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The cost of flares among patients with
systemic lupus erythematosus with and
without lupus nephritis in the United States
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Abstract

Objective: Assess healthcare costs associated with systemic lupus erythematosus (SLE) flares among patients with and
without lupus nephritis (LN).
Methods: This retrospective cohort study used medical and pharmacy claims data from the United States-based Optum
Clinformatics database to identify adults with SLE between 1 January 2016, and 31 December 2018. Index was the date of a
patient’s earliest SLE diagnosis claim during the identification period. Patients were categorized based on ICD-9/-10
diagnosis codes into one of two cohorts: SLE with LN (LN) and SLE without LN (non-LN). Baseline characteristics were
assessed in the 12 months preceding index (baseline period). The presence, severity, and healthcare costs (in 2019 US
dollars) of flares were determined in the 12 months following index (follow-up period).
Results:Overall, 11,663 patients with SLE were included (LN, n = 2916; non-LN, n = 8747). During the baseline period, a
greater proportion of patients in the LN cohort versus non-LN cohort had a Charlson Comorbidity Index score ≥4 (72.5%
vs 13.7%) and inpatient stays (41.0% vs 17.0%).
A total of 12,190 flares were identified during the follow-up period (LN, 3494; non-LN, 8696). A greater proportion of
flares experienced by patients with LN versus those without LN were moderate (61.2% vs 53.6%) and severe (10.6% vs
5.4%). The mean (standard deviation [SD]) number of moderate and severe flares per patient was greater among the LN
cohort than the non-LN cohort (moderate: LN, 1.8 [1.2] and non-LN, 1.4 [1.2]; severe: LN, 0.2 [0.6] and non-LN, 0.1 [0.3]).
The mean (SD) total healthcare costs associated with SLE flares of any severity were greater for patients with LN (LN,
$5842 [9604]; non-LN, $2600 [4249]). The mean (SD) cost per flare increased with severity (mild: LN, $2753 [4640] and
non-LN, $1606 [2710]; moderate: LN, $4561 [7156] and non-LN, $2587 [3720]; severe: LN, $29,148 [27,273] and non-
LN, $14,829 [19,533]).
Conclusions: Patients with SLE with LN have greater healthcare costs than those without LN. Flares among patients with
LN were more frequent, severe, and costly than among patients without LN. This highlights the need for treatments that
prevent or reduce flares among patients with SLE, both with and without LN.
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Introduction

One of the most frequent manifestations of systemic lupus
erythematosus (SLE) is lupus nephritis (LN); approximately
40% of patients with SLE present with LN,1 of whom around
10%–20% develop end stage kidney disease (ESKD) 10 years
after diagnosis.1,2 Additionally, patients with LN have been
shown to incur greater healthcare resource utilization (HCRU)
and economic burden than patients with SLE alone.3
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SLE flares are associated with hospital admissions and
poor patient outcomes, such as an increased risk of organ
damage.4–6 Occurrence of flares among patients with LN is
particularly damaging; each renal flare results in nephron
loss, reduces the lifespan of the kidney, and increases the
risk of kidney failure.7,8

Previous clinical trials investigating the efficacy and
safety of treatments for SLE have identified the presence
and severity of flares using the SLE flare index.9–11 Cur-
rently, there are no specific diagnostic International Clas-
sification of Diseases (ICD) codes for an SLE flare, and the
manifestations of SLE itself are diverse. This can make it
difficult to identify SLE flares.12 Therefore, a claims-based
algorithm was developed (by Garris and colleagues) to
identify SLE flares and to classify their severity (e.g., mild,
moderate, or severe).13 The algorithm is based on the Lupus
Foundation second international Lupus Flare Conference
definition of flare severity,14 consensus of expert clinical
opinion, and criteria including outpatient visits, hospitali-
zation, and emergency room (ER) visits supported by a
qualifying diagnosis of SLE or an SLE-related condition.13

