomes.
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Additional file 2: Table S2. Unadjusted and adjusted models indicating
the percentage and 95% CI of subjects with high pain (WOMAC >55),
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stratified by area-level SES.
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