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Abstract

Objectives—There is paucity of population-based studies investigating the epidemiology of
lupus nephritis (LN) in the US and long-term secular trends of the disease and its outcomes. We
aimed to examine the epidemiology of LN in a well-defined eight-county region in the US.

Methods—~Patients with incident LN between 1976 and 2018 (1976-2009 Olmsted County,
2010-2018 eight-county region) in Minnesota were identified. Age- and sex-specific incidence
rates and point prevalence for four decades, adjusted to the projected 2000 US population, were
reported. Standardized mortality ratios (SMR), survival rates, and time to end-stage renal disease
(ESRD) were estimated.

Results—There were 72 patients with incident LN between 1976-2018. Mean age at diagnosis
was 38.4 years (SD 16.24), 76% were female, and 69% non-Hispanic White. Average annual LN
incidence between 1976 and 2018 was 1 per 100,000 population (95%CI 0.8-1.3) and highest
in the 30-39 age group. Between 1976-1989 and 2000-2018 periods, overall incidence of LN
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increased from 0.7 to 1.3 per 100,000, but this was not statistically significant. Estimated LN
prevalence increased from 16.8 in 1985 to 21.2 per 100,000 in 2015. LN had an SMR of 6.33
(95% CI 3.81-9.89) with no improvement in mortality gap in the last four decades. At 10 years,
survival was 70%, and 13% had ESRD.

Conclusion—The incidence and prevalence of LN in this area increased in the last four decades.
LN patients have poor outcomes with high rates of ESRD and mortality rates six times that of the
general population.
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Introduction:

Lupus nephritis (LN) is one of the most severe manifestations of systemic lupus
erythematosus (SLE) and can result in end-stage renal disease (ESRD). It is estimated that
LN affects 20% to 65% of patients with SLE based on prior cohort studies (1-3). LN patients
often require significant immunosuppression, increasing the risk of comorbid conditions and
infections.

Given the fragmentation of the US healthcare system, it is difficult to estimate the incidence
and prevalence of LN in the general population. While LN has been a clearly identified
phenotype that has different long-term outcomes and has received substantial attention as

an independent subset of SLE requiring its own therapeutic strategies, clinical trials, and
clinical practice guidelines, the characterization of the epidemiology of LN has been rarely
done as an individual subgroup (4,5). In addition, in earlier SLE classification criteria,
patients with lupus nephritis (even if biopsy-proven and positive to anti dsSDNA) without
other non-renal manifestations did not classify for SLE, thus potentially resulting in the
under-representation of patients with LN in SLE studies that relied on the American College
of Rheumatology 1997 (or earlier versions) classification criteria for case identification. (6).
Finally, patients with LN are seen by providers in multiple specialties, including nephrology,
rheumatology, and internal medicine. Therefore, cohorts based on specialty clinics may

not capture the whole spectrum of the disease. While the Centers for Disease Control

and Prevention (CDC) lupus registries have provided high-quality population-based data
regarding the epidemiology of SLE, LN epidemiology was not reported as an independent
subgroup (7-11). Recent data showed that the incidence and prevalence of SLE are rising

in the US, partly due to increasing racial diversity in the US population (12). It is unknown
whether these changes also led to an increase in the incidence of LN.

A prior study using US Medicaid claims for LN demonstrated an incidence of 6.92/100,000
person-years and a prevalence of 30.9/100,000 among Medicaid beneficiaries (13). However,
this study used a claims-based algorithm relying on ICD-9 codes for case identification

(13). This algorithm misclassifies around >20% of the cases (14). In addition, the data

was from almost two decades ago with short ascertainment periods; it may under-ascertain
individuals with renal disease since patients with end-stage renal disease are insured

mainly by Medicare. Thus, they could not examine the long-term secular trends of LN
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epidemiology and its outcomes. The literature on mortality of LN from cohort studies in
Asia and Europe report standardized mortality rates (SMR) relative to the general population
ranging from 5.9 to 9.0 (15,16); however, there are no population-based SMR estimates from
the US.

In this population-based study of LN in the US, we aimed to characterize the incidence,
prevalence, renal outcomes, and mortality of LN in an eight-county region of Minnesota.

