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ABSTRACT
Objective To evaluate frequency, severity and costs of 
flares in US patients with newly diagnosed SLE.
Methods Adults diagnosed with SLE between January 
2005 and December 2014 were identified from US 
commercial claims data linked to electronic medical 
records. Disease and flare severity during 1 year after 
diagnosis were classified as mild, moderate or severe 
using a claims- based algorithm. Study outcomes included 
frequency and severity of flares stratified by disease 
severity during the 1- year post- diagnosis period and all- 
cause healthcare costs of flares by severity at 30, 60 and 
90 days after flare.
Results Among 2227 patients, 26.3%, 51.0% and 
22.7% had mild, moderate and severe SLE, respectively. 
The overall annual flare rate was 3.5 and increased with 
disease severity: 2.2, 3.7 and 4.2, respectively, for mild, 
moderate and severe SLE (p<0.0001). Patients with severe 
SLE had a higher annual severe flare rate (0.6) compared 
with moderate (0.1) or mild SLE (0; p<0.0001). Mean total 
all- cause costs at 30, 60 and 90 days after flare were 
$16 856, $22 252 and $27 468, respectively, for severe 
flares (mild flares: $1672, $2639 and $3312; moderate 
flares: $3831, $6225, $8582; (p<0.0001, all time points)). 
Inpatient costs were the primary driver of the increased 
cost of severe flares.
Conclusions Flare frequency and severity in newly 
diagnosed patients with SLE increase with disease 
severity. After a flare, healthcare costs increase over the 
following 90 days by disease severity. Preventing flares or 
reducing flare rates and duration may improve outcomes 
and reduce healthcare costs.

INTRODUCTION
SLE is a chronic autoimmune disease charac-
terised by episodes of increased disease activity, 
referred to as flares.1 A total of 65%–70% of 
patients experience at least one flare each 
year.2 Patients with severe SLE experience 
higher frequencies of severe flares and flares 
of any severity, compared with patients with 
mild SLE.3–5 While the occurrence of any flare 

increases healthcare costs, severe flares incur 
the greatest cost.3 6–8 Compared with patients 
without SLE, annualised direct SLE medical 
costs are $914, $4305 and $18 952 higher for 
patients with mild, moderate and severe SLE, 
respectively.6 Even among patients with SLE 
who experienced no flares, annualised direct 
costs are $441 higher compared with patients 

Key messages

What is already known about this subject?
 ► Over a 1- year period, approximately 70% of patients 
with SLE experience  ≥1 flare. Severe disease is 
associated with higher frequency of flares and in-
creased medical costs.

What does this study add?
 ► This study used administrative commercial claims 
data linked to electronic medical records to evalu-
ate flare frequency, severity and costs 30, 60 and 
90 days post- SLE flare in US patients with newly 
diagnosed SLE.

 ► In the year after diagnosis, 95% of patients with SLE 
experience ≥1 flare and 67% experience ≥3 flares, 
with an average of 36.4 days from diagnosis to first 
SLE flare. Patients with moderate and severe SLE 
have a higher frequency of flares and experience a 
shorter time to the first SLE flare.

 ► The mean healthcare costs associated with flares 
continue to increase after 30 days through 90 days 
after a flare, with the largest healthcare costs asso-
ciated with severe flares and inpatient care.

How might this impact on clinical practice or future 
developments?

 ► The high frequency of flares and short time to first 
flares experienced during the first year after diagno-
sis may be in part related to delays in establishing 
a diagnosis and initiating appropriate medical treat-
ment. Earlier diagnosis and treatment may prevent 
the occurrence of flares, or reduce the rate and 
duration of flares, with potential to improve health 
outcomes and reduce SLE healthcare costs.
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without SLE.6 Because there is no curative therapy 
for SLE, a key treatment goal is to prevent or reduce 
frequency and severity of disease flares, with the aim of 
preventing or slowing disease progression.1

There are limited data on the real- world burden of 
SLE flares and healthcare costs following a flare and how 
they may be affected by flare severity. To understand the 
clinical burden of SLE flares in a US cohort of patients 
with newly diagnosed SLE and to obtain a comprehensive 
picture of the patient population, we used administra-
tive commercial claims data linked to electronic medical 
records (EMRs). We evaluated flare frequency and annu-
alised rates of mild, moderate, and severe flares by disease 
severity during 1 year after SLE diagnosis. We also eval-
uated the economic burden of SLE flares by estimating 
healthcare costs associated with flares at 30, 60 and 90 
days after a mild, moderate or severe flare.

PATIENTS AND METHODS
Data sources
This retrospective cohort study used data from the IBM 
MarketScan commercial database linked to the General 
Electric Centricity EMR (GE EMR) database from January 
2004 to December 2015. The IBM MarketScan commer-
cial database includes fully integrated and de- identified 
patient- level healthcare claims data from large employers, 
health plans, and government and public organisations 
and includes private sector health data from approxi-
mately 350 payers, and >20 billion service records. The 
GE EMR database contains patient- level clinical data, 
including demographics, insurance information, and 
International Classification of Diseases, Ninth Revision 
(ICD-9) and ICD-10 medical diagnoses from >38 million 
patients across the USA.