Using this algorithm, several studies have investigated the
economic burden of SLE flares and shown that healthcare
costs increase with flare severity.13,15–18 A comparison of
this administrative algorithm and the SLE activity measure
SLE Disease Activity Index-2000 (SLEDAI-2K) showed
that the Garris algorithm had moderate agreement for the
classification of SLE severity with the SLEDAI-2K when
assessed in an academic lupus center, exhibiting a sensi-
tivity of 85.7%, specificity of 67.6%, and positive and
negative predictive values of 81.8% and 73.5%,
respectively.19

One such study used administrative commercial claims
data from the United States (US) to evaluate the frequency,
severity, and cost of flares in adults newly diagnosed with
SLE and showed that mean all-cause healthcare costs within
30 days of an SLE flare rose from $1672 for mild flares to
$16,856 for severe flares.18 However, given the negative
impact of flares among patients with LN, few studies have
investigated if there is a difference in the cost of treating
SLE flares among patients with and without LN.

The aim of this study was to assess direct healthcare costs
associated with SLE flares among patients in the US with
and without LN.

Methods

Study design and data source

This was a retrospective cohort study conducted using
medical and pharmacy claims data from members of
Commercial and Medicare Advantage plans in the US-
based Optum Clinformatics database between 1 January
2015, and 31 December 2019 (Figure 1). The Optum

Clinformatics database contains de-identified medical and
pharmacy data and associated enrollment data for indi-
viduals across the US enrolled in health plans. Medical
claims data include diagnosis and procedure codes, site of
service codes, and paid amounts; pharmacy claims data
include the drug name, national drug code, dosage form,
drug strength, fill date, and financial information for health
plan–provided outpatient pharmacy services. Informed
consent, ethics committee approval, or institutional review
board approval were not required for this study since there
was no direct patient contact or primary collection of in-
dividual human patient data, and study results omitted
patient identification.

Patients with SLE with or without a diagnosis of LN
were identified between 1 January 2016, and 31 December
2018 (identification period). The cohort included patients
with prevalent and incident SLE. The index date was the
date of their earliest observed SLE diagnosis during the
identification period. Patient characteristics were assessed
during the 12-month period preceding the index date
(baseline period). The presence, severity, and healthcare
cost of SLE flares were assessed during the 12-month period
following the index date (follow-up period).

Eligibility criteria

Patients were included in the study if they were ≥18 years of
age at the year of the index date, had continuous health plan
enrollment during both the baseline and follow-up periods
(for a minimum of 24 months), and had a diagnosis of SLE
on ≥1 inpatient claim or ≥2 outpatient claims (separated
by ≥30 days) with an ICD-9 or -10 diagnosis code for SLE
(ICD-9-CM: 710.x; ICD-10-CM: M32, M32.1x, M32.8,
and M32.9) in any position during the study period. If
patients were included based on ≥2 outpatient claims, their
index date was the earliest observed diagnosis code. Patients
were excluded from the study if they had an ICD-10 di-
agnosis code for drug-induced SLE (M32.0).

Eligible patients were classified into one of two cohorts:
SLE subgroup with LN (LN) and SLE subgroup without LN
(non-LN). Patients were included in the LN cohort if they
had ≥2 renal diagnosis codes in any position on medical
claims during the baseline period or on the index date;
diagnosis codes are shown in Supplementary Table 1. The
non-LN cohort comprised patients meeting the study eli-
gibility criteria, but had no diagnosis of LN (no renal di-
agnosis claims) during the baseline or follow-up periods.

Variables and outcomes

Patient demographic characteristics including age (at in-
dex), gender, US geographic region, and payer type were
assessed at baseline. Charlson comorbidity index (CCI)
score (calculated using a validated algorithm),20,21
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comorbidities (identified based on the presence of any claim
with respective ICD-9 and -10 diagnosis codes), total all-
cause healthcare costs (comprised of inpatient, outpatient,
and ER visits, and pharmacy costs), all-cause HCRU
(comprised of inpatient, outpatient, and ER visits, and
pharmacy claims) and use of SLE-related medications
(derived from pharmacy claims) were also determined
during the baseline period.

