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ABSTRACT
Objective  To assess the impact of mild-moderate 
systemic lupus erythematosus (SLE) disease activity 
during a 12-month period on the risk of death or 
subsequent organ system damage.
Methods  1168 patients with ≥24 months of follow-up 
from the Hopkins Lupus Cohort were included. Disease 
activity in a 12-month observation period was calculated 
using adjusted mean Safety of Estrogens in Lupus 
Erythematosus National Assessment (SELENA) version of 
the SLE Disease Activity Index (SLEDAI), defined as the 
area under the curve divided by the time interval. Damage 
accrual in the follow-up period was defined as change 
in Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index (SDI) 
score ≥1 among patients without prior damage. Patients 
visited the clinic quarterly and had SELENA-SLEDAI and 
SDI assessed at every visit.
Results  During follow-up (median 7 years), 39% of 
patients accrued new damage in any organ system  
(7% cardiovascular and 3% renal) and 8% died. In 
adjusted models, an increased SELENA-SLEDAI score 
increased the risk of death (HR=1.22, 95% CI 1.13 to 
1.32, p<0.001), renal damage (HR=1.24, 95% CI 1.08 to 
1.42, p=0.003) and cardiovascular damage (HR=1.17, 
95% CI 1.07 to 1.29, p<0.001). Hydroxychloroquine use 
reduced the risk of death (HR=0.46, 95% CI 0.29 to 0.72, 
p<0.05) and renal damage (HR=0.30, 95% CI 0.13 to 
0.68, p<0.05). Non-steroidal anti-inflammatory drug use 
increased the risk of cardiovascular damage (HR=1.66, 
95% CI 1.04 to 2.63, p<0.05). Without prior damage, an 
increased adjusted mean SELENA-SLEDAI score increased 
the risk of overall damage accrual (HR=1.09, 95% CI 1.04 
to 1.15, p<0.001).
Conclusions  Each one-unit increase in adjusted mean 
SELENA-SLEDAI during a 12-month observation period 
was associated with an increased risk of death and 
developing cardiovascular and renal damage.

INTRODUCTION
Systemic lupus erythematosus (SLE) is an 
autoimmune disease characterised by a 

complex and multifactorial aetiology. It 
affects multiple organ systems, which contrib-
utes to the complicated patient burden of 
SLE. Some patients with SLE experience a 
waxing and waning pattern of disease activity 
during the course of disease, whereas others 

Key messages

What is already known about this subject?
►► Previous studies have demonstrated that system-
ic lupus erythematosus (SLE) disease activity and 
damage accrual are strong predictors of SLE prog-
nosis and survival.

What does this study add?
►► This study involved patients with SLE from the large 
and racially diverse Hopkins Lupus Cohort, com-
posed of 55% white patients and 39% patients of 
Black African Ancestry. This prospective analysis 
demonstrated that increases in adjusted mean 
Safety of Estrogens in Lupus Erythematosus National 
Assessment-SLE Disease Activity Index (SELENA-
SLEDAI) score during a 12-month observational pe-
riod were associated with an increased risk of death 
or developing renal or cardiovascular damage.

►► Chronic non-steroidal anti-inflammatory drug 
(NSAID) use resulted in significantly increased risk of 
developing cardiovascular damage.

►► SLE may progress to irreversible damage in selected 
organ systems among patients with stable, mild-to-
moderate SLE disease activity over 7 years.

How might this impact on clinical practice or future 
developments?

