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Large-scale mortality gap between SLE and control
population is associated with increased
infection-related mortality in lupus
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Abstract

Objective. The aim of the present study was to analyse the incidence, prevalence, mortality and cause of death
data of adult SLE patients and matched controls in a full-populational, nationwide, retrospective study.

Methods. This non-interventional study was based on database research of the National Health Insurance Fund of
Hungary. A total of 7888 patients were included in the analyses, within which two subgroups of incident patients
were created: the ‘All incident SLE patients’ group consisted of all incident SLE patients (4503 patients), while the
‘Treated SLE patients’ group contained those who received relevant therapy in the first 6 months after diagnosis
(2582 patients).

Results. The median age of the SLE population was found to be 46.5years (women 85%). The incidence rate
was 4.86 and 2.78 per 100 000 inhabitants in the ‘All incident SLE patients’ and ‘Treated SLE patients’ groups, re-
spectively. The standardized mortality ratio was 1.63 and 2.09 in the ‘All incident SLE patients’ and ‘Treated SLE
patients’ groups, respectively. Overall survival was significantly lower (P < 0.001) in both groups than in the general
population, with hazard ratio=2.17 in the ‘All incident SLE patients’ group and hazard ratio=2.75 in the ‘Treated
SLE patients’ group. There was no significant difference between SLE and control deaths regarding cerebrovascu-
lar conditions as the cause of death. Generally, cancer-related deaths were less common, while haematological
cancer and infection-related deaths were more common in SLE patients.

Conclusion. Infections, especially sepsis, had the largest positive effect on top of the extra mortality of SLE. This
highlights that SLE patients are at increased risk of infection-related death.

Key words: epidemiology, systemic lupus erythematosus, health policies, statistics, outcome measures

Rheumatology key messages

o The standardized mortality ratio was significantly higher in SLE than that of the non-SLE individuals.
o The cause of death distribution was different for SLE patients and controls.
e Our present data clearly indicate the need for optimal infection management in SLE.

renal and neuropsychiatric involvement being the most
critical manifestations [6].

SLE is a chronic autoimmune disorder characterized by Clear geographical and ethnic characteristics have
a widespread spectrum of clinical manifestations of dif- been noticed in the incidence, prevalence, clinical
ferent organs [1-4]. Present mostly in women of child-  course and outcome of the disease. Worldwide inci-
bearing age [5], SLE can affect almost any organ, with  dence rates range between 0.3 and 23.3/100 000, and
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prevalence rates between 70 and 241/100 000 [4-11].
The incidence rate among African Caribbean, African
American and Hispanic populations is almost three
times higher than in the Caucasian population [11-17].

Differences between countries and regions might be
due to several factors, including differences between
diagnosis rates, access to healthcare services and ac-
cessibility of healthcare data for research. Compared
with the general population, the risk of mortality was
found to be two to five times higher in lupus patients
[18, 19]. Higher mortality rates were associated with
male sex, black race and renal manifestation. The lead-
ing causes of death are cardiovascular disease, infec-
tion, tumour and active SLE. Frequencies depend on the
population [7, 20]. Although earlier diagnosis, use of im-
munosuppressive drugs and treatment of comorbidities
led to a decrease in mortality over the recent decades
[21] and there are signs that the structure of morbidity
causes has changed [22], the mortality rate stayed con-
siderably higher among patients with SLE than that in
non-SLE persons.

Our study shows the results of a full-populational ana-
lysis, comparing SLE and matched non-SLE population
from the same database.

The aim of the present study was to analyse the inci-
dence, prevalence, mortality and cause of death data of
adult SLE patients and matched controls on a full popu-
lational, nationwide, retrospective study.

Methods
Data source

This was an observational, retrospective database ana-
lysis of the Hungarian National Health Insurance Fund
Administration (NHIF) database.

The nationwide database of NHIF is a longitudinal
database that contains detailed healthcare service
claims data from the whole population of Hungary, ~10
million inhabitants. Healthcare events recorded in the
NHIF database are linked to individual patients by a so-
cial security number that is possessed by all legal resi-
dents. Beyond ordinary claims databases, it contains
patient-level demographic data of every resident in the
country (date of birth, geographical region, gender, date
of death) and data of all reimbursed healthcare services
in inpatient and outpatient settings and drug dispensa-
tion. Medication prescriptions include a diagnosis also.
Although, due to privacy, ethnicity is not captured in any
database in Hungary, the population of the country is al-
most entirely (est. >99%) of Caucasian origin.

