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Abstract
Background: Lupus nephritis (LN) is among the most severe organ manifestations of systemic lupus
erythematosus (SLE), affecting between 31% and 48% of patients, usually within five years of SLE diagnosis.
SLE without LN is associated with a high economic burden on the healthcare system, and although data are
limited, several studies have shown that SLE with LN could increase this burden. 

Aim: We aimed to compare the economic burden of LN versus SLE without LN among patients managed in
routine clinical practices in the USA and describe the clinical course of these patients.

Materials and methods: This was a retrospective observational study of patients with commercial or
Medicare Advantage health insurance. It included 2310 patients with LN and 2310 matched patients who had
SLE without LN; each patient was followed for 12 months after diagnosis (the patient’s index date). Outcome
measures included healthcare resource utilization (HCRU), direct healthcare costs, and SLE clinical
manifestations. 

Results: In all healthcare settings, the mean (SD) use of all-cause healthcare resources was significantly
higher in the LN versus SLE without LN cohort, including the mean number of ambulatory visits (53.9 (55.1)
vs 33.0 (26.0)), emergency room visits (2.9 (7.9) vs 1.6 (3.3)), inpatient stays (0.9 (1.5) vs 0.3 (0.8)), and
pharmacy fills (65.0 (48.3) vs 51.2 (42.6)) (all p<0.001). Total all-cause costs per patient in the LN cohort were
also significantly higher compared with the SLE without LN cohort ($50,975 (86,281) vs $26,262 (52,720),
p<0.001), including costs for inpatient stays and outpatient visits. Clinically, a significantly higher
proportion of patients with LN experienced moderate or severe SLE flares compared with the SLE without
LN cohort (p<0.001), which may explain the difference in HCRU and healthcare costs.

Conclusion: All-cause HCRU and costs were higher for patients with LN than for matched patients with SLE
without LN, highlighting the economic burden associated with LN.

Categories: Nephrology, Rheumatology
Keywords: systemic lupus erythematosus, renal lupus, lupus nephritis, nephritis, healthcare resource utilization,
healthcare costs

Introduction
Systemic lupus erythematosus (SLE) is a chronic, heterogeneous autoimmune disorder that predominantly
affects women of reproductive age [1,2]. Diagnosis of SLE can be difficult: early symptoms are variable and
not specific, the disease may involve several different organs, and often there are fluctuations between
periods of active and quiescent disease [3].

Lupus nephritis (LN) is among the most severe organ manifestations of SLE, affecting between 31% and 48%
of patients post-SLE diagnosis, usually within the first five years of diagnosis [4]. Additionally, up to 28% of
patients with LN can progress to end-stage kidney disease (ESKD) [4]. The risk of death in patients with LN
is six times that of the general population, increasing to up to 26 times in patients with ESKD [5]. Patients
with SLE have a high burden of flares (episodes of increased disease activity), with ~95% of patients
experiencing at least one flare in the first year post-diagnosis [6]. In patients with LN, the occurrence of
renal flares is associated with progressive long-term kidney damage [7-9], and just a single renal flare can
cause nephron loss and kidney damage that can impact the lifespan of the kidney [10].

SLE is associated with a high economic burden on the healthcare system, with mean annual all-cause
healthcare costs per patient in the USA between US$17,258 and US$63,022 [11-14]. Although data are
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somewhat limited, several studies have shown that patients with LN incurred between two and four times
the healthcare resource utilization (HCRU) and costs compared with patients with SLE without LN and
between two and six times the costs of matched controls without SLE [15-18]. In two of these studies, the
increase in annual healthcare costs for patients with LN versus patients with SLE without LN was
determined primarily by inpatient admissions, pharmacy services, and outpatient care [15,18]. Similarly, a
recent study reported that a quarter of patients with LN had ≥1 hospitalization in the 12 months following
diagnosis, and the total mean all-cause healthcare costs per patient per year were $45,469 [19].

The aims of this study were to compare the economic burden of LN versus SLE without LN among patients
managed in routine clinical practices in the USA and describe the clinical course of these patients. Some of
the data reported in this paper have been presented as a poster at the American Society of Nephrology (ASN)
2020 (October 22-25, 2020), State of Texas Association of Rheumatologists (STAR) 2021 (February 26-28,
2021), Association of Women in Rheumatology (AWIR) 2021 (August 12-15, 2021), and Congress of Clinical
Rheumatology-East and West (CCR-E and CCR-W) 2021 (CCR-E: August 12-15, 2021; CCR-W: September
18-21, 2021) annual meetings.

Materials And Methods
Study design
This was a retrospective observational cohort study (GSK study 213062) conducted between August 1, 2016,
and July 31, 2019, using the Optum Research Database (Figure 1). This is a US-based claims database
containing de-identified medical and pharmacy claims data for commercial and Medicare Advantage
insurance enrollees, which prevents patient identification. This study complied with all applicable laws
regarding patient privacy, and no direct patient contact or primary collection of individual patient data
occurred. Due to this study's design, informed consent, ethics committee or institutional review board
approval was not required.

FIGURE 1: Study design.
LN: lupus nephritis; SLE: systemic lupus erythematosus.

Study population
Patients were assigned to the LN cohort or SLE without LN cohort between August 1, 2017, and July 31, 2018
(identification period), using specific International Classification of Diseases (ICD)-10 codes. LN was not
biopsy-confirmed as claims databases such as the one employed in this study do not contain laboratory and
procedure results (e.g., biopsy results). In lieu of biopsy results, we developed a definition based on a
previously validated claims algorithm to identify patients with LN [20]. For the LN cohort and SLE without
LN cohort, the index date was the date during the identification period of the first claim with a renal
diagnosis code or an SLE diagnosis code, respectively. The LN cohort comprised patients who had ≥2
diagnoses of renal conditions on non-diagnostic claims during the identification period and had ≥1
diagnosis of SLE in an inpatient stay or ≥2 outpatient diagnoses of SLE that were ≥30 days apart in the 12-
month pre-index date (baseline period). The SLE without LN cohort comprised patients who had no
diagnosis of LN during the identification or baseline periods and had ≥1 inpatient stay or ≥2 medical claims
with a diagnosis of SLE that was ≥30 days apart during the identification period.

