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Abstract

Objective—African Americans, East Asians, and Hispanics with systemic lupus erythematosus
(SLE) are more likely to develop renal disease than SLE patients of European descent. We
investigated whether European genetic ancestry protects against the development of lupus
nephritis and explored genetic and socioeconomic factors that might explain this effect.

Methods—This was a cross-sectional study of 1906 adults with SLE. Participants were
genotyped for 126 single nucleotide polymorphisms (SNPs) informative for ancestry. A subset of
participants was also genotyped for 80 SNPs in 14 candidate genes for renal disease in SLE. We
used logistic regression to test the association between European ancestry and renal disease.
Analyses adjusted for continental ancestries, socioeconomic status, and candidate genes.

Results—Participants (n=1906) had on average 62.4% European, 15.8% African, 11.5% East
Asian, 6.5% Amerindian, and 3.8% South Asian ancestry. Among participants, 34% (n=656) had
renal disease. A 10% increase in European ancestry was associated with a 15% reduction in the
odds of having renal disease after adjustment for disease duration and sex (OR 0.85, 95% CI
0.82-0.87, p=1.9 x 10730, Adjusting for other genetic ancestries, measures of socioeconomic
status, or SNPs in genes most associated with renal disease (IRF5 (rs4728142), BLK (rs2736340),
STAT4 (rs3024912), ITGAM (rs9937837) and HLA-DRB1*0301 and DRB1*1501, p<0.05) did
not substantively alter this relationship.

Conclusion—European ancestry is protective against the development of renal disease in SLE,
an effect independent of other genetic ancestries, common risk alleles, and socioeconomic status.

Introduction

African Americans, Hispanics, and East Asians with systemic lupus erythematosus (SLE)
are significantly more likely to develop renal disease than SLE patients of European descent
(1-3). Though there are striking differences in the risk of lupus nephritis across ethnic
groups, the reasons for such differences remain less clear. Poverty and limited access to
medical care are associated with the development of renal disease in SLE (5, 6). Genetic
factors may also predispose to lupus nephritis, though parsing genetic and environmental
factors using traditional epidemiologic techniques can be complex (4, 7).

Genetic ancestry, a quantitative description of the founding population groups from which
an individual is descended, provides a tool for understanding how population genetics may
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influence the risk of renal disease in SLE. In a prior study of SLE in an ethnically diverse
population, genetic ancestry appeared to explain some of the differential risk in lupus
nephritis across ethnic groups, though that study used a small number of genetic markers to
define genetic ancestry and provided a limited evaluation of the role of genetic ancestry (8).
Even within relatively homogenous groups, though, genetic differences may be associated
with varying disease characteristics in SLE. For example, among European Americans with
SLE in the United States, southern European ancestry, compared to northern European
ancestry, was associated with a higher risk of renal disease (9). Together, these studies
suggest that ancestral genetics are important in the development of specific disease features
in SLE and may contribute to varying risk of lupus nephritis across ethnicities.

In addition to ancestral genetics, polymorphisms in individual genes have been associated
with lupus nephritis. Recent studies have identified variants in STAT4, TNFAIP3, ITGAM,
and specific HLA alleles not only as risk factors for SLE, but also for renal disease in SLE
(4, 10-12). While variation in these genes may contribute to the development of lupus
nephritis, the relationship between the risk conferred by these genes and risk associated with
ancestral genetics has not been fully elucidated.

In this study, we investigated whether the genetic ancestry of participants in a multiethnic
SLE case collection is associated with risk of renal disease in SLE. We hypothesized that
European ancestry would be associated with a lower risk of renal disease. We further
hypothesized that this association would remain after adjusting for measures of
socioeconomic status, but would be partially explained by variation in candidate genes for
lupus nephritis.