NHIF has a legal right to handle patients’ data (Act
No. 80/1997 on mandatory health insurance) and to
share it on a claims basis (based on Act 63/2012 on the
re-use of public data). Only NHIF had direct access to
patient-level data; the research group had access to
those data indirectly, through NHIF, according to internal
data privacy regulations of NHIF and Regulation (EU)
2016/679 General Data Protection Regulation. Due to
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this, and to the retrospective nature of the study, there
was no need for patient-level consent to the analysis.

Study design

Inclusion criteria: all adult (age >18years) patients diag-
nosed with SLE were captured in the database based
on the 10th revision of the International Statistical
Classification of Diseases (ICD-10) code M32*. Data of
9.5years were available for detailed analysis from 1
January 2008 to 30 June 2017. Patients who had at
least two diagnoses recorded in the in- or outpatient
care, or pharmacy drug reimbursement databases, with
at least one of them from either inpatient or outpatient
care included. Those patients were considered new (in-
cident) who had no diagnoses of SLE before 2008. Data
from the period between 1 January 2006 and 31
December 2007 were used to identify patients diag-
nosed in this retrospective period. The index date for all
patients was defined as the date of the first SLE diagno-
sis observable in the database; thereafter all patients
had at least a 2-year retrospective wash-out period.

Two groups were formed to define the incidence of
SLE based on two different definitions. The total incident
population (patients who had at least a 2-year retro-
spective diagnosis-free period before index date) was
denoted as ‘All incident SLE patients’, and a narrower
subgroup called ‘Treated SLE patients’ was formed
from patients who also had any kind of SLE-related rele-
vant pharmaceutical treatments (supplementary Table
S1, available at Rheumatology online) in the first
6 months after their index date. In general, the subgroup
‘Treated SLE patients’ represents a more severe patient
population.

To assess the mortality gap between SLE and non-
SLE population two parallel approaches were applied.

In the first approach patients who were prevalent at
pre-defined time points were followed up within a fixed
time window and the number of deaths of patients was
compared with the number of deaths in the full popula-
tion of Hungary within the same period. The latter data
are publicly available from the Hungarian Central
Statistical Office.

The second approach assessed the survival. Patients
were followed from the time of diagnosis and the overall
survival was compared with that of a matched non-SLE
population. In this case both populations were selected
from NHIF database and the normal population was
matched on age, gender and permanent residency
(county) at a 1:5 ratio.

Although the direct cause of death is reported, we
used a complex approach of analysing healthcare
events of patients closely prior to and at the time of their
deaths. For the small portion of patients who went
through autopsy, the first choice of data source was the
result of autopsy, a diagnosis code recorded as ‘cause
of death based on the result of the autopsy’ was used.
Patients who died while being treated in hospital were
studied and all diagnosis codes recorded during their
last inpatient stay—including the autopsy result—were
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assessed to identify the relevant diagnoses.
Furthermore, all deceased patients were evaluated using
their pre-death healthcare events and relevant diagno-
ses within 6 months prior to the date of death and all
diagnosis codes related to both in- and outpatient visits
were assessed. The list of ICD codes for relevant diag-
noses are listed in supplementary Tables S2.1.a-S2.4.b,
available at Rheumatology online.

The diagnoses were compiled into four categories—
cardiovascular, neoplasms, cerebrovascular and infec-
tions—which were further subdivided into subgroups.
Patients were assigned to a category or subgroup if
they had at least one record of any of the diagnosis
codes corresponding to the category or subgroup.
Some patients could not be classified, in cases where
they had no diagnoses that appear on the list of ICD
codes that were searched for.

This analysis was repeated in the matched control
(non-SLE) group as well and the frequencies were com-
pared. This study has been approved by Medical
Research Council — Research and Ethics Committee
(TUKEB), Hungary (Appr. no.: 53229-2-2018/EKU).

Statistical analysis

The epidemiology of SLE in Hungary was described
using crude rates of prevalence and incidence.
Standardized mortality ratio (SMR) with indirect stand-
ardization was used to compare the death rates in the
patient and the full population. The age and gender dis-
tribution were obtained for patients prevalent on the first
day of the year in each year between 2010 and 2016.
Furthermore, the number of deaths within the given year
out of these patients was also collected.

