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Cohort studies of survival in systemic lupus erythematosus
(SLE) often have been limited by methodologic problems. In
studies of inception cohorts of patients followed since 1980,
survival at 5 years has exceeded 90%. These estimates are
generally higher than survival estimates from earlier studies,
suggesting that short-term survival in SLE has improved.
There is less evidence to support major improvements over
time in survival after 10 years or more of SLE. Infections,
atherosclerotic disease, and active systemic lupus
erythematosus or organ damage caused by SLE are the main
causes of death in patients with SLE, but the proportion of

early deaths caused by active SLE has decreased over time.
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Despite improvements in short-term survival, systemic
lupus erythematosus (SLLE) remains a potentially fatal
disease. The most common causes of death include in-
fections, atherosclerotic disease, and active SLE or organ
failure resulting from active SLE. Here we review recent
studies of mortality and causes of death in SLE, and
examine trends in mortality over time and evidence for
changes in the principal causes of death.

Cohort studies of survival

Four recent studies have reported survival in cohorts of
patients with SLE. Stahl-Hallengren ¢z a/. [10#] reported
survival in a population-based inception cohort of 81 pa-
tients with SLE diagnosed between 1981 and 1991 in a
region in southern Sweden. Survival at 5 years was 93%,
and at 10 years was 83%. Survival did not differ between
those diagnosed in 1981 to 1986 and those diagnosed in
1987 to 1991. The median age at diagnosis was 47 years;
the relatively old age of this cohort may have contributed
to the finding that 76% of deaths were caused by cardio-
vascular diseases. Peschken and Esdaile [2¢] reported
survival in a population-based inception cohort of 179 pa-
tients with SLE diagnosed between 1980 and 1996
in Manitoba, Canada. Survival at 5 years, 10 years, and
15 years in a group of white and American Indian pa-
tients was approximately 97%, 92%, and 87%, respec-
tively. Mok ¢z a/. [3®] reported 5-year survival of 93% in
an inception cohort of 182 patients followed from 1992 to
1999 at a tertiary referral center in Hong Kong, China. In
a multicenter study from Argentina that did not examine
an inception cohort, survival at 5 years and 10 years was
91% and 85%, respectively [4].

These studies add to a growing list of survival studies in
SLE dating from 1955 [5-40] (Table 1). When examin-
ing these studies for trends in survival over time, it is
important to consider the periods over which patients
were recruited and person-years of follow-up were ac-
crued, rather than the date of publication. For example,
in many instances, publications in the mid-1980s report
the survival experience of cohorts followed since the
mid-1950s or 1960s, and reflect treatment practices com-
mon in those decades. Several additional factors compli-
cate comparisons among reported survival rates. First,
most studies report on cohorts followed at particular clin-
ics or referral centers, and differences in patient selection
and referral patterns among centers may confound com-
parisons of estimates of survival among studies. The few
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population-based studies are much less susceptible to
this problem, but differences among population-based
cohorts in ethnic or socioeconomic composition, access to
care, and local treatment practices may also complicate
comparisons of survival estimates. Second, differences
among studies in the inclusion or exclusion criteria used
to assemble cohorts, or differences in the demographic
composition of the cohorts, may affect survival rates. For
example, the lower 10-year survival rate in the Swedish
population-based inception cohort than in the Canadian
population-based inception cohort may be associated
with the age of these cohorts, which was on average
10 years higher in the Swedish group [1ee 2ee]. Third,
different studies use different starting points to begin
patient follow-up: some use the date of the first SLE-
related symptom, some use the date of diagnosis, and
some use the date on which American College of Rheu-
matology classification criteria were first met. If there is
a long period between the onset of symptoms and diag-
nosis, studies that use the date of the first SLE-related
symptom as the starting date may report substantially
higher survival than studies using the time of diagnosis
as the starting date, though there may not have been any
difference in patient survival had a similar starting date
been used. Fourth, lead time bias may account for an
apparent increase in survival over time if patients in
more recent studies were diagnosed earlier in the course
of their illness as a result of wider availability of more
specific serological tests for SLE. Though this factor
likely contributed somewhat to increases in survival es-
timates from the 1950s to the 1980s, it is less likely to
have had an impact on survival estimates of cohorts as-
sembled in the 1980s or later. Fifth, studies often fail to
report the proportion of patients lost to follow-up at the
close of the study. Survival estimates will be spurious-
ly high if a large proportion of unaccounted patients
are dead.