►► This analysis demonstrates that, even in patients 
with mild-to-moderate disease activity, an increase 
in adjusted mean SELENA-SLEDAI score and NSAID 
use during a 12-month period increases the risk of 
death and organ specific damage, highlighting the 
need for more active measures to manage SLE dis-
ease activity over time and to limit NSAID use.
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have continuous activity.1 Cumulative SLE disease activity2 
and SLE therapies3 4 impact the risk of developing organ 
system damage and survival.5–7 The 5-year survival among 
individuals with SLE has increased dramatically in the 
last four decades to 95%,7 with similar trends observed 
for 10-year survival.7 8 The impact of irreversible organ 
system damage in the prognosis of SLE remains a major 
concern because patients who develop damage are more 
likely to accrue additional damage and die.9 Published 
research from prospective cohorts has demonstrated that 
SLE disease activity is a strong predictor of SLE prognosis 
and survival.10 11

The objective of this analysis was to investigate whether 
the pattern of SLE disease activity (as measured by the 
Safety of Estrogens in Lupus Erythematosus National 
Assessment (SELENA) version of the SLE Disease Activity 
Index (SLEDAI)) during a 12-month period after enrol-
ment in a racially diverse cohort of patients prospectively 
followed quarterly by protocol impacted the risk of devel-
oping damage (overall or by specific organ system) and 
death over time.

METHODS
Patient population
Demographic, clinical and laboratory data were collected 
prospectively in enrolled patients in the Hopkins Lupus 
Cohort from 1987 to 2010.12–15 Cohort patients with a 
minimum of 24-month follow-up were included in this 
analysis. Patients were seen by a single rheumatologist in 
the Hopkins Lupus Center (MAP) and had a clinical diag-
nosis of SLE according to the revised American College 
of Rheumatology (ACR) or Systemic Lupus International 
Collaborating Clinics (SLICC) criteria.16–18 The study was 
approved by the Johns Hopkins University School of Medi-
cine Institutional Review Board. All patients provided 
informed written consent. Patients with a SLICC/ACR 
Damage Index (SDI) score ≥3, end-stage kidney disease, 
history of major organ transplant or malignant neoplasm 
at cohort entry were excluded from this analysis.

Patient follow-up
Follow-up time in the cohort was then divided into three 
discrete periods: (a) background (background period: 
first 12 months after cohort entry), (b) observation 
(observation period: second 12 months after cohort 
entry) and (c) follow-up (follow-up period: remainder of 
time under observation until damage occurred, death or 
end of available data). SLE disease duration was defined 
as the time interval from SLE clinical diagnosis (revised 
ACR or SLICC criteria) until the end of the follow-up 
period or death.

Study variables
Key variables included in the observation period were demo-
graphic characteristics, SLE clinical characteristics, labo-
ratory parameters, medication use and comorbid medical 
conditions (hypertension, diabetes mellitus, obesity, etc.). 
Hypertension was defined as systolic blood pressure greater 

than 140 mm Hg or diastolic blood pressure greater than 90 
mm Hg or requiring antihypertensive medication. Diabetes 
mellitus was defined as requiring an oral hypoglycaemic 
agent or insulin therapy. Immunosuppressive therapies 
excluded steroids and included the following: leflunomide,  
mycophenolate, cyclophosphamide, tacrolimus, azathi-
oprine, methotrexate or rituximab (biologic). Antima-
larial therapies were almost exclusively comprised of  
hydroxychloroquine and non-steroidal anti-inflammatory 
drug (NSAID) therapy included several drugs (prescription 
and over-the-counter) in this class, but almost exclusively 
naproxen. For the aforementioned SLE therapies, use was 
defined as ever prescribed during the observation period 
(yes/no). Oral steroid (prednisone) use in the observa-
tional period was stratified into the following groups: ever 
prescribed any dose (yes) or never prescribed (no). Among 
those prescribed oral steroids, daily dose during the observa-
tion period was stratified into two categories: (a) prescribed 
>7.5 mg/day at least once during the observation period or 
(b) only prescribed ≤7.5 mg/day during the observation 
period. Antinuclear antibody positivity (ANA+) was defined 
as a titre ≥1:80 and antidouble stranded DNA positivity (anti-
dsDNA+) was defined as a titre ≥1:10 on the Crithidia luciliae 
indirect immunofluorescence test.

