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Long-term outcomes in systemic lupus
erythematosus: trends over time and major
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Abstract

SLE is a chronic autoimmune rheumatic disorder of high heterogeneity in clinical presentation, treatment response
and prognosis. Long-term outcomes in SLE have been dramatically improved over the past decades, however,
increased morbidity and mortality, especially among young individuals, still exists. Unmet needs include residual
disease activity and frequent flares, glucocorticoid treatment dependency and toxicity, comorbidity burden, reduced
health-related quality of life, health disparities and damage. The main determinants of long-term outcomes in SLE
are age, sex, race/ethnicity, genetic profile, environmental factors including smoking, disease activity, major organ
involvement such as lupus nephritis and CNS involvement, comorbidities including cardiovascular disease and ser-
ious infections, coexistence with APS, treatment adherence, socio-economic factors and access to care. In this re-
view we discuss trends in long-term outcomes in SLE over the years and major contributors such as genetic,
disease-related, treatment, comorbidity, socio-economic and other factors.
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Rheumatology key messages

o Despite advances over decades, long-term outcomes, especially damage and mortality, remain a challenge

in SLE.

o An interplay between genetic, disease-related, comorbidity and socio-economic factors contributes to

long-term prognosis in SLE.

Introduction

SLE is a chronic systemic autoimmune disorder of mul-
tiple and heterogeneous clinical phenotypes with varia-
tions in disease severity and damage accrual. Earlier
diagnosis and treatment advances have resulted in
improved outcomes over the past decades. However,
increased morbidity and mortality risks persist in SLE
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[1-4], indicating that several unmet needs are still pre-
sent among SLE patients [5, 6].

Unmet needs in SLE include persistent disease activity
and flares, glucocorticoid (GC) treatment dependency,
comorbidity burden, reduced health-related quality of life,
access to high-quality care, damage accrual and long-
term survival [1, 2, 5, 6] (Table 1). Better understanding
of SLE pathogenesis, optimization of prevention, a treat-
to-target approach and introduction of safe and effective
treatments based on better-designed trials and clinical
research tools, taking the heterogeneity of the disease
into account as well, is crucial for improving outcomes.

In this review we discuss the main outcomes in SLE,
such as long-term remission or recurrent flares, end-
stage renal disease, cardiovascular and infections bur-
den and whether, and how, each of these has changed
over time, as well as the impact of genetic, disease-
related, treatment, comorbidity, socio-economic and
other factors (e.g. adherence to treatment, access to
care or smoking exposure) (Fig. 1).
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TasLe 1 Unmet needs related with long-term outcomes in SLE

Persistent disease activity, frequent flares

Glucocorticoid treatment dependency

Glucocorticoid toxicity: infections, cardiovascular disease, diabetes, myopathy, cataract, osteoporosis, osteonecrosis
High comorbidity burden: cardiovascular disease, infections, neoplasms, osteoporosis

Reduced health-related quality of life: fatigue, pain and depression

Health and healthcare disparities

Implementation of a treat-to-target strategy

Adherence to treatment
Damage accrual
Long-term survival

Fic. 1 Determinants of long-term outcomes in SLE
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Long-term outcomes in SLE: trends over
time and major contributors

Demographics and genetics

Age, sex and race/ethnicity

Age at disease onset has a significant impact on both
disease presentation and prognosis. Juvenile-onset SLE
patients have more frequently severe clinical manifesta-
tions such as lupus nephritis (LN) or serositis and a
higher risk of flares, organ damage and treatment side
effects and higher mortality rates compared with adult
SLE patients [7, 8]. Late-onset disease (onset at age
>50vyears) is described in 3-18% of SLE patients with
more insidious clinical presentation, but often with worse
outcomes and higher mortality rates than adult- and
juvenile-onset SLE, due to the increased comorbidity
burden [9]. SLE is a sexually dimorphic autoimmune dis-
order, with female predominance in both paediatric and
adult populations, but usually with more severe disease
presentation and worse outcomes among male patients
[10].

