
Urowitz, et al: Disease activity in SLE 67

Effect of Disease Activity on Organ Damage Progression in 
Systemic Lupus Erythematosus: University of Toronto Lupus 
Clinic Cohort
Murray B. Urowitz1, Dafna D. Gladman1, Dominique Ibañez1, Jiandong Su1, Sara Mursleen2,  
Amyn Sayani2, Jorge Alfonso Ross Terres2,3, and Sandra Iczkovitz2

ABSTRACT.	 Objective. To examine the role of disease activity on organ damage over 5 years in patients with active sys-
temic lupus erythematosus (SLE) despite standard of care. 

	 Methods. This analysis of the University of Toronto Lupus Clinic cohort assessed organ damage [measured 
by Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index 
(SDI)] in patients with active SLE [SLE Disease Activity Index 2000 (SLEDAI-2K) ≥ 6], using Cox propor-
tional time-independent hazard models. Subgroup analyses were conducted in patients with SLEDAI-2K 6 
or 7, 8 or 9, and ≥ 10 at baseline, and in the overall study population by steroid dose at study entry (< 7.5 vs 
≥ 7.5 mg/day).

	 Results. Among the overall study population (n =  649), SDI progression was observed in 209 (32.2%) 
patients over the 5-year follow-up period. Mean SDI change in patients with a score > 0 was generally con-
sistent across all SLEDAI-2K subgroups. Multivariable analyses identified age at study start (HR  1.03,  
P <  0.0001), steroid dose (HR  2.03, P <  0.0001), immunosuppressants (HR  1.44, P =  0.021), and 
SLEDAI-2K (subgroup analyses HR 1.64–2.03, P = 0.0017 to < 0.0001) as the greatest risk factors for SDI 
progression, while a study start date after the year 2000 had a protective effect on SDI progression compared 
with a start date prior to the year 2000 (HR 0.65, P = 0.0004).

	 Conclusion. Patients within the higher SLEDAI-2K subgroups at study entry or receiving high doses of  
steroids were more likely to have organ damage progression. 

	 Key Indexing Terms: disease activity, systemic lupus erythematosus 
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Systemic lupus erythematosus (SLE) is a chronic autoimmune 
disorder characterized by periods of active disease and remis-
sion1. It can affect a wide range of organ systems, and may 
result in organ damage related to the disease process and medi-
cation toxicity, particularly corticosteroids1,2,3. Organ damage 
has a substantial effect on patients and is associated with an 
increased risk of further organ damage4, increased morbidity and 
mortality4,5,6, increased difficulty in performing daily activities7, 

and increased economic burden to the healthcare system8. Given 
its substantive effect and the fact that SLE organ damage is irre-
versible, it is important to identify and reduce factors associated 
with its accrual.
	 Previously published research examining factors associated 
with an increased risk of organ damage was derived from lupus 
cohort analyses that include all patients with SLE, regardless of 
baseline disease activity9,10,11. The clinical burden and effect of 
active, uncontrolled SLE [defined as SLE Disease Activity Index 
2000 (SLEDAI-2K) ≥ 6 despite standard of care] on long-term 
organ damage, however, have not been well studied. Therefore, 
more research into the clinical burden and effect of disease 
activity is required.
	 To address this question, data from a cohort of patients 
from the University of Toronto Lupus Clinic (UTLC) who 
were more representative of patients included in SLE random-
ized controlled trials (RCT)12,13,14,15,16, were extracted from 
the UTLC database and analyzed in the present research. As 
per the inclusion criteria for SLE RCT, patients with active, 
uncontrolled SLE (SLEDAI-2K ≥ 6) despite standard of care 
were included, but those with severe lupus nephritis or central 
nervous system (CNS) lupus were excluded, again to mimic 
the criteria within RCT. The primary objective of this analysis 
was to evaluate the effect of disease activity on organ damage 
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progression beyond baseline organ damage at study start, in 
patients from the UTLC cohort.