The age and gender distribution of the total population
of Hungary on the first days of each year between 2010
and 2016 and the number of deaths in the given years
using the same stratification was available from
Hungarian Central Statistical Office. Based on these, the
age- and gender-specific death rates for each of the
studied years could be obtained for the general popula-
tion of Hungary. Using these death rates, the expected
number of deaths within the patient population was cal-
culated for every year in the study. Using the crude
death counts from the patient population as the
observed number of deaths and the estimated values,
an estimated SMR was calculated for every year.
Assuming that the SMR is constant within this time
period, by averaging these estimates an overall estimate
for the SMR was obtained.

Overall survival of patients from the time of diagnosis
date (defined as their index date) was estimated using a
Kaplan-Meier estimation. Overall survival for controls
was also estimated and the patients and controls were
compared using a Cox proportional hazards model.

Instead of using SMRs to compare the proportion of
patients dying due to a certain cause of death within the
total patient population (dead and living included), an al-
ternative method was applied. In this method only the
deceased patients were considered and the proportion
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belonging to the previously defined categories were cal-
culated. This way the cause of death pattern differences
between SLE patients and the general population could
be observed as an interaction effect on top of the ex-
cess mortality of the SLE group. These effects were
expressed as odds ratios, SLE vs control group.

The probabilities of patients and controls dying due to
a certain cause of death was compared using x? tests
of equal probabilities.

Statistical analysis was performed using R 3.5.1. soft-
ware [R Development Core Team (2018) R: A language
and environment for statistical computing, R Foundation
for Statistical Computing, Vienna, Austria; URL https://
www.R-project.org/].

Results
Prevalence and incidence of SLE

A total of 7888 patients with at least two diagnoses of
SLE were identified in the database between 1 January
2008 and 30 June 2017, having a minimum of one visit
in inpatient or outpatient care. Some 4503 patients
made up the ‘All incident SLE patients’ group with the
first date of SLE care—the index date—identified be-
tween 1 January 2008 and 30 June 2017. The ‘Treated
SLE patients’ group consisted of 2582 patients who
started relevant SLE treatment within 6 months after
index date (Fig. 1).

The annual prevalence increased during the examined
period (36.1-70.5 per 100 000 persons) (Fig. 2). Detailed
information about the age- and gender-specific preva-
lence can be found in the supplementary Table S3,
available at Rheumatology online.

In the group ‘All incident SLE patients’ the yearly in-
cidence per 100 000 inhabitants decreased from 6.21
patients in 2008 to 3.79 patients in 2016, whereas the
incidence in the group ‘Treated SLE patients’ was
more stable, varying between 2.27 and 3.37 patients
per 100 000 inhabitants during the same period
(Fig. 3).

Women had a majority in both groups (85%). Men
had a uniformly low incidence with regards to age.
Women, on the other hand, had a distinct peak inci-
dence between 30 and 49years of age with 9-13
patients in the group ‘All incident SLE patients’ and 5-7
patients in the group ‘Treated SLE patients’ per 100 000
inhabitants. Median age of patients at the time of diag-
nosis was 46 and 47 years in the two groups, respect-
ively (Fig. 3). Detailed information about the age- and
gender-specific incidence can be found in the supple-
mentary Tables S4.1 and S4.2, available at
Rheumatology online.

Mortality, SMR

Calculation of the age- and gender-specific death rates
and estimated number of deaths for all years and both
incident patient groups can be found in the supplemen-
tary Tables S5-S9, available at Rheumatology online.
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Fic. 1 Flow diagram of patient inclusion
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All dark rectangles denote people with no SLE diagnosis. Matching between SLE patients and controls was per-
formed on a person to person basis. Matched individuals have the same birth year, the same gender and live in the

same county.

Fic. 2 Description of the prevalent population
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(A) Annual prevalence of SLE in Hungary. (B) Demographic distribution of the total prevalent population.

Table 1 shows the observed number of deaths, the
expected number of deaths and the estimated SMR for
each year in the two incident patient groups.

Overall SMR was 1.63 (95% CI 1.43, 1.83) in the ‘All
incident SLE patients’ group and 2.09 (95% CI 1.80,
2.39) in the ‘Treated SLE patients’ group.
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Survival

Estimated survival probability at year 1 from diagnosis
was 98.0% in both incident patient groups. It was
reduced to 95.0 and 94.0% at 3years and to 91.8 and
89.6% at 5Syears in the groups ‘All incident SLE
patients’ and ‘Treated SLE patients’, respectively. These

https://academic.oup.com/rheumatology



Fic. 3 Description of the incident population
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(A) Annual incidence in the groups ‘All incident SLE
patients’ and ‘Treated SLE patients’. (B) Age- and gen-
der-stratified incidence in the group ‘All incident SLE
patients’. (C) Age- and gender-stratified incidence in the
group ‘Treated SLE patients’. Error bars denote within-
year standard deviations. Group A: ‘All incident SLE
patients’; Group B: ‘Treated SLE patients’.