Perhaps the most important problem in assessing sur-
vival in SLE is that relatively few studies have examined
inception cohorts. Studies that do not examine the sur-
vival experience of a cohort of patients who each have
been followed from the time of diagnosis may underes-
timate mortality by missing patients who die soon after
the onset of SLE, or may overestimate mortality by miss-
ing patients with mild disease who are lost to observation
soon after diagnosis. Among the 11 studies of ten incep-
tion cohorts, survival at 5 years was greater than 90% in
all studies of cohorts assembled after 1980 [1ee 2ee
30.32-40] (Table 1). These estimates generally were
higher than those of inception cohorts followed in earlier
years. Fewer studies reported data on survival at 10
years, and evidence of an increase in 10-year survival
between cohorts assembled before and after 1980 is less
striking,.

Three groups have directly examined changes in survival
over time in cohorts of patients with SLLE. Uramoto ez a/.

[40] reported a significant improvement in survival in an
inception cohort of patients in Olmsted County, Minne-
sota, followed from 1980 to 1997, compared with an ear-
lier inception cohort followed from 1950 to 1979. Stahl-
Hallengren ez a/. [10@] reported no difference in survival
between population-based inception cohorts assembled
from 1981 to 1986 and from 1987 to 1991. In a single-
center study, Urowitz ¢ a/l. [41] reported marked im-
provements in survival among patients first evaluated in
1986 to 1994 compared with those first evaluated in 1977
to 1986 or 1970 to 1977, but the absence of inception
cohorts and possible changes in patient referral or selec-
tion over time complicate the interpretation of these
results.

Survival in selected patient subgroups

In the Canadian study by Peschken and Esdaile [2ee],
the likelihood of mortality was 4.6 times higher among
American Indians than among whites, demonstrating
that ethnic minorities and members of socially disadvan-
taged groups have poorer survival than members of so-
cially advantaged groups, even in countries with univer-
sal access to health care. In a retrospective inception
cohort study of 263 patients with SLE, the presence of
any permanent organ damage within the first year of
SLE as assessed by the Systemic Lupus International
Collaborating Clinics/American College of Rheumatol-
ogy Damage Index was associated with poorer survival at
10 years (75% vs 92% in those with no permanent organ
damage) [42].

Among 86 patients with lupus nephritis who participated
in a randomized trial of plasmapheresis, survival at
5 years was 95% for those who achieved remission of
their nephritis and only 69% for those who did not [43].
In a national study of outcomes of renal transplantation
in patients with end-stage renal disease caused by lupus
nephritis, Ward [44] reported 1-year and 5-year survival
of 94% and 83%, respectively, after cadaveric transplan-
tation, and 99% and 94% after living-related transplan-
tation. Patient survival and graft survival after transplan-
tation did not differ between patients with lupus
nephritis and those with other causes of end-stage renal
disease.

Causes of death

In almost all studies, the three most commonly reported
causes of death are active SLE or associated organ fail-
ure, infection, and cardiovascular diseases (Table 1). Ex-
amination of trends among these causes of death in pa-
tients with SLLE is complicated not only by the problems
noted, but also by the small number of deaths reported in
many studies. In addition, studies that do not examine
inception cohorts may provide biased information on
causes of death if the likelihood of death from a particu-
lar cause varies with the duration of SLE. For example,
such studies may underestimate the proportion of deaths
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caused by active SLE if such deaths predominantly oc-
cur early in SLE. Also, attribution of the cause of death
can be difficult without extensive clinical information,
and multiple causes may contribute. Nonetheless, it ap-
pears that a reduction in early deaths caused by active
SLE has occurred, and this reduction accompanies the
improved short-term survival in these patients. Among
more recent studies of inception cohorts, there is a plu-
rality among SLE, infection, and cardiovascular diseases
as the main cause of death.

