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ABSTRACT

Objectives: To assess whether HOUSES (HOUsing-
based index of socioeconomic status (SES)) is
associated with risk of and mortality after rheumatoid
arthritis (RA).

Design: We conducted a population-based
case—control study which enrolled population-based
RA cases and their controls without RA.

Setting: The study was performed in Olmsted County,
Minnesota.

Participants: Study participants were all residents of
Olmsted County, Minnesota, with RA identified using
the 1987 American College of Rheumatology criteria
for RA from 1 January 1988, to 31 December 2007,
using the auspices of the Rochester Epidemiology
Project. For each patient with RA, one control was
randomly selected from Olmsted County residents of
similar age and gender without RA.

Primary and secondary outcome measure:

The disease status was RA cases and their matched
controls in relation to HOUSES as an exposure. As a
secondary aim, post-RA mortality among only RA
cases was an outcome event. The associations of
SES measured by HOUSES with the study outcomes
were assessed using logistic regression and Cox
models. HOUSES, as a composite index, was
formulated based on a summed z-score for housing
value, square footage and number of bedrooms and
bathrooms.

Results: Of the eligible 604 participants, 418 (69%)
were female; the mean age was 56+15.6 years. Lower
SES, as measured by HOUSES, was associated with
the risk of developing RA (0.5+3.8 for controls vs —0.2
+3.1 for RA cases, p=0.003), adjusting for age, gender,
calendar year of RA index date, smoking status and
BMI. The lowest quartile of HOUSES was significantly
associated with increased post-RA mortality compared
to higher quartiles of HOUSES (HR 1.74; 95% CI 1.10
to 2.74; p=0.017) in multivariate analysis.
Conclusions: Lower SES, as measured by HOUSES,
is associated with increased risk of RA and mortality
after RA. HOUSES may be a useful tool for health
disparities research concerning rheumatological

Strengths and limitations of this study

= The main strength is a population-based study
design in a study setting with a self-contained
healthcare environment and the availability of
medical records for nearly all residents of
Olmsted County, Minnesota.

= Another strength is the HOUSES (HOUsing-
based index of socioeconomic status) as an
individual-level SES measure based on an object-
ive measure derived from real property data
rather than self-report.

= The main limitation includes an inherent limita-
tion as a retrospective study.

= Another limitation is a modest sample size and
predominantly Caucasian study participants,
which might limit the generalisability of our
results in other settings.

outcomes when conventional SES measures are
unavailable.

INTRODUCTION
Rheumatoid arthritis (RA) causes a signifi-
cant morbidity and burden to our society
affecting about 1.5 million US adults in 2005.
The overall prevalence of RA increased from
0.62% in 1995 to 0.72% in 2005.! Although
the literature has shown that genetic and
environmental factors determine the risk of
RA,2 3 the cause for RA remains unknown.
Socioeconomic status (SES) is correlated
with various health outcomes including RA.
Indeed, the impact of SES on RA has been
widely reported in the USA and other coun-
tries.* ™ For example, Pederson, et al’ reported
that individual SES measures, including educa-
tional level, were shown to be inversely asso-
ciated with the risk of developing RA among
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those with the highest educational level compared with
those having the lowest level of education (adjusted
OR=0.43, 95% CI 0.24 to 0.76, p=0.001). However, the
unavailability of individuallevel SES measures in com-
monly used data sources for clinical research has been a
significant impediment to advancing health disparities
research concerning a broad range of health outcomes
including RA® Given the rising trends of utilising
large-scale administrative data sets for health outcome or
service research, the absence of individual-level SES mea-
sures might deter the proper interpretation and applica-
tion of the results. Census (or area)-level SES measures
have been used as a proxy measure for individual SES
measures.” ! However, they often result in misclassifica-
tion bias,12 13 and area-level SES measures might not be a
proxy measure for individual-level SES, given the influence
of the neighbourhood environment on health outcomes
independent of individual SES."* '

To address the unavailability of individual SES mea-
sures in the common data sources, we recently devel-
oped and validated a novel individual-level SES measure
based on housing features termed HOUSES (e,
HOUsing-based index of SES measure).'® HOUSES is a
composite index derived from individual housing fea-
tures by linking property address information in a clin-
ical data set to enumerated real property data that are
available from local government assessors’ offices.
Previous studies have shown HOUSES to be significantly
associated with health outcomes in children.!®!®
However, it has not been applied to research concerning
health outcomes in adults.