Patients and Methods:

Study design

The Lupus Midwest Network (LUMEN) is the newest population-based lupus registry
funded by the CDC. LUMEN is a population-based registry nested in the Rochester
Epidemiology Project (REP), a record-linkage system. The REP has included patients from
Olmsted County, Minnesota, since 1966 and, in 2010, expanded to additional counties. Eight
contiguous counties with more than 95% population capture in the REP census compared

to the US Census (Olmsted, Mower, Freeborn, Waseca, Steele, Dodge, Wabasha, Goodhue)
were used for this epidemiologic study. Olmsted County comprised 48% of the total eight-
county region population at the time of expansion in 2010. According to US Census data,
Olmsted County had a population of 92,006 in 1980, 29.5% being <18 years of age and 98%
White. In 2010, the population was 144,248, with 25.3% being <18 years of age. The ethnic
distribution in 2010 was 85.7% White, 5.5% Asian/Native Hawaiian/Pacific Islander, 4.8%
African American, 4.2% Hispanic and 0.2% American Indian/Alaska Native. The population
for the eight-county region in 2010 was 311,266. (17) The REP allows ready access to the
medical records from healthcare providers for this population, including the Mayo Clinic
and the Olmsted Medical Center and their affiliated hospitals, local nursing homes, etc.

This system ensures virtually complete ascertainment of all clinically recognized cases of
LN in patients living in the eight-county region, independently of insurance coverage (18).
The demographics, distribution of morbidity, and death rates in the REP region are like
those in the upper Midwest. The characteristics and strengths of the REP, as well as its
generalizability, have been described elsewhere (19,20).

Case finding and ascertainment

Potential LN cases in Olmsted County from 1976-2009, and the eight-county region

from 2010-2018 were identified through two different strategies by examining all medical
records: 1) through hospital International Classification of Disease Adaptation (HICDA),
International Classification of Diseases (ICD)-9, and ICD-10 codes for SLE, cutaneous
lupus erythematosus, and other associated diseases and 2) through laboratory measures
associated with SLE: anti-nuclear antibodies (ANA; with abnormal titers defined as >1:80),
low complement, anti-double-stranded DNA, anti-Sm, lupus anticoagulant anticardiolipin
(1gG, IgM, and IgA), and anti-beta 2 glycoprotein 1 (IgG, IgM, and IgA) antibodies
(Supplemental Table S1). The medical records of all potential LN patients were reviewed
in detail, including clinical notes, pathology reports, and medical photography, for the
following inclusion criteria: either 1)biopsy-proven LN in the presence of a positive ANA
or ds-DNA antibody or 2) meeting 2019 European League Against Rheumatism/American
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College of Rheumatology (EULAR/ACR) criteria (21) and having documented proteinuria
(500 mg in 24 hrs urine collection or protein/creatinine ratio =0.5) that did not have a better
explanation than SLE (e.g., patients with diabetes mellitus or other causes of proteinuria
who did not have a kidney biopsy to confirm LN were excluded).

Data collection

Complete medical records from all healthcare providers were reviewed for each patient
using a standardized, pre-tested Research Electronic Data Capture (REDCap) application.
Information regarding demographics, clinical characteristics, laboratory data were obtained
through the review of the clinical records. Vital status and causes of death were collected
through the REP mortality data which is obtained regularly from the Minnesota State Death
Certificates and National Death Index. The discharge summaries describing the clinical
episode that led to death and autopsies (if available) were reviewed to cross-validate the
cause of death data. Cases were assigned to one of the five mutually exclusive race/ethnicity
groups based on the self-reported information in the medical records: Hispanic (any race),
Asian, White, Black, Other. There were no reported patients of other races/ethnicity.