Disease activity was measured at every clinic visit 
(quarterly by protocol or more often if clinically 
warranted) using the SELENA-SLEDAI.19 To describe 
disease activity over time in this analysis, adjusted mean 
SELENA-SLEDAI20 21 was calculated from the cumula-
tive area under the curve for each period divided by the 
time interval under evaluation and reported in months. 
At least one clinic visit per period was required to esti-
mate adjusted mean SELENA-SLEDAI for each period. 
Damage accrual was assessed at each visit by the SDI.22 23

Data analysis
All statistical analyses were completed in SAS V.9.13 (SAS 
Institute, Cary, North Carolina, USA).

Continuous variables were reported as median values 
unless otherwise noted. Categorical variables were 
described as frequency counts. SLE outcomes of interest 
included (a) development of overall organ system damage, 
(b) development of specific organ system damage or (c) 
death during the follow-up period. The outcome of death 
was defined as all-cause mortality that may or may not 
have been clinically attributable to SLE. Damage accrual 
analyses were restricted to patients without prior damage 
in the organ system of interest through the end of the 
observation period. Accrued damage was defined as at 
least a one (≥1) unit increase in SDI score between the 
observation period and last recorded visit in the follow-up 
period.

In this analysis, organ specific system damage was 
restricted to renal, cardiovascular, peripheral vascular, 
neuropsychiatric, pulmonary, musculoskeletal, seizure or 
stroke. Damage due to malignancy was not explored as 
it was an exclusion criterion. Damage accrual in organ 
systems not commonly associated with death (ocular, 
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gastrointestinal, skin, or gonadal failure) was not evalu-
ated in this analysis.

Adjusted Mean SELENA-SLEDAI was our key explan-
atory variable. Laboratory parameters were not consid-
ered in models evaluating the impact of adjusted mean 
SELENA-SLEDAI on the outcomes of interest since these 
variables are components of the SELENA-SLEDAI score. 
Time-varying variables that were measured during the 
observation period and SLE clinical history variables were 
individually evaluated in univariate, unadjusted models 
for the outcomes of death or damage accrual (overall or 
specific organ systems). When more than one variable was 
available to evaluate comorbidity status, the variable that 
was most relevant to the time period of interest was used. 
If variables were comparable, then both were retained in 
the univariate analyses and the results from the univar-
iate analysis determined which variable was considered 
in the multivariable model (when applicable). Variables 
with a p<0.10 in the univariate analysis were considered 
as potential covariates in the multivariable models for 
the outcomes of death or damage accrual. Cox propor-
tional hazard models were used to estimate the impact 
of adjusted mean SELENA-SLEDAI as a time-dependent 
variable on the risk of death or developing any new organ 
damage over time. Kaplan–Meier survival curves were 
also generated to explore the impact of adjusted mean 
SELENA-SLEDAI in the observation period on the risk of 
death over time during the follow-up period.

For each outcome, a multivariable model was created to 
adjust for well-established potential confounding factors 
that included age, gender, race, SLE duration, overall 
SDI score at the start of the follow-up period and ever 
prescribed oral prednisone >7.5 mg/day in the observa-
tion period. With these factors forced in the model, other 
covariates identified in the univariate analyses were then 
evaluated for inclusion in the model using backward elim-
ination methods with the criteria of p<0.10 for entry into 
the model and p<0.05 for retention. To evaluate racial and 
gender differences in the association of adjusted mean 
SELENA-SLEDAI and organ system damage, models were 
stratified by race and gender (data not shown).

Patient and public involvement
We did not involve patients and/or the public in this 
work.