Patients and Methods

Participants

All participants met the revised American College of Rheumatology (ACR) classification
criteria for SLE and SLE diagnosis was verified by medical records review. These SLE
patients were previously enrolled in one of two case collections developed to study the
genetics of SLE: the University of California, San Francisco (UCSF) Lupus Genetics Project
Case Collection (n=1836), and the Autoimmune Biomarkers Collaborative Network
(ABCoN) case collection (n=139). A subset of UCSF participants was also enrolled in a
longitudinal study of SLE known as the Lupus Outcomes Study, or LOS (n=1028).
Participants were recruited from a variety of settings including academic medical centers
(UCSF and Johns Hopkins University), community hospitals in the San Francisco Bay Area,
and lupus support groups. The Institutional Review Boards at the University of California,
San Francisco and Johns Hopkins University approved this study and all participants
provided informed consent prior to enrollment.

Measurements

Outcome Variables—Our primary outcome variable was the presence of renal disease.
“Renal disease” was defined according to the ACR classification criteria for SLE as >0.5
grams of proteinuria per day or 3+ protein on urine dipstick analysis documented in the
medical record (13). We also considered those participants with biopsy-proven lupus
nephritis to have renal disease.

Covariates—Covariates included disease duration, sex, and socioeconomic status. Disease
duration was established by review of medical records and was defined as the time from
formal diagnosis until entry into either the UCSF or ABCoN genetic studies. To characterize
socioeconomic status, we examined educational attainment, personal income, and
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neighborhood poverty. Education was self-reported and grouped into categories ranging
from less than a high school degree to a professional or doctoral degree. Household income
was also self-reported and grouped into six categories ranging from below $20,000/year to >
$100,000/year. To capture neighborhood poverty, we used geocoded data from the US
decennial census to determine the percentage of individuals living in poverty in a
participant’s neighborhood. We dichotomized this variable into participants living in a
neighborhood with >30% of residents living below 125% of the federal poverty level and
those living with <30% of the neighborhood below this level. This cut point of 30%
represents the top decile of neighborhood poverty in the LOS dataset and also corresponds
to a federal “poverty area” designation (14). All socioeconomic status (SES) measures
described here were available for those participants enrolled in the LOS. Data on education
and income, but not neighborhood poverty, were available for ABCoN participants.

Genotyping and Quality Control (QC)—DNA was collected from blood or from saliva
using Oragene DNA sample collection kits (DNAGenotek) when blood was not available.
Participants were genotyped in one of three groups. Participants of self-identified non-
European ancestry (n=936) were genotyped for a set of 384 SNPs using a custom
BeadXpress assay (Illumina). A subset of 613 participants of self-identified European
ancestry had been previously genotyped for a genome-wide association study of SLE
susceptibility using the HumanHap550 BeadChip (Illumina) (15). An additional set of 426
European ancestry participants was genotyped for 12,000 single nucleotide polymorphisms
(SNPs) using a custom iSELECT Infinium Il array (I1lumina) (16).

SNPs were excluded if they were invariant or missing in >10% of the study population. We
also excluded any individuals who had >10% of their genotype data missing (n=35), a first-
degree familial relationship to another participant (n=15), who had duplicate samples (n=10)
or had all phenotype and demographic data missing (n=4).

Ancestry Estimation—We used a set of 104 post-QC SNPs common to all three
genotyping platforms to determine the ancestral populations from which participants were
descended (17). These SNPs provide information about participants’ genetic ancestry and
are known as ancestry informative markers (AIMs). The AIMs used here were unlinked
SNPs with an r2 <0.5, and were distributed throughout the autosomal genome.

We estimated continental ancestry using the program STRUCTURE (18, 19). When
estimating population membership, we included genotype data from 502 individuals of
established European, West African, East Asian, South Asian, and Amerindian ancestry to
improve ancestry differentiation and interpretation. These reference population genotypes
were derived from either HapMap genotypes or from selected genotyping using TagMan
assays. The reference population genotypes included 116 European American (30 CEU
HapMap and 86 from 4 grandparent defined European Americans), 102 sub-Saharan African
(60 Yoruba HapMap, 19 Bini West African, and 23 Kanuri West African), 105 Amerindian
(50 Mayan, 26 Quechuan, and 29 Nahua), 115 East Asian (36 Japanese HapMap, 36 Han
Chinese HapMap and 43 from other East Asian population groups) and 64 South Asian
Indian samples. All SNPs chosen had identical genotyping results using TagMan assays and
Illumina genotyping (610K platform) for a subset of 40 subjects.