LN class information was defined according to the 2018 revised International Society of
Nephrology/Renal Pathology Society (ISN/RPS) classification criteria for LN (22). Date of
end-stage renal disease (ESRD) (time of first dialysis session or renal transplant, whichever
occurred first) was collected. Dialysis for acute kidney injury or temporary dialysis was

not considered ESRD. Patients were followed until death, migration out of the 8-county
region, or December 31, 2019. Data abstractors (MH, MVA, JD) were extensively trained
until each abstractor achieved 95% agreement with the senior author for all elements in the
data dictionary. Audits of 10% random samples of the abstracted patients were performed,
and retraining was done as needed to maintain the 95% agreement. AD performed an
independent review of all LN cases to confirm that they met the case definition. An incident
case had to be a resident in one of the eight counties before meeting the case definition

for LN; the earlier date that the patient fulfilled either case definition was considered the
incidence date. A prevalent case needed to reside in the eight-county region and meet either
case definition before or at the time of our four dates of point prevalence: January 15t of
1985, 1995, 2005, and 2015.

Statistical analysis

Descriptive statistics (percentages, means, etc.) were used to summarize the demographics.
Average annual incidence rates were calculated using the number of incident cases as

the numerator, and yearly population counts for residents from the REP census as the
denominator (17). Overall incidence rates were age-adjusted and/or age/sex-adjusted to the
2000 projected US population (23) using eight age groups (<18 years, 18-29 years, 30-39
years, 40-49 years, 50-59 years, 60—69 years, 70-79 years, 80 years and older). To compute
95% confidence intervals (95% CI) for incidence rates, we assumed that the number of
incident cases followed a Poisson distribution. The point prevalences of LN were calculated
on January 1, 1985, January 1, 1995, and January 1, 2005, based on residents of the Olmsted
County population, and on January 1, 2015, based on residents of the eight counties, as

REP included data only for Olmsted County residents before 2010. Given the expansion

of the REP in 2010 to multiple counties, we performed a sensitivity analysis comparing
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the incidence rates of Olmsted County vs. the other 7 Counties included in the study. We
estimated the survival rates following the diagnosis of LN using Kaplan-Meier methods and
compared them to expected survival obtained from lifetables of the Minnesota population.
Trends in incidence, prevalence, and standardized mortality ratios (direct standardization)
were examined using Poisson regression models, including age, sex, and calendar year of
incidence date. Two-way interactions between combinations of age, sex and calendar year
were also examined. Cumulative incidence of ESRD adjusted for competing risk of death
was estimated. Statistical analyses were performed using SAS version V.9.4 (SAS Institute,
Cary, North Carolina, USA) and R 3.6.2 (R Foundation for Statistical Computing). This
study was approved by the institutional review boards of Mayo Clinic (IRB #20-006485)
and Olmsted Medical Center (IRB #036-OMC-20).

Demographics and clinical characteristics of the incident and prevalent LN cohorts

Our study identified 72 incident LN cases between January 1%t, 1976, and December 315,
2018. The mean age at diagnosis was 38.4 years (range 6.4—76.8). Eight patients were
younger than 18 years of age at diagnosis. The incident cohort was predominantly female,
with a female to male ratio of 3.2:1. The overall racial distribution was 69% non-Hispanic
White, 15% non-Hispanic Asian, 6% non-Hispanic Black, and 10% Hispanic (of any race).
The proportion of non-Hispanic White decreased in the last decades while the proportion of
non-Hispanic Asian, Hispanic, and non-Hispanic Black patients increased (Table 1).

Fifty-one (71%) patients had biopsy-proven LN; class IV was the most common class
(39%), followed by class 111 (18%), class V (18%), class Il (14%), mixed class IV/V (10%),
and mixed class H1/V (2%).

Incidence and prevalence of LN in the study population

The overall LN incidence was 1.0 (95% CI 0.8, 1.3) per 100,000 population between 1976
and 2018; it nearly doubled from 0.7 in 1976-1989 to 1.3 per 100,000 in 2010-2018 (Table
2), however this increase did not reach statistical significance (rate ratio: 1.00 per calendar
year; 95% CI: 0.98-1.01). The overall LN incidence rate for females was 1.5 per 100,000
(95% CI 1.1, 1.9) and the trend showed a non-statistically significant increase in females
from 1.2 in 1976-1989 to 1.7 per 100,000 in 2010-2018 (rate ratio: 0.99 per calendar