The main aims of this study were to assess whether
HOUSES is associated with risk of RA and mortality after
RA. As a comparison, we assessed the relationship
between educational levels as a reference SES measure
and RA outcomes. To address these study aims, we con-
ducted a population-based case—control study.

PATIENTS AND METHODS

This study was approved by the Institutional Review
Boards of the Mayo Clinic and the Olmsted County
Medical Center.

Study population and settings

Olmsted County, Minnesota, is an excellent setting to
conduct a population-based study. The Rochester
Epidemiology Project (REP)'"' links the medical
records from all healthcare providers in the county,
including Mayo Clinic, Olmsted Medical Center and
others for all Olmsted County residents. All diagnoses
are electronically indexed and information from every
episode of care is contained within detailed patient-
based medical records.*’

Study design
The study was designed as a population-based case—
control study. The primary aim was to determine the

association between HOUSES and risk of RA, which was
addressed by comparing HOUSES between RA cases
and matched controls without a history of RA. The sec-
ondary aim was to determine the association between
HOUSES and post-RA mortality between the index date
of RA and the last follow-up date.

Case ascertainment

Details about the study participants have been reported
previously.®" Briefly, all eligible incident RA cases
(=18 years of age) who had fulfilled the 1987 American
College of Rheumatology (ACR) criteria for RA,
between 1 January 1988 and 31 December 2007, were
retrospectively identified and assembled using the REP
medical records linkage system.'? RA incidence date was
defined as the earliest date at which each patient ful-
filled >4 ACR criteria for RA. Excluded cases are those
who were non-Olmsted County, Minnesota, residents
during the study time, those who denied authorisation
for using medical records for research per Minnesota
statute, and those who could not be geocoded to
address information and real property data.

Selection of controls

For each patient with RA, one control was randomly
selected from all Olmsted County residents of similar
age and gender without RA, using the REP medical
records linkage system (ie, same source population).
Each participant without RA was assigned an index date
corresponding to the RA incidence date of the patient
with RA.

Mortality after RA

For this secondary outcome, we limited our analysis to
only RA cases. All participants were followed until death
or 31 December 2008. All death certificates for Olmsted
County residents are obtained every year from the
county office. In addition, the Mayo Clinic registration
office monitors the notice of death in the local newspa-
pers to update the record. Finally, electronic files of
death certificates are obtained from the State of
Minnesota Department of Vital and Health Statistics.”

Socioeconomic indicators and HOUSES

A demographic questionnaire was used to ascertain self-
reported individual-level education status (ie, years of
school completed). Educational years were categorised
into four groups: less than 12, 12, 13-15 and 16 years or
longer. Details about HOUSES have been previously
reported.16 Briefly, HOUSES is a composite index that is
derived from individual housing features by linking
address information at the time of interest (index date
of RA or mortality) to enumerated real property data
available at most local government assessors’ offices. A
factor (construct) that is composed of the number of
bedrooms, number of bathrooms, square footage of
housing unit and estimated value of housing unit was
extracted. HOUSES was formulated by summing a
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z-score for the number of bedrooms, number of bath-
rooms, square footage of housing unit and estimated
value of housing unit and used as continuous and cat-
egorical variables (quartiles): the higher the HOUSES
z-score, the higher the SES. It has been recently devel-
oped and tested by conducting studies in both Olmsted
County, Minnesota, and Jackson County, Missouri.
Results for these studies have been reported in previous
publications.' '

Other variables

All factors known to be associated with mortality in RA
based on previous work were included in multivariate
models for adjustment.m These factors were ascertained
through the review of medical charts and REP by
trained nurse abstractors blinded to the original study
hypothesis and they include the following: smoking
status, rheumatoid factor positivity, history of alcoholism,
obesity, cardiovascular disease (including hospitalised or
silent myocardial infarction, heart failure, revascularisa-
tion, angina or a physician diagnosis of coronary artery
disease), renal disease, liver disease, cancer, metastases,
dementia, severe extra-articular RA manifestations (ie,
pleuritis, pericarditis, Felty’s syndrome, RA vasculitis,
scleritis, neuropathy or glomerulonephritis), as well as
use of glucocorticoids and other RA therapies (ie,
methotrexate, hydroxychloroquine, other disease-
modifying antirheumatic drugs and biologicals). The
Charlson comorbidity index was assessed using an elec-
tronic adaptation developed by Deyo.** **

