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Abstract
Objective—Systemic lupus erythematosus (SLE) and lupus nephritis (LN) disproportionately
affect racial/ethnic minorities and lower socioeconomic status (SES) individuals. We investigated
the epidemiology and sociodemographics of SLE and LN in the low-income U.S. Medicaid
population.

Methods—We utilized Medicaid Analytic eXtract data, with billing claims from 47 states and
Washington, D.C. for 23.9 million individuals, aged 18–65 years, enrolled in Medicaid for >3
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months, 2000–2004. Individuals with SLE (> 3 visits, ICD-9 code 710.0, >30 days apart) and with
LN (>2 ICD-9 codes for glomerulonephritis, proteinuria or renal failure) were identified. We
calculated SLE and LN prevalence and incidence, stratified by sociodemographic categories, and
adjusted for number of American College of Rheumatology (ACR) member rheumatologists and
SES using a validated composite of U.S. Census variables.

Results—We identified 34,339 individuals with SLE (prevalence = 143.7/100,000) and 7,388
(21.5%) with LN (prevalence = 30.9/100,000). SLE prevalence was 6 times higher among women,
nearly double in African American compared to White women, and highest in the U.S. South. LN
prevalence was higher among all racial/ethnic groups compared to Whites. The lowest SES areas
had the highest prevalence; areas with the fewest ACR rheumatologists had the lowest. SLE
incidence was 23.2/100,000 person-years, and LN incidence was 6.9/100,000 person-years, with
similar sociodemographic trends.

Conclusions—In this nationwide Medicaid population, there was sociodemographic variation in
SLE and LN prevalence and incidence. Understanding the increased burden of SLE and its
complications in this low-income population has implications for resource allocation and access to
subspecialty care.
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Systemic lupus erythematosus (SLE) is a complex autoimmune disease with substantial
variation by sex, race, ethnicity and socioeconomic status (1–4). Past estimates of SLE
prevalence in the adult U.S. population range from 24 to 150 per 100,000 (5, 6) and
incidence from 2.2 to 5.6 per 100,000 (7, 8) (Table 1). Despite the wide variation in these
estimates, rates are consistently higher in women compared to men and in African
Americans compared to Caucasians. Prior studies also suggest increased prevalence among
Asians, Hispanics and Native Americans (2, 9–11). To date, however, there are no U.S.
nationwide administrative database examinations of the sociodemographics of adult SLE
prevalence or incidence. A number of studies suggest that lupus nephritis (LN), one of the
most severe manifestations of SLE, is both more common and more severe in racial and
ethnic minorities, and progression to end-stage renal disease is higher in minority,
uninsured, and low socioeconomic status (SES) groups (3, 11–18). Currently, no studies are
available that investigate the prevalence or incidence of LN in a large, low-income U.S.
population.

In this study we used nationwide Medicaid claims data to investigate sociodemographic
differences in the incidence and prevalence of SLE and LN among U.S. adults. Medicaid is
a U.S. federal-state jointly run insurance program that provides health and long-term care
coverage to eligible low-income individuals (19). Within this population, we investigated
whether county-level SES and the number of rheumatologists per state (approximated using
American College of Rheumatology (ACR) members), were related to differences in
incidence and prevalence of SLE and LN, and the degree to which these variables could
explain variation by race and ethnicity. Our goal was to provide a better understanding of
the burden of SLE and LN among low-income, high-risk U.S. adults, which will encourage
the necessary allocation of resources for early detection and essential treatment. We
hypothesized that there would be significant variation in incidence and prevalence of SLE
and LN by sociodemographic group, but that SES and the number of rheumatologists would
modify these differences.
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Methods
Study Population

The Medicaid Analytic eXtract (MAX) administrative data system contains billing claims
and demographics for all Medicaid enrollees from 47 states and the District of Columbia.
Arizona, Tennessee and Maine do not contribute data to MAX. We included all adults, aged
18 to 65 years, who were enrolled for at least three months, from January 1, 2000 to
December 31, 2004.