MATERIALS AND METHODS
Research setting. The UTLC is the largest cohort of patients with SLE in 
Canada and at the time of this analysis, 1753 patients were included within 
the UTLC database. To be eligible for inclusion in the UTLC, patients 
must have had a clinical diagnosis of SLE, met ≥ 4 of the American College 
of Rheumatology (ACR) criteria for SLE, or met 3 criteria and had a pos-
itive biopsy for SLE. Patient data, including history, physical examination, 
and laboratory variables, were collected every 2–6 months according to a 
well-defined protocol and stored on a computer database17. SLEDAI-2K 
data were collected prospectively, and adjusted mean SLEDAI-2K (AMS) 
was determined by calculating the area under the curve of the SLEDAI-2K 
over time10. The Systemic Lupus International Collaborating Clinics 
(SLICC)/ACR Damage Index (SDI), the validated measure for mon-
itoring and quantifying irreversible organ damage in patients with SLE5, 
was collected on a yearly basis18. The study protocol was approved by the 
University Health Network Research Ethics Board (approval number MBU  
REB#14-7612-BE), and approval of the UTLC protocol is obtained annually.
Study design and patient selection. This posthoc analysis (GSK study number 
201390) was a single-center, longitudinal, observational cohort study using 
prospectively collected data from patients with SLE who were monitored 
and assessed within the UTLC from January 1, 1980, to December 31, 
2013. All patients provided informed consent for the collection of clin-
ical and laboratory data obtained as part of their routine clinical care for 
use in future research studies. Eligible patients had active disease, defined 
as SLEDAI-2K ≥ 6, and received regular follow-up (defined as having been 
in the clinic for ≥ 5 visits) over a minimum of 3 years, with no more than an 
18-month consecutive period without a clinic visit. Patients were excluded 
if, at study entry, they had severe active lupus kidney disease (proteinuria 
> 6 g/24 h, or serum creatinine > 2.5 mg/dL) or severe active CNS lupus 
(defined by the presence of seizures, psychosis, organic brain syndrome, 
cerebrovascular accident, cerebritis, or CNS vasculitis), received prednisone 
> 100 mg/day, required hemodialysis, or received a kidney transplant. Study 
entry was defined as the first occurrence of SLEDAI-2K ≥ 6 that met the 
inclusion and exclusion criteria.
Study endpoints. The primary endpoints were organ damage progression 
within 5 years from study entry. Organ damage was documented according 
to the number of patients with SDI score > 0, and damage progression was 
defined as any increase in SDI score5,19,20.
Data analyses. Descriptive analyses were conducted for the overall study 
population (SLEDAI-2K ≥ 6), as well as for 3 mutually exclusive subgroups: 
patients with mildly active SLE (SLEDAI-2K 6 or 7), moderately active 
SLE (SLEDAI-2K 8 or 9), and highly active SLE (SLEDAI 2K ≥ 10). An 
additional subgroup analysis evaluated patients with SLEDAI-2K ≥ 6 and 
steroid doses (prednisone equivalent) ≥  7.5 mg/day at study entry. These 
subgroups were selected to examine the effect of varying levels of disease 
activity on organ damage.
	 Demographics were assessed at study entry. Clinical characteristics, 
including SLEDAI-2K score, AMS, and SDI score, were summarized at 
study entry and after 1, 3, and 5 years. Kaplan-Meier curves were plotted 
to estimate long-term organ damage progression over a 5-year period with 
respect to SDI score, SLEDAI-2K score, and steroid dose at study entry.
	 To identify significant predictors of organ damage, univariate and mul-
tivariable Cox proportional regression models were constructed, and a large 
number of variables of interest incorporated, with adjustment for patient 
demographics, baseline organ damage, baseline treatment, and era of study 
entry (before or after the year 2000). Separate analyses were carried out for 
each disease activity or steroid dose subgroup; all predictors used in the 
analysis were time independent. Proportionalities of predictors were inves-
tigated using Schoenfeld residuals; linearity for continuous variables was 
checked using Martingale residuals. Variables in the multivariable regression 

model were selected by the step-down method with lowest Akaike infor-
mation criterion in the final model. Interactions among predictor variables 
were investigated, and nonstatistical significance was ensured. All analyses 
were conducted in SAS version 9.3 (SAS Institute), and P < 0.05 was con-
sidered significant.