The study dataset was constructed using a patented 
and proprietary encryption algorithm developed by 
IQVIA to link patient data from the IBM MarketScan 
and GE EMR.9–11 Patient data were de- identified across 
data suppliers using the encryption algorithm, followed 
by deterministic matching based on patient- level infor-
mation. Each patient was then assigned a unique and 
persistent IQVIA patient ID with linkage across various 
databases.

Study design and patient selection
Eligible patients from the linked IBM MarketScan and 
GE EMR dataset were adults ≥18 years old with evidence 
of newly diagnosed SLE from 1 January 2005 to 31 
December 2014 (selection window). The first observed 
SLE diagnosis during the selection window was charac-
terised as the index date. A confirmed SLE diagnosis was 
defined as having ≥1 inpatient SLE diagnosis or ≥2 outpa-
tient SLE diagnosis codes (including index diagnosis) 
that were ≥60 days apart (ICD-9- CM: 710.0x, ICD-10- CM: 
M32.9) in EMR records or claims in any position; and 
record of prescribed SLE- related medications within 6 
months before and after the index date. Patients were 

further required to have continuous enrolment in a 
health plan for at least 12 months before index (baseline 
period) and 12 months after index (post- diagnosis or 
follow- up period). Patients with an SLE or lupus nephritis 
diagnosis during the 12 months prior to index and 
patients with incomplete or missing data in the linked 
dataset were excluded.

Figure 1 provides details of the study design, inclu-
sion and exclusion criteria, and attrition of the study 
population.

Study measures
SLE disease severity
SLE disease severity was classified as mild, moderate or 
severe based on the highest severity experienced during 
the 1- year post- diagnosis period using a claims- based 
algorithm,3 supplemented with EMR data for diagnoses 
and procedures/visits. The criteria used in this algorithm 
included SLE- related conditions, medications and health 
service use (online supplemental table S1).3

SLE flare severity
Flares occurring 1 year post- diagnosis were classified as 
mild, moderate or severe using a claims- based algorithm 
supplemented with EMR data (online supplemental table 
S2).3 This algorithm combined the Lupus Foundation of 
America Second International Lupus Flare Conference 
categorisation,12 consensus of expert clinical opinion, 

Figure 1 (A) Study design and (B) attrition of the identified 
study population of US patients with newly diagnosed SLE 
between January 2005 and December 2014. The study 
population included patients ≥18 years old with evidence of 
SLE. Application of the inclusion and exclusion criteria and 
categorisation into groups based on SLE disease severity 
over the 1- year period after diagnosis.
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and additional criteria including inpatient stays and 
emergency department visits, supported by a qualifying 
SLE diagnosis or SLE- related condition. Rules for the 
type and timing of health services use, use of different 
classes of medication, and change in severity from the 
previous level were applied to the algorithm to identify a 
unique flare episode, including start and end date assign-
ment (online supplemental table S2).

For SLE disease and flare severity classifications, the 
claims- based algorithms relied on data captured from 
claims in the linked dataset, such as medications (filled), 
and inpatient or outpatient visits with an associated diag-
nosis. EMR data (diagnosis/procedures/medications 
(prescribed)) were used as a complement to claims data 
when the relevant information was missing in the claim.

Baseline demographics and clinical characteristics
Demographic and clinical characteristics were assessed 
during the baseline period for all patients with newly 
diagnosed SLE by disease severity. Characteristics assessed 
include age, sex, race/ethnicity, geographical region, 
health plan type, payer type and medication use. Comor-
bidities during the baseline period were assessed by the 
Charlson Comorbidity Index (CCI) score; proportion 
of patients with 0, 1, 2 and ≥3 CCI comorbidities; and 
the presence of individual CCI comorbidities (diabetes 
mellitus, cerebrovascular accident, liver disease, any 
malignancy, peripheral vascular disease, congestive heart 
failure and myocardial infarction).

Outcome measures
Study outcomes during the 1- year post- diagnosis period 
were evaluated by SLE disease severity, including annu-
alised flare rates, overall and by flare severity, and the 
proportion of patients with 0, 1, 2 and ≥3 flares. We esti-
mated the time to first flare of any severity for all patients 
and by SLE disease severity.

The mean prescribed prednisone equivalent dose 
(PED, mg/day) of corticosteroids was calculated at 30, 
60 and 90 days after SLE flare during the 1- year post- 
diagnosis period by flare severity. The cumulative PED was 
defined as the total dose a patient received from the first 
corticosteroid prescription through the last prescription 
during the defined follow- up period. The mean daily PED 
was defined as the cumulative dose divided by the total 
number of days supplied during the defined follow- up 
period, beginning with the first day corticosteroids were 
supplied. Online supplemental table S3 provides PED 
dose conversions for various corticosteroids.