Regarding race/ethnicity, non-white (Black, Hispanics
and Asian) patients with SLE tend to develop more se-
vere clinical phenotypes and more damage accrual than
whites [11], explained by increased genetic risk burden
in the former populations. Socio-economic factors may
confound the above associations, however, after adjust-
ment for these factors, race/ethnicity remains a major
determinant of poor outcomes in SLE, including end-
stage renal disease (ESRD) risk and mortality [12]. In a
recent population-based study using U.S. nationwide
death certificates between 2000 and 2015, SLE was
among the leading causes of death in young women,
especially among those ages 15-24years and those of
African American and Hispanic origin [13]. Increased
awareness of the above high-risk populations can help
to improve long-term outcomes in SLE.

Genetic risk profile

An interplay between genetic, epigenetic and environ-
mental factors is involved in SLE pathogenesis and dis-
ease presentation [14]. The role of genetic profiling to
predict disease outcomes has been investigated in sev-
eral chronic diseases [15]. Some studies have shown an
association between variants of signal transducer and
activator of transcription 4 and renal impairment, cardio-
vascular events and organ damage in SLE [16]. A few
studies have also examined the relationship between
the cumulative genetic risk score (defined as the
weighted sum of the number of high-risk alleles) and
lupus phenotypes [17, 18]. A recent large study of 1001
SLE patients has shown an association between a high
genetic risk score and severe disease presentation and
outcomes involving earlier disease onset, increased risk
of first organ damage, cardiovascular events, ESRD and
all-cause mortality, introducing the genetic risk score as
a potential tool for prediction of disease severity and
organ damage [18]. The above findings emphasize a po-
tential role of genetic profiling, and the genetic risk
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score of single genes, for predicting clinical phenotypes
and outcomes in this complex disease.

Major organ involvement: renal and CNS

LN and CNS lupus represent two of the most severe
clinical manifestations of SLE, often associated with
organ damage accrual.

Lupus nephritis

Renal involvement in SLE has been associated with an
increased risk of ESRD [19] and a 5- to 8-fold increased
risk of death compared with the general population [20,
21]. Several baseline characteristics have been associ-
ated with long-term prognosis in LN patients, including
male gender, ethnicity, arterial hypertension, renal insuf-
ficiency and high activity and chronicity index scores
[22]. Use of the histological classification for LN man-
agement and prognosis, better understanding of the
pathogenetic basis of LN and advances in immunosup-
pressive treatments have been largely responsible for
the substantial improvement of renal survival in SLE
over the past 5decades. However, LN remains a major
cause of morbidity and mortality among patients with
SLE. A systematic literature review and Bayesian meta-
analysis showed that ESRD risks in LN improved grad-
ually between the 1970s and the mid-1990s but then
plateaued, with a slight increase in the late 2000s. In
addition, despite absolute decreases of 10% in 10year
and 15year ESRD risks in developed countries, the
15year risk during the 2000s was still high (22% of
patients overall), especially in class IV LN (44% of
patients) and in developing vs developed countries [23].

A recent multicentre study from Italy including 499 LN
patients showed much lower ESRD risk rates in all
examined time periods that corresponded to the time of
LN diagnosis (1970-1985, 1986-2001 and 2002-2016)
[24]. This may be explained by the predominant
Caucasian population, but also by the homogeneous
renal biopsies and treatments used in these centres vs
the heterogeneity in the protocols and access to care
among the studies from developed and developing
countries included in the meta-analysis. Prompt recogni-
tion of renal involvement and early renal biopsy is es-
sential for earlier diagnosis and a histological-based
therapeutic approach and prognosis assessment. In
addition, HCQ use, adjunctive treatments such as
angiotensin-converting enzyme or angiotensin receptor
inhibitors based on their antiproteinuric effect, throm-
bosis prevention in nephrotic syndrome and a regular
assessment of renal involvement signs for prompt diag-
nosis of flares are also protective against damage ac-
crual [25].