Outcomes
We defined individuals with SLE as having ≥ 3 International Classification of Diseases,
ninth revision (ICD-9) codes for SLE (710.0), each at least 30 days apart, from hospital
discharge diagnoses or physician visit claims. We required three billing codes to eliminate
“rule-out” SLE cases. Among individuals with SLE, we identified those with lupus nephritis
(LN), defined as having ≥ 2 ICD-9 hospital discharge diagnoses or physician billing claims
for nephritis, proteinuria and/or renal failure, on or after the SLE diagnosis, and at least 30
days apart. This algorithm has been demonstrated to have a positive predictive value of 80
percent for the identification of adults with LN in a Medicaid population (20). We also
performed a sensitivity analysis for LN that used >2 SLE claims with the aforementioned >2
LN-related claims.

Other Characteristics
We extracted demographic data for all Medicaid enrollees including age, sex, and race/
ethnicity. Race/ethnicity is categorized by Medicaid based on self-report, as White, Black or
African American, American Indian or Alaskan Native, Asian, Hispanic or Latino, Native
Hawaiian or other Pacific Islander, Hispanic or Latino and one or more races (starting in
May 2000), more than one race (starting in May 2000), or unknown. Due to small numbers,
our analysis utilized the following previously defined, combined categories: White, Black or
African American, Hispanic or Latino (including Hispanic or Latino and one or more races),
Asian (including Native Hawaiian or other Pacific Islander), Native American (including
American Indian or Alaskan Native), and Other (including unknown) (21). We determined
location of residence by ZIP code and U.S. Census region (Northeast, Midwest, South or
West).

From the 2000 U.S. Census (22), we identified seven socioeconomic indicators at the ZIP
code level: median household income, proportion with income below 200% of the federal
poverty level, median home value, median monthly rent, mean education level, proportion
of people age >25 who were college graduates, and proportion of employed persons with a
professional occupation (23).

At our request, the ACR provided the number of ACR member rheumatologists practicing
per year in each ZIP code in the US between 2000 and 2004. We first aggregated the
number of ACR member rheumatologists per ZIP code to the number per county. We found
that 80% of counties had no ACR member rheumatologists, 6.8% had only one ACR
member rheumatologist and 13.2 % had greater than one. We thus aggregated these data to
the average number of ACR member rheumatologists per year per state.

Statistical Analysis
We calculated the prevalence of SLE and of LN per 100,000 Medicaid-enrolled adults, aged
18 to 65 years, between 2000 and 2004, with 95% confidence intervals (CIs). Overall
prevalence was calculated, stratified by sex, age, race/ethnicity, and U.S. region, and then
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cross-classified by sex and racial/ethnic group. We used Poisson regression techniques to
estimate prevalence rate ratios and corresponding 95% CIs.

To calculate annual incidence rates and 95% CIs for SLE and LN, individuals with newly
diagnosed SLE and LN, identified by the above method, were included if they had a
minimum of 24 months of Medicaid enrollment without any SLE or LN claims. SLE onset
was defined as the date of the first SLE or LN claim. Individuals contributed to the person-
months denominator once they had 24 months of Medicaid enrollment with no SLE-related
claims. Once an individual met the billing claim definition for SLE or LN, they were
censored from the cohort denominator at the time of the first SLE or LN claim. Average
annual incidence rates (per 12 months enrollment) for 2002 through 2004 were calculated
for the total cohort and then stratified by sex, racial/ethnic group, and region. Incidence rate
ratios with 95% CIs were calculated using Poisson regression techniques.

As Medicaid patients may have discontinuous coverage, we conducted sensitivity analyses
for incidence rate calculations, restricted to adults with 24 months of continuous Medicaid
enrollment with no prior SLE-related claims. We also performed sensitivity analyses
requiring 36 months of continuous and non-continuous enrollment with no prior SLE-related
claims to reduce misclassification of prevalent cases.