The total and mean number of SLE flares during the
follow-up period were calculated and stratified by se-
verity (mild, moderate, and severe); flares were identified
using the previously published Garris claims-based al-
gorithm.13 The algorithm was employed due to the in-
herent difficulty in identifying SLE flares and its
reliability as a tool for classifying SLE severity in ad-
ministrative database studies.19 Patients could experience
multiple disease flares of varying severity, each of which
was assessed in the study. Mild flares were defined as the
initiation of a new antimalarial prescription; or oral cortico-
steroid with prednisone-equivalent dose of ≤7.5 mg/day; or
non-immunosuppressive therapy. Moderate flares were de-
fined by the: initiation of oral corticosteroid with prednisone-
equivalent dose of >7.5 mg/day but ≤40 mg/day or immu-
nosuppressive therapy (excluding cyclophosphamide); or ER
visit with primary diagnosis of SLE; or ER or office visit with a
primary or secondary diagnosis of a specified moderate SLE-
related condition (see Supplementary Material for list of
conditions). Finally, severe flares were defined as: initiation of
oral corticosteroidwith prednisone-equivalent dose of >40mg/
day or cyclophosphamide; or hospitalization (inpatient ad-
mission) with a primary diagnosis of SLE; or hospitalization
with a primary diagnosis for a specified severe SLE-related
condition (see SupplementaryMaterial for a list of conditions).
Based on the algorithm, flares were considered to last for
30 days, unless a flare of a higher severity occurred during
those 30 days; in this case, the length of the flare was limited

from the start of the first flare until the onset of the more severe
flare.13

Total healthcare costs (comprised of inpatient, outpatient,
ER visit, and pharmacy costs) were calculated for the duration
of each flare and reported per flare, and stratified by severity
(any, mild, moderate, and severe flare). Costs per flare were
computed as the combined costs paid by the patient and health
plan during the flare period. The entire cost for hospitalizations
that started during the flare but did not finish before the end of
the flare were counted toward the cost of the flare. Healthcare
costs were adjusted to 2019 US dollars.

Statistical analysis

This was a descriptive study as no formal statistical com-
parisons were made. Mean values and standard deviation (SD)
were calculated for continuous variables; absolute numbers
and percentages were calculated for categorical variables.

Results

Patient demographics and clinical characteristics

In total, 2916 patients were included in the LN cohort and
8747 patients in the non-LN cohort (Table 1). A patient
attrition table is shown in Supplementary Table 2. Most
patients were female with a mean (SD) age of 65.0 (14.9)
years in the LN cohort and 58.0 (14.8) years in the non-LN
cohort (Table 1). A greater proportion of patients in the LN
cohort had a CCI score ≥4 compared with patients in the
non-LN cohort, while fewer patients with LN had a CCI
score between 0 and 1 (Table 1). The most common SLE-
related manifestation was arthralgia, which occurred among
a similar proportion of patients in both cohorts; a greater
proportion of patients in the LN cohort had hematologic
disorders compared with the non-LN cohort (Table 1).

Figure 1. Study design.
SLE: systemic lupus erythematosus.
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Total all-cause healthcare costs at baseline were sub-
stantially higher among patients in the LN cohort compared
with patients in the non-LN cohort (Table 1). With regards
to all-cause HCRU during the baseline period, the pro-
portion of patients with inpatient stays and ER visits were
higher among patients in the LN cohort compared with the
non-LN cohort (Table 1). The most frequently prescribed

SLE-related medications were oral corticosteroids in the LN
cohort and antimalarials in the non-LN cohort (Table 1).

SLE flares

In total, 3494 and 8696 flares occurred during the follow-
up period among patients in the LN and non-LN cohorts,

Table 1. Baseline characteristics.