Active systemic lupus erythematosus or organ failure
Active SLE most commonly causes death because of
nephritis, multisystem organ failure, or central nervous
system disease. Several characteristics of patients with
lupus nephritis are predictive of poor outcome. Among
patients in the Hopkins Lupus Cohort, patients who
were either hypertensive or poorly compliant with treat-
ment were more likely to develop renal failure [45¢]. A
study at Duke University revealed that smoking and hy-
pertension were associated with an increased risk of renal
failure [46]. Black and Hispanic patients with SLE in the
LUMINA (Lupus in Minority Populations, Nature ver-
sus Nurture) cohort were at higher risk for renal failure
than were white patients [47¢]. Laboratory predictors of
renal failure include elevated serum creatinine, protein-
uria, thrombocytopenia, decreased C3 level, and el-
evated anti-DNA antibody levels [48-50].

The 5-year survival rate of patients with lupus nephritis
has improved considerably since the early 1950s, particu-
larly in patients with World Health Organization class IV
lupus nephritis. As reviewed by Cameron [51], 5-year
survival in these patients has increased from 55% in the
1970s to 90% currently. The improved survival is most
likely the result of better immunosuppressive therapy,
improvements in dialysis, and renal transplantation.

Infections

Infections remain an important cause of mortality in pa-
tients with SLE (Table 1). Infectious causes of death
may be underreported; autopsy studies have shown that
most fatal opportunistic infections are not diagnosed be-
fore death [52,53]. Risk factors for serious bacterial in-
fections include immunosuppressive treatment with cy-
totoxic medications or corticosteroids, proteinuria, renal
insufficiency, and active SLLE [54,55]. Up to 37% of pa-
tients treated with cyclophosphamide have been re-
ported to develop a serious infection [54].

Fatal bacterial infections in patients with SLE are most
commonly caused by Staphylococcus aureus, Streptococcus
pueumoniae, Group D Streprococcus, Klebsiella pneumoniae,
and Escherichia coli [35]. E. coli is the most common bac-
terial infection in patients with SLE who are treated with
cyclophosphamide [52]. Infections caused by Sa/monella

are also common, and have led to the diagnosis of SLE in
some patients [56]. Several studies have reported an in-
creased incidence of mycobacterial infections in SLE
[57,58]. The diagnosis of tuberculosis may be delayed in
patients with SLE because of a frequently atypical ra-
diographic appearance, including miliary disease and
patchy consolidations, rather than cavitation and granu-
lomatous changes. The delayed diagnosis may be asso-
ciated with higher mortality. The most common sites of
fatal infections in patients with SLE are the lung, blad-
der, and joints. Adult respiratory distress syndrome is a
common pre morfem event and has a high mortality rate.
In a recent study in Korea, the most common cause of
adult respiratory distress syndrome in patients with SLE
was sepsis caused by gram-negative bacilli [59]. In this
study, 68.4% of patients with adult respiratory distress
syndrome died, and 32% of all deaths were related to
adulc respiratory distress syndrome.

Risk factors for opportunistic infections in patients with
SLE include high dose corticosteroid treatment, immu-
nosuppressive therapy, and leukopenia [54]. The most
common fatal opportunistic pathogens are Preumocystis
carinii and Candida. In a 12-year study of 233 patients
with connective tissue disease hospitalized with P. carinii
pneumonia (42% of whom had SLLE), in-hospital mortal-
ity was 45.7% [60]. In another study of 100 patients with
SLE treated with cyclophosphamide, three patients
were diagnosed with P. carinii, and one patient died [54].
Fatal opportunistic infections caused by Cryptococcus neo-
formans, Nocardia asteroides, Coccidioides immitis, Toxo-
plasma gondii, herpes zoster, and cytomegalovirus also
have been reported. Several opportunistic infections can
mimic central nervous systemic involvement caused by
SLE, including toxoplasmosis, nocardiosis, and crypto-
coccal meningitis [61,62]. Diagnosis of these infections is
often delayed, and mortality is high.