We ran STRUCTURE first assuming six major continental populations. We then excluded
outliers with >15% membership in the sixth population (Oceanic, n=5) and re-estimated
ancestry assuming five populations. We also applied principal components analysis (PCA)
to the AlMs genotype data to define ancestry for the entire study population. For this
analysis, the group of 503 individuals of known ancestry were again included. We
performed PCA using the EIGENSOFT software program under default parameters (20).
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Candidate Gene Selection—We examined a set of 64 post-QC SNPs in 14 genes
common to the 384 SNP platform and the 550K platform as candidate genes for renal
disease in SLE (see Supplementary Table 1 for full list of genes and SNPs). Participants
genotyped on the 12K platform were excluded from candidate gene analyses as there was
insufficient overlap between SNPs on that platform and the 384 SNP platform. The 14 genes
examined here were all established SLE susceptibility genes and we hypothesized that
established risk alleles for SLE may also be associated with renal disease in SLE.

A subset of participants had been previously genotyped for HLA-DRBL1 alleles. Data on
HLA type were available only for participants of self-reported European American or
African American ethnicities. We chose to examine two HLA-DRB1 alleles, *0301 and
*1501, which have been associated with the development of SLE. Like other SLE risk
alleles, these HLA types may not only confer risk for the development of SLE, but also renal
disease, and thus were chosen as candidate genes (21).

Data Analysis—We used descriptive statistics including medians and proportions to
characterize the demographic and clinical characteristics of the study population.
Differences in demographic and clinical characteristics among self-identified ethnic groups
were assessed using the chi-squared test and the Kruskal-Wallis test. Differences in percent
ancestry among those with and without renal disease were assessed using the Mann-Whitney
U test.

We tested for associations between candidate gene SNPs and renal disease using logistic
regression in PLINK, adjusting for ancestry, represented by the first three principal
components (22). Logistic regression assumed an additive genetic model. We also tested
associations between the HLA-DRB1 alleles *0301 and *1501 and renal disease using
logistic regression adjusting for the first three principal components.

We focused subsequent analyses on European ancestry, since it was the most common
ancestry type, was present among most participants, and associated with the largest effect
size when ancestries were modeled individually (see results) or when European ancestry was
jointly modeled with each other ancestry (data not shown). We assessed the association
between European ancestry, derived from our STRUCTURE estimates, and renal disease
using logistic regression, adjusting for disease duration and sex.

Using this basic logistic regression model, we then tested whether adjusting for a series of
covariates could explain any apparent relationship between European ancestry and renal
disease. In successive models, we adjusted for other ancestries, represented by principal
components 2 and 3, socioeconomic status using education, income, and neighborhood
poverty, and specific candidate genes (Figure 1).

When examining the role of candidate genes, we selected the top SNP in each gene
associated with renal disease in bivariate analysis using a p value of <0.05. We deliberately
used this liberal p value as we were interested in generating a more inclusive list of SNPs
that might mediate the relationship between genetic ancestry and renal disease. We then
included all selected SNPs in a multivariable model of renal disease and European ancestry,
adjusting for disease duration, sex, and other genetic ancestries for this model. SNPs were
retained in the final model only if the logistic term p-value was <0.05. Finally, the HLA-
DRB1*0301 and HLA-DRB1*1501 alleles were added to the model for the subset of subjects
having HLA-DRBL1 typing (Figure 1).

For multivariable models we tested logistic model fit using the Hosmer Lemeshow
goodness-of-fit test, the link test, and graphically, using lowess smoothers. To improve fit,
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we performed a power transformation of disease duration using the Box-Tidwell method and
utilized continuous and positive-negative terms for principal components. Analyses used
Stata/MP version 9.2 (College Station, TX). To compare models after adding or removing
variables, we used the Bayesian information criterion (BIC), with a decrease of 10 units
between models indicating that a variable strongly improves the model.