RESULTS
Study population. After applying the inclusion and exclusion 
criteria for this analysis, a total of 649 patients were eligible for this 
study. The overall study population of 649 patients was predom-
inantly female (90.8%) and white (70.0%; Table 1). Mean (SD) 
age at study entry was 37.6 (13.6) years. The decade with the most 
study entries was the 2000s (47.9%). Within the overall study 
population, 68.9% (n = 447/649) of patients had steroid use at 
baseline ≥ 7.5 mg/day, compared with 31.1% (n = 202/649) of 
patients with < 7.5 mg/day or no steroid use at baseline. Mean 
(SD) SLEDAI-2K at study entry was 11.2 (4.8) in the overall 
study population and 10.5 (5.2) in the SLEDAI-2K ≥ 6 group 
with steroid use ≥ 7.5 mg/day. The majority of patients had skin 
and immunological SLEDAI-2K organ domain involvement 
at baseline (49.5% and 71.5%, respectively), whereas involve-
ment of the renal (42.5%), musculoskeletal (29.3%), vascular 
(19.1%), hematologic (7.1%), fever (6.5%), serosal (5.7%), and 
CNS (0.9%) domains was less common. The use of steroids, anti- 
malarials, and immunosuppressants at baseline was 67.0%, 
51.3%, and 32.2%, respectively.
Disease activity. SLEDAI-2K score and AMS decreased from 
study entry at 1, 3, and 5 years post study entry in all groups. For 
all groups, the percentage of patients receiving steroids increased 
at 1-year post study entry and subsequently decreased at the  
3- and 5-year follow-ups (Supplementary Table 1A–D, available 
with the online version of this article).
Organ damage. In the overall study population, 32.5%  
(n =  211/649) of patients had an SDI score >  0 at baseline, 
and the mean (SD) SDI score of these patients was 2.0 (1.5). 
The percentage of patients with an SDI score > 0 increased at 
each interval (1, 3, and 5 years post study entry), within each 
SLEDAI-2K subgroup (Supplementary Table 1A–D, avail-
able with the online version of this article). Overall, 32.2%  
(n = 209/649) of patients experienced SDI progression within 
5 years of study entry. Of patients with an SDI score >  0 at 
baseline, 38.9% (n =  82/211) experienced SDI progression 
within 5 years. Of patients with an SDI score =  0 at baseline  
(n = 438/649), 29.0% (n = 127/438) experienced SDI progres-
sion within 5 years. Mean (SD) SDI in patients with an SDI 
score > 0 in the overall study population increased from 2.0 (1.5) 
at 1-year post study entry, to 2.2 (1.5) at 5-year post study entry 
(Supplementary Table 1A). Similar increases in mean (SD) SDI 
from 1-year post study entry to 5-year post study entry can be 
observed in all the SLEDAI-2K subgroups in patients with an 
SDI score > 0 (Supplementary Table 1B–D).
	 Univariate Cox time-independent covariate analyses iden-
tified steroid dose ≥  7.5 mg/day (HR 1.87, P =  0.0002), SDI 
score at study entry (HR 1.15, P = 0.0014), and older age (HR 
1.02, P < 0.0001; Table 2A) as risk factors for SDI progression, 
while later entry into the study had a protective effect for SDI 
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progression in the overall study population (Table 2A–D). A 
higher SLEDAI-2K was predictive of SDI progression, partic-
ularly for SLEDAI-2K ≥ 10, compared with entry SLEDAI-2K 
=  6 or 7 (HR 1.70, P =  0.011; Table  2B), SLEDAI-2K 
≥  8 compared with entry SLEDAI-2K =  6 or 7 (HR 1.56,  
P = 0.0304; Table 2C), and entry SLEDAI-2K < 10 (HR 1.60, 
P = 0.0023; Table 2D).
	 Steroid dose ≥ 7.5 mg/day (HR 2.03, P < 0.0001) was predic-
tive of progression of damage (Table  2A). In addition, older 
age, immunosuppressive use, and study entry prior to the year 
2000 were risk factors for damage progression (Table 2A–D). 
Multivariable analyses identified entry SLEDAI-2K ≥  10 was 
predictive when compared with entry SLEDAI-2K =  6 or 7 
(HR 1.91, P = 0.0021; Table 2B), as was entry SLEDAI-2K ≥ 8 
when compared with entry SLEDAI-2K =  6 or 7 (HR 1.70,  
P = 0.0104; Table 2C), and entry SLEDAI-2K ≥ 10 compared 
with SLEDAI-2K < 10 (HR 1.78, P = 0.0003; Table 2D).
	 In Kaplan-Meier curves, the percentage of patients with 