LN cohort Non-LN cohort

(N = 2916) (N = 8747)

Age, mean (SD) 65.0 (14.9) 58.0 (14.8)
Female, n (%) 2436 (83.5) 7979 (91.2)
US geographic region, n (%)
North East 244 (8.4) 1003 (11.5)
North Central 513 (17.6) 1636 (18.7)
South 1395 (47.8) 3995 (45.7)
West 764 (26.2) 2107 (24.1)
Unknown 0 (0.0) 6 (0.1)

Payer type
Commercial 602 (20.6) 3822 (43.7)
Medicare advantage 2314 (79.4) 4925 (56.3)

CCI score, n (%)
0–1 148 (5.1) 4326 (49.5)
2–3 653 (22.4) 3222 (36.8)
≥4 2115 (72.5) 1199 (13.7)

CCI Score, mean (SD) 5.36 (2.64) 2.06 (1.52)
SLE-related manifestations, n (%)
Arthralgia 1385 (47.5) 4032 (46.1)
Hematologic disorders 1115 (38.2) 1686 (19.3)
Rash 509 (17.5) 1374 (15.7)

Comorbiditiesa, n (%)
Ophthalmologic disorders 634 (21.7) 1862 (21.3)
Rheumatoid arthritis 728 (25.0) 2283 (26.1)

Total all-cause healthcare costs, 2019 US dollars (SD) 38,136 (67,633) 9839 (18,190)
All-cause HCRU, n (%)
Inpatient stays 1195 (41.0) 1490 (17.0)
Outpatient visits 2916 (100.0) 8744 (100.0)
ER visits 1686 (57.8) 3695 (42.2)
Pharmacy claims 2723 (93.4) 8194 (93.7)

Use of medications of interestb, n (%)
Antimalarials 1118 (38.3) 3844 (44.0)
Biologics 76 (2.6) 191 (2.2)
Immunosuppressants 758 (26.0) 1592 (18.2)
Intravenous corticosteroids 1001 (34.3) 2894 (33.1)
NSAIDs 587 (20.1) 2904 (33.2)
Oral corticosteroids 1419 (48.7) 3774 (43.2)
Statins 1184 (40.6) 1847 (21.1)

CCI: Charlson comorbidity index; ER: emergency room; HCRU: healthcare resource utilization; ICD: International Classification of Diseases; LN: lupus
nephritis; NSAIDs: Nonsteroidal anti-inflammatory drugs; SLE: systemic lupus erythematosus; SD: standard deviation; US: United States.
aThe comorbidities listed are the top five most commonly reported overall and include the number and proportion of patients with a claim containing
respective ICD-9 and ICD-10 diagnosis codes.
bAssessed based on the presence of a pharmacy claim for respective medications only during the baseline period.
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respectively. The most commonly reported SLE flare
severity in both cohorts was moderate (Figure 2). A
greater proportion of SLE flares experienced by the non-
LN cohort were mild compared with the LN cohort;
conversely, the proportions of moderate and severe flares
were greater in the LN cohort than the non-LN cohort
(Figure 2).

The overall number of flares per patient experienced
during the 12-month follow-up period was 1.2 and 1.0 for
the LN and non-LN cohorts, respectively. The mean number
of moderate and severe SLE flares per patient during the
follow-up period was higher in the LN cohort than the non-
LN cohort; the mean number of mild flares per patient was
lower in the LN cohort than in the non-LN cohort (Table 2).

Healthcare costs per flare

Themean total healthcare costs per SLE flare of any severity
during the follow-up period were approximately 2.2-fold
higher among patients in the LN cohort compared with
those in the non-LN cohort (Figure 3). Mean healthcare
costs per flare increased with severity; costs were ap-
proximately 1.7-fold, 1.8-fold, and 2.0-fold higher per mild,

moderate, and severe flare, respectively, among patients in
the LN cohort compared with the non-LN cohort (Figure 3).
Specifically, the mean (SD) costs per flare among the LN
cohort were $2753 (4640), $4561 (7156), and $29,148
(27,273) for mild, moderate, and severe flares, respectively;
compared with $1606 (2710), $2587 (3720), and $14,829
(19,533), respectively, among the non-LN cohort (Figure 3).