All patients were ≥18 years of age as of the index year, had been continuously enrolled in a health plan with
medical and pharmacy coverage for ≥12 months prior to the index as well as for the 12-month period after
the index date, and had valid and non-missing demographic variables. Patients who were pregnant and/or
had human immunodeficiency virus or acquired immunodeficiency syndrome (identified using the following
codes: Healthcare Common Procedure Coding System, Current Procedural Terminology, revenue, and ICD-9
and ICD-10 procedure and diagnosis codes) during the identification period were excluded.

Outcomes
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Baseline patient characteristics were assessed in the 12-month baseline period, and renal laboratory test
results (proteinuria, protein/creatinine ratio (uPCR), and estimated glomerular filtration rate (eGFR) levels)
were assessed in the 12-month baseline period and the post-index period (including the index date).

HCRU and healthcare costs were assessed during the 12-month post-index period, including the index date.
HCRU was evaluated based on ambulatory visits (physician office and hospital outpatient visits reported for
rheumatology, nephrology, primary care, and other specialties), emergency room visits, inpatient stays, and
pharmacy use. Healthcare costs included medical and pharmacy costs and were adjusted using the annual
medical care component of the 2019 USD Consumer Price Index to reflect inflation. Medical costs included
ambulatory costs (physician office and hospital outpatient visits reported for rheumatology, nephrology,
primary care, and other specialties), emergency room costs, inpatient costs, and other medical costs (costs
of services rendered at independent laboratories, assisted living facilities, urgent care clinics, and by home
health providers).

SLE clinical manifestations were identified using ICD-10 diagnosis codes, which were recorded for up to 12
months after the index date.

The number, length, and severity of SLE and LN flares experienced in the post-index period were reported
based on the algorithm developed by Garris et al., which combines HCRU, ICD-10 diagnosis codes, and
medication use to categorize flare severity (renal components were used for LN flares; as a renal diagnosis
code constitutes a moderate severity flare, LN flares can only be of moderate or severe severity) [21]. LN-
related events such as renal biopsy, chronic kidney disease (CKD), and ESKD (identified using ICD-9 and
ICD-10 diagnosis codes) were also reported.

SLE- and LN-specific treatment use was assessed during the pre- and post-index periods using medical and
pharmacy claims; claims made on the index date were counted as post-index.

Statistical analysis
All variables were analyzed descriptively. Numbers and percentages are provided for dichotomous and
polychotomous variables. Means and standard deviation (SD) are reported for continuous variables.

Patients in the LN cohort were matched in a one-to-one ratio with patients in the SLE without LN cohort on
age group, sex, geographic region, insurance type (commercial or Medicare Advantage), and index month
and year. Matching also required patients to have a less than 10-year difference in age and a maximum of
six-month difference in the index date. The closest match for each was used; ties were settled at random.
Patients in the SLE without LN cohort who could not be matched to patients in the LN cohort were excluded
from the analysis. A Z-test using robust standard errors in an ordinary least squares regression was used for
continuous measures; a Rao-Scott test was used for binary measures.

Results
Patient demographics and clinical characteristics
After matching, a total of 4620 patients were included in the analysis (LN: n=2310; SLE without LN: n=2310).
Of these, 1088 patients were newly diagnosed (LN: n=564; SLE without LN: n=524).

Demographic characteristics were similar between the LN and SLE without LN cohorts. Patients had a mean
(standard deviation (SD)) age of 60.2 (15.4) and 60.2 (15.3) years, respectively; 44.2% (each cohort:
n=1020/2310) were ≥65 years of age, the majority were female (each cohort: 86.2% (n=1990/2310)), from the
South region of the USA (each cohort: 58.1% (n=1341/2310)), and 66.3% (each cohort: n=1531/2310) had
Medicare Advantage insurance (Table 1).

Baseline characteristics LN (N=2310)
SLE without LN
(N=2310)

p-
value

Demographics

Age, years, mean (SD) 60.2 (15.4) 60.2 (15.3) 0.888

Age group, n (%)

18–44 395 (17.1) 395 (17.1) -

45–64 895 (38.7) 895 (38.7) -

≥65 1020 (44.2) 1020 (44.2) -

Female, n (%) 1990 (86.2) 1990 (86.2) -
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Region, n (%)

Northeast 191 (8.3) 191 (8.3) -

Midwest 516 (22.3) 516 (22.3) -

South 1341 (58.1) 1341 (58.1) -

West 262 (11.3) 262 (11.3) -

Insurance type, n (%)

Commercial 779 (33.7) 779 (33.7) -

Medicare Advantage 1531 (66.3) 1531 (66.3) -

Newly diagnosed 564 (24.4) 524 (22.7)  

Clinical characteristics

Index provider specialty, n (%)

Nephrologist 654 (28.3) 12 (0.5) <0.001

Rheumatologist 285 (12.3) 848 (36.7) <0.001

Prescribing provider specialty visits, mean (SD)

Rheumatologist 2.3 (2.8) 2.2 (2.9) 0.238

Nephrologist 3.5 (8.6) 0.1 (0.4) <0.001

Primary care physician 11.5 (14.7) 6.9 (7.4) <0.001

Baseline Charlson comorbidity score, mean (SD) [22] 3.3 (2.1) 1.8 (1.5) <0.001

Most common AHRQ CCS comorbiditiesa (top six of the LN cohort), n (%)

Other diseases of the urinary system 2012 (87.1) 956 (41.4) <0.001

Hypertension 1973 (85.4) 1371 (59.4) <0.001

Non-traumatic joint disorders 1574 (68.1) 1603 (69.4) 0.346

Other connective tissue diseases 1520 (65.8) 1471 (63.7) 0.124

Diseases of the heart 1514 (65.5) 1087 (47.1) <0.001

Disorders of lipid metabolism 1403 (60.7) 1093 (47.3) <0.001

Most common clinical manifestations (top six of the LN cohort), n (%)