We defined area-level SES using a previously validated composite score of the
aforementioned U.S. Census variables by ZIP code (23). We aggregated ZIP code level SES
data to the county level and then divided it into quartiles (< −1.62, >1.62- −0.74, >−0.74 –
0.26 and >0.26). We adjusted SLE and LN prevalence, prevalence rate ratios, incidence and
incidence rate ratios by these SES quartiles using generalized linear models, and cross-
classified by SES and sex, race/ethnicity and geographic region. We adjusted prevalence in
each SES strata by age, sex and race/ethnicity. We then performed the Cochran-Armitage
trend test to assess for a linear trend across quartiles. We also adjusted SLE and LN
prevalence, prevalence rate ratios, incidence and incidence rate ratios by the number of ACR
member rheumatologists per state, categorized by quartiles (<13.6, >13.6 – 33.1, >33.1 – 75
and >75), and assessed for prevalence and incidence rate ratios, and for trend, as above.

All analyses were conducted in SAS, (Version 9.2, Cary, NC). Data were obtained from the
Center for Medicare and Medicaid Services (CMS) through an approved data use agreement
and are presented in accordance with their policies. The Institutional Review Board of
Partners Healthcare waived human subjects’ approval for this study.

Results
From 2000 to 2004, a total of 23,893,092 individuals, aged 18 to 65 years were enrolled in
Medicaid. We identified 34,339 individuals with SLE, for an overall prevalence of 143.7 per
100,000. The prevalence of SLE among females was 6 times higher compared to males;
38.5% of individuals with SLE were African American, 13.9% Hispanic, 4.2% Asian, 1.5%
Native American, and 36.2% White. The highest SLE prevalence was in the South (163.5
per 100,000) and the lowest was in the Northeast (125.2 per 100,000). The prevalence of
SLE stratified by sociodemographic group is shown in Table 2. African American women
had the highest prevalence of SLE, 286.4 per 100,000; nearly twice as high as White
women.

We identified 7,388 individuals with LN, (Table 2) with a prevalence of 30.9 per 100,000.
The prevalence of LN was four times higher among females compared to males and nearly
four times higher among African Americans compared to Whites. The prevalence of LN was
also highest in the South, and among African American women (74.6 per 100,000) and
Asian women (80.7 per 100,000). Our sensitivity analysis, which required >2 SLE claims,
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rather than the original >3, resulted in an overall LN prevalence of 34.1 per 100,000, or
8,158 cases.

From 2002 to 2004, the average annual incidence rate of SLE in this Medicaid population
was 23.17 per 100,000 person-years. The average incidence rate of LN was 6.85 per 100,000
person-years. Incidence rates, by sociodemographic group, are presented in Table 3. The
incidence of SLE was higher both in the 30–49 year and the 50–64 year age groups,
compared to the youngest stratum. Incidence of SLE was highest among African American
females (38.62 per 100,000 person-years), and among Native American females (37.31 per
100,000 person-years). Similar to prevalence, the South had the highest incidence of SLE
compared to other geographic regions. The incidence of LN was also highest in the older
age groups, in females, and in African Americans. The results of our three sensitivity
analyses for SLE and LN with varying times of enrollment, both continuous and non-
continuous, yielded incidence rates comparable to our main analyses (Supplemental Tables
1 and 2).

We investigated the overall prevalence and incidence of SLE and LN by quartiles of county-
level SES and number of ACR member rheumatologists per state, both crude and adjusted
for age, sex, and race/ethnicity. Stratified SLE and LN prevalence estimates by SES are
displayed graphically in Figure 1; incidence did not vary significantly by SES quartile. We
found statistically significant differences between the lowest SES group, which had the
highest SLE prevalence (167.9 per 100,000, 95% CI 160.4–175.7) and the two highest SES
quartiles, which had the lowest SLE prevalence. We observed a similar pattern after
adjusting for age, sex and race/ethnicity with the highest prevalence in the lowest SES group
(104.9 per 100,000, 95% CI 99.8–110.3). The difference in prevalence between the two
lowest and the two highest SES strata was small, however we noted a trend of decreased
SLE prevalence with increased SES (Cochran-Armitage test for linear trend, p=0.001). The
trend of LN prevalence did not differ significantly across SES quartiles (p=0.98).