Lastly, we used a k-means cluster analysis as an alternate approach to examining the
association between ancestry and renal disease. We first grouped participants into
ancestrally similar clusters using a k-means cluster analysis of the first three PC values.
Participants were grouped into four clusters with this technique. We removed outliers from
each cluster prior to any analyses (total 29 subjects). We then calculated the odds ratio for
renal disease associated with a 10% increase in European ancestry within each cluster. We
combined odds ratios, adjusted for disease duration and gender, across clusters via random
effects meta-analysis.

This study included 1975 SLE cases, 139 of which were from the ABCoN case collection
and 1836 of which were from the UCSF Genetics Project Case Collection. After removal of
subjects not meeting quality control criteria and ancestry outliers, and after removing
subjects for whom data were missing, 1820 participants were used in our main multivariable
analyses.

The majority of participants were female (n=1744, 92%). Participants of European descent
comprised 53% of the sample (n=1009), African Americans 17% (nh=331), Hispanics 13%
(n=247), East Asians 11% (n=214), and unknown or other ethnicities 6% (n=105). The
median disease duration was 6 years (IQR 2-13). Among participants, 34% (n=656) had a
history of renal disease. Self-identified East Asian participants had the highest prevalence of
renal disease (59%) while those of European descent had the lowest (23%) (Table 1).

Among participants for whom socioeconomic data were available (n=1167), 23% had a high
school education or less, 40% had some college education or a technical degree, and 37%
had a college diploma or professional degree. Overall, 9% of participants lived in a
neighborhood where >30% of residents earned less than 125% of the income designated as
the federal poverty level. Neighborhood poverty was highly correlated with self-reported
ethnicity with 30% of African Americans and 17% of Hispanics living in poor
neighborhoods (Table 1).

Ancestry estimation using STRUCTURE revealed that the population had on average 62.4%
European, 15.8% African, 11.5% East Asian, 6.5% Amerindian, and 3.8% South Asian
ancestry (Figure 2). Using PCA, we observed that the first three PCs occurred above the
Eigenvalue plateau and explained 85% of the variance explained by the first ten PCs. We
found a high degree of correlation between the first PC and percent European ancestry, with
a Pearson correlation coefficient of 0.96 (p<0.00005). Using self-identified ethnicity, we
determined that PC2 distinguished African ancestry from East Asian and Amerindian
ancestries. PC3 separated East Asian and Amerindian ancestries (Supplementary Figure 1).

In bivariate analysis, all ancestries except South Asian ancestry showed evidence of positive
or negative association with renal disease (p for Mann-Whitney U Test <0.00005). The odds
ratio associated with a change from 0 to 100% European ancestry was 0.19 (95% CI
0.15-0.25). The OR associated with a 0 to 100% change in African ancestry was 2.14 (95%
Cl 1.55-2.94), East Asian ancestry 4.63 (95% CI 3.20-6.71) and Amerindian ancestry 3.86
(95% CI 2.00-7.47). Figure 3 demonstrates that with increasing European ancestry, the
percent of participants with renal disease correspondingly decreased.
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Multivariable logistic regression analyses are shown in Table 2. We found that a 10%
increase in European ancestry was associated with a 15% reduction in the odds of having
renal disease after adjustment for disease duration and sex (OR 0.85, 95% CI 0.82-0.87,
p=1.9 x 10730). This model implies that subjects with 100% European ancestry have a 5-
fold lower odds of developing renal disease than those with no European ancestry (OR 0.19,
95% CI 0.15-0.25). A 25% increase in European ancestry, corresponding to an additional
grandparent of European origin, would result in a 34% reduction in the odds of developing
renal disease (OR 0.66, 95% CI 0.62-071). A 50% increase in European ancestry would
result in a 56% reduction in the odds of developing renal disease (OR 0.44, 95% CI
0.38-0.50). We also adjusted for other ancestries, represented by PC2 and PC3, and found
that adding other ancestries to our model did not substantively change the relationship
between European ancestry and renal disease (OR for 10% increase in European ancestry
0.84, 95% Cl1 0.78-0.90, p=3.1 x 10713, table 2).

We compared our main model to a similar model using self-reported ethnicity rather than
genetic ancestry as the primary predictor. Though self-reported European ethnicity was
highly associated with a lower risk of renal disease, this model had a higher Bayesian
information criterion (BIC) than the model using genetic ancestry, suggesting that genetic
ancestry data provides a better model fit (data not shown).