Unadjusted all- cause healthcare costs per flare (2017 
US$) were estimated at 30, 60 and 90 days after flare, for 
all flares and by flare severity. Flare costs were reported 
as total healthcare cost and by care setting (inpatient, 
emergency department, outpatient, office, laboratory 
and pharmacy). Outpatient services included all non- 
pharmacy claims not categorised as inpatient, emergency 
department, office or laboratory services. Costs were 
computed as the total payments received by providers, 

including payments made by payers and patients, such as 
co- pay or co- insurance, converted to 2017 US$ using the 
medical component of the Consumer Price Index.

Statistical analyses
Categorical variables were described as counts or propor-
tions, and Pearson’s Χ2 test or F- test was used to examine 
unadjusted between- group differences. Continuous 
variables were described as mean (SD) and/or median 
(minimum (min), maximum (max); IQR) using analysis 
of variance (ANOVA) or t- test to examine unadjusted 
differences between groups. As all groups examined had 
large sample sizes (>400), it was assumed that the data met 
the conditions required for ANOVA testing (normality, 
homoscedasticity and no multicollinearity), despite the 
skew of outcomes. Statistical tests were two- sided with an 
α level of 0.05 for statistical significance. Statistical anal-
yses were performed using SAS V.9.4 (SAS Institute).

Patient and public involvement
Patients and the public were not involved in the research 
process, research questions, study design or result dissem-
ination plans.

RESULTS
Baseline demographics and clinical characteristics
Among 15 940 patients identified with ≥1 SLE diag-
nosis in EMR records or claims between January 2005 
and December 2014, 2227 were included in analysis. 
We categorised 586 patients (26.3%) as having mild 
SLE; 1135 (51.0%), moderate SLE; and 506 (22.7%), 
severe SLE (figure 1B). Table 1 summarises baseline 
demographics and clinical characteristics. The mean 
(SD) patient age was 50.2 (13.0) years, with 56.2% of 
patients aged 45–64 years. Most patients were female 
(90.6%), 54.4% were non- Hispanic white, 58.5% were 
in the South region of the USA and 87.7% were covered 
by commercial insurance. The proportion of patients 
with three or more CCI comorbidities increased with 
disease severity (6.1%, 13.8% and 26.5% for patients 
with mild, moderate and severe SLE, respectively). 
Higher proportions of individual comorbidities, 
including diabetes mellitus, cerebrovascular accident, 
liver disease, peripheral vascular disease, congestive 
heart failure and myocardial infarction, were also 
observed in patients with moderate and severe SLE 
(all p<0.001 for differences between all groups).

SLE flare frequency during 1 year after diagnosis
The mean (SD) annual flare rate was 3.5 (1.9) for 
all patients. Patients with severe and moderate SLE 
experienced significantly more flares post- diagnosis 
compared with patients who had mild SLE. Mean 
(SD) annual flare rates were 4.2 (1.9) for severe SLE, 
3.7 (1.7) for moderate SLE and 2.2 (1.6) for mild SLE, 
p<0.0001 (figure 2A). Severe flares were observed 
more frequently among patients with severe SLE than 
among patients with moderate or mild SLE (figure 2B, 
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Table 1 Baseline demographic and clinical characteristics* of adult patients identified with newly diagnosed SLE between 
January 2005 and December 2014 from US commercial claims data, for all patients and by SLE disease severity

Variable
All patients
(N=2227)

SLE disease severity†

P value‡Mild (n=586) Moderate (n=1135) Severe (n=506)

Age, mean (SD), years 50.2 (13.0) 50.0 (12.2) 49.7 (13.1) 51.8 (13.3) 0.0088

Age category, n (%)

  18–44 years 709 (31.8) 187 (31.9) 373 (32.9) 149 (29.4) 0.0298

  45–64 years 1252 (56.2) 336 (57.3) 640 (56.4) 276 (54.5)

  ≥65 years 266 (11.9) 63 (10.8) 122 (10.7) 81 (16.0)

Female, n (%) 2017 (90.6) 544 (92.8) 1030 (90.7) 443 (87.5) 0.0113

Race/ethnicity, n (%)

  Non- Hispanic white 1212 (54.4) 318 (54.3) 621 (54.7) 273 (54.0) 0.2913

  Non- Hispanic black 298 (13.4) 87 (14.8) 136 (12.0) 75 (14.8)

  Hispanic 105 (4.7) 25 (4.3) 61 (5.4) 19 (3.8)

  Other 124 (5.6) 40 (6.8) 58 (5.1) 26 (5.1)

  Unknown 488 (21.9) 116 (19.8) 259 (22.8) 113 (22.3)

Region, n (%)

  Northeast 415 (18.6) 92 (15.7) 211 (18.6) 112 (22.1) 0.0517

  North central 289 (13.0) 75 (12.8) 139 (12.2) 75 (14.8)

  South 1303 (58.5) 354 (60.4) 681 (60.0) 268 (53.0)

  West 210 (9.4) 64 (10.9) 97 (8.5) 49 (9.7)

  Unknown 10 (0.4) 1 (0.2) 7 (0.6) 2 (0.4)

Health plan type, n (%)

  HMO 219 (9.8) 60 (10.2) 114 (10.0) 45 (8.9) 0.0873

  Indemnity 169 (7.6) 43 (7.3) 74 (6.5) 52 (10.3)