Arthralgia 1102 (47.7) 1126 (48.7) 0.475

Hematologic disordersb 1033 (44.7) 626 (27.1) <0.001

Rheumatoid arthritis 536 (23.2) 604 (26.2) 0.020

Ophthalmologic disorders 492 (21.3) 478 (20.7) 0.604

Fever 342 (14.8) 173 (7.5) <0.001

Rash 240 (10.4) 235 (10.2) 0.806

Laboratory tests

Proteinuria concentration (mg/dL)

Patients with proteinuria concentration test, n (%) 836 (36.2) 479 (20.7) <0.001

Average per-patient counts of proteinuria concentration tests on separate dates,
mean (SD)

2.5 (2.4) 1.7 (1.4) <0.001

Average overall level of proteinuria concentration during the baseline period, mean
(SD)

105.1 (326.9) 23.8 (177.3) <0.001

uPCR (mg/g)
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Patients with uPCR, n (%) 590 (25.5) 224 (9.7) <0.001

Average per-patient counts of uPCR on separate dates, mean (SD) 2.3 (2.1) 1.5 (1.3) <0.001

Average overall uPCR during the baseline period, mean (SD)
737.8
(1355.6)

89.7 (177.6) <0.001

eGFR (mL/min/1.73 m2)

Patients with eGFR test, n (%) 1246 (53.9) 1157 (50.1) 0.007

Average per-patient counts of eGFR tests on separate dates, mean (SD) 3.7 (3.3) 2.5 (1.9) <0.001

Average overall eGFR level during the baseline period, mean (SD) 58.6 (28.9) 84.1 (17.9) <0.001

LN-related events, n (%)

Renal biopsy 119 (5.2) 0 (0) -

CKD    

None 354 (15.3) 1119 (48.4) <0.001

Stage I 153 (6.6) 371 (16.1) <0.001

Stage II 288 (12.5) 634 (27.5) <0.001

Stage III 987 (42.7) 181 (7.8) <0.001

Stage IV 268 (11.6) 3 (0.1) <0.001

Stage V 260 (11.3) 2 (0.1) <0.001

ESKDc 267 (11.6) 1 (0) <0.001

TABLE 1: Patient demographics and baseline clinical characteristics among LN and matched SLE
without LN cohorts.
aAHRQ CCS comorbidities assigned from the ICD-10 coding scheme [23].

bComprised of anemia (LN cohort: 690 (29.9%), SLE without LN cohort: 325 (14.1%)), thrombophilia (LN cohort: 220 (9.5%), SLE without LN cohort: 153
(6.6%)), thrombocytopenia (LN cohort: 209 (9.1%), SLE without LN cohort: 110 (4.8%)), neutropenia/leukopenia (LN cohort: 177 (7.7%), SLE without LN
cohort: 112 (4.9%)), lymphadenopathy/splenomegaly (LN cohort: 29 (1.3%), SLE without LN cohort: 26 (1.1%)), and lymph node enlargement (LN cohort:
125 (5.4%), SLE without LN cohort: 68 (2.9%)).

cIdentified as the presence of an ICD-10 diagnosis code for ESKD or the onset of chronic renal dialysis indicated by a Current Procedural Terminology
dialysis code or an ICD-10 dialysis diagnosis code.

AHRQ: Agency for Healthcare Research and Quality; CCS: Clinical Classifications Software; CKD: chronic kidney disease; eGFR: estimated glomerular
filtration rate; ESKD: end-stage kidney disease; ICD: International Classification of Diseases; LN: lupus nephritis; SD: standard deviation; SLE: systemic
lupus erythematosus; uPCR: urinary protein/creatinine ratio.

The mean (SD) baseline Charlson comorbidity score was higher in the LN cohort compared with the SLE
without the LN cohort (3.3 (2.1) vs 1.8 (1.5), respectively; p<0.001). Patients in the LN cohort were more
likely to have comorbidities such as hypertension, other diseases of the urinary system, diseases of lipid
metabolism, and diseases of the heart compared with patients in the SLE without LN cohort at baseline
(p<0.001) (Table 1). Patients in the LN cohort also experienced more baseline hematologic disorders and
fever compared with those in the SLE without LN cohort (Table 1).

Among patients for whom renal laboratory data were available, the average baseline proteinuria and uPCR
levels for patients in the LN cohort were over four times and over eight times those of the patients in the SLE
without LN cohort (p<0.001), respectively, and the eGFR rates of the SLE without LN cohort were higher than
those of the LN cohort (p<0.001) (Table 1). A significantly higher proportion of patients in the LN cohort had
stages III, IV, or V CKD and ESKD compared with those in the SLE without LN cohort at baseline (p<0.001)
(Table 1).

HCRU
During the post-index period, a higher proportion of patients in the LN cohort experienced all-cause HCRU
outpatient visits (90.3% (n=2085/2310) vs 83.5% (n=1929/2310), p<0.001), emergency room visits (61.6%
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(n=1422/2310) vs 48.4% (n=1118/2310), p<0.001), and inpatient stays (41.8% (n=966/2310) vs 22.7%
(n=525/2310), p<0.001) compared with those in the SLE without LN cohort, whereas similar proportions of
the two cohorts incurred all-cause HCRU physician office visits (98.2% (n=2269/2310) vs 98.9%
(n=2284/2310)) and pharmacy use (98.7% (n=2280/2310) vs 99.0% (n=2287/2310); Figure 2). In all settings,
the mean (SD) use of healthcare resources was higher in the LN cohort compared with the SLE without LN
cohort, including the mean number of ambulatory visits (53.9 (55.1) vs 33.0 (26.0), p<0.001), emergency
room visits (2.9 (7.9) vs 1.6 (3.3), p<0.001), inpatient stays (0.9 (1.5) vs 0.3 (0.8), p<0.001), and pharmacy fills
(65.0 (48.3) vs 51.2 (42.6), p<0.001; Figure 3). Ambulatory visits were reported for rheumatology,
nephrology, primary care, and other specialties.