year; 95% CI: 0.99-1.01). Similarly, the overall LN incidence rate for males was 0.5 per
100,000 (95% CI 0.3, 0.8) and the trend showed a four-fold increase from 0.2 in 1976—
1989 to 0.8 per 100,000 in 2010-2018 in males (Table 2), but this did not reach statistical
significance (rate ratio: 0.98 per calendar year; 95% CI: 0.96-1.00). Our analysis did not
find evidence that the increase over calendar time differed significantly between men and
women (interaction p=0.48). Age- and sex-specific incidence rates peaked for females at
2.6 per 100,000 at 30-39 years of age and for males at 1.0 per 100,000 for 40-59 years of
age (Supplementary Table S2). The overall LN prevalence showed a statistically significant
increase from 16.8 (95% CI 8.3, 25.3) per 100,000 population in 1985 to 21.2 (95% CI 16.3,
26.2) per 100,000 in 2015 (rate ratio: 1.02 per calendar year; 95% CI1:1.00-1.04; p=0.046).
LN was more prevalent in females than males for all four decades in our study period (Table
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2). In our sensitivity analyses, there were no differences between the incidence rates of LN
in Olmsted County vs. the other counties included in the study. (Supplementary Table S3)

Mortality and renal outcomes

In our incidence cohort, there were 19 deaths during a median follow-up of 6.2 years (Table
3). Based on the Minnesota lifetables, only three deaths were expected. The survival in

our cohort was 89% at five years and 70% at ten years after diagnosis of LN (Figure

1). Compared with the general population, the standardized mortality ratio (SMR) of LN
patients was 6.33 (95% CI 3.81, 9.89). When stratified by age, LN patients younger than

40 years at LN diagnosis had a 12-fold increase in mortality, while those older than 40

years had a four-fold increase. Analysis of trends in SMR over time showed no improvement
in the mortality gap over time (p=0.54). Infection was the most common cause of death,
followed by SLE disease activity and cardiovascular disease.

The cumulative incidence of ESRD in the entire cohort was 10% at five years and 13% at ten
years. (Figure 2) At ten years of follow-up, 61% of the patients were alive and did not have
ESRD or renal transplants.

Discussion

In this population-based study of the epidemiology of LN in the United States, our findings
showed that the average annual incidence of LN was 1.0 per 100,000 population, with a
male: female ratio of 1:3. The incidence remained largely the same over the study period.
However, the prevalence trends showed a modest increase. Our results regarding mortality
demonstrated that LN patients had six times the mortality of the general population, and the
mortality gap has not improved in the last forty years. In our LN cohort, 13% of patients
developed ESRD; only 61% were alive and did not have ESRD or renal transplant at ten
years of follow-up. Among the CDC-funded lupus registries (7-11), this study provides
incidence and standardized mortality rate estimates and its secular trends data specifically
for LN.

Our estimates of the incidence and prevalence of LN are lower than a previous report from
the adult Medicaid population in the United States (1.0 vs. 6.9 per 100,000 person-years for
incidence and 16.8 to 21.2 vs. 30.9 per 100,000 for prevalence) (13). This likely reflects

the differences in socioeconomic and racial backgrounds of the studied populations, as well
as differences in the methodology, given that the cases identified in the prior study were
based on ICD-9 codes. Previous research showed that the incidence and prevalence of LN
were higher in racial minorities and populations with low socioeconomic status (24). As

our study population in southeast Minnesota was predominantly non-Hispanic White—more
than 80% of the eight-county region was non-Hispanic White in 2019 (25)—the lower
incidence of LN that we observed compared with the estimates from a Medicaid population
could underscore the racial disparities in LN epidemiology. Furthermore, the difference in
case identification strategy between the two studies played a role in the discrepant results
since we eliminated the risk of misclassification in our approach with manual verification

of every case, compared to using ICD-9 codes for disease definition. On the other hand,
incidence estimates from Europe were closer to our estimate at 0.4 per 100,000 person-years
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for the United Kingdom (UK) and 0.45 per 100,000 person-years for Denmark (24,26). The
differences in racial background and research methodology likely account for this difference
as well. For example, the Denmark study relied on coding information for case identification
and had a near-exclusive White cohort (94% White). In contrast, the UK study included only
biopsy-proven cases but did have a significant number of minorities, including Indo-Asian,
Chinese, and Afro-Caribbean.