Cardiovascular diseases

Cardiovascular disease resulting from accelerated athero-
sclerosis is increasingly recognized as an important cause
of mortality in patients with SLE, and has been the sub-
ject of several reviews [63-66]. A recent study has shown
that 13% of patients have atherosclerosis manifesting as
angina, myocardial infarction, or peripheral vascular dis-
casc [64e]. Autopsy studies reveal that one half of pa-
tients had moderate to severe atherosclerosis at the time
of death as either an incidental finding or the primary
cause of death [27].

Several studies have searched for risk factors for accel-
erated atherosclerosis in patients with SLE. Of 200 pa-
tients studied at State University of New York-Brooklyn,
15% were found to have coronary artery disease, and
significant risk factors included hypertension, postmeno-
pausal status, and older age [65]. Risk factors for coronary
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artery disease among patients with SLE followed at the
University of Pittsburgh included older age, longer dis-
ease duration, longer corticosteroid use, hypercholester-
olemia, and postmenopausal status [67]. A recent study
at the University of Toronto evaluated the influence
of hypercholesterolemia on the development of coro-
nary artery disease in patients with SLE [68]. Coronary
artery-related events occurred in 3% of patients with
normal serum cholesterol levels, 6.4% of those with
variable hypercholesterolemia, and 27.8% of those with
sustained hypercholesterolemia. Older age, higher
cumulative doses of steroids, and lack of prior antima-
larial therapy were significant predictors of sustained
hypercholesterolemia.

Traditional risk factors alone do not appear to account for
the increased risk of cardiovascular disease in patients
with SLE. For example, a Canadian study has shown an
8.3-fold increased risk of myocardial infarction in pa-
tients with SLE compared with control subjects matched
for sex, age, and the presence of hypertension, smoking,
diabetes, and hypercholesterolemia [69]. The search for
proatherogenic risk factors specifically associated with
SLE is continuing. Elevated levels of plasma homocys-
teine and antiphospholipid antibodies are associated
with an elevated risk of atherosclerosis and may have a
role [70e]. Elevated plasma homocysteine levels were
found in 15% of patients in the Hopkins Lupus Cohort
[45¢]. Homocysteine has multiple adverse effects on vas-
cular endothelium, including a direct toxic effect. Sev-
eral studies have shown that the presence of antiphos-
pholipid antibodies in patients with SLE is associated
with an increased risk not only of thrombosis but also of
atherosclerosis [71,72]. In a national study of patients
with end-stage renal disease, patients whose disease was
caused by lupus nephritis did not have higher risks of
myocardial infarction or stroke than patients with other
causes of renal failure, despite being predisposed to ath-
erosclerotic disease by both SLLE and renal failure [73].
This finding suggests that the atherosclerotic risk asso-
ciated with renal failure eclipsed that associated with
SLE so that patients with renal failure from any cause
had a similar risk of atherosclerotic complications.

Modification of known risk factors for atherosclerotic dis-
ease 1s recommended as a first step to decrease cardio-
vascular mortality in patients with SLE. Patients with
hypercholesterolemia may benefit from minimization of
corticosteroid use, modification of diet, and use of anti-
malarial agents. Limited data exist on the safety and
efficacy of lipid lowering agents in patients with SLE.
Rheumatologists’ management of risk factors for coro-
nary artery disease may be less than optimal. In a recent
quality improvement study, rheumatologists limited ste-
roid use, controlled disease activity, and managed hyper-
tension aggressively, but did not consistently treat obe-
sity, smoking, or hyperlipidemia [74].

Conclusions

Further improvement in the survival of patients with
SLE will depend on reducing ethnic and socioeconomic
disparities in health, improving the balance of the ben-
efits and toxicities of immunosuppressive medications,
aggressively treating atherosclerotic risk factors, and un-
derstanding better the causes of late mortality.
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