RESULTS
Characteristics
Overall, 1168 adult patients with SLE were included in 
this study. Patients were predominantly women (93%), 
55% were white and 39% were of Black African Ancestry 
(table  1). During the background period, the median 
(range) adjusted mean SELENA-SLEDAI was 3 (0–16) 
and 55% of patients had mild-to-moderate disease 
activity, defined by an adjusted mean SELENA-SLEDAI 
<3 (table  1). Median (range) adjusted mean SELENA-
SLEDAI in the observation period was 2 (0–13) and 

Table 1  Demographic and clinical characteristics of the 
Hopkins Lupus Cohort analytical cohort (N=1168)

 � N (%)

Women 1085 (92.9)

Race

 � White 643 (55.1)

 � Black African Ancestry 460 (39.4)

 � Other 65 (5.6)

History of seropositive status

 � ANA+ 1075 (92.0)

 � Anti-dsDNA+ 591 (50.6)

 � ANA+ or anti-dsDNA+ 1093 (93.6)

Current smoker at cohort entry 202 (17.3)

Past smoker at cohort entry 465 (39.8)

Adjusted mean SELENA-SLEDAI <3 in 
background period

641 (54.9)

SLE therapies* ever prescribed in 
observation period

 � Oral prednisone (any dose) 702 (60.1)

 � Oral prednisone >7.5 mg/day 428 (36.6)

 � HCQ 759 (65.0)

 � NSAID 447 (38.3)

 � Immunosuppressants† 262 (22.4)

Obesity in observation period (BMI 
>27.8 for men and BMI >27.3 for 
women)

604 (51.7)

Hypertension in observation period 
(SBP ≥140 or DBP ≥90 mm Hg)

652 (55.8)

Diabetes therapy with oral 
hypoglycaemic agent or insulin

118 (10.1)

Median (range)

Age at cohort entry‡, years 36 (11–77)

Age at SLE diagnosis§, years 31(5–75)

Age at last assessment in follow-up 
period, years

46 (20–85)

Adjusted mean SELENA-SLEDAI in 
background period

3 (0–16)

Disease duration from SLE diagnosis to 
cohort entry, years

2 (0–39)

Disease duration from SLE diagnosis to 
last assessment, years

11 (2–48)

Follow-up time from cohort entry to last 
assessment, years

7 (2–23)

*Categories not mutually exclusive.
†Leflunomide, mycophenolate, cyclophosphamide, tacrolimus, 
azathioprine, methotrexate or rituximab (biologic).
‡Less than 2% of cohort enrolled <18 years of age.
§Less than 5% of cohort diagnosed with SLE <18 years of age.
ANA, antinuclear antibodies; BMI, body mass index in kg/m2; 
DBP, diastolic blood pressure; dsDNA, double-stranded DNA; 
HCQ, hydroxychloroquine; NSAID, non-steroidal anti-inflammatory 
drug; SBP, systolic blood pressure; SELENA-SLEDAI, Safety of 
Estrogens in Lupus Erythematosus National Assessment-SLE 
Disease Activity Index; SLE, systemic lupus erythematosus.
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remained the same during the follow-up period. The 
distribution of adjusted mean SELENA-SLEDAI, strati-
fied by period, is shown in figure 1.

Death
Ninety-two of 1168 patients (8%) died during the 
follow-up period (table  2). When exploring the associ-
ation between adjusted mean SELENA-SLEDAI in the 
observation period and risk of death in the follow-up 
period, an adjusted mean SELENA-SLEDAI ≥5 signifi-
cantly increased the risk of death after 7 years of follow-up 
(Log rank p<0.001; figure 2). In the multivariable model, 
each one-unit adjusted mean SELENA-SLEDAI increase 
in the observation period was significantly associated with 
a 22% increased risk of death in the follow-up period 
(HR=1.22, 95% CI 1.13 to 1.32, p<0.001; table 2). Use of 
hydroxychloroquine in the observation period was signif-
icantly associated with a 54% lower risk of death in the 
follow-up period (HR=0.46, 95% CI 0.29 to 0.72, p<0.05; 
table 2). The following variables were considered but not 
retained in the model: have a history of smoking at cohort 
entry, hypertension and diabetes.