The literature on the secular trends of LN incidence is limited due to the short ascertainment
period of prior epidemiological studies. In our study period, the incidence of LN nearly
doubled, with an increase observed in both males and females, but not reaching statistical
significance. The driver of this potential trend could be the study population's increased
racial/ethnic diversity, with a rising proportion of Hispanic and Asian individuals. We have
recently demonstrated that the incidence of SLE rose in the same US population, with
increased incidence observed in racial and ethnic minority populations than non-Hispanic
whites. (12) (We did not have the statistical power to provide specific incidence estimates
for patients with different racial backgrounds. It is possible that the potential rise in LN
incidence could also be due to the increasing diversity of this US population. On the other
hand, the possible role of environmental risk factors on this trend is unknown and warrants
further study.

There are a few studies that have investigated the mortality of LN, but no prior SMR data

is available in the US. Several population-based studies from Norway reported SMRs of
3.8 and 5.6 during 14 to 20 years of follow-up (27,28), while single-center studies from
Asia reported SMRs of 3.59 and 9.0 during 10 to 15 years of follow-up (16, 29). Previous
data on survival in LN stemmed mainly from cohorts from academic centers with mortality
estimates ranging between 4.3% and 17% after ten years (27, 29, 30, 31) and 5% to 42%
after 20 years (15, 28, 32). Our estimates for SMR and mortality were generally higher
than these prior estimates. The differences in racial background and research methodology
limit the comparability of these studies. For example, most studies mentioned above were
based on data from single or referral centers. Our population-based cohort collected data
from patients seen across different practices and specialties. Furthermore, our study period is
over four decades long, thus encompassing different clinical treatment eras for LN (15, 29,
31, 32). Despite changes in clinical practice, we found no improvement in the mortality gap
over four decades. On the other hand, the ESRD outcomes were similar to estimates from
previous cohort studies. Around 10%-22% of patients with LN develop ESRD and require
either transplant or dialysis (33).

This study has multiple strengths. First, a population-based study provides estimates on the
full spectrum of LN without referral bias, independently of which clinicians saw the patients
or restrictions based on insurance coverage, thus addressing several limitations from prior
studies. Second, access to comprehensive medical records for all patients in our population-
based cohort allowed us to ascertain cases, and outcomes, including causes of death, with
high accuracy by reviewing pathology reports and applying validated EULAR/ACR 2019
criteria for SLE, thus minimizing misclassification. Third, the forty-year ascertainment
period enabled us to track secular trends of LN incidence, prevalence, and outcomes. Fourth,
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our population-based approach enabled us to provide SMR estimates and mortality gap
trends for LN not previously available in the US.

This study has several limitations. Our population-based cohort was ascertained in

a geographic area with a predominantly White population which might limit its
generalizability to regions of the country with more racially and ethnically diverse
populations. However, more than 30% of the cases were in minorities. Only cases that
reached medical attention could be identified; therefore, undiagnosed cases are not included,
but it is improbable that patients would remain undiagnosed with a severe disease like LN
without ever having contact with the healthcare system. Not all the patients included in the
study had a pathological diagnosis which may introduce misclassification. However, this
is an insurmountable issue given that in clinical practice is impossible to have biopsies in
all patients with LN due to individual risks and preferences (e.g., bleeding, hypertension,
patient not consenting to kidney biopsies). Thus, we minimized this potential bias by
including patients with proteinuria without other explanation than LN.

In conclusion, this population-based study showed a rising disease burden in the United
States due to LN. Long-term outcomes in patients with LN remain poor. There was no
improvement in the mortality gap between patients with LN and the general population. Our
findings highlight the urgent need to develop new therapies and optimize the treatment of
patients with LN.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Survival in 72 patients with incident lupus nephritis (LN) compared with expected survival

obtained from the Minnesota lifetables. Olmsted County (1976-2009) or an eight-county
region in southeast Minnesota (2010-2018) (Standardized mortality ratio 6.33; 95% Cl:
3.81-9.89).

Observed (solid line) and expected (dashed line).
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Figure2.

Cumulative incidence of end-stage renal disease (i.e., dialysis or transplant) in 72 patients
with incident lupus nephritis (LN) adjusted for the competing risk of death living in Olmsted
County (1976-2009) or an eight-county region in southeast Minnesota (2010-2018).
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