Statistical analysis

We first assessed sociodemographic characteristics of par-
ticipants with and without missing HOUSES. Spearman
correlation methods were used to assess the association
between HOUSES and educational levels. For the associ-
ation between HOUSES and risk of RA, we compared
sociodemographic and pertinent clinical characteristics
of RA cases and their corresponding controls. HOUSES
was categorised into quartiles using 604 patients with
non-missing data (Ist quartile (lowest SES) <—2.0215;
2nd quartile —2.0215 to 0.265; 3rd quartile 0.265-1.81;
and 4th quartile (highest SES) >1.81)). Logistic regres-
sion models were used to determine the association of
HOUSES as continuous and categorical (quartiles) vari-
ables with risk of RA to adjust for pertinent covariates
and confounders. Linearity (or non-linearity) for the
association between HOUSES and risk of RA was
assessed using smoothing splines.

For the association between HOUSES and mortality
after RA as a secondary outcome, overall survival rates
after RA among participants with HOUSES in quartiles
were estimated using Cox proportional hazards models
to allow adjustment for age, gender and calendar year of
RA incidence. Estimated survival rates were directly
adjusted for the age, gender and calendar year of RA
incidence of the RA cohort. The adjusted survival rates
were plotted against time since RA incidence is in

accordance with quartiles of HOUSES. Association of
SES with time to death was evaluated using Cox propor-
tional hazards regression models and summarised with
HRs and 95% ClIs. Similar to the relationship between
HOUSES and risk of RA, non-linearity of the associa-
tions between HOUSES and post-RA mortality was exam-
ined using smoothing splines. Statistical analyses were
performed using the SAS software package V.9.3 (SAS
Institute, Cary, North Carolina, USA) and R software
V.3.0.2 (http://www.r-project.org). All tests were two-
sided and p<0.05 was considered statistically significant.

RESULTS

Subject characteristics

The study cohort consisted of 650 RA cases between 1
January 1988, and 31 December 2007. Compared to
patients with RA with HOUSES, patients with RA with
missing HOUSES were relatively older (mean+SD: 60.0
+16.5 years vs 55.5+15.6 years, p=0.042) and had an
earlier year of index date (mean#SD: 1993.9+5.8 vs
1999.0+5.4, p<0.001). Otherwise, cases included and
those excluded from the study were similar in regard to
gender, educational level and marital status. Baseline
characteristics of cases and their matched controls are
summarised in table 1. Address information was success-
fully geocoded and HOUSES was formulated for 604 RA
cases (93%) and 564 matched controls (87%). The asso-
ciation between HOUSES and educational levels was
measured by Spearman correlation coefficient (r=0.40,
p<0.001 for controls and r=0.28, p<0.001 for RA cases).