Risk stratification based on clinical, histological, urine
and/or serum biomarkers or genetic profiles can help to
identify groups at high risk and optimize prevention
strategies and individualization of treatment. In addition,
given the failure of several previous LN trials to fulfil their
primary endpoints, a long discussion among experts
supports the need for re-evaluation of treatment
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response tools and primary outcomes as well as patient
selection according to clinical phenotypes and biologic
markers [26-28].

CNS involvement

NPSLE is among the most challenging manifestations of
SLE and can affect the peripheral nervous system or
CNS [29]. Involvement of the CNS is observed in >90%
of NPSLE events [30] and remains an important cause
of morbidity and mortality in SLE [31]. NPSLE manifesta-
tions with the highest incidence include cerebrovascular
disease and seizures. Conversely, severe cognitive dys-
function, acute confusional state, psychosis and periph-
eral nervous disorders are less common [32]. The exact
incidence of NPSLE manifestations varies greatly across
studies [33] but appears to remain stable over time [34,
35]. NPSLE remains essentially a diagnosis of presump-
tion and exclusion and is often confirmed retrospectively
based on the response to treatment. In a recent paper
by the SLICC group [30], neuropsychiatric events
occurred in 955/1827 (52.3%) patients and 18-31%
unique events were attributed to SLE, depending on the
attribution model. The risk for NPSLE events was
strongly increased during the first 2years of follow-up
[relative risk 6.16 (95% Cl 4.96, 7.66)] in this inception
cohort. Multistate modelling showed that patients with-
out NPSLE events at initial assessment had a 74%
probability of being NPSLE event-free after 10years.
While the majority of NP events resolved over 10years,
the mortality was higher in patients with NPSLE (16%)
compared with those with no NPSLE events (6%) or
non-SLE neuropsychiatric events (7%). Importantly,
NPSLE continues to present a significant diagnostic and
therapeutic challenge, especially because more recent
clinical trials in SLE have excluded patients with severe
NPSLE manifestations. Overall, the management of
NPSLE remains an important unmet need in SLE.

Comorbidities

Patients with SLE have an increased risk of multiple
comorbidities affecting long-term prognosis and all-
cause mortality in SLE [36]. Cardiovascular complica-
tions and infections have the highest impact on long-
term and hard outcomes in SLE, such as damage ac-
crual and mortality.

Cardiovascular disease (CVD)

CVD is one of the leading causes of morbidity and mor-
tality in SLE. Patients with SLE have 2- to 10-fold
increased risk of clinical CVD compared with the general
population [37] and approximately a 2.5-fold higher risk
of subclinical atherosclerosis vs matched healthy individ-
uals and comparable to that in RA and diabetes mellitus
[38]. An interplay between the traditional CVD risk fac-
tors and disease-related factors such as disease activity
and damage, GCs and aPLs has been involved in CVD
pathogenesis in SLE [34]. Despite a growing awareness
of CVD risk among patients with SLE, CVD burden
remains high [20, 39, 40]. Data from a US population-
based study using nationwide data showed increased
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age-adjusted rates of hospitalizations for myocardial in-
farction and stroke between 1996 and 2012 in both
younger (age 18-49years) and older (age >50years)
women and in men with SLE, while, in contrast, the hos-
pitalization rates for both cardiovascular events were
decreased in those without SLE. For myocardial infarc-
tion, the rate was 9.6/1000 patients in 1996 and 14.5/
1000 patients in 2012, while for stroke it was 9.0/1000
patients and 14.2/1000 patients, respectively [41].

Rigorous assessment and modification of traditional
and disease-related CVD risk factors in SLE patients is
warranted, especially in high-risk populations such as
those with baseline disease severity [42], renal involve-
ment [43], high cumulative GC dose and positive aPLs
[37]. Good control of disease activity, minimization of
GC exposure and lifestyle optimization are of great im-
portance. In addition, implementation strategies for risk
factor prevention are also needed. Studies have shown
that monitoring of traditional risk factors is suboptimal in
SLE [44, 45]. The assessment of CVD risk is currently
based on generic CVD risk prediction models, however,
accumulating evidence shows that the majority of the
currently used clinical risk scores in the general popula-
tion do not accurately assess CVD risk in patients with
SLE [46, 47]. A recent study showed underperformance
of four generic and three SLE-modified scores to identify
high CVD risk as defined by the presence of carotid
and/or femoral plaques [48], underlying the importance
of the development of validated disease-specific risk
prediction tools [49].