survival probabilities were significantly worse than those
of the matched reference populations (P < 0.001).
Hazard ratios (HRs) for all-cause mortality vs the
matched non-SLE population obtained from the Cox
proportional hazards regression were HR=2.17 (95% CI
1.94, 2.44) in the ‘All incident SLE patients’ group and
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HR=2.75 (95% Cl 2.38, 3.17) in the ‘Treated SLE
patients’ group (Fig. 4).

Cause of death

Differences between the cause of death distribution
could be observed between SLE and non-SLE popula-
tions. While the relative frequency of cardio- and cere-
brovascular events as the cause of death were not
different, that of neoplasms was significantly lower,
while the relative frequency of infections was found to
be significantly higher in the SLE group compared with
non-SLE patients (Fig. 5A and C). Results in the
‘Treated SLE patients’ group vs non-SLE population
were: all cardiovascular causes 46 vs 45% with an odds
ratio (OR)=1.03 (P=0.91); and all cerebrovascular
causes 6 vs 10% with an OR=0.57 (P=0.10).
Interestingly, neoplasms were significantly less common,
14 vs 33%, OR=0.35 (P<0.001). On the other hand,
infections had a highly significant positive effect (47 vs
31%, OR=2.01, P<0.001). Based on the subgroup
analysis this increase is attributable to the increase of
the frequency of sepsis, 35 vs 11%, OR=4.46
(P <0.001). With the methodology used, the cause of
death could not be identified for 14 and 15% of patients
in the SLE and the control groups respectively. Cause of
death based on autopsy report also showed the
increased frequency of sepsis (supplementary Table
S10, available at Rheumatology online).

Widening the analysis to all deceased patients, most
effects remained similar (Fig. 5B and D). Cardiovascular
conditions were significantly more frequent in SLE cases
(45 vs 38%, OR=1.33, P=0.04), attributable to the
heart failure cause of death also becoming significant
with a positive effect (41 vs 33%, OR=1.46, P=0.008).
In case of neoplasms, they were still less frequent in
SLE patients (21 vs 37%, OR=0.47, P<0.001); how-
ever, haematological cancers were found to be more
frequent (5 vs 2%, OR=2.14, P=0.04). In this analysis
the percentage of patients for whom no potential cause
of death could be identified was 17% for SLE patients
and 24% for controls.

Discussion

While patient registries are essential in characterizing
the wide range of conditions, these databases lack the
whole populational features of diseases. On the other
hand, full-populational databases, especially with appro-
priate controls, are available only in a few countries.
According to our best knowledge, this is the first full-
populational epidemiology and mortality database study
in Hungary, which includes data for the incidence,
prevalence, mortality as well as cause of death of SLE.
Our analyses confirmed and extended previous observa-
tions regarding the prevalence and mortality of SLE,
shed light on the large-scale gap between the mortality
of SLE and the control population, and showed the
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TasLe 1 Observed and expected number of deaths and estimated SMR in patient groups

All incident SLE patients Treated SLE patients
Deaths obs. Deaths exp. Est. SMR Deaths obs. Deaths exp. Est. SMR
2010 17 12.3 1.38 14 6.9 2.04
2011 4 19.0 2.16 27 104 2.59
2012 35 23.8 1.47 26 138.2 1.97
2013 42 28.0 1.50 30 15.6 1.92
2014 48 31.4 1.53 32 17.7 1.81
2015 56 35.8 1.56 48 20.6 2.33
2016 67 36.8 1.82 42 21.1 1.99

‘All incident SLE patients’ and ‘Treated SLE patients’. The overall (average) SMR is 1.63 (95% CI 1.43, 1.83) in the group
‘All incident SLE patients’ and 2.09 (95% CI 1.80, 2.39) in the group ‘Treated SLE patients’. SMR: standardized mortality

ratio; obs.: observed; exp.: expected, est.: estimated.

Fic. 4 OS from the time of diagnosis compared with the OS of matched controls
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HR = 1 is tested using a z-test. (A) OS in the group ‘All incident SLE patients’, HR=2.17 (95% CI 1.94, 2.44),
P <0.001. (B) OS in the group ‘Treated SLE patients’, HR=2.75 (95% CI 2.38, 3.