SDI progression was generally higher in patients with a higher 
SLEDAI-2K at study entry (Figure 1A). Organ damage was 
greater in patients with steroid doses ≥ 7.5 mg/day at study entry 
compared with patients receiving a dose < 7.5 mg/day (Figure 
1B). A higher SDI score at study entry was also associated with 
increased damage progression (Figure 1C). The log-rank test 
reported significant differences in all 3 group comparisons.

DISCUSSION
The UTLC has contributed to the understanding of the assess-
ment, monitoring, and treatment of underlying disease activity 
in patients with SLE17,18,21,22. A key objective of this study was to 
analyze eligible patients from the UTLC cohort whose character-
istics were similar to those of patients included within SLE RCT, 
namely patients with active SLE that was uncontrolled despite 
concomitant standard of care. This analysis therefore included 
patients with SLEDAI-2K ≥ 6 as the overall study population, 
and additional analyses were conducted on 3 subgroups with 

Table 1. Patient characteristics at study entry. 

	 Overall	 Subgroups			 
	 SLEDAI-2K ≥ 6, 	 SLEDAI-2K ≥ 6  	 SLEDAI-2K 6 or 7, 	 SLEDAI-2K 8 or 9, 	 SLEDAI-2K ≥ 10, 
	 n = 649	 Plus ≥ 7.5 mg/day 	 n = 117	 n = 122	 n = 410		
		  Steroids, n = 447		