We tested multiple measures of socioeconomic status as factors that may mediate the
relationship between ancestry and renal disease. In bivariate analysis, neither income,
education, nor neighborhood poverty was associated with renal disease. In multivariable
models, adjusting for educational attainment did not alter the relationship between European
ancestry and renal disease (OR for 10% increase in European ancestry 0.83, 95% CI 0.
0.80-0.86, p=5.5 x 10724 Table 2), though educational attainment approached statistical
significance in the model with a p-value of 0.04 (education variable not shown in Table 2).
We compared the BIC from our initial model and the model that included education and
found that adding data on education did not improve the model, as the BIC increased by 3.
Leaving in education and omitting European ancestry strongly weakened the model with a
BIC that increased by 40. Similarly, adding neighborhood poverty and individual income to
our multivariable model did not substantively alter the association between European
ancestry and lupus nephritis or contribute to model fit (results not shown).

Next we examined whether variation in genes associated with renal disease or specific HLA-
DRBL1 alleles could explain the relationship between European ancestry and renal disease.
Among the 64 candidate gene SNPs examined, SNPs in IRF5, BLK, STAT4, ITGAM and
HLA-DRB1*0301 and DRB1* 1501 showed some evidence of association with SLE
(unadjusted p<0.05, Supplementary Table 1). Though these SNPs were not definitively
associated with lupus nephritis, we included them as possible explanatory covariates in our
multivariate model. We thus adjusted our multivariable model for the top SNPs in these
genes, retaining only those SNPs that were significant at p<0.05 in the final model. We
found that the odds ratio for renal disease associated with a 10% increase in European
ancestry was similar to that seen in other analyses (OR for 10% increase in European
ancestry 0.84, 95% CI 0.78-0.90, p-5.1x1077). The BIC increased by 6 when these SNPs
were added to the model. A model with only these SNPs but no European ancestry
information was clearly inferior, with a BIC that increased by 18. Adding HLA alleles to the
model significantly reduced our sample size and widened the confidence intervals, though
the point estimate for the odds ratio associated with European ancestry did not change
substantially (OR=0.82, 95% CI 0.69-0.98, p=0.032, table 2). Adding HLA data to our
model did lower the BIC by 2 suggesting a somewhat improved fit.
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Lastly, we examined the association between European ancestry and renal disease within
clusters of ancestrally similar participants defined by principal components. The cluster
analysis revealed four groups, which corresponded to self-reported European American,
Hispanic, African American, and East Asian ethnicities. Within each cluster, we examined
the association between European ancestry and renal disease using logistic regression.
Within the European American cluster, a 10% increase in European ancestry was associated
with a 15% reduction in the odds of developing renal disease, similar to what we had seen in
previous analyses. Though not statistically significant, the point estimates for the odds ratios
within the Hispanic, African American, and East Asian clusters were all less than one. This
result suggests that even within these ethnic groups, as the proportion of European ancestry
increases, the risk of lupus nephritis may decrease. The test for heterogeneity of ORs across
these groups was not significant (p=0.61) and supported combining these results via meta-
analysis. The combined OR per 10% European ancestry was 0.89 (95% CI 0.82-0.97), p=2.5
x 107197 (Figure 4).

Discussion

Epidemiologic studies of SLE performed as early as the 1960s have noted that SLE is not
only more common, but also more severe among minority populations in the United States
(23). Subsequent studies have confirmed this finding and generated vigorous debate over
whether environmental or genetic factors might account for these differences. Using
traditional epidemiologic methods to disentangle genetics and environment, though, has
often proven difficult (24-26). Here we have demonstrated that European ancestry is an
important predictor of renal disease risk in SLE, independent of socioeconomic status and
other ancestries. Our approach does not assume that ethnic groups are homogeneous but
rather specifically capitalizes on genetic heterogeneity within groups as well as genetic
commonality among groups to more effectively dissect the relationship between ethnicity,
genetics, and disease risk. Using this approach, we have demonstrated the importance of
genetic ancestry in the development of lupus nephritis in a diverse cohort of SLE patients.