  POS 244 (11.0) 73 (12.5) 119 (10.5) 52 (10.3)

  PPO 1367 (61.4) 355 (60.6) 719 (63.3) 293 (57.9)

  Other 164 (7.4) 40 (6.8) 82 (7.2) 42 (8.3)

  Unknown 64 (2.9) 15 (2.6) 27 (2.4) 22 (4.3)

Payer type, n (%)

  Commercial 1953 (87.7) 521 (88.9) 1008 (88.8) 424 (83.8) 0.0098

  Medicare supplemental 274 (12.3) 65 (11.1) 127 (11.2) 82 (16.2)

Medication use, n (%)

  Opioids 1199 (53.8) 248 (42.3) 649 (57.2) 302 (59.7) <0.0001

  Antidepressants 784 (35.2) 173 (29.5) 420 (37.0) 191 (37.7) 0.0034

  Muscle relaxants 523 (23.5) 111 (18.9) 294 (25.9) 118 (23.3) 0.0054

  Sedatives 508 (22.8) 106 (18.1) 254 (22.4) 148 (29.2) <0.0001

  Gabapentin 189 (8.5) 23 (3.9) 116 (10.2) 50 (9.9) <0.0001

  Antimigraine 133 (6.0) 23 (3.9) 86 (7.6) 24 (4.7) 0.0042

CCI, mean (SD) 1.2 (1.5) 0.8 (1.1) 1.1 (1.4) 1.8 (1.8) <0.0001

CCI category, n (%)

  0 895 (40.2) 301 (51.4) 461 (40.6) 133 (26.3) <0.0001

  1 664 (29.8) 177 (30.2) 345 (30.4) 142 (28.1)

  2 341 (15.3) 72 (12.3) 172 (15.2) 97 (19.2)

  ≥3 327 (14.7) 36 (6.1) 157 (13.8) 134 (26.5)

Individual comorbidities from the CCI§, n (%)

  Diabetes mellitus 298 (13.4) 50 (8.5) 147 (13.0) 101 (20.0) <0.0001

Continued
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p<0.0001). Moderate flares occurred more frequently 
among patients with severe and moderate SLE than 
among patients mild SLE (p<0.0001) (figure 2C). 
Mild flares occurred more frequently in patients with 
mild SLE than among patients who had moderate or 
severe SLE (p<0.0001) (figure 2D).

The majority (95.1%) of patients experienced  
≥1 flare post- diagnosis. Nearly all patients with 
moderate and severe SLE had ≥1 flare (99.5% and 
98.4%, respectively), compared with those who had 

mild SLE (83.8%, p<0.0001). A total of 79.6% of 
patients with severe SLE and 74.4% with moderate 
SLE experienced ≥3 flares compared with 42.0% 
with mild SLE (p<0.0001) (figure 3A). Overall, mean 
(SD) time to first flare was 36.4 (62.7) days, with a 
median (min, max) time to first flare of 11 (1, 365) 
days. Mean (SD) time to first flare decreased with 
increasing disease severity: mild, 48.7 days; moderate, 
34.3 days; and severe, 29.3 days (p<0.0001; figure 3B), 
as did median time (min, max) to first flare: mild, 18 

Variable
All patients
(N=2227)

SLE disease severity†

P value‡Mild (n=586) Moderate (n=1135) Severe (n=506)

  Cerebrovascular accident 140 (6.3) 15 (2.6) 44 (3.9) 81 (16.0) <0.0001

  Liver disease 142 (6.4) 23 (3.9) 69 (6.1) 50 (9.9) 0.0003

  Any malignancy 135 (6.1) 28 (4.8) 68 (6.0) 39 (7.7) 0.1280

  Peripheral vascular disease 106 (4.8) 13 (2.2) 53 (4.7) 40 (7.9) <0.0001

  Congestive heart failure 85 (3.8) 12 (2.0) 38 (3.3) 35 (6.9) <0.0001

  Myocardial infarction 22 (1.0) 0 (0.0) 11 (1.0) 11 (2.2) 0.0014

*During the 1- year period before diagnosis.
†Disease severity was assessed during the 1- year period after diagnosis, and patients were classified to the most severe level during that 
period.
‡P values are for differences between the three disease severity groups. 
§Comorbidity reported if present in ≥2% in any group.
CCI, Charlson Comorbidity Index; HMO, health maintenance organisation; POS, point of service; PPO, preferred provider organisation.

Table 1 Continued

Figure 2 Mean annual number of flares per patient during the 1- year post- diagnosis period, for all patients with newly 
diagnosed SLE and by SLE disease severity. (A) Mean annual number of flares of any severity, (B) of severe flares, (C) of 
moderate flares and (D) of mild flares. P values are for differences between the three disease severity groups.
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(1, 363) days; moderate, 9 (1, 365) days; and severe, 
7.5 days (1, 344).