Female, n (%)	 589 (90.8)	 406 (90.8)	 107 (91.5)	 110 (90.2)	 372 (90.7)
Age, yrs, mean (SD)	 37.6 (13.6)	 35.6 (12.8)	 40.8 (14.3)	 40.6 (15.0)	 35.8 (12.7)
Age at diagnosis, yrs, mean (SD)	 30.3 (12.9)	 29.0 (12.1)	 32.0 (13.3)	 33.3 (14.7)	 28.9 (12.1)
Race, n (%)					   
	 White	 454 (70.0)	 296 (66.2)	 95 (81.2)	 93 (76.2)	 266 (64.9)
	 Black	 79 (12.2)	 66 (14.8)	 7 (6.0)	 8 (6.6)	 64 (15.6)
	 Asian	 58 (8.9)	 44 (9.8)	 5 (4.3)	 11 (9.0)	 42 (10.2)
	 Other	 58 (8.9)	 41 (9.2)	 10 (8.5)	 10 (8.2)	 38 (9.3)
Disease duration, yrs, mean (SD)	 7.3 (7.6)	 6.7 (7.4)	 8.8 (8.5)	 7.4 (8.2)	 6.9 (7.1)
Decade of study entry					   
	 1980s	 153 (23.6)	 101 (22.6)	 21 (17.9)	 23 (18.9)	 109 (26.6)
	 1990s	 149 (23.0)	 111 (24.8)	 28 (23.9)	 33 (27.0)	 88 (21.5)
	 2000s	 311 (47.9)	 211 (47.2)	 60 (51.3)	 60 (49.2)	 191 (46.6)
	 2010s	 36 (5.5)	 24 (5.4)	 8 (6.8)	 6 (4.9)	 22 (5.4)
SLEDAI-2K score, mean (SD)	 11.2 (4.8)	 10.5 (5.2)	 6.4 (2.6)	 8.2 (0.4)	 13.4 (4.5)
Total SDI score, mean (SD)	 0.6 (1.2)	 0.6 (1.2)	 0.7 (1.2)	 0.6 (1.0)	 0.6 (1.3)
SDI score > 0, n (%)	 211 (32.5)	 149 (33.3)	 44 (37.6)	 37 (30.3)	 130 (31.7)
Total SDI score in patients with score > 0, 
   mean (SD)	 1.96 (1.5)	 1.88 (1.3)	 1.84 (1.4)	 1.92 (1.0)	 2.03 (1.6)
Hypertension, n (%)	 189 (29.1)	 131 (29.3)	 35 (29.9)	 24 (19.7)	 130 (31.7)
Current smoker, n (%)	 110 (16.9)	 73 (16.3)	 20 (17.1)	 25 (20.5)	 65 (15.9)
Steroids					   
	 Use at study entry, n (%)	 435 (67.0)	 447 (100.0)	 67 (57.3)	 60 (49.2)	 308 (75.1)
	 Dose at study entry, mg, mean (SD)	 18.6 (13.4)	 20.8 (12.9)	 13.6 (8.7)	 14.4 (11.7)	 20.6 (14.1)
	 Previous usea, n (%)	 495 (76.3)	 447 (100.0)	 84 (71.8)	 77 (63.1)	 334 (81.5)
Antimalarials, n (%)					   
	 Use at study entry	 333 (51.3)	 235 (52.6)	 63 (53.8)	 70 (57.4)	 200 (48.8)
	 Previous use	 396 (61.0)	 277 (62.0)	 73 (62.4)	 80 (65.6)	 243 (59.3)
Immunosuppressants, n (%)					   
	 Use at study entry	 209 (32.2)	 164 (36.7)	 37 (31.6)	 28 (23.0)	 144 (35.1)
	 Previous use	 259 (39.9)	 197 (44.1)	 48 (41.0)	 36 (29.5)	 175 (42.7)

a Includes any use before study entry and use at study entry. SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000.
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high disease activity: patients with SLEDAI-2K scores of 6 or 
7, 8 or 9, and ≥  10. These groups were mutually exclusive to 
improve understanding of the effect of levels of disease activity 
on organ damage progression. An additional subgroup evaluated 
patients with SLEDAI-2K ≥ 6 and a steroid dose ≥ 7.5 mg/day 
at study entry.
	 In this analysis, higher SLEDAI-2K score, steroid use, older 
age at study entry, and immunosuppressive treatment at study 
entry were all found to be predictive of organ damage in both 

univariate and multivariable analyses. Higher SDI score at study 
entry was also predictive of organ damage within the univariate 
analysis; however, this was not reflected within the multivari-
able analysis, possibly due to interaction with age and disease 
duration. Age at diagnosis and its correlation to organ damage 
has been studied over previous years23 and has generally shown 
similar results to this study23,24,25. Organ damage was more 
common in patients receiving steroids ≥  7.5 mg/day at study 
entry compared with patients receiving steroids < 7.5 mg/day at 

Table 2A. Significant factors identified by univariate and multivariable Cox time-independent analysis for SDI progression in 5 years: steroid dose high versus low.

	 Univariate Analysis	 Multivariable Analysis	
	 HR (95% CI)	 P	 HR (95% CI)	 P

Sex (male vs female)	 1.02 (0.64–1.64)	 0.9259		
Age at study start	 1.02 (1.01–1.03)	 < 0.0001	 1.03 (1.02–1.04)	 < 0.0001
White vs non-white	 1.15 (0.85–1.56)	 0.3671		
Disease duration at study entry 	 1.01 (1–1.03)	 0.1382		
Study starting date after year 2000 vs before 	 0.74 (0.56–0.97)	 0.0274	 0.66 (0.50–0.88)	 0.005
SDI score at study entry	 1.15 (1.05–1.25)	 0.0014	 1.03 (0.94–1.13)	 0.563
Antimalarials (yes vs no) at study entry	 0.92 (0.7–1.21)	 0.5551		
Immunosuppressants (yes vs no) at study entry	 1.31 (0.99–1.74)	 0.0613	 1.44 (1.06–1.97)	 0.021
Steroids ≥ 7.5 mg/day vs steroids < 7.5 mg/day at study entry	 1.87 (1.34–2.6)	 0.0002	 2.03 (1.44–2.87)	 < 0.0001