While European ancestry may be protective against the development of lupus nephritis, the
mechanisms by which this effect operates remain more difficult to elucidate. Adjusting for
candidate genes for lupus nephritis did not markedly attenuate the association between
European ancestry and renal disease. There are several possible explanations for this
observation. First, we examined a limited set of candidate genes. Other genes not included
here may account for the observed association between ancestry and renal disease. Indeed,
some recent studies have shown that variants of MYH9/APOL.1 appear to be risk factors for
glomerulosclerosis in African Americans and Hispanics (27, 28). A recent study examining
the association between MYH9 and lupus nephritis found that particular SNPs in MYH9
were in fact associated with lupus nephritis in European populations as well as among the
Gullah, a genetically isolated African American population. This finding, though, was not
replicated among other African Americans, Asians, or Hispanics (29). Subsequent studies
have failed to confirm that MYH?9 plays a critical role in ethnic differences in the
development of lupus nephritis (30). Given this uncertainty about the role of MYH9 in lupus
nephritis across ethnic populations, it seems unlikely that the addition of MYH9 alone to our
models would explain the effect of European ancestry.

It is also possible that genetic ancestry does not reflect single gene differences but rather
captures the more subtle genetic effects of many genes with small effect sizes that vary
across populations. Similarly, European ancestry may capture gene-ancestry or gene-
environment interactions, genetic phenomena that could alter disease characteristics across
populations but are more difficult to quantify. Ancestry thus may function as a “summary
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measure” of these small effects, which, though important, are more challenging to detect and
describe.

Lastly, the association between European ancestry and lupus nephritis may not reflect
genetic effects at all but rather socioeconomic or social factors. We have adjusted for other
ancestries, and thus the cultural and environmental factors that may be associated with these
ancestries, and for several measures of socioeconomic status in our analyses. Still, our
results may still be confounded by non-genetic factors. The social aspects of ethnicity are
complex and may not be completely captured by relatively simple measures of
socioeconomic status (31). Unmeasured environmental factors could account for our results.
Furthermore, for historical reasons, even among admixed populations, socioeconomic status
and ancestry remain intertwined and residual confounding may persist (32, 33). Though we
cannot fully exclude the possibility that unmeasured environmental factors account for our
observed results, it is nonetheless interesting that SES was not associated with lupus
nephritis in bivariate analysis and adjusting for multiple measures of SES had little effect on
our results. These findings may suggest that SES, as measured by education, income, and
neighborhood poverty, plays a much smaller role in the development of renal disease in SLE
compared to ancestral genetics.

This study has some important limitations. First, we examined a small number of SNPs,
which, as noted, may not adequately capture genes that do account for differences in risk of
renal disease associated with ancestry. Second, we did not have candidate gene data
available for all participants. We excluded the subset of participants genotyped on the 12K
platform, thereby reducing our sample size. Similarly, we had HLA-DRB1 data available for
only self-identified European Americans and African Americans. The limited sample size
makes detecting smaller effects difficult. Our participants belonged to two distinct cohorts
and most of the participants from the ABCoN cohort were African American. This
demographic imbalance could have introduced a selection bias if participants were classified
or treated differently in each cohort. We performed a sensitivity analysis excluding ABCoN
participants and found that our main results did not change, making significant selection bias
unlikely. Lastly, as noted, though we adjusted for several measures of socioeconomic status,
unmeasured environmental covariates or residual confounding may account for our results.

In summary, we have identified European ancestry as a factor important in the development
of renal disease in SLE. These results suggest that genetics plays a critical role in
determining susceptibility to lupus nephritis. Further studies aimed at parsing ancestry-
specific risk may help identify important risk alleles and ultimately may improve our
understanding of both the factors leading to the development of renal disease in SLE and the
patients most at risk for developing this complication.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study Design. This figure illustrates the groups of participants included in this study as well
as the analytic design.
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Figure 2.