HOUSES and risk of RA

HOUSES was significantly lower among RA cases com-
pared to their matched controls (p=0.003; table 1). Age,
gender and calendar year of index date were all signifi-
cantly associated with HOUSES (data not shown).
HOUSES was inversely associated with the odds of RA
(adjusted OR 1.06/1 unit decrease in HOUSES; 95% CI
1.02 to 1.09; p=0.022), adjusting for age, gender and cal-
endar year of RA incidence/index date. This association
persisted after additional adjustment for smoking status
and body mass index (adjusted OR 1.06/1 unit decrease
in HOUSES; 95% CI 1.02 to 1.09; p=0.003) (data now
shown). Non-linearity for the association between
HOUSES and risk of RA was examined using smoothing
splines. Non-linearity component was not statistically sig-
nificant (p=0.38). When we examined the association of
HOUSES in quartiles with odds of RA, we observed
similar findings. Controlling for the same variables as
above, HOUSES in quartiles was inversely associated
with the risk of RA (p value for trend=0.02, table 1). As
a reference SES measure, when we examined the associ-
ation between educational levels and odds of RA, we
found that educational levels as a discrete variable was
similarly associated with odds of RA, adjusting for age,
gender, calendar year of RA, smoking status and body
mass index (p=0.002) (data not shown). Controlling for
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Table 1 Characteristics of RA cases and their matched controls and the association of HOUSES and each variable with risk
of RA
Controls (N=650) RA cases (N=650) Adjusted OR* (95% CI) p Value
Age at index date of RA, years, mean (SD) 55.8 (15.7) 55.8 (15.7) 1.00 (0.93 to 1.07)/ -
10 year increase
Gender (female): 448 (69%) 448 (69%) 1.00 (0.79 to 1.27) -
Year of index date, mean (SD) 1998.6 (5.6) 1998.6 (5.6) 1.00 (0.82 to 1.21)/ 0.97
10 year increase
Race: Caucasian 618 (96%) 604 (94%) 0.59 (0.36 to 0.99) 0.046
HOUSES 0.002
N 564 604 1.06 (1.02 to 1.09)/1 unit
Mean (SD) 0.5 (3.8) -0.2 (3.1) decrease
Median (Q1, Q3) 0.0(-1.9, 2.4) -0.5 (=2.1, 1.5)
HOUSES in quartiles
Quartile 1 (lowest SES) 130 (23) 162 (27) 1.04 (0.75 to 1.44) 0.02
Quartile 2 128 (23) 164 (27) 1.42 (1.02 to 1.98)
Quartile 3 151 (27) 141 (23) 1.37 (0.98 to 1.91)
Quartile 4 (Highest SES) 155 (27) 137 (23) Referent
Educational level <0.001
Missing 13 22
<High school 60 (9%) 57 (9%) 1.92 (1.15 to 3.22)
High school 192 (30%) 201 (32%) 2.13 (1.41 to 3.20)
Technical-school/college 292 (46%) 324 (52%) 2.28 (1.54 to 3.37)
Graduate school 93 (15%) 46 (7%) 1 (reference)
Married in lifetime 581 (90%) 590 (91%) 1.20 (0.82 to 1.74) 0.35
Body mass index 0.46
Underweight <18.5 kg/m? 7 (1%) 13 (2%) 1.92 (0.75 to 4.95)
Normal >18.5-24.9 kg/m? 213 (33%) 208 (32%) 1 (reference)
Overweight >25-29.9 kg/m? 225 (35%) 212 (33%) 0.96 (0.73 to 1.26)
Obesity >30 kg/m® 204 (31%) 216 (33%) 1.09 (0.82 to 1.43)
Smoking status 0.015
Current 104 (16%) 120 (18%) 1.36 (1.00 to 1.84)
Former 194 (30%) 229 (35%) 1.41 (1.09 to 1.81)
Never 352 (54%) 301 (46%) 1 (reference)
Pertinent comorbidities
Diabetes mellitus 56 (9%) 61 (9%) 1.10 (0.75 to 1.62) 0.62
Congestive heart failure 19 (3%) 17 (3%) 0.89 (0.45 to 1.75) 0.73
Alcohol misuse 42 (6%) 43 (7%) 1.03 (0.66 to 1.60) 0.91
Hypertension 337 (52%) 412 (63%) 1.82 (1.42 to 2.34) <0.001
Hyperlipidaemia 348 (54%) 373 (57%) 1.20 (0.95 to 1.51) 0.14
Charlson comorbidity indext <0.001

0 429 (66%)
1-2 150 (23%)
>3 71 (11%)

259 (40%)
281 (43%)
110 (17%)

1 (reference)
3.20 (2.46 to 4.17)
2.61 (1.79 to 3.18)

*Adjusted for age, gender and calendar year of RA incidence/index date.

tExcluding rheumatological disorders for comparability.

HOUSES, HOUsing-based index of socioeconomic status; RA, rheumatoid arthritis.

the same variables, educational levels in categorical vari-
ables were associated with the risk of RA (table 1).

HOUSES and mortality after RA

During the follow-up period, 109 of the patients with RA
with available HOUSES had died. The cumulative mor-
tality rates at 20 years following RA were 50% (95% CI
(32% to 69%), 44% (25% to 62%), 39% (20% to 57%)
and 40% (22% to 59%) for patients in the first (lowest
SES), second, third and fourth quartiles (highest SES)
of HOUSES, respectively, adjusted for age, gender and
calendar year. The results are summarised in figure 1.