Overall damage accrual
After restricting the analysis (univariate and multivari-
able) to patients without a prior history of overall damage 
(SDI=0; n=888) at the start of the follow-up period, more 
than one-third (39%) of patients developed damage 
(SDI≥1) in any organ system by the end of the follow-up 
period (table  2). In multivariable models restricted to 
patients without prior damage in the organ system at 
the start of the follow-up period, adjusted for the effects 
of age, race, gender, SLE duration and ever prescribed  
>7.5 mg/day oral prednisone during the observation 
period, a one-unit increase in adjusted mean SELENA-
SLEDAI during the observation period was significantly 
associated with an increased risk of accruing subsequent 
overall damage (HR=1.09, 95% CI 1.04 to 1.15, p<0.001; 
table 2). Among women without prior damage at the start 
of the follow-up period, adjusted mean SELENA-SLEDAI 
during the observation period was associated with an 
increased risk of accruing subsequent overall damage 

(HR=1.08, 95% CI 1.03 to 1.13, p=0.002; data not shown). 
No significant differences were observed for the outcomes 
of interest when stratified by race (HR=1.07, 95% CI 0.99 
to 1.16, p=0.089 in white patients and HR=1.04, 95% CI 
0.96 to 1.12, p=0.343 in patients of Black African Ancestry; 
data not shown).

Renal damage accrual
Approximately 3% of patients without renal damage 
in the observational period developed renal damage 
(SDI≥1; n=1147) in the follow-up period (table 2). Each 
one-unit increase in adjusted mean SELENA-SLEDAI 
during the observation period significantly increased the 
risk of renal damage by 24% (HR=1.24, 95% CI 1.08 to 
1.42, p=0.003; table 2) in the follow-up period. Ever use of 
hydroxychloroquine in the observation period was signif-
icantly associated with lowering the risk of renal damage 
in the follow-up period by 70% (HR=0.30, 95% CI 0.13 
to 0.68, p<0.05; table 2). When we restricted the analysis 
to women, the results did not change (HR=1.23, 95% 
CI 1.06 to 1.42, p=0.005). It was not possible to evaluate 
renal damage among men due to only one man having 
developed renal damage.

Cardiovascular damage accrual
Subsequent cardiovascular damage (SDI≥1; n=1135) was 
observed in approximately 7% of patients during the 
follow-up period (table 2). A one-unit increase in adjusted 
mean SELENA-SLEDAI during the observation period 
was associated with a 17% (HR=1.17, 95% CI 1.07 to 1.29, 
p<0.001; table 2) significant increased risk of cardiovas-
cular damage accrual in the adjusted model. Patients 
who had been prescribed NSAID therapies in the obser-
vation period had a 66% (HR=1.66, 95% CI 1.04 to 2.63; 
table 2) increased risk of cardiovascular damage accrual. 
On further exploration, patients with any antihyperten-
sive use in the observation period had an 81% (HR=1.81, 
95% CI 1.09 to 3.02, p<0.05) significant increased risk of 
cardiovascular damage accrual.

Other organ system or subsystem damage accrual
Adjusted mean SELENA-SLEDAI during the observation 
period did not impact the risk of developing damage in 
the following organ systems or subsystems in our anal-
ysis: peripheral vascular (HR=1.12, 95% CI 0.96 to 1.32, 
p=0.154), pulmonary (HR=0.96, 95% CI 0.87 to 1.07, 
p=0.484), neuropsychiatric (HR=1.01, 95% CI 0.92 to 
1.10, p=0.880), musculoskeletal (HR=1.05, 95% CI 0.98 
to 1.12, p=0.194), stroke or seizure (data not shown).

DISCUSSION
This analysis described the impact of disease activity 
during a 12-month period on the subsequent risk of 
death or organ system damage in a large, prospective 
cohort of racially diverse patients with SLE. This study 
included a large proportion of patients of Black African 
Ancestry (39.4%), which contrasts with previous Spanish 
studies (eg, RELESSER cohort)24–26 where the majority of 