Genetic Ancestry Estimation for 1906 Study Participants. Each vertical bar along the x-axis
represents an individual participant; bars are shaded according participants’ genetic ancestry.
Individuals are grouped along the x-axis according to self-identified ethnicity. SAS=South
Asian, EAS=East Asian, AMI=Amerindian, AFR=African, EURA=European.
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Figure 3.
Renal Disease Status by Percent European Ancestry. Participants are grouped along the x-

axis according to percent European ancestry; the height of the bar represents the proportion
of participants with or without renal disease.
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Figure4.

Meta Analysis of PC-Based Clusters. Using a K means cluster analysis of ancestry data,
participants were grouped into four clusters that reflected similar ancestral genetics. The
forest plot here depicts the odds ratios (ORs) for renal disease per 10% increase in European
ancestry within each cluster. The overall OR was derived by combining cluster-specific ORs

using a random-effects model.
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Table 1
Demographic and Clinical Characteristics of 1906 SLE Cases

Page 15

European  African ) ) East
American American Hispanic  Asian N

Characteristic All (n=1906)  (n=1009) (n=331) (n=247) (n=214) Other (n=105) p
Female, n (%) 1744 (92) 921(91)  310(94) 226(92) 194 (91) 96 (91) 0.73
Median disease duration, years (IQR) 6 (2-13) 7 (2-14) 8 (4-15) 5(2-10) 6(3-13) 5(1-11) 0.0001
Renal Disease, n (%) 656 (34) 231(23) 156 (47) 100 (41) 127 (59) 42 (40) <0.0005
Education,”* n (%)

Less than HS 56 (5) 14 (2) 27 (11) 8(7) 3(3) 4(6) <0.0005

HS 214(18) 102 (16) 55 (23) 28(26)  19(17) 10 (16)

Some college 473 (40) 255(39)  101(43) 53(50)  33(29) 31 (49)

College 264 (23) 169 (26) 27 (12) 11(10) 45 (40) 12 (19)

Professional 160 (14) 108 (17) 26 (11) 7(7) 13 (11) 6 (10)
Household income, n (%)

< $20,000 210 (20) 80 (14) 90 (41) 14 (15) 17 (17) 9 (16) <0.0005

$20,000-40,000 229 (22) 126 (21) 45 (21) 26(28) 13 (13) 19 (33)

$40,000-60,000 195 (18) 113 (19) 35 (16) 21(23)  15(15) 11 (19)

$60,000-80,000 144 (14) 90 (15) 20 (9) 10(11) 17 (17) 7(12)

$80,000-100,000 103 (10) 66 (11) 11 (5) 12(13)  11(11) 3(5)

>$100,00 178 (17) 117 (20) 16 (7) 9(10)  27(27) 9 (16)
Lives in a neighborhood with >30%
residents in poverty, n (%) 79 (9) 32 (6) 22 (30) 13 (17) 4 (5) 8 (17) <0.0005

*
Group differences evaluated using chi square test or Kruskal Wallis test

*

Arthritis Rheum. Author manuscript; available in PMC 2013 December 17.

*
HS=high school. “Some college” includes an associate’s degree, technical degree, or an attempted but not completed 4 year degree.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Richman et al.
Table 2
Association between European Ancestry and Renal Disease among SLE Cases
OR for 10% 1 in

Model N Euro Ancestry 95% ClI p-value
European ancestry + disease duration, * . 30
sex (Model 1) 1820 0.85 0.82-0.87  1.9x10
Model 1 + other genetic ancestries 1820 0.82 0.77-0.87  3.1x10713
Model 1 + educational attainment 1129 0.83 0.80-0.86  5.5x107%
Model 1 + IRF5 (rs4728142),
BLK (rs2736340), STAT4 (rs3024912) 1413 0.84 0.78-0.90  5.1x1077
+ other genetic ancestries
Model 1 + IRF5 (rs4728142),
BLK (rs2736340), STAT4 (rs3024912),

753 0.82 0.69-0.98 0.032

HLA DRB1"0301: *1501, other genetic
ancestriesT
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*
Though the initial study population included 1906 participants, 86 were dropped from multivariable analyses (85 due to missing disease duration

d
+

ata, one due to missing sex data).

Only SNPs with p<0.05 in multivariable models were retained in the final model.
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