Analysis conducted with data from patients from the overall study population who experienced organ damage progression within 5 years of study entry 
(n = 209/649); all patients’ data were used.

Table 2B. Significant factors identified by univariate and multivariable Cox time-independent analysis for SDI progression in 5 years: baseline SLEDAI-2K 8 or 
9, SLEDAI-2K ≥ 10, versus 6 or 7. 

	 Univariate Analysis	 Multivariable Analysis	
	 HR (95% CI)	 P	 HR (95% CI)	 P

Sex (male vs female)	 1.02 (0.64–1.64)	 0.9259		
Age at study start	 1.02 (1.01–1.03)	 < 0.0001	 1.03 (1.02–1.04)	 < 0.0001
White vs non-white	 1.15 (0.85–1.56)	 0.3671		
Disease duration at study entry 	 1.01 (1–1.03)	 0.1382		
Study starting date after year 2000 vs before	 0.74 (0.56–0.97)	 0.0274	 0.66 (0.50–0.88)	 0.0054
SDI score at study entry	 1.15 (1.05–1.25)	 0.0014	 1.03 (0.94–1.13)	 0.4715
Antimalarials (yes vs no) at study entry	 0.92 (0.7–1.21)	 0.5551		
Immunosuppressants (yes vs no) at study entry	 1.31 (0.99–1.74)	 0.0613	 1.59 (1.17–2.17)	 0.0032
Entry SLEDAI-2K 8 or 9 vs entry SLEDAI-2K 6 or 7	 1.12 (0.67–1.88)	 0.6663	 1.15 (0.69–1.93)	 0.589
Entry SLEDAI-2K ≥ 10 vs entry SLEDAI-2K 6 or 7	 1.70 (1.13–2.56)	 0.011	 1.91 (1.26–2.90)	 0.0021

Table 2C. Significant factors identified by univariate and multivariable Cox time-independent analysis for SDI progression in 5 years: baseline SLEDAI-2K ≥ 8 
versus < 8.

	 Univariate Analysis		  Multivariable Analysis	
	 HR (95% CI)	 P	 HR (95% CI)	 P

Sex (male vs female)	 1.02 (0.64–1.64)	 0.9259		
Age at study start	 1.02 (1.01–1.03)	 < 0.0001	 1.02 (1.01–1.03)	 < 0.0001
White vs non-white	 1.15 (0.85–1.56)	 0.3671		
Disease duration at study entry 	 1.01 (1–1.03)	 0.1382		
Study starting date after year 2000 vs before	 0.74 (0.56–0.97)	 0.0274	 0.65 (0.49–0.87)	 0.0004
SDI score at study entry	 1.15 (1.05–1.25)	 0.0014	 1.05 (0.96–1.14)	 0.3205
Antimalarials (yes vs no) at study entry	 0.92 (0.7–1.21)	 0.5551		
Immunosuppressants (yes vs no) at study entry	 1.31 (0.99–1.74)	 0.0613	 1.64 (1.20–2.23)	 0.0017
Entry SLEDAI-2K ≥ 8 vs entry SLEDAI-2K 6 or 7	 1.56 (1.04–2.34)	 0.0304	 1.70 (1.13–2.55)	 0.0104
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Table 2D. Significant factors identified by univariate and multivariable Cox time-independent analysis for SDI progression in 5 years: SLEDAI-2K ≥ 10 versus < 10.