Daily PED of corticosteroids following an SLE flare during 1 
year after diagnosis
The mean (SD) daily PED following a flare was 24.5 
(90.4) mg/day for all flares (online supplemental figure 
1). The mean daily PED increased with increasing flare 
severity. At 30 days following a flare, the mean (SD) 
daily PED per flare was 2.9 (12.0) mg/day for a mild 
flare, 12.1 (23.7) mg/day for a moderate flare and 76.3 
(235.4) mg/day for a severe flare (p<0.0001) (online 
supplemental figure 1). Patients experiencing severe 
flares were prescribed higher corticosteroid dosages, 
which were sustained through days 30, 60 and 90 after 
a flare; mean (SD) daily PED was 76.3 (235.4) mg/day, 
71.4 (224.2) mg/day and 71.6 (224.6) mg/day, respec-
tively (online supplemental figure 1).

All-cause costs per SLE flare during 1 year after diagnosis, by 
flare severity
The all- cause costs at 30 days after flare were $1672, $3831 
and $16 856 for mild, moderate and severe flares, respec-
tively (figure 4). Average all- cause flare costs increased 
from 30 to 90 days after flare (costs 90 days after flare; mild: 
$3312, moderate: $8582, severe: $27 468). Severe flares 
incurred the highest cost at each time point compared 
with moderate and mild flares (p<0.0001 for all time 
points) (online supplemental tables S4 and S5, figure 4). 
Across 30, 60 and 90 days after a flare, the main cost driver 
for severe flares was inpatient stay (72.3%, 63.0% and 
56.5% of costs, respectively), followed by outpatient visits 
(17.3%, 23.2% and 27.7%, respectively) (online supple-
mental table S4, figure 4). The main cost drivers for 
moderate flares were also outpatient visits (38.0%, 40.5% 
and 41.0% of costs), followed by inpatient stay (26.0%, 
23.8% and 23.8%, at 30, 60 and 90 days, respectively), 
while mild flare costs were mainly driven by outpatient 
visits (40.8%, 43.0% and 42.7% of costs, respectively) and 
pharmacy costs (26.1%, 25.3% and 25.6%, respectively) 
(online supplemental table S4, figure 4).

DISCUSSION
This study of newly diagnosed patients with SLE in the 
USA identified a mean annual flare rate of 3.5 in the 
year following diagnosis, and an average of 36.4 days 
from diagnosis to first SLE flare. Patients with moderate 
and severe SLE had flare rates that were 1.7- fold and 
1.9- fold higher, respectively, than those with mild SLE. 
Patients with moderate and severe SLE had a 1.4- fold 
and 1.6- fold shorter time to first SLE flare, respectively, 
than patients with mild disease. Our findings show the 
increasing mean healthcare costs of flares by 30 days 
through 90 days after a flare, with the largest healthcare 

Figure 3 Distribution of patients by number of flares and 
time to first flare during the 1- year post- diagnosis period for 
all patients with newly diagnosed SLE and by SLE disease 
severity. (A) Distribution of patients with SLE with 0, 1, 2, or 
≥3 flares, and (B) mean time from index date to first flare. 
P value is for difference between the three disease severity 
groups.

Figure 4 Costs per flare for patients with newly diagnosed 
SLE who had a flare during the 1- year post- diagnosis period 
at 30, 60, and 90 days after flare by flare severity and setting 
of care. P<0.0001 for differences between groups for all 
settings at all time points. A detailed breakdown of costs per 
care setting is available in online supplemental tables S4 and 
S5.
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costs attributable to severe flares occurring at 90 days. 
These findings highlight greater clinical and medical 
cost burden experienced by patients with moderate and 
severe SLE.

The annualised flare rates by disease severity observed 
in our study (2.2, 3.7 and 4.2 for patients with mild, 
moderate and severe SLE, respectively) are similar 
to those reported by Garris et al,3 who also used a 
claims- based algorithm in a similar study population. 
We further evaluated annualised flare rates by flare 
severity and found that rates of severe flare increased 
with increasing disease severity. Although our findings 
are slightly higher, similar trends were reported in a 
US Medicaid study population with a longer follow- up 
period,13 and may be a reflection of disease control over 
time.

Corticosteroids are the mainstay therapy used to 
manage SLE flares, supplementary to maintenance 
treatment.14 We observed frequent use of high- dose 
corticosteroids for moderate and severe flares sustained 
through 90 days post- flare. Prolonged corticosteroid 
use is associated with an increased risk of adverse effects 
and organ damage.15 16 Additionally, increased SLE 
disease activity and SLE flares are associated with organ 
damage accrual,17 18 with attendant high healthcare cost 
and increased mortality risk.19–22 In line with the treat- 
to- target initiative in SLE,23 any corticosteroid- sparing 
treatment to prevent flares may also reduce disease 
progression and associated healthcare costs.