Figure 1  Distribution of adjusted mean SELENA-SLEDAI 
stratified by period (N=1168). SELENA-SLEDAI, Safety of 
Estrogens in Lupus Erythematosus National Assessment-
Systemic Lupus Erythematosus Disease Activity Index.
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patients were white (>90%), and Latin American studies 
(eg, GLADEL),27–29 which had lower percentages of 
African-Latin American patients (<13%). In this cohort 
of patients with SLE and mild-to-moderate disease activity 
at cohort entry, adjusted mean SELENA-SLEDAI meas-
ured during a prior 12-month period (corresponding 
to the length of a typical Phase III trial) significantly 
impacted the risk of renal and cardiovascular damage 
accrual (SDI≥1) and risk of death in the follow-up period. 
In previous studies, patients of Black African Ancestry 
were reported to experience a higher prevalence of SLE, 
greater disease severity, higher risk of cardiovascular 

events, greater organ damage and higher mortality rates, 
compared with white patients.30–37 In the current study, 
although non-white (Black African Ancestry and other 
race) patients had higher disease activity in the follow-up 
period compared with white patients, no significant racial 
differences were observed for the outcomes of interest. 
Therefore, results from this cohort provide an important 
contribution in characterising non-white patient popu-
lations. In adjusted Cox regression models, a one-unit 
increase in adjusted mean SELENA-SLEDAI during the 
12-month observation period was associated with a 22% 
increased risk of death and a 17% and 24% increased 

Table 2  Final models for adjusted mean SELENA-SLEDAI in the observation period as predictors of death/organ system 
damage in the follow-up period

Death
(n=1168)

Overall damage*
(n=888)

Renal damage*
(n=1147)

Cardiovascular 
damage*(n=1135)

Patients with outcome, % 7.9 38.5 2.7 6.5

Adjusted mean SELENA-
SLEDAI in observation 
period, adjusted HR
(95% CI)†

1.22 (1.13 to 1.32)‡ 1.09 (1.04 to 1.15) 1.24 (1.08 to 1.42)§ 1.17 (1.07 to 1.29)¶

P value <0.001 <0.001 0.003 <0.001

Variables**, adjusted HR 
(95% CI)

 �   �

Age at cohort entry (years) 1.05 (1.04 to 1.07)†† 1.04 (1.03 to 1.05)†† 1.02 (0.98 to 1.05) 1.04 (1.02 to 1.06)††

Men 1.53 (0.81 to 2.89) 0.94 (0.62 to 1.41) 1.97 (0.52 to 7.46) 1.86 (0.90 to 3.85)

Non-white 1.24 (0.79 to 1.97) 1.05 (0.84 to 1.31) 2.28 (1.00 to 5.18) 1.01 (0.62 to 1.63)

Duration of SLE at cohort 
entry (years)

1.02 (0.99 to 1.05) 1.01 (1.00 to 1.03) 0.98 (0.92 to 1.04) 1.00 (0.96 to 1.04)

SDI score at start of follow-
up period

1.41 (1.02 to 1.94)†† N/A 6.77 (4.32 to 10.61)†† 2.40 (1.78 to 3.23)††

Oral prednisone use in 
observation period

 �   �

 � None Ref Ref Ref Ref

 � ≤7.5 mg/day 1.47 (0.77 to 2.80) 1.29 (0.97 to 1.71) 0.98 (0.28 to 3.45) 0.98 (0.50 to 1.94)

 � >7.5 mg/day 1.54 (0.88 to 2.71) 1.85 (1.40 to 2.44)†† 0.82 (0.32 to 2.10) 1.05 (0.56 to 1.95)