FIGURE 2: Percentages of patients with all-cause HCRU among LN and
matched SLE without LN cohorts post-index.
aAmbulatory visits include all-cause physician office visits and/or hospital outpatient visits to rheumatology,
nephrology, primary care, and other specialties.

HCRU: healthcare resource utilization; LN: lupus nephritis; SLE: systemic lupus erythematosus.

FIGURE 3: All-cause HCRU counts among LN and matched SLE without
LN cohorts post-index.
aAmbulatory visits include all-cause physician office visits and/or hospital outpatient visits to rheumatology,
nephrology, primary care, and other specialties.

HCRU: healthcare resource utilization; LN: lupus nephritis; SD: standard deviation; SLE: systemic lupus
erythematosus.

Healthcare costs
In the post-index period, mean (SD) all-cause total costs per patient in the LN cohort were significantly
higher compared with the SLE without LN cohort ($50,975 (86,281) vs $26,262 (52,720), p<0.001, Figure 4).
Furthermore, each healthcare category showed higher mean (SD) costs in the LN cohort, with inpatient stay
costs almost three times those in the SLE cohort ($18,068 (55,021) vs $6201 (34,683)). Within the ambulatory
visit costs category, mean (SD) costs for physician office visits were not significantly different between
cohorts (LN: $4116 (8396) vs SLE without LN: $4367 (10,882), p=0.382), but costs for outpatient visits were
significantly higher in the LN cohort compared with the SLE without LN cohort ($14,009 (37,827) vs $5970
(16,766), p<0.001).
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FIGURE 4: All-cause healthcare costs among LN and matched SLE
without LN cohorts post-index.
aAmbulatory visits include all-cause physician office visits and/or hospital outpatient visits to rheumatology,
nephrology, primary care, and other specialties.

bOther includes costs for services rendered at independent laboratories, assisted living facilities, urgent care
clinics, and by home health providers.

LN: lupus nephritis; SD: standard deviation; SLE: systemic lupus erythematosus.

Clinical manifestations and renal laboratory measurements
A higher proportion of patients with LN experienced hematologic disorders and fever during the post-index
period than patients with SLE without LN (49.5% (n=1143/2310) and 15.7% (n=363/2310), respectively, vs
28.8% (n=666/2310) and 8.8% (n=203/2310), respectively; p<0.001), whereas both groups had similar rates of
arthralgia, ophthalmologic disorders, rash, Raynaud's phenomenon, and mouth ulcers (Table 2).
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Clinical manifestations, n (%) LN (N=2310) SLE without LN (N=2310) p-value

Hematologic disorders 1143 (49.5) 666 (28.8) <0.001

Anemia 788 (34.1) 369 (16.0) <0.001

Thrombophilia 244 (10.6) 143 (6.2) <0.001

Thrombocytopenia 246 (10.7) 119 (5.2) <0.001

Neutropenia/leukopenia 188 (8.1) 109 (4.7) <0.001

Lymph node enlargement 117 (5.1) 79 (3.4) 0.004

Lymphadenopathy/splenomegaly 44 (1.9) 21 (0.9) 0.004

Arthralgia 1103 (47.8) 1240 (53.7) <0.001

Ophthalmologic disorders 523 (22.6) 558 (24.2) 0.219

Fever 363 (15.7) 203 (8.8) <0.001

Rash 222 (9.6) 245 (10.6) 0.256

Raynaud's phenomenon 175 (7.6) 190 (8.2) 0.422

Mouth ulcers 36 (1.6) 42 (1.8) 0.486

TABLE 2: Clinical manifestations among patients with LN and patients with SLE without LN post-
index.
LN: lupus nephritis; SLE: systemic lupus erythematosus.

Over the post-index period, among patients for whom renal laboratory data were available, the average
proteinuria and uPCR levels for patients in the LN cohort were almost five times and over five times those of
the patients in the SLE without LN cohort (p<0.001), respectively, and the eGFR rates of the SLE without LN
cohort were higher than those of the LN cohort (p<0.001) (Table 3).
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Laboratory tests LN (N=2310)
SLE without LN
(N=2310)

p-
value

Proteinuria concentration (mg/dL)

Patients with proteinuria concentration test, n (%) 866 (37.5) 540 (23.4) <0.001

Average per-patient counts of proteinuria concentration tests on separate dates,
mean (SD)

2.8 (3.3) 1.8 (1.4) <0.001

Average overall level of proteinuria concentration during the post-index period, mean
(SD)

94.9 (274.1) 19.3 (113.4) <0.001

uPCR (mg/g)

Patients with uPCR, n (%) 637 (27.6) 272 (11.8) <0.001

Average per-patient counts of uPCR on separate dates, mean (SD) 2.5 (2.3) 1.7 (1.4) <0.001

Average overall uPCR during the post-index period, mean (SD)
634.7
(1176.8)

120.2 (322.4) <0.001

eGFR (mL/min/1.73 m2)

Patients with eGFR test, n (%) 1228 (53.2) 1240 (53.7) 0.711

Average per-patient counts of eGFR tests on separate dates, mean (SD) 3.8 (3.8) 2.7 (2.2) <0.001

Average overall eGFR level during the post-index period, mean (SD) 57.1 (28.7) 82.3 (18.3) <0.001

TABLE 3: Renal laboratory tests post-index.
eGFR: estimated glomerular filtration rate; LN: lupus nephritis; SD: standard deviation; uPCR: urinary protein/creatinine ratio.