In our study, 95% of newly diagnosed patients with 
SLE experienced ≥1 flare in the year after diagnosis, 
with 67% experiencing ≥3 flares. This finding could 
be due to delays between initial disease manifesta-
tion, diagnosis and initiation of appropriate medical 
therapy. Flare rates identified in this study are higher 
than previous estimates,2 possibly owing to different 
flare definitions or improved capacity to detect flares 
through our integration of both EMR and claims data. 
Data on flare rates in newly diagnosed patients with 
SLE are sparse; however, in a recent US commercial 
claims study, patients who were diagnosed earlier (<6 
vs ≥6 months from symptom onset to diagnosis) expe-
rienced lower flare rates, healthcare utilisation and 
costs.24 Reducing disease activity, preventing flares and 
minimising drug toxicities are key treatment goals for 
patients with SLE that aim to improve patient outcomes 
and quality of life, and prevent organ damage.25 26 Our 
results highlight that pursuit of these treatment goals 
should begin early after diagnosis.

Our analyses demonstrated significant healthcare 
cost increases up to 90 days post- SLE flare. Healthcare 
costs were 10.1- fold higher for severe flares and 4.4- fold 
higher for moderate flares compared with mild flares. 
Previous studies have shown associations between flare 
severity and cost at 30 days and 1 year after flare3 6 13; 
however, all- cause healthcare costs per flare over the 
30–90 days post- diagnosis have not been previously 
reported. Our evaluation of costs across multiple care 

settings identified that outpatient and inpatient stays 
account for 64%–90% of costs associated with moderate 
and severe flares at 30, 60 and 90 days after flare. The 
leading cost driver of severe flares in the year after 
diagnosis was inpatient visits, which accounted for 
57%–72% of costs. This is consistent with a Canadian 
cohort study that also found 58% of all- cause medical 
costs during the year after SLE diagnosis were from 
hospitalisations.27 High healthcare costs in the first year 
after diagnosis may be the result of flares that require 
inpatient stay.

This study identified that 58.5% of patients with newly 
diagnosed SLE were from the South region of the USA, 
consistent with a study of 47 states and Washington, DC, 
that reported the highest SLE prevalence in the South 
(163.5 per 100 000) and the lowest in the Northeast 
(125.2 per 100 000) USA.28 Regional differences may 
reflect different patient demographics across regions, 
or the potential role of sunlight/ultraviolet light radi-
ation exposure in the pathogenesis of SLE disease 
activity.29

There are some limitations to our findings. Most 
patients in the database were covered by commercial 
insurance (87.7%), with 12.3% covered by an employer- 
provided Medicare supplemental plan and did not 
include patients covered by Medicaid. However, by 
linking claims to EMR data, we captured a comprehen-
sive view of SLE treatment and costs associated with 
flares. Since SLE disease and flare severity were classi-
fied using claims- based algorithms, there is potential 
for misclassification. Additionally, while the ability of 
the algorithm to define severity and calculate costs may 
be strengthened by using patient- level data (ie, inpa-
tient stays), this may also introduce bias. Although we 
supplemented the algorithm with EMR data to improve 
its accuracy, occurrence and frequency of SLE flares 
may be potentially overestimated or underestimated. 
For example, we considered one flare to have ended 
when a flare of increased severity began, regardless of 
the interval between the two flares; this may overesti-
mate flare counts. On the other hand, if the next flare 
was of lower severity and within 30 days, it was assumed 
to be a continuation of the same initial flare, potentially 
leading to underestimation of flare counts. Moreover, 
multiple inputs of the same code do not necessarily 
indicate multiple flares, as physicians use the same 
codes for patients who are in remission but are being 
monitored. However, given the similarities between 
our findings and those that have been previously 
published, we are confident in our application of the 
claims- based algorithms to the present study. Our study 
design intended to identify patients with incident SLE 
within the preceding year. The study population may 
have included prevalent SLE cases without a health-
care encounter or newly insured during the prior year. 
Furthermore, patients with lupus nephritis diagnoses 
pre- index were excluded and may have had higher 
healthcare costs than those with SLE.30 Cost estimates 
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may also have been inflated because only patients who 
were receiving SLE medications were included in the 
analysis, meaning that some cases of mild SLE were 
probably excluded; however, this population is likely to 
be small and our exclusion criteria increased the speci-
ficity of our findings.

Strengths of our study include the use of the IBM 
MarketScan commercial claims database, which 
contains comprehensive healthcare resource utilisa-
tion data on real- world encounters of patients with 
SLE, including details on care settings and pharmacy 
claims. Data linkage with the GE EMR database allowed 
deeper evaluation of demographic and clinical infor-
mation, such as race/ethnicity, diagnoses and written 
prescriptions. Together these data sources provided a 
comprehensive view of the study population that is not 
possible with use of a claims database alone because the 
data sources complemented and supported each other 
if patient data were missing within a single source. The 
data used in this work support a more detailed anal-
ysis of SLE flare costs than has been previously reported 
in studies using single data sources.3 4 13 31 Our work 
assessed healthcare costs at multiple time points during 
the interval after a flare, which has not been previously 
reported in patients with newly diagnosed SLE.

In conclusion, this retrospective cohort study of real- 
world patients with newly diagnosed SLE demonstrates 
that flare frequency and severity increase with disease 
severity in the first year after diagnosis. Additionally, the 
total all- cause healthcare cost after a flare increases with 
increasing flare severity from 30 through 90 days after 
flare. Preventing or decreasing the frequency and dura-
tion of flares may improve health outcomes and reduce 
healthcare costs for patients with SLE.