When stratified by the average number of ACR member rheumatologists per state in
quartiles, areas with the fewest rheumatologists had the lowest prevalence of both SLE
(127.7 per 100,000, 95% CI 119.4–136.5) and LN (24.7 per 100,000, 95% CI 21.2–28.8)
(Figure 2). The test for linear trend across quartiles of rheumatologists per state was
significant for SLE (p=0.02), and for LN (p=0.03). After adjusting both SLE and LN
estimates for age, sex and race/ethnicity, this trend was no longer observed. Incidence
estimates stratified by number of rheumatologists were not statistically significant.

We calculated prevalence rate ratios and incidence rate ratios, with 95% CIs both for SLE
and for LN, to compare rates between sociodemographic groups (Table 4). The crude rate
ratios demonstrated the significantly increased prevalence and incidence of SLE and LN
among females compared to males and African Americans compared to Whites. Table 4 also
shows prevalence and incidence rate ratios adjusted by SES and rheumatologist per state
quartiles, first separately, then combined. There were no statistically significant differences
in the rate ratios by sex, race/ethnicity or region after adjusting by SES, rheumatologists or
both.

Discussion
Our study employed nationwide Medicaid claims data to investigate sociodemographic
variation in SLE and LN, and the impact of SES and rheumatologist number on disease
prevalence and incidence. We found the overall prevalence of SLE to be 143.7 per 100,000
adults, which is slightly greater than prior U.S.-based estimates (Table 1), but in line with
the high-risk population included in this study. The prevalence of LN was 30.9 per 100,000,
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or 21.5% of SLE cases, with higher rates among all racial/ethnic groups compared to
Whites. This LN prevalence, particularly among African Americans, (26.7% of SLE cases),
is lower than prior estimates (16). This may be a reflection of the short follow-up period of
this study, or of under-diagnosis among low-income patients with public insurance,
previously shown to have limited access to subspecialty care (15). We found the incidence
of SLE to be 23 per 100,000 person-years, notably higher than prior U.S.-based estimates,
but consistent in multiple sensitivity analyses. Both prevalence and incidence of SLE and of
LN varied considerably between demographically, socioeconomically and geographically
defined subgroups.

A complex interplay of genetic, hormonal, environmental, and socioeconomic factors likely
contributes to the incidence and prevalence of SLE, and to variations by gender, race/
ethnicity and income level (24, 25). Genetic differences by race have been invoked to
explain the younger age of onset of SLE among African Americans, and a higher prevalence
of serologic abnormalities in African Americans compared to Whites (4, 7, 26). In addition
to genetics however, occupational and environmental exposures may relate to the risk of
SLE development (24, 25, 27–29). Low SES neighborhoods are often in closer proximity to
hazardous wastes and experience more air pollution (30) and workplace exposures,
particularly to silica dust, are more likely from manual labor jobs. Risk of SLE is likely
higher among current cigarette smokers, and there are higher rates of smoking in poorer
populations (31, 32). A relationship between psychosocial stress and the development of
autoimmune diseases like SLE has been suggested (33) and there are known associations
between residence in a high poverty neighborhood and increased stress (34).

The U.S. Medicaid population is a high poverty group, with significant racial and ethnic
minority representation, and a considerable burden of chronic diseases. Prior studies have
demonstrated that living in a low SES area confers increased risk of progressive chronic
illnesses and an additional mortality risk (35–38). After stratifying Medicaid enrollees by
SES quartile and adjusting for age, sex, race and ethnicity, we found that the quartile with
the lowest county-level SES had the highest prevalence of both SLE and LN. Although there
are no past studies of prevalence of SLE according to SES, a relationship between poverty
and increased SLE severity and mortality, independent of race and ethnicity, has been
demonstrated (2, 39–41). Chronic disease and poor health likely also contribute to lower
SES because of disability, missed work, and decreased earning potential (42). The trend of
decreasing prevalence with increasing SES was statistically significant for SLE but not for
LN. This suggests that genetics may be a more important determinant in the development of
LN compared to SLE. It is also possible that once individuals enter into care for their SLE,
socioeconomic factors contribute less to disease complications.

Both SLE and LN incidence were not strongly related to county-level SES. Similarly,
prevalence and incidence rate ratios were not significantly different after stratifying by
sociodemographic group and adjusting by SES. The Medicaid population is enriched for
lower SES compared to the overall U.S. population and therefore, variation by degree of
poverty may be less pronounced. It is also plausible that the relatively small sample size of
individuals in the stratified groups reduced the possibility of detecting subtle differences.