Discussion

Using a claims-based algorithm to define SLE flares and a
large US-based patient cohort from diverse geographical re-
gions, we have shown that patients with LN experience disease
flares more frequently than patients without LN. Additionally,
flares experienced by patients with LN were generally more
severe and costly than for patients without LN.

The increased economic burden observed among pa-
tients with LN compared with those without LN in our study
is consistent with reports elsewhere. A systematic literature
review that aimed to determine the HCRU of patients with
LN and the associated direct and indirect costs showed that
patients with LN have substantially higher HCRU and
economic burden compared with those with SLE.3 Spe-
cifically, one study showed that mean 12-month follow-up
direct medical costs were significantly higher among pa-
tients with LN ($30,652) compared with patients without
LN ($12,029).22 Another study showed that mean total
annual costs among patients with LN were $39,284 com-
pared with $33,369 for all patients with SLE,23 while a
further study showed that patients with LN incurred
healthcare costs of $50,958 compared with $10,738 for a
control group of patients with no evidence of SLE or renal
impairment.24 In addition, a longitudinal study showed that
mean healthcare costs during the first year post-LN diag-
nosis were substantially higher compared with Years 2–5.25

Figure 2. The number of SLE flares by severity experienced during the 12-month follow-up period among patients in the a) LN cohort
and b) non-LN cohort.
Note: Proportions are based on the total number of flares experienced in each cohort. SLE: systemic lupus erythematosus; LN: lupus
nephritis.

Table 2. Mean number of SLE flares per patient during the 12-
month follow-up period.

SLE flares per patient, mean (SD)

LN cohort Non-LN cohort

(N = 2916) (N = 8747)

Mild 0.8 (1.1) 1.1 (1.2)
Moderate 1.8 (1.2) 1.4 (1.2)
Severe 0.2 (0.6) 0.1 (0.3)

LN: lupus nephritis; SD: standard deviation; SLE: systemic lupus
erythematosus.
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Two studies using administrative claims data have es-
timated the total mean annual healthcare cost per SLE flare
to be approximately $1576 and $2163.13,17 Numerous
studies have calculated costs per flare by severity and es-
timated that mild flares cost between $129–$1672 per flare;
moderate flares cost $562–$4305 per flare; and severe flares
cost between $2344 and $18,952 per flare.13,15–18 All of
these studies utilized a similar claims-based algorithm to
define flare severity as our study. The costs we have cal-
culated per flare for patients without LN, and those with LN
fall within these range of values. Similar to the present
study, these studies have also shown that the costs per flare
increase with severity.13,15–18

While our study did not investigate the effect of SLE
flares on the ability of patients to work, two studies have
shown that increased incidence of flares is associated with
work productivity impairment. One study conducted in
Malaysia used patient questionnaires to show that cumu-
lative flare frequency and presence of LN were associated
with impairment of the ability of patients with SLE to
work.26 A separate study conducted in the US showed that
the incidence of flares was significantly associated with
work absences, time impaired while at work, loss of pro-
ductivity, and inability to work.27 This further highlights the
burden of SLE flares and LN.

SLE flares are associated with irreversible organ damage,
which accumulates during prolonged periods of disease
activity.4,6,28 Additionally, renal flares are associated with
irreversible kidney damage with each subsequent renal flare
reducing the lifespan of the kidney and progressing further
toward ESKD.7,8 Therefore, the higher incidence of SLE

flares observed among patients with LN could be associated
with poorer patient outcomes.