Acknowledgements Writing and editing assistance was provided by Zachary 
Harrelson and Sarah Thornburg of JK Associates, part of Fishawack Health. This 
support was funded by AstraZeneca.

Contributors ERH, BD, XW and MJ conceived and designed the study. AMN 
acquired the data and designed the study. All authors analysed and interpreted the 
data. All authors were involved in development, review and final approval of the 
manuscript.

Funding Analysis supported by AstraZeneca.

Competing interests ERH, BD, XW and MJ are employees of AstraZeneca. AMN is 
an employee of IQVIA and was paid by AstraZeneca to conduct this research study.
Patient consent for publication Not required.
Ethics approval The study data consisted of fully de- identified datasets, in 
compliance with the US Health Insurance Portability and Accountability Act; 
therefore, the study did not require institutional review board approval.
Provenance and peer review Not commissioned; externally peer reviewed.
 Data availability statement Data are available upon reasonable 
request. Data underlying the findings described in this 
manuscript may be obtained in accordance with AstraZeneca’s 
data sharing policy described at https:// astr azen ecag roup trials. 
pharmacm. com/ ST/ Submission/ Disclosure.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 

of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

REFERENCES
 1 Kalunian K, Merrill JT. New directions in the treatment of systemic 

lupus erythematosus. Curr Med Res Opin 2009;25:1501–14.
 2 Petri M, Singh S, Tesfasyone H, et al. Prevalence of flare and 

influence of demographic and serologic factors on flare risk in 
systemic lupus erythematosus: a prospective study. J Rheumatol 
2009;36:2476–80.

 3 Garris C, Jhingran P, Bass D, et al. Healthcare utilization and cost of 
systemic lupus erythematosus in a US managed care health plan. J 
Med Econ 2013;16:667–77.

 4 Tanaka Y, Mizukami A, Kobayashi A, et al. Disease severity and 
economic burden in Japanese patients with systemic lupus 
erythematosus: a retrospective, observational study. Int J Rheum Dis 
2018;21:1609–18.

 5 Doria A, Amoura Z, Cervera R, et al. Annual direct medical cost of 
active systemic lupus erythematosus in five European countries. Ann 
Rheum Dis 2014;73:154–60.

 6 Narayanan S, Wilson K, Ogelsby A, et al. Economic burden of 
systemic lupus erythematosus flares and comorbidities in a 
commercially insured population in the United States. J Occup 
Environ Med 2013;55:1262–70.

 7 Clarke AE, Urowitz MB, Monga N, et al. Costs associated with severe 
and nonsevere systemic lupus erythematosus in Canada. Arthritis 
Care Res 2015;67:431–6.

 8 Zhu TY, Tam L- S, Lee VW- Y, et al. The impact of flare on disease 
costs of patients with systemic lupus erythematosus. Arthritis Rheum 
2009;61:1159–67.

 9 Zubeldia K, Romney GW, et al. Anonymously linking a plurality of 
data records. in: US patent 6397224, 2002.

 10 Ober NS, Grubmuller J, Farrell M. System and method for generating 
de- identified health care data. US patent 6732113, 2004.

 11 Ober NS, Grubmuller J, Farrell M. System and method for generating 
de- identified health care data. in: US patent 7376677, 2008.

 12 Ruperto N, Hanrahan LM, Alarcón GS, et al. International consensus 
for a definition of disease flare in lupus. Lupus 2011;20:453–62.

 13 Kan HJ, Song X, Johnson BH, et al. Healthcare utilization and costs 
of systemic lupus erythematosus in Medicaid. Biomed Res Int 
2013;2013:1–8.

 14 Gordon C, Amissah- Arthur M- B, Gayed M, et al. The British Society 
for rheumatology guideline for the management of systemic lupus 
erythematosus in adults. Rheumatology 2018;57:e1–45.

 15 Al Sawah S, Zhang X, Zhu B, et al. 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.

 16 Thamer M, Hernán MA, Zhang Y, et al. Prednisone, lupus activity, and 
permanent organ damage. J Rheumatol 2009;36:560–4.

 17 Gladman DD, Ibañez D, Urowitz MB. Systemic lupus erythematosus 
disease activity index 2000. J Rheumatol 2002;29:288–91.

 18 Urowitz MB, Gladman DD, Ibañez D, et al. Evolution of disease 
burden over five years in a multicenter inception systemic lupus 
erythematosus cohort. Arthritis Care Res 2012;64:132–7.

 19 Bruce IN, O'Keeffe AG, Farewell V, et al. Factors associated with 
damage accrual in patients with systemic lupus erythematosus: 
results from the Systemic Lupus International Collaborating Clinics 
(SLICC) inception cohort. Ann Rheum Dis 2015;74:1706–13.

 20 Furst DE, Clarke A, Fernandes AW, et al. Resource utilization and 
direct medical costs in adult systemic lupus erythematosus patients 
from a commercially insured population. Lupus 2013;22:268–78.