Flares
Most patients in both the LN and SLE without LN cohorts had ≥1 SLE flare of any severity during the post-
index period (98.8% (n=2282/2310) and 95.5% (n=2205/2310), respectively; Table 4). A significantly higher
proportion of patients with LN experienced moderate (95.7% (n=2210/2310) vs 86.7% (n=2002/2310)) and
severe SLE flares (31.7% (n=731/2310) vs 12.5% (n=288/2310)) compared with patients with SLE without LN
(all p<0.001).
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SLE flares LN (N=2310) SLE without LN (N=2310) p-value

SLE flarea    

Patients with any SLE flare, n (%) 2282 (98.8) 2205 (95.5) <0.001

Total SLE flare count, mean (SD) 5 (2.2) 4 (2.2) <0.001

Patients with mild flare, n (%) 1194 (51.7) 1435 (62.1) <0.001

Mild flare count, mean (SD) 1.0 (1.3) 1.4 (1.4) <0.001

Patients with moderate flare, n (%) 2210 (95.7) 2002 (86.7) <0.001

Moderate flare count, mean (SD) 3.5 (1.7) 2.5 (1.7) <0.001

Patients with severe flare, n (%) 731 (31.7) 288 (12.5) <0.001

Severe flare count, mean (SD) 0.5 (0.9) 0.2 (0.4) <0.001

LN flaresa    

Patients with any LN flare, n (%) 2044 (88.5) 66 (2.9) <0.001

Total LN flare count, mean (SD) 2.3 (1.5) 0 (0.2) <0.001

Patients with moderate flare, n (%) 1925 (83.3) 60 (2.6) <0.001

Moderate flare count, mean (SD) 2.0 (1.4) 0 (0.2) <0.001

Patients with severe flare, n (%) 447 (19.4) 7 (0.3) <0.001

Severe flare count, mean (SD) 0.3 (0.7) 0 (0.1) <0.001

TABLE 4: Counts and severity of flares among patients with LN and patients with SLE without LN
post-index.
aIndividual patients may have ≥1 flare.

LN: lupus nephritis; SD: standard deviation; SLE: systemic lupus erythematosus.

Whereas in the LN cohort, most patients had ≥1 LN flare of any severity post-index (88.5% (n=2044/2310)),
this was not the case in the SLE without LN cohort (2.9% (n=66/2310), p<0.001, Table 4). Additionally, a
significantly higher proportion of patients with LN experienced moderate (83.3% (n=1925/2310) vs 2.6%
(n=60/2310)) and severe LN flares (19.4% (n=447/2310) vs 0.3% (n=7/2310)) compared with patients with SLE
without LN (all p<0.001).

Treatments
The most frequently used treatments among patients with LN included corticosteroids (70.1%
(n=1619/2310)), angiotensin-converting enzyme inhibitors (ACEis)/angiotensin receptor blockers (ARBs;
52.0% (n=1200/2310)), and antimalarials (51.3% (n=1184/2310)), whereas the most frequently used
treatments among patients with SLE without LN were corticosteroids (69.1% (n=1597/2310)), antimalarials
(58.3% (n=1346/2310)), and nonsteroidal anti-inflammatory drugs (NSAIDs; 37.5% (n=866/2310); Table 5).
Significantly more patients with LN received oral corticosteroids, ACEis/ARBs, and immunosuppressants
compared with patients with SLE without LN (p<0.001). In contrast, more patients with SLE without LN
received IV corticosteroids, antimalarials, and NSAIDs compared with patients with LN (p<0.001).
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SLE and LN specific treatments, n (%) LN (N=2310) SLE without LN (N=2310) p-value

Corticosteroids 1619 (70.1) 1597 (69.1) 0.477

IV 888 (38.4) 1001 (43.3) <0.001

Oral 1363 (59.0) 1223 (52.9) <0.001

Patients ≥5 mg prednisone equivalent per day (dose/day supply)

Post-index months 1–6 1066 (78.2) 932 (76.2) 0.226

Post-index months 7–12 947 (69.5) 816 (66.7) 0.135

Patients ≥7.5 mg prednisone equivalent per day (dose/day supply)

Post-index months 1–6 806 (59.1) 766 (62.6) 0.070

Post-index months 7–12 693 (50.8) 662 (54.1) 0.097

ACEis/ARBs 1200 (52.0) 678 (29.4) <0.001

Antimalarials 1184 (51.3) 1346 (58.3) <0.001

Immunosuppressants 760 (32.9) 532 (23.0) <0.001

Methotrexate 120 (5.2) 262 (11.3) <0.001

Mycophenolate 490 (21.2) 136 (5.9) <0.001

Cyclophosphamide 31 (1.3) 5 (0.2) <0.001

Azathioprine 178 (7.7) 165 (7.1) 0.460

NSAIDs 477 (20.7) 866 (37.5) <0.001

Immunosuppressant biologics 112 (4.9) 135 (5.8) 0.134

Rituximab 52 (2.3) 32 (1.4) 0.029

Benlysta 62 (2.7) 105 (4.6) <0.001

TABLE 5: Treatments post-index.
ACEis/ARBs: angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; IV: intravenous; LN: lupus nephritis; NSAIDs: nonsteroidal anti-
inflammatory drugs; SLE: systemic lupus erythematosus.

Discussion
This retrospective observational study illustrated the increased economic and clinical burden associated
with LN, as represented by the greater HCRU, costs of care, and frequency of flares and comorbidities for
patients with LN versus matched patients with SLE without LN. These results highlight the importance of
preventing SLE disease worsening and preventing the development of renal manifestations. The greatest
difference in HCRU was driven by outpatient visits, emergency room visits, and inpatient stays. Total costs,
which included medical and pharmacy costs, were almost double for patients with LN compared with
patients with SLE without LN. In particular, the cost of inpatient stays was approximately three times higher
for the LN cohort compared with the SLE without LN cohort.