	 Univariate Analysis		  Multivariable Analysis	
	 HR (95% CI)	 P	 HR (95% CI)	 P

Sex (male vs female)	 1.02 (0.64–1.64)	 0.9259		
Age at study start	 1.02 (1.01–1.03)	 < 0.0001	 1.03 (1.02–1.04)	 < 0.0001
White vs non-white	 1.15 (0.85–1.56)	 0.3671		
Disease duration at study entry 	 1.01 (1–1.03)	 0.1382		
Study starting date after year 2000 vs before	 0.74 (0.56–0.97)	 0.0274	 0.66 (0.49–0.88)	 0.0054
SDI score at study entry	 1.15 (1.05–1.25)	 0.0014	 1.03 (0.94–1.13)	 0.4856
Antimalarials (yes vs no) at study entry	 0.92 (0.7–1.21)	 0.5551		
Immunosuppressants (yes vs no) at study entry	 1.31 (0.99–1.74)	 0.0613	 1.59 (1.17–2.17)	 0.0034
Entry SLEDAI-2K ≥ 10 vs entry SLEDAI-2K 6, 7, 8, or 9	 1.60 (1.18–2.17)	 0.0023	 1.78 (1.30–2.43)	 0.0003

SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLEDAI-2K: Systemic Lupus Erythematosus 
Disease Activity Index 2000.

Figure 1. Kaplan-Meier curves for organ damage progression by (A) SLEDAI-2K score, (B) steroid use, and (C) SDI score at study 
entry, in patients with SLEDAI-2K ≥ 6. SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000.
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study entry. The detrimental effect of higher steroid doses is in 
agreement with previous analyses of the complete UTLC popu-
lation, the SLICC Inception Cohort, and the Hopkins Lupus 
Cohort4,10,26. In the Hopkins Lupus Cohort, age, SLEDAI, and 
current steroid dose (defined in that study as 1–9 mg/day, 10–19 
mg/day, and ≥  20 mg/day) were all found to be predictors of 
organ damage10, as well as a history of hypertension (HTN). 
Results from the SLICC Inception Cohort were similar, with 
age, African American race, SLEDAI-2K score, steroid use, and 
HTN all predictive of organ damage accrual. However, anal-
yses of the entire UTLC identified other predictors of organ 
damage in addition to steroid use, including AMS (HR 1.06) 
and disease duration (HR 1.05)27, which were factors not found 
to be associated with organ damage in this study of patients with 
SLEDAI-2K ≥ 6. This difference may be due to the longer dura-
tion of follow-up within the analysis of the entire UTLC (mean 
8.0 yrs).
	 There are some limitations to our study. The percentage 
of patients who received steroids and immunosuppressants 
represents the percentage of patients taking these medications 
at the time of inclusion in the study; however, it is likely that at 
subsequent visits, treatments were added or increased because of 
patients’ new diagnosis of active disease. Strengths of this study 
include the large number of patients monitored prospectively, 
as well as the inclusion of patients within this cohort who are 
broadly reflective of those generally included within SLE RCT. 
Further, although the proteinuria cutoff for exclusion of patients 
with severe active lupus kidney disease was the accepted limit of 
> 6 g/24 h, patients with ≥ 2 to ≤ 6 g/24 h would still be consid-
ered as having significant renal disease. However, the number of 
patients with proteinuria ≥ 2 to ≤ 6 g/24 h was small (n = 7). 
Additionally, the proportion of patients receiving antimalarials 
at baseline in this study was 51.3%, which is lower than what is 
typically reported in RCT of SLE (> 65%)12,13,14. This discrep-
ancy is likely a result of several patients in this study having been 
initially recruited in the 1970s and 1980s, when the use of anti-
malarials for SLE was not as widespread28.
	 In summary, patients with highly active disease, with organ 
damage, or receiving high doses of steroids at study entry were 
more likely to have increased organ damage over time. The 
association between use of higher doses of steroids with organ 
damage provides further evidence in support of the need for 
steroid-sparing therapies29,30 and control of disease activity 
without reliance on steroids10. This study therefore demonstrates 
a need for better disease control among patients with active SLE.
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