Overall comparisons of the four quartiles of HOUSES
summarised in table 2 only approached statistical signifi-
cance. However, when patients in the lowest quartile of
HOUSES (<-2.1) were compared with patients with
higher HOUSES values (the other 3 quartiles com-
bined), there was a significant association for the lowest
quartile of HOUSES with an increased risk of mortality
(HR 1.58; 95% CI 1.05 to 2.36; p=0.027) adjusted for
age, gender and calendar year of RA incidence. This
association remained significant following an additional
adjustment for all factors (ie, comorbid conditions, RA
therapies, smoking history and BMI) associated with
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Figure 1 Estimated survival curves adjusted for age, gender
and calendar year of rheumatoid arthritis (RA) incidence
according to quartiles of HOUsing-based index of
socioeconomic status (HOUSES) (the numbers in
parentheses are the range of HOUSES for each group).

post-RA mortality listed in the Method section (HR;
1.74; 95% CI 1.10 to 2.74; p=0.017). None of the risk
factors, such as RA therapy or extra-articular

manifestations of RA, accounted for the association of
HOUSES with mortality after RA. HOUSES, as a con-
tinuous variable, was not linearly associated with the
outcome of mortality in patients with RA (HR 1.03/
1 unit decrease of HOUSES, 95% CI 0.96 to 1.11, p=0.37)
following adjustment to age, gender and calendar year
of RA incidence/index date. A significant non-linear
(inverse) association between HOUSES and postRA
mortality was found after adjusting for the same vari-
ables (p=0.010) (data not shown). This finding is con-
sistent with the significant findings by quartiles. No
significant association between educational level and
mortality after RA was found (p=0.98, table 2).

DISCUSSION
Our study results showed that lower SES, as measured by
HOUSES, was independently associated with increased
risk of RA and mortality after RA. However, educational
levels as a reference SES measure were only associated
with the risk of RA.

As we previously reported, HOUSES and educational
levels of participants showed a moderate correlation
(r=0.28-0.40), and this finding is consistent with the

Table 2 Association of HOUSES and other variables with post-RA mortality during the study period

Adjusted HRs* (95% CI) p Value

Age (years) at RA incidence date 2.76 (2.35 to 3.22)/10 year increase <0.001
Gender: male 1.13 (0.78 to 1.64) 0.50
Year of RA incidence date 0.90 (0.57 to 1.43) 0.67
Race: Caucasian 0.64 (0.28 to 1.49) 0.30
HOUSES as a continuous variable 1.03 (0.96 to 1.11) 0.37
HOUSES in quartiles

Quartile 1 (lowest SES) 1.73 (0.91 to 3.30) 0.09

Quartile 2 1.21 (0.63 to 2.35)

Quartile 3 0.92 (0.44 to 1.91)

Quartile 4 (highest SES) 1 (reference)
Educational level

<High school 1.25 (0.47 to 3.32) 0.98

High school 1.21 (0.48 to 3.07)

Technical school/college 1.21 (0.48 to 3.06)

Graduate school 1 (reference)
Married in lifetime (vs never married) 0.67 (0.34 to 1.36) 0.27
Body mass index 0.020

Underweight <18.5 kg/m? 2.84 (1.30 to 6.20)

Normal >18.5-24.9 kg/m? 1 (reference)

Overweight >25-29.9 kg/m? 0.89 (0.59 to 1.34)

Obesity >30 kg/m? 0.78 (0.48 to 1.27)
Smoking status 0.001

Current 2.48 (1.51 to 4.05)

Former 1.42 (0.94 to 2162)

Never 1 (reference)
Charlson comorbidity Indext <0.001

0
1-2
>3

1 (reference)
1.65 (1.02 to 2.68)
2.89 (1.66 to 5.02)

*Adjusted for age, gender and calendar year of RA incidence/index date.

TExcluding rheumatological disorders.

HOUSES, HOUsing-based index of socioeconomic status; RA, rheumatoid arthritis.
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literature (r=0.33 for education and income, r=0.40 for
occupation and income, and r=0.61 for occupation and
education).® '® These results not only confirm our previ-
ous study findings but also suggest that HOUSES might
measure a different construct of SES, which is not cap-
tured by other SES measures such as education levels.
Despite the moderate correlation with educational
levels, HOUSES showed a significant inverse association
with risk of RA both as a continuous variable and as a
categorical variable (quartiles). This association per-
sisted after adjustment for pertinent covariates and con-
founders. Educational levels were similarly associated
with risk of RA. There was a linear inverse relationship
between HOUSES and risk of RA based on linearity
testing using a smoothing spline, suggesting no specific
cut-offs or threshold for the impact of HOUSES on risk
of RA.