The economic findings are consistent with a previous study by Pelletier et al., which found that patients with
LN incurred substantially greater HCRU and higher healthcare costs compared with patients with SLE
without LN, driven primarily by inpatient admissions and outpatient visits [15]. Pelletier et al. also reported
that the mean total costs for patients with LN were 89% higher than for those with SLE without LN
(US$21,733 vs US$11,471; 2008 values) [15]. Similarly, Carls et al. found that the mean total direct medical
costs for patients with SLE without LN were significantly higher compared with matched controls without
SLE (US$15,447 vs US$6819; difference: US$8628; 2005 values) [16]. However, the difference was much
higher when comparing patients with LN with matched controls without SLE (US$58,389 vs US$11,527;
difference: US$46,862; 2005 values) [16]. Li et al. also reported that annual medical costs for patients with
LN were approximately two to three times those of patients with SLE without LN, and the number of
inpatient visits were three to four times those of the control cohort without SLE [18].
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Regarding the clinical burden of LN, more patients with LN had hematologic disorders and fever than
patients with SLE without LN, and proteinuria and uPCR levels were almost five times and over five times
those of the patients with SLE without LN, respectively. Patients with LN were also more likely to experience
moderate or severe SLE or LN flares than patients with SLE without LN, and significantly more patients with
LN received oral corticosteroids. The increased risk of flares could help to explain why patients with LN have
higher HCRU and healthcare costs compared with patients with SLE without LN, as the occurrence of SLE
flares has previously been associated with higher HCRU and costs when compared with patients without
flares [24]. Future analyses could further evaluate the costs of flares and LN progression by stratifying the
HCRU and healthcare costs of patients with LN, with and without ESKD or dialysis. Patients with LN also
had lower average eGFR rates compared with patients with SLE without LN. Given that renal flares are
commonly associated with impaired renal function and CKD [7-9], and a single renal flare is sufficient to
cause kidney damage that can affect the lifespan of the kidney [10], preventing renal flares is an important
strategy for managing disease burden in patients with LN.

Finally, the most frequently used post-index treatments among both cohorts were corticosteroids and
antimalarials; however, ACEis and ARBs were also frequently used in patients with LN, while NSAIDs were
used in patients with SLE without LN. Corticosteroids have been associated with short- and long-term
adverse events (including high blood pressure and glucose levels, sleep disorders, weight gain, cataracts,
osteoporosis, and diabetes) and organ damage in SLE [25-27]. Therefore, the frequent use of corticosteroids
(including doses ≥7.5 mg of prednisone equivalent per day) in both cohorts may highlight an unmet need for
corticosteroid-sparing treatments for SLE and LN. Interestingly, while overall corticosteroid use was similar
between the two groups, corticosteroid use differed considerably based on formulation; more patients with
LN used oral corticosteroids versus patients with SLE without LN, while conversely, fewer patients with LN
used intravenous corticosteroids compared with patients with SLE without LN. A previous study by Pelletier
et al. demonstrated that patients with LN were more likely to be treated with immunosuppressants or
corticosteroids compared with patients with SLE without LN [15]. Rates of nonbiologic immunosuppressant
use in the current study were also higher among patients with LN compared with those with SLE without LN,
although immunosuppressants were not used as frequently as other treatment classes. Both studies showed
higher rates of corticosteroid use in patients with LN compared with those with SLE without LN. The higher
use of ACEis and ARBs we observed is likely related to the increased rates of hypertension and proteinuria in
our LN cohort versus the SLE without LN cohort. The higher use of NSAIDs in patients with SLE without LN
was expected as, while it is a common treatment in SLE, this is a contraindication for patients with CKD [28].

This study has several limitations, most of which are inherent to observational studies based on claims data.
These include the potential for data coding and entry errors, the possibility of incorrect diagnoses, the
inability to confirm that a patient took the medication as prescribed, and the fact that the claims databases
do not capture indirect costs. Additionally, the study population was limited to patients with commercial or
Medicare Advantage insurance coverage, so the results may not be generalizable to the general population.
In particular, the inclusion of Medicare Advantage patients may have skewed the population older than is
typical for LN [4,18,29]. Further limitations include the use of renal manifestation diagnosis codes to identify
LN, rather than using kidney biopsy results, and the algorithm used in this study for identifying flares may
not accurately capture renal flares among patients with LN. We used a previously validated claims algorithm
to identify patients and assigned them to the cohort of patients with LN, when in fact these patients may not
have been formally diagnosed with LN [20]. In addition, adopting definitions of renal flares based on
laboratory assessments, as in the phase III BLISS-LN trial assessing the effects of belimumab on kidney
outcomes in patients with LN [30], may improve the accuracy of flare reporting in future studies. A further
limitation is that laboratory results were only available for a subset of patients and may have been
incomplete. Finally, patients who were excluded due to the matching procedure may represent a specific
population, which could introduce bias.

Nevertheless, this study had several strengths as well, including using a data source that represented a broad
and geographically diverse sample of insured patients in a real-world setting across the USA, and a matched
control cohort that was used to control for potential confounding differences among patient groups at
baseline.

Conclusions
This analysis of real-world data from the USA demonstrates that all-cause HCRU and healthcare costs were
significantly higher for patients with LN than those with SLE without LN. In particular, patients with LN
experienced a higher mean number of ambulatory visits, emergency room visits, inpatient stays, and
pharmacy fills compared with patients with SLE without LN. This highlights the substantial additional
economic burden associated with LN. The results also demonstrate the increased clinical burden for patients
with LN, underscoring the importance of preventing SLE disease worsening and preventing the development
of renal manifestations. In the future, it would be of interest to investigate how renal involvement affects
the HCRU and healthcare costs of patients with other systemic diseases compared with LN.