 21 Jönsen A, Bengtsson AA, Hjalte F, et al. Total cost and cost 
predictors in systemic lupus erythematosus - 8- years follow- up of a 
Swedish inception cohort. Lupus 2015;24:1248–56.

 22 Jönsen A, Hjalte F, Willim M, et al. Direct and indirect costs for 
systemic lupus erythematosus in Sweden. A nationwide health 
economic study based on five defined cohorts. Semin Arthritis 
Rheum 2016;45:684–90.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2021-000504 on 23 S
eptem

ber 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1185/03007990902929104
http://dx.doi.org/10.3899/jrheum.090019
http://dx.doi.org/10.3111/13696998.2013.778270
http://dx.doi.org/10.3111/13696998.2013.778270
http://dx.doi.org/10.1111/1756-185X.13363
http://dx.doi.org/10.1136/annrheumdis-2012-202443
http://dx.doi.org/10.1136/annrheumdis-2012-202443
http://dx.doi.org/10.1097/JOM.0000000000000008
http://dx.doi.org/10.1097/JOM.0000000000000008
http://dx.doi.org/10.1002/acr.22452
http://dx.doi.org/10.1002/acr.22452
http://dx.doi.org/10.1002/art.24725
http://dx.doi.org/10.1177/0961203310388445
http://dx.doi.org/10.1155/2013/808391
http://dx.doi.org/10.1093/rheumatology/kex286
http://dx.doi.org/10.1136/lupus-2014-000066
http://dx.doi.org/10.3899/jrheum.080828
http://www.ncbi.nlm.nih.gov/pubmed/11838846
http://dx.doi.org/10.1002/acr.20648
http://dx.doi.org/10.1136/annrheumdis-2013-205171
http://dx.doi.org/10.1177/0961203312474087
http://dx.doi.org/10.1177/0961203315584812
http://dx.doi.org/10.1016/j.semarthrit.2015.11.013
http://dx.doi.org/10.1016/j.semarthrit.2015.11.013
http://lupus.bmj.com/


Hammond ER, et al. Lupus Science & Medicine 2021;8:e000504. doi:10.1136/lupus-2021-000504 9

Epidemiology and outcomes

 23 van Vollenhoven RF, Mosca M, Bertsias G, et al. Treat- to- target 
in systemic lupus erythematosus: recommendations from an 
international task force. Ann Rheum Dis 2014;73:958–67.

 24 Oglesby A, Korves C, Laliberté F, et al. Impact of early versus late 
systemic lupus erythematosus diagnosis on clinical and economic 
outcomes. Appl Health Econ Health Policy 2014;12:179–90.

 25 Fanouriakis A, Kostopoulou M, Alunno A, et al. 2019 update of the 
EULAR recommendations for the management of systemic lupus 
erythematosus. Ann Rheum Dis 2019;78:736–45.

 26 Fanouriakis A, Bertsias G. Changing paradigms in the treatment of 
systemic lupus erythematosus. Lupus Sci Med 2019;6:e000310.

 27 McCormick N, Marra CA, Sadatsafavi M, et al. Incremental direct 
medical costs of systemic lupus erythematosus patients in the years 
preceding diagnosis: a general population- based study. Lupus 
2018;27:1247–58.

 28 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.

 29 Parks CG, de Souza Espindola Santos A, Barbhaiya M, et al. 
Understanding the role of environmental factors in the development 
of systemic lupus erythematosus. Best Pract Res Clin Rheumatol 
2017;31:306–20.

 30 Li T, Carls GS, Panopalis P, et al. 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.

 31 Shah M, Chaudhari S, McLaughlin TP, et al. Cumulative burden of 
oral corticosteroid adverse effects and the economic implications of 
corticosteroid use in patients with systemic lupus erythematosus. 
Clin Ther 2013;35:486–97.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2021-000504 on 23 S
eptem

ber 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1136/annrheumdis-2013-205139
http://dx.doi.org/10.1007/s40258-014-0085-x
http://dx.doi.org/10.1136/annrheumdis-2019-215089
http://dx.doi.org/10.1136/lupus-2018-000310
http://dx.doi.org/10.1177/0961203318768882
http://dx.doi.org/10.1002/art.37795
http://dx.doi.org/10.1016/j.berh.2017.09.005
http://dx.doi.org/10.1002/art.24545
http://dx.doi.org/10.1002/art.24545
http://dx.doi.org/10.1016/j.clinthera.2013.03.001
http://lupus.bmj.com/

	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
	Abstract
	Introduction
	Patients and methods
	Data sources
	Study design and patient selection
	Study measures
	SLE disease severity
	SLE flare severity

	Baseline demographics and clinical characteristics
	Outcome measures
	Statistical analyses
	Patient and public involvement

	Results
	Baseline demographics and clinical characteristics
	SLE flare frequency during 1 year after diagnosis
	Daily PED of corticosteroids following an SLE flare during 1 year after diagnosis
	All-cause costs per SLE flare during 1 year after diagnosis, by flare severity

	Discussion
	References