Serious infections

Serious infections, defined as those requiring hospital-
ization or resulting in death, constitute one of the lead-
ing causes of morbidity and mortality in SLE along with
CVD, accounting for approximately one-third of deaths.
The most common sites for serious infections are the
lower respiratory system, skin and urinary system, while
bacteraemia and sepsis have been recognized as the
main causes of infection-related mortality in several
single-centre, multicentre and nationwide studies [50,
51]. A population-based study using data from the
Nationwide Inpatient Sample between 1996 and 2011
showed that the rates of hospitalization for serious infec-
tions in SLE steadily increased over the study period,
reaching 12 times higher than the non-SLE population in
2011. Opportunistic infections and pneumonia or severe
sepsis requiring mechanical ventilation were associated
with a higher risk of inpatient mortality among SLE
patients [52]. In a Dutch population study, pneumococ-
cal infections were 13 times higher compared with the
general population [53].

Advanced age, disease activity, renal disease, dose of
prednisone >7.5mg/day, immunosuppressive/biologic
therapy, damage accrual, comorbidities and low socio-
economic status are recognized as major predictors for
infections in SLE, whereas antimalarial use has been
shown to have a protective effect [54-56], supporting
the importance of low disease activity or remission
achievement, glucocorticoid use minimization and
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consistent use of HCQ. Early diagnosis, validation of
clinical scores to predict the risk of severe infection in
SLE [57] and appropriate treatment of serious infections,
which depends on timely access to quality care, is also
important to reduce infection complications. The signifi-
cance of the access to centres with clinical expertise in
SLE has also been addressed by some studies. In a
study of all-cause SLE readmissions using hospital dis-
charge databases (2008-2009) from five geographically
dispersed US states, one in six SLE patients were read-
mitted within 30days and infections were associated
with higher readmission rates. Interestingly, lower risk-
adjusted readmission rates were observed in a state
with a high concentration of dedicated SLE centres [58].
A recent study using national population-based data on
outcomes for adults with SLE admitted with sepsis
(2002-2011) showed a wide variation in mortality rates
between hospitals, with lower rates in hospitals treating
more SLE patients [59].

Vaccination strategies specifically for SLE are lacking.
The EULAR has recently provided recommendations for
vaccines in adults with autoimmune inflammatory
rheumatic diseases [60]. Inactivated vaccines can be
administered to patients on immunosuppressive treat-
ment, but preferably prior to planned immunosuppres-
sion, especially in the case of B cell depletion therapy
[60]. Live attenuated vaccines may be considered with
caution in patients with autoimmune rheumatic diseases,
with a time window of 4 weeks prior to treatment initi-
ation. Satisfactory immunogenicity of influenza and
PPSV23 vaccination has been demonstrated in SLE
patients [61, 62] and no disease flares have been docu-
mented in the majority of studies [60]. Low vaccination
rates are reported in SLE [63], emphasizing the need for
broader adoption of a vaccination programme for auto-
immune inflammatory rheumatic diseases but also de-
velopment and validation of SLE-specific vaccine
strategies.

Coexistence with APS

Approximately one-third of SLE patients with persistently
positive aPL develop arterial or venous thrombotic
events, the so-called SLE-associated APS [64]. In add-
ition to classic thrombotic events, a number of severe
manifestations of SLE, such as alveolar haemorrhage,
renal microangiopathy, myelitis, adrenal insufficiency
and cognitive impairment, are also more common
among SLE patients with positive aPL and/or APS [65].
APS has been consistently recognized as an independ-
ent risk factor for organ damage and mortality in SLE
[66, 67]. Long-term follow-up studies of SLE patients
have shown more severe damage in patients with coex-
isting APS vs those without APS (median SLICC/ACR
Damage Index score 2 vs 0 at 5years, P<0.001; 4 vs 1
at 15years, P <0.001) and a significantly lower cumula-
tive survival at 15years in SLE-APS than in non-APS
patients (65% vs 90%, P=0.03).