For the association between HOUSES and post-RA
mortality during the follow-up period, there was no sig-
nificant linear relationship, but a significant non-linear
relationship between HOUSES and post-RA mortality
suggesting an inverse association was found. Although
overall comparisons among HOUSES in quartiles only
approached statistical significance, when we compared
postRA mortality between the lowest quartile and the
rest, we found a significant association of HOUSES with
postRA mortality after adjusting all potential factors
associated with outcomes of RA (HR; 1.74 for the lowest
quartile of HOUSES; 95% CI 1.10 to 2.74; p=0.017).
However, educational levels were not associated with
post-RA mortality. Therefore, despite the moderate con-
cordance between HOUSES and educational levels,
HOUSES is a more suitable SES measure in predicting
postRA  mortality than educational levels. Also,
HOUSES was originally developed from a sample of
young families with children in Olmsted County,
Minnesota, and Jackson County, Missouri. Given the
mean age of study participants, the present study find-
ings suggest that HOUSES is potentially generalisable to
adult populations highlighting external validity in terms
of age of study participants.

Previous studies have shown a similar inverse associ-
ation of SES with risk of developing RA and post-RA
health outcomes. For example, Bengtsson et alt
reported that high SES, defined as individuals with high
education and less manual work, was associated with a
decreased risk of developing RA. In addition, in a pro-
spective study conducted in the West of Scotland which
evaluated 200 patients with RA, Maiden et al” reported
that the 12-year mortality percentage was higher in
deprived areas compared to more affluent areas, accord-
ing to the level of male unemployment, overcrowding,
car ownership and distribution of social class within the
area’s population (61% vs 36% death percentage).

The mechanisms underlying the association of
HOUSES with risk of and mortality after RA have not
been fully elucidated and need to be studied in the
future, using the suggested framework for health

disparities (genetic model, fundamental pathway model
and gene-environmental interaction model).?®  To
reduce the gap in differential mortality after RA among
individuals with different SES, clinicians or healthcare
systems need to consider their preventive and thera-
peutic strategies in the patients’SES. In understanding
and addressing heterogeneity of outcomes among
patients with RA, in addition to immunogenetic factors,
one’s SES may provide additional and important infor-
mation; in this respect, HOUSES index may be helpful
in clinical research, which identifies patients with a mis-
match between medical needs (greater medical needs)
and access to resources (decreased availability of
resources). Also, research efforts should be made to
determine the extent to which SES modifies the effect
of RA therapies on its outcomes.

Baldassari et al’’ recently reported that home owner-
ship is associated with a lower risk of significant clinical
activity of RA. In our study, home ownership was not
categorised into the same factor as housing features
resulting in HOUSES in our original study. Owing to a
high home ownership rate in Olmsted County (~75% or
so), it might not necessarily measure the same construct
underlying the current HOUSES (primarily housing size
and features).

Our study has several limitations. Although the sample
size was relatively modest in this study, we were able to
address the study aims. Another limitation is that the
study sample participants were predominantly
Caucasian, which might limit the generalisability of our
results in other settings. Moreover, despite excluding RA
cases with missing HOUSES, due to the retrospective
nature of this study, a comparison of excluded cases with
those with non-missing HOUSES has shown that they
have similar baseline characteristics.

The main strength of this study is the population-
based study design. Another important strength is the
epidemiological advantages of the study setting includ-
ing a self-contained healthcare environment with avail-
ability of comprehensive medical records of nearly all
residents of Olmsted County, Minnesota, under the aus-
pices of REP. Also, HOUSES has the advantage of being
an individual-level SES measure that consists of available
objective measures based on real property data rather
than selfreported subjective measures. In addition,
housing data are publicly available and are maintained
and updated because they are the basis of real property
assessment and taxation. Also, given that the median
duration of residence in the USA was only 4.7 and
1.9 years for people aged 25-34,%® HOUSES can capture
changes in individual SES over time.*

In conclusion, while educational levels were only asso-
ciated with the risk of RA, lower SES, as measured by
HOUSES, is associated with both increased risk of RA
and mortality after RA. HOUSES may be a useful tool for
epidemiological research concerning rheumatological
disease outcomes among adults when conventional SES
measures are unavailable in commonly used data sets.
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