HCQ ever use in observation 
period

0.46 (0.29 to 0.72)†† NS 0.30 (0.13 to 0.68)†† NS

Current smoker at cohort 
entry

1.74 (1.09 to 2.76)†† NS NS NS

NSAIDs use in observation 
period

NS NS NS 1.66 (1.04 to 2.63)††

*In patients without a prior history of damage in the organ system of interest at the start of the follow-up period.
†HR for a one-unit increase in adjusted mean SELENA-SLEDAI during the observation periods. Models are adjusted for age at cohort entry 
(years), gender, non-white, duration of SLE at cohort entry (years), damage accrued (SDI score) in any other organ system but the outcome 
of interest through the end of the observation period (excluding the outcome of overall damage in any organ system), oral prednisone use in 
observation period (>7.5 mg/day).
‡Additional model adjustments include ever use of hydroxychloroquine during the observation period and current smoker at cohort entry.
§Additional model adjustments include ever use of hydroxychloroquine during the observation period.
¶Additional model adjustments include NSAID use during the observation period.
**SLE therapies defined as ever use during observation period.
††P<0.05.
CI, confidence interval; HCQ, hydroxychloroquine; HR, Cox proportional hazards ratio; NS, not a statistically significant predictor in the final 
Cox model; NSAID, non-steroidal anti-inflammatory drug; Ref, reference group; SDI, SLICC/ACR damage index; SELENA-SLEDAI, Safety of 
Estrogens in Lupus Erythematosus National Assessment-SLE Disease Activity Index; SLE, systemic lupus erythematosus.
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risk of subsequent cardiovascular and renal damage 
accrual, respectively. Adjusted mean SELENA-SLEDAI 
in the observation period was associated with overall 
damage accrual after adjustment for age, gender, race, 
SLE duration, ever prescribed oral prednisone therapy 
>7.5 mg/day in observation period and SDI at the start 
of the follow-up period. Hydroxychloroquine use in the 
observation period was associated with a 54% and 70% 
decreased risk of death and renal damage, respectively, 
and NSAID use in the observation period increased the 
risk for cardiovascular damage accrual by approximately 
70%.

Adjusted mean SELENA-SLEDAI in a 12-month prior 
period increased the risk of developing new renal and 
cardiovascular damage accrual (SDI≥1) and risk of death, 
which corroborates findings from another published 
Hopkins Lupus Cohort analysis with different analytical 
methods.38 Other studies have demonstrated that high 
disease activity increased the risk of poor SLE outcomes 
including accrual of overall organ damage20 39–44 and risk 
of death.7 40 42 45 The findings in this analysis corroborate 
the influence of disease activity for renal and cardiovas-
cular damage accrual and death and also extend the find-
ings to patients with SLE and mild-to-moderate disease 
activity.

Although 61.5% of the cohort remained free of any 
organ system damage through the end of the follow-up 
period, a reasonable proportion of patients with SLE 
with mild-to-moderate disease activity at cohort entry and 
through the start of the follow-up period accrued damage 
(renal and cardiovascular) (9.2%) in a relatively short 

time (median 7 years). Similarly, 8% of patients died 
during follow-up despite overall mild-to-moderate disease 
activity in the 24 months after cohort entry.

Detailed methods from real-world, large, prospective 
SLE cohorts have been described elsewhere10–13 46 47 and 
have contributed to SLE disease understanding over 
the past four decades. It is well recognised that damage 
accrual, due to active inflammation, comorbidities, 
previous SLE disease activity and/or exposure to SLE ther-
apies (particularly corticosteroids), is an important prog-
nostic factor for death and has a clear impact on burden 
of disease for patients,15 20 40 48 49 but the time for interval 
for damage to manifest has varied somewhat between 
different studies. Rahman et al found that patients with 
SLE exhibiting damage within the first year of admission 
to the clinic had a higher mortality rate after 10 years as 
compared with patients with no early damage,50 whereas 
results from Gladman et al suggested that damage 
accrued gradually over the 15 years of follow-up.2 In a 
study by Becker-Merok and Nossent, damage accrual 
occurred in 54% of patients with SLE in a linear fashion 
over the first 10 years of the disease.42 Similarly, a Swedish 
study also observed that 54% of patients with SLE had 
damage accrual in the first 5 years after diagnosis.51 Our 
findings demonstrate that SLE may progress to accrual 
of irreversible damage in selected organ systems among 
patients with stable, mild-to-moderate disease activity over 
7 years. Our study confirms the results from a Norwegian 
SLE cohort that showed disease activity at baseline was a 
predictor of accrued organ damage that occurred over  
2 years of follow-up in a small cohort of patients with 