Risk stratification and appropriate management can
prevent APS-related damage in several organs, such as
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the brain, heart, lungs and kidneys, or the development
of its catastrophic form (catastrophic APS), character-
ized by a fatal outcome in more than half of cases [64].
The recently published EULAR recommendations for the
management of APS in adults emphasize the import-
ance of the identification of high-risk groups among
aPL-positive individuals, including those with a high-risk
aPL profile, defined as the presence of lupus anticoagu-
lant or multiple aPL positivity or high aPL titres, and
those with coexistent SLE and with traditional risk fac-
tors [63]. Preventive measures include lifestyle changes,
prophylactic use of heparin in high-risk situations, daily
use of HCQ (as in every patient with SLE) and low-dose
aspirin in SLE patients with a high-risk aPL profile after
bleeding/thrombosis risk evaluation [68].

The antithrombotic role of HCQ in SLE [69], especially
among patients with positive aPL, has long been recog-
nized, with growing evidence about the effect of treat-
ment duration and dosage [70, 71]. In addition, a recent
pilot, 3-year follow-up, open-label, randomized con-
trolled study confirmed previous observations from
retrospective studies about the effect of HCQ on aPL
level reduction [72].

Impact of disease activity, treatment adherence,
socio-economic and other factors on long-term
outcomes

Remission and low disease activity

One major objective in the treatment of SLE is to reduce
long-term organ damage. This may be achieved through
remission and low-disease activity. While a single main
definition of low disease activity [the lupus low disease
activity state (LLDAS)] has emerged [73], various defini-
tions for remission have been proposed by different
groups [74, 75] and the optimal one remains to be
determined. Several studies have shown that the risk of
damage decreases with the length of time in either
LLDAS or remission. While low disease activity intuitively
appears to be a less desirable outcome than remission,
patients in the LLDAS nevertheless achieve significantly
better scores on both the SLE Quality of Life question-
naire and the 36-item Short Form Health Survey [76],
reduced direct healthcare costs [77], damage and mor-
tality than those with active disease [78]. Importantly,
patients who spent even a short time in clinical remis-
sion (even <25% of visits) had a significant decrease in
the rate of damage compared with never achieving re-
mission. Notably, patients had to achieve the LLDAS in
at least 50% of the visits to benefit from a similar de-
crease in the rates of damage as when achieving remis-
sion. Of note, 52.5% of patients achieved the LLDAS in
at least 50% of the visits in the Baltimore cohort [79],
and this was even less in African Americans, in whom
time to reach the LLDAS was longer [80]. By compari-
son, clinical remission with or without treatment was
achieved in only 27% and 13% of the follow-up visits,
respectively. Overall, these data underline that remission
is a more desirable outcome than the LLDAS, but that
the latter is a more achievable target.
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Therapeutic adherence

Poor adherence to therapeutic regimens is a common
problem in chronic diseases such as SLE, in which non-
adherence rates are as high as 76% in some studies,
depending upon the assessment method [81].
Importantly, adherence measures used in interventional
studies are very heterogeneous and consensus on the
most relevant outcomes is currently lacking [82]. Non-
adherence is multifactorial for most patients and typical-
ly varies according to unintentional and intentional pat-
terns. Several studies have shown an association
between non-adherence and a higher risk for flares,
morbidity, hospitalizations, renal failure and death.
Conversely, adherence to HCQ has been associated
with a reduced risk of type 2 diabetes in SLE [83] as
well as with being in the LLDAS [80]. The accurate iden-
tification of non-adherence is crucial, as it may help
avoid unnecessary treatment escalation. Black ethnicity
is also associated with lower therapeutic adherence in
population-based studies [84].