Additional Information
Disclosures

2023 Bell et al. Cureus 15(4): e37839. DOI 10.7759/cureus.37839 12 of 14

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: Benjamin Chastek and Erin M. Hulbert declare(s) employment
from Optum. Current employment. Christopher F. Bell and Bernard Rubin declare(s) employment from GSK.
Current employment. Christopher F. Bell and Bernard Rubin declare(s) stock/stock options from GSK.
Currently hold stocks and shares. Benjamin Wu, Carlyne M. Averell, Joan Von Feldt, and Shirley P. Huang
declare(s) stock/stock options from GSK. Previously held stocks and shares. Shirley P. Huang declare(s)
employment from GSK. Former postdoctorate fellow. Benjamin Wu, Carlyne M. Averell, and Joan Von Feldt
declare(s) employment from GSK. Former employment. Other relationships: All authors have declared that
there are no other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Medical writing and submission support was provided by Helen Taylor, Ph.D., of Fishawack Indicia Ltd., UK,
and was funded by GSK. All authors authorized the submission of their manuscript via a third party and
approved all statements and/or declarations. Funding: This study was funded by GSK (GSK Study 213062).
Author contributions: CFB, BW, SPH, BR, CMA, BC, and JVF contributed to the conception and design of the
study. BC and EMH contributed to the acquisition of data and the analysis. All authors contributed equally to
the interpretation of the data. Data availability: The data that support the findings of this study are available
from Optum, but restrictions apply to the availability of these data, which were used under license for the
current study and are therefore not publicly available. Data are however available from the authors upon
reasonable request and with the permission of Optum.

References
1. Tsokos GC: Systemic lupus erythematosus. N Engl J Med. 2011, 365:2110-21. 10.1056/NEJMra1100359
2. Moulton VR, Suarez-Fueyo A, Meidan E, Li H, Mizui M, Tsokos GC: Pathogenesis of human systemic lupus

erythematosus: a cellular perspective. Trends Mol Med. 2017, 23:615-35. 10.1016/j.molmed.2017.05.006
3. Morgan C, Bland AR, Maker C, Dunnage J, Bruce IN: Individuals living with lupus: findings from the LUPUS

UK Members Survey 2014. Lupus. 2018, 27:681-7. 10.1177/0961203317749746
4. Mahajan A, Amelio J, Gairy K, Kaur G, Levy RA, Roth D, Bass D: Systemic lupus erythematosus, lupus

nephritis and end-stage renal disease: a pragmatic review mapping disease severity and progression. Lupus.
2020, 29:1011-20. 10.1177/0961203320932219

5. Yap DY, Tang CS, Ma MK, Lam MF, Chan TM: Survival analysis and causes of mortality in patients with
lupus nephritis. Nephrol Dial Transplant. 2012, 27:3248-54. 10.1093/ndt/gfs073

6. Hammond ER, Desta B, Near AM, Wang X, Jiang M: Frequency, severity and costs of flares increase with
disease severity in newly diagnosed systemic lupus erythematosus: a real-world cohort study, United States,
2004-2015. Lupus Sci Med. 2021, 8:e000504. 10.1136/lupus-2021-000504

7. Parikh SV, Nagaraja HN, Hebert L, Rovin BH: Renal flare as a predictor of incident and progressive CKD in
patients with lupus nephritis. Clin J Am Soc Nephrol. 2014, 9:279-84. 10.2215/CJN.05040513

8. Moroni G, Quaglini S, Maccario M, Banfi G, Ponticelli C: "Nephritic flares" are predictors of bad long-term
renal outcome in lupus nephritis. Kidney Int. 1996, 50:2047-53. 10.1038/ki.1996.528

9. Mejía-Vilet JM, Córdova-Sánchez BM, Arreola-Guerra JM, Morales-Buenrostro LE, Uribe-Uribe NO, Correa-
Rotter R: Renal flare prediction and prognosis in lupus nephritis Hispanic patients . Lupus. 2016, 25:315-24.
10.1177/0961203315606985

10. Anders HJ, Rovin B: A pathophysiology-based approach to the diagnosis and treatment of lupus nephritis .
Kidney Int. 2016, 90:493-501. 10.1016/j.kint.2016.05.017

11. Murimi-Worstell IB, Lin DH, Kan H, et al.: Healthcare utilization and costs of systemic lupus erythematosus
by disease severity in the United States. J Rheumatol. 2021, 48:385-93. 10.3899/jrheum.191187

12. Jiang M, Near AM, Desta B, Wang X, Hammond ER: Disease and economic burden increase with systemic
lupus erythematosus severity 1 year before and after diagnosis: a real-world cohort study, United States,
2004-2015. Lupus Sci Med. 2021, 8:e000503. 10.1136/lupus-2021-000503

13. Lin DH, Murimi-Worstell IB, Kan H, et al.: Health care utilization and costs of systemic lupus erythematosus
in the United States: a systematic review. Lupus. 2022, 31:773-807. 10.1177/09612033221088209

14. Bell CF, Ajmera MR, Meyers J: An evaluation of costs associated with overall organ damage in patients with
systemic lupus erythematosus in the United States. Lupus. 2022, 31:202-11. 10.1177/09612033211073670

15. Pelletier EM, Ogale S, Yu E, Brunetta P, Garg J: Economic outcomes in patients diagnosed with systemic
lupus erythematosus with versus without nephritis: results from an analysis of data from a US claims
database. Clin Ther. 2009, 31:2653-64. 10.1016/j.clinthera.2009.11.032

16. Carls G, Li T, Panopalis P, Wang S, Mell AG, Gibson TB, Goetzel RZ: Direct and indirect costs to employers of
patients with systemic lupus erythematosus with and without nephritis. J Occup Environ Med. 2009, 51:66-
79. 10.1097/JOM.0b013e31818a405a

17. Furst DE, Clarke A, Fernandes AW, Bancroft T, Gajria K, Greth W, Iorga SR: Medical costs and healthcare
resource use in patients with lupus nephritis and neuropsychiatric lupus in an insured population. J Med
Econ. 2013, 16:500-9. 10.3111/13696998.2013.772058

18. Li T, Carls GS, Panopalis P, Wang S, Gibson TB, Goetzel RZ: Long-term medical costs and resource
utilization in systemic lupus erythematosus and lupus nephritis: a five-year analysis of a large medicaid
population. Arthritis Rheum. 2009, 61:755-63. 10.1002/art.24545