Figure 2  Kaplan–Meier curve: time to death by adjusted mean SELENA-SLEDAI score (N=1168). AMS, adjusted mean 
SELENA-SLEDAI; SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus 
Erythematosus Disease Activity Index.
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relatively stable disease activity52 but extends them to 
specific organ damage subtypes. Unlike the findings from 
the SLICC inception cohort, we did not observe a pattern 
of decreasing disease activity over the first 5 years in 
conjunction with organ damage accrual.10 This may be in 
part due to the combination of inception and prevalent 
patients with SLE at the start of the observation period in 
this Hopkins Lupus Cohort analysis.

Subsequent accrual of organ system damage attributed 
to active SLE disease has been observed in several SLE 
prospective cohorts of patients with SLE receiving care 
from rheumatology specialty centres.5 10 11 20 48 53–55 One 
strength of this analysis is that Hopkins Lupus Cohort 
patients had clinic visits on average every 3 months per 
registry protocol. Ibañez et al recently demonstrated that 
adjusted mean SELENA-SLEDAI derived from quar-
terly clinic visits was more reliable than adjusted mean 
SELENA-SLEDAI based on more infrequent clinic visits.56

We recognise the limitations of this analysis and similar 
evaluations in prospective SLE cohorts. One limita-
tion is that all patients in this analysis received care at a 
single tertiary medical centre, under the care of a single 
provider, and their SLE clinical characteristics, and hence 
our findings, may not extend to all patients with SLE. 
Furthermore, although we attempted to adjust for the 
effects of known risk factors and potential confounders, 
unmeasured or residual confounding factors may have 
influenced our findings.

We observed that adjusted mean SELENA-SLEDAI 
during a prior 12-month period impacted the risk of 
death and developing damage in a racially diverse 
cohort of patients with SLE, who had on average mild-
to-moderate disease activity during a median follow-up of 
7 years, after adjusting for potential confounders. Expo-
sure to hydroxychloroquine during a prior 12-month 
period decreased the risk of death and developing renal 
damage. The London University College Hospital Lupus 
Cohort reported that more than half of patients with SLE 
were prescribed hydroxychloroquine during a 12-month 
observation period and this exposure was also associated 
with a decreased risk of death (50% reduction) and renal 
damage accrual (47% reduction) in adjusted models.11 A 
new finding in our analysis was the 66% increased risk 
of cardiovascular organ damage accrual associated with 
NSAID use in the previous 12 months, after controlling 
for the effects of other covariates in the model. It has 
been reported that NSAIDs may negatively affect the 
cardiovascular system, yet they also decrease inflamma-
tion, which is an independent risk factor in cardiovascular 
pathology.57 In our analysis, we observed that chronic 
NSAID use, commonly taken by patients with SLE to 
alleviate musculoskeletal pain, resulted in a significantly 
increased risk of cardiovascular damage accrual. NSAID 
use is also correlated with an increase in blood pressure, 
which may have an effect on cardiovascular damage.58 
Indeed, in our study, we observed a significant increase 
in cardiovascular damage accrual with antihypertensive 
use. This may suggest that the known cardiovascular risk 

of NSAIDs in the general population is also applicable 
to patients with SLE59–62 and highlights the importance 
of assessing cardiovascular risk in this patient population.

In summary, our findings corroborate other published 
data that demonstrated that cumulative SLE disease 
activity over time impacted risk of developing organ 
damage (ie, SLE prognosis) and was associated with an 
increased risk of death. Furthermore, the findings suggest 
routine clinical care and SLE disease management, char-
acterised by minimal fluctuations in disease activity, may 
not prevent development of organ damage or risk of 
premature death. An increase in adjusted mean SELENA-
SLEDAI score during a 12-month period increased the 
risk of death and developing renal and cardiovascular 
organ system damage, even in patients with mild-to-
moderate disease severity, which underscores the need 
for active measures to manage SLE disease activity over 
time.
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