Socio-economic factors

Health disparities continue to exist among socially dis-
advantaged populations [85], including African
Americans, Hispanics and patients with lower education
levels [86], and the overall burden of rheumatic diseases
has been shown to correlate with a country’s economic
level [87]. SLE is a costly disease that disproportionately
affects disadvantaged populations [86]. However, it is
difficult to distinguish the role of increased genetic sus-
ceptibility to SLE from contributing socio-economic fac-
tors in minority populations [86]. In many publications
originating from outside of Europe, low socio-economic
status at SLE diagnosis is associated with significantly
greater direct medical costs for the management of SLE
and associated complications [88], including during
pregnancy [89]. In a multicentre Canadian SLE cohort,
lower education level was associated with higher dis-
ease activity and work disability [90]. Falasinnu et al.
[91] recently reviewed 24773 SLE deaths in the USA
(2003-2014), showing that the annual mortality rate is
highest among blacks, including average-income blacks,
southern low-income blacks and high-risk urban blacks.
Conversely, mortality was lowest among non-blacks liv-
ing in average-income settings. However, it has not
been formally shown that socio-economic factors remain
significant predictors of long-term SLE outcomes in
European countries.

Smoking

In addition to its usual adverse effects, cigarette smok-
ing is a risk factor for SLE and negatively influences the
course of the disease and its treatment. A meta-analysis
showed an increased risk of SLE in current smokers
compared with never-smokers [92]. Also, there is a
higher frequency of tobacco use among SLE patients
than in the general population [92]. The impact of smok-
ing in established SLE is strongly modulated by the eth-
nic background, with African Americans who smoke
more likely to have increased damage compared with
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Caucasians who smoke. Caucasian smokers have been
shown to accrue more cardiovascular damage, while
African American smokers have more skin damage [93].
Importantly, tobacco smoking significantly reduces the
therapeutic effectiveness of HCQ for cutaneous lesions
[94] and belimumab in systemic manifestations [95]. This
contrasts with the fact that SLE patients report rarely
receiving cessation counselling and having limited
awareness that smoking can worsen disease status or
reduce treatment efficacy [96].

GCs

Since their first use in inflammatory diseases in 1948,
GCs have remained a cornerstone of SLE treatment
[6]. In a recent study by the SLICC group, 81.3% of
patients received oral GCs and 26.3% received par-
enteral GCs. In a multicentre study performed in five
European countries, 93% of SLE patients with active
disease received GCs. Importantly, the initial GC dose
is a strong predictor of overall GC exposure, inde-
pendent of initial disease activity [97]. In this context,
the use of methylprednisolone infusions has been
shown to favour non-genomic effects of GCs [98] and
subsequently allow the use of reduced doses of GCs
[99]. However, there has been no direct comparative
trial to demonstrate the validity of this strategy.
Numerous studies have emphasized the risk of dam-
age accrual in SLE patients treated with GCs, includ-
ing the chronic use of ~5mg/day prednisone-
equivalent doses [100, 101]. In this context, treat-to-
target recommendations in SLE advocate the use of
the lowest GC dosage needed to control disease ac-
tivity for the shortest duration and, if possible, com-
plete withdrawal of GCs. Surprisingly, the recent
EULAR guidelines for SLE [55] recommend the use of
long-term doses <7.5mg/day prednisone equivalent.
This is the same threshold as what was believed to
be a ‘low dose’ of GC almost 15years ago [102]. A
GC-sparing effect has been demonstrated for several
immunosuppressive agents and biologics [103].
Unfortunately, several studies have shown that des-
pite the availability of immunosuppressive agents, up
to one-third of patients never discontinue GCs [104].
Longitudinal studies show that the use of GCs may
have decreased with time in SLE [34], which is an
encouraging sign.

Conclusion

Despite a substantial improvement in SLE diagnosis and
treatment over the years, some long-term outcomes are
still not adequately improved. Several unmet needs re-
main, including a variety of disease-related, treatment,
comorbidity and access-to-care factors. Ongoing re-
search on lupus pathogenesis and novel treatments, as
well as a re-evaluation of older agents, will help to im-
prove outcomes in SLE.
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