We also demonstrated a relationship between the average number of ACR member
rheumatologists per state and the prevalence of SLE and LN, suggesting that access to
subspecialty care may play a role in both diagnosis and management. Lower income, even
when adjusted for health insurance status, has been associated with decreased access to
rheumatologic care (43). A prior study showed that individuals who were older and poorer
were significantly less likely to identify a rheumatologist as their primary SLE provider
(43). African Americans, and women in particular, were also shown to have significantly
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fewer visits to a rheumatologist compared to White men (44). We found the lowest
prevalence of SLE and LN in the areas with the fewest rheumatologists and a statistically
significant trend of higher disease prevalence in areas with more rheumatologists. However,
when adjusted for age, sex, race and ethnicity, this trend was no longer observed. Our
analysis parallels a recent study that suggested that subspecialty care might modify the
relationship between race and receipt of appropriate medications for individuals with
rheumatoid arthritis (45).

In keeping with prior studies, our SLE prevalence and incidence estimates were significantly
higher in women compared to men. The incidence of LN paralleled that of SLE; both six
times higher in women than men; whereas the prevalence of LN was only three times higher
in women than men. Male patients with lupus nephritis have more significant renal
dysfunction and laboratory abnormalities than female patients (46, 47). Suspicion for SLE
among health care providers may be higher for women, and they therefore may be diagnosed
earlier with less severe disease. It is also possible that the stringent definition of LN we used
restricted inclusion to the most severe cases and shifted the observed female to male ratio
downward.

There are other limitations to administrative database analyses. A prior Canadian-based
study utilized two SLE billing diagnoses at least two months apart to determine prevalence
and incidence of SLE and demonstrated a sensitivity of 98.2% and a specificity of 72.5% for
this method (48). In our study, we raised this to three billing diagnoses in an attempt to
increase our specificity, to account for the inability to differentiate between provider
specialties in this Medicaid database, and to exclude individuals who were seen for one
“rule-out” SLE visit and once in follow-up. Given our more stringent definition of SLE, it is
plausible that our higher prevalence of SLE compared to prior studies is a reflection of the
increased disease burden in this high-risk population.

A validation study using adult Medicaid enrollees had an 80% positive predictive value for
correctly identifying LN cases with the ICD-9 diagnostic codes we utilized (20). Both
diagnoses of SLE and renal disease were required for classification as LN, although these
diagnoses could occur simultaneously. Thus, it is possible, that cases were excluded, as they
did not receive the combination of ICD-9 codes for both SLE and renal disease. While the
prevalence of LN did not vary substantially when fewer diagnoses of SLE were required in a
sensitivity analysis, some cases may have been missed given the duration of Medicaid
enrollment necessary to accumulate the required codes.

Our incidence rates may be higher than in prior studies as only 5 years of billing claims data
were available. Sensitivity analyses utilizing 24 to 36 months of prior disease-free
continuous and non-continuous enrollment yielded similar incidence rates. Given
fluctuations in Medicaid coverage however, it is possible that a proportion of these incident
cases may be misclassified prevalent cases. These incident rates therefore reflect the number
of new SLE cases without a prior diagnosis while enrolled in Medicaid during the study
period, which is not necessarily generalizable to the incidence of SLE in the U.S.
population.

Our study was also constrained by Medicaid’s pre-specified categories for race and
ethnicity, which we had to further combine in related groups to allow for a sample size
amenable to analysis. However, prior studies have shown different risks between individuals
categorized within the same racial/ethnic group, for example, between African Americans of
varying degrees of European ancestry, and among Hispanics with higher Native American
ancestry (49). Crossover between the groups may have reduced even more significant
variations.
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In addition, we utilized data from the ACR to approximate the number of practicing
rheumatologists per state. A prior study used a combination of American Medical
Association records and ACR records and determined that in 2005, there were 5,164 total
U.S. rheumatologists. In 2005, 4,146 (80.3%) were ACR members (50). To our knowledge,
there were no significant temporal changes between 2000 and 2004 that would contribute to
a different percentage of ACR membership compared to 2005. We do note however, that the
percentage of rheumatologists who do not choose to be ACR members may not be evenly
distributed geographically and this is a limitation of this study.