Due to the negative short-, medium-, and long-term
impacts on patient outcomes associated with SLE flares,
treatment guidelines recommend reducing the risk of
flares.29 Currently, hydroxychloroquine is recommended
by EULAR as a first-line treatment, as antimalarials have
been shown to reduce flares.29,30 The disease-modifying
treatment belimumab, a B-lymphocyte stimulator-
specific inhibitor indicated for the treatment of patients
with SLE,31–33 has consistently been shown to reduce
both the incidence of flares and the risk of severe SLE
flares in clinical trials.10,11,34,35 A pooled analysis of data
from five double-blind, placebo-controlled studies
showed that there was a 39% reduction in the risk of
severe flares among belimumab-treated patients com-
pared with placebo.36 Furthermore, a post-hoc economic
analysis of the BLISS-SC trial (NCT01484496) showed
that the mean number of severe flares that occurred
among patients treated with belimumab plus standard
therapy was approximately 1.7-fold lower than those
treated with placebo plus standard therapy, which in turn
lowered the costs associated with flares.37 This suggests
that treatment strategies that reduce the incidence of
severe flares may reduce economic burden.

This study had some limitations. The presence of di-
agnosis codes on a medical claim does not necessarily
confirm the presence of a disease; diagnosis codes can be
incorrectly coded or be included on claims as rule-out
criteria rather than actual disease diagnosis. Claims data
are not considered to be a comprehensive patient record.
The results presented here may not be generalizable to the

Figure 3. Mean (SD) healthcare costs (2019 US dollars) per SLE flare during the 12-month follow-up period in the LN and the non-LN
cohorts.
SD: standard deviation; SLE: systemic lupus erythematosus; LN: lupus nephritis.
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entire US population. For example, the present cohort is an
insured population and findings may differ from an un-
insured cohort, which may have more barriers to health-
care and therefore have more uncontrolled disease and
greater risk of flare; no equity variables were included in
this analysis. It is also important to note the underlying
payer distribution among the SLE and LN cohorts in this
study. In particular, the proportion of patients represented
by Commercial versus Medicare Advantage was 21% and
80%, respectively, in the LN cohort and 44% and 56%,
respectively, in the non-LN cohort. This observation is
likely an explanation for the greater average age of the
cohorts identified for this study (LN cohort, 65.0; non-LN
cohort, 58.0) compared with patients with SLE from other
claims-based studies (41.4–52.7).24,38–43 Bias may also
have been introduced by using two sets of diagnoses codes
(ICD-9 and ICD-10) to identify patients and flare severity.
No specific SLE flare diagnosis codes exist, so this study
relied on a claims-based algorithm to define the presence of
flares.13 Additionally, the cost of renal flares specifically
was not included in this study, although they would likely
be captured through use of the claims-based algorithm,
especially among patients in the LN cohort. The proportion
of patients using antimalarials in this study appears to be
low, considering EULAR recommends the use of hy-
droxychloroquine for all patients with SLE.29 Herein lies
one of the many challenges to managing SLE: adherence.
Specifically, adherence to guideline-recommended treat-
ment and patient adherence to prescribed medications. In
this study, use of antimalarials was only measured during
the 12-month pre-index period, before the earliest diag-
nosis of SLE; however, the values reported here fall within
the range reported by other claims-based studies (16.4%–

78.6%).24,38–43 Yet, when examining data from a lupus
center of excellence, for example, the Johns Hopkins
Cohort, 95% of patients had used hydroxychloroquine
between 2010 and 2019.44 Finally, not all Medicare plans
or patients are represented in the Optum Clinformatics
database. Patients with ESKD may not have been captured
as they would be eligible for Medicare; however, Medicare
Advantage enrollees were included in this study.

In conclusion, this study has shown that SLE flares
among patients with LN were more frequent, severe, and
costly than among patients without LN. These data high-
light the need for interventions that prevent or reduce flares
among patients with SLE, with or without LN. Relevant
stakeholders should be engaged to ensure that treatment
options that reduce the risk of flares are accessible to pa-
tients with LN.
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