19. Bartels-Peculis L, Sharma A, Edwards AM, Sanyal A, Connolly-Strong E, Nelson WW: Treatment patterns
and health care costs of lupus nephritis in a United States payer population. Open Access Rheumatol. 2020,
12:117-24. 10.2147/OARRR.S248750

2023 Bell et al. Cureus 15(4): e37839. DOI 10.7759/cureus.37839 13 of 14

https://dx.doi.org/10.1056/NEJMra1100359?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMra1100359?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molmed.2017.05.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molmed.2017.05.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203317749746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203317749746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203320932219?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203320932219?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ndt/gfs073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ndt/gfs073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2021-000504?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2021-000504?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2215/CJN.05040513?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2215/CJN.05040513?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ki.1996.528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ki.1996.528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203315606985?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203315606985?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.kint.2016.05.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.kint.2016.05.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.191187?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3899/jrheum.191187?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2021-000503?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2021-000503?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/09612033221088209?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/09612033221088209?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/09612033211073670?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/09612033211073670?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clinthera.2009.11.032?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clinthera.2009.11.032?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0b013e31818a405a?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0b013e31818a405a?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3111/13696998.2013.772058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3111/13696998.2013.772058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.24545?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.24545?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/OARRR.S248750?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/OARRR.S248750?utm_medium=email&utm_source=transaction


20. Chibnik LB, Massarotti EM, Costenbader KH: Identification and validation of lupus nephritis cases using
administrative data. Lupus. 2010, 19:741-3. 10.1177/0961203309356289

21. Garris C, Jhingran P, Bass D, Engel-Nitz NM, Riedel A, Dennis G: Healthcare utilization and cost of systemic
lupus erythematosus in a US managed care health plan. J Med Econ. 2013, 16:667-77.
10.3111/13696998.2013.778270

22. Quan H, Li B, Couris CM, et al.: Updating and validating the Charlson comorbidity index and score for risk
adjustment in hospital discharge abstracts using data from 6 countries. Am J Epidemiol. 2011, 173:676-82.
10.1093/aje/kwq433

23. Clinical classifications software (CCS) for ICD-10-PCS (beta version), 2015 . (2022). Accessed: June 1, 2022:
https://www.hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp.

24. Zhu TY, Tam LS, Lee VW, Lee KK, Li EK: The impact of flare on disease costs of patients with systemic lupus
erythematosus. Arthritis Rheum. 2009, 61:1159-67. 10.1002/art.24725

25. Ruiz-Irastorza G, Danza A, Khamashta M: Glucocorticoid use and abuse in SLE . Rheumatology (Oxford).
2012, 51:1145-53. 10.1093/rheumatology/ker410

26. Al Sawah S, Zhang X, Zhu B, Magder LS, Foster SA, Iikuni N, Petri M: Effect of corticosteroid use by dose on
the risk of developing organ damage over time in systemic lupus erythematosus-the Hopkins Lupus Cohort.
Lupus Sci Med. 2015, 2:e000066. 10.1136/lupus-2014-000066

27. Mejía-Vilet JM, Ayoub I: The use of glucocorticoids in lupus nephritis: new pathways for an old drug . Front
Med (Lausanne). 2021, 8:622225. 10.3389/fmed.2021.622225

28. Baker M, Perazella MA: NSAIDs in CKD: are they safe? . Am J Kidney Dis. 2020, 76:546-57.
10.1053/j.ajkd.2020.03.023

29. Feldman CH, Hiraki LT, Liu J, et al.: Epidemiology and sociodemographics of systemic lupus erythematosus
and lupus nephritis among US adults with Medicaid coverage, 2000-2004. Arthritis Rheum. 2013, 65:753-63.
10.1002/art.37795

30. Rovin BH, Furie R, Teng YK, et al.: A secondary analysis of the Belimumab International Study in Lupus
Nephritis trial examined effects of belimumab on kidney outcomes and preservation of kidney function in
patients with lupus nephritis. Kidney Int. 2022, 101:403-13. 10.1016/j.kint.2021.08.027

2023 Bell et al. Cureus 15(4): e37839. DOI 10.7759/cureus.37839 14 of 14

https://dx.doi.org/10.1177/0961203309356289?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0961203309356289?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3111/13696998.2013.778270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3111/13696998.2013.778270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/aje/kwq433?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/aje/kwq433?utm_medium=email&utm_source=transaction
https://www.hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp?utm_medium=email&utm_source=transaction
https://www.hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.24725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.24725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/rheumatology/ker410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/rheumatology/ker410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2014-000066?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/lupus-2014-000066?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmed.2021.622225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmed.2021.622225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2020.03.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2020.03.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.37795?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/art.37795?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.kint.2021.08.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.kint.2021.08.027?utm_medium=email&utm_source=transaction

	Healthcare Resource Utilization and Associated Costs in Patients With Systemic Lupus Erythematosus Diagnosed With Lupus Nephritis
	Abstract
	Introduction
	Materials And Methods
	Study design
	FIGURE 1: Study design.

	Study population
	Outcomes
	Statistical analysis

	Results
	Patient demographics and clinical characteristics
	TABLE 1: Patient demographics and baseline clinical characteristics among LN and matched SLE without LN cohorts.

	HCRU
	FIGURE 2: Percentages of patients with all-cause HCRU among LN and matched SLE without LN cohorts post-index.
	FIGURE 3: All-cause HCRU counts among LN and matched SLE without LN cohorts post-index.

	Healthcare costs
	FIGURE 4: All-cause healthcare costs among LN and matched SLE without LN cohorts post-index.

	Clinical manifestations and renal laboratory measurements
	TABLE 2: Clinical manifestations among patients with LN and patients with SLE without LN post-index.
	TABLE 3: Renal laboratory tests post-index.

	Flares
	TABLE 4: Counts and severity of flares among patients with LN and patients with SLE without LN post-index.

	Treatments
	TABLE 5: Treatments post-index.


	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