In summary, we have examined the incidence and prevalence of SLE and LN in a
nationwide Medicaid database with information on nearly 24 million racially, ethnically and
geographically diverse individuals. Patients from the lowest SES areas had the highest
prevalence of disease. Areas with the fewest ACR member rheumatologists had the lowest
prevalence, suggesting under-diagnosis and likely unequal access to treatment. Medicaid
enrollees are among the poorest subset of the U.S. population. It is clear that increased
resources need to be allocated to this group to target this heightened burden of chronic
diseases.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Prevalence of systemic lupus erythematosus (SLE) and lupus nephritis (LN) per 100,000,
stratified by socioeconomic status (SES) quartile (SES 1 (lowest): ≤ −1.62, SES 2: >1.62
and ≤−0.72, SES 3: >0.72 and ≤0.26, SES 4 (highest): >0.26), crude and adjusted by age
group, sex and race/ethnicity. Bars represent 95% confidence intervals.
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Figure 2.
Prevalence of systemic lupus erythematosus (SLE) and lupus nephritis (LN) stratified by
number of American College of Rheumatology Member Rheumatologists per state (RS) by
quartile (RS 1 (lowest): ≤ 13.6, RS 2: >13.6 and ≤ 33.1, RS 3: >33.1 and ≤75, RS 4
(highest): >75), crude and adjusted by age group, sex and race/ethnicity. Bars represent 95%
confidence intervals.
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Table 1

Previous Estimates of the Prevalence and Incidence of Systemic Lupus Erythematosus (SLE) in the U.S. per
100,000 Adults

Author; Year of Publication Study Method; Location Prevalence Estimate
(per 100,000 adults)

Incidence Estimate
(per 100,000 adults)

Fessel et al; 1974 HMO inpatient and
outpatient records; CA

44 (White adults)
100 (White women)

400 (AA women)*

---

Hochberg et al;
1985

First hospitalization
discharge diagnosis, age
and race adjusted; MD

--- 2.2 (White adults)
0.4 (White men)
3.9 (White women)
7.2 (AA adults)
2.5 (AA men)
11.4 (AA women)

McCarty et al;
1995

Medical record review, 3
source capture-recapture
technique; PA

--- 2.0 (White adults)
0.4 (White men)
3.5 (White women)
5.3 (AA adults)
0.7 (AA men)
9.2 (AA women)

Maskarinec et
al;1995

Population-based medical
records and patient
support group; HI

55 (White and Japanese adults)
100 (Chinese adults)

---

Jacobson et al.;
1997

Pooled from 23 prior
studies; North America and
Europe

23.8 (All adults) ---

Uramoto et al;
1999

Medical record review,
age and sex-adjusted; MN

130 (All adults) 5.56 (Overall)

Balluz et al; 2001 Interviews, examination,
serology; AZ

103 (Hispanic women) ---

Ward et al; 2004 Self-reported diagnoses
and prescriptions,
NHANES III; U.S.

53.6 (All adults)
100 (Adult women)

---

Naleway et al;
2005

Medical record review;
WI

--- 5.1 (Overall)
1.9 (Adult men)
8.2 (Adult women)

Karlson et al; 2007 Medical record review;
MA

256 (AA women) ---

Chakravarty et al;
2007

Frequency of
hospitalization, discharge
diagnoses, chart review;
CA, PA

107.6 (All adults, CA)
406.3 (AA women, CA)
149.5 (All adults, PA)
693.7 (All women, PA)

---

Helmick et al; 2008 City-based SLE
prevalence and 2005 U.S.
Census population
estimates; U.S.

54.3 (Definite SLE) †
108.6 (Suspected SLE)

---

*
AA=African American

†
This study differentiated between “definite SLE” and “suspected SLE.” Suspected SLE were cases that did not meet ACR SLE criteria but

thought to be likely to at some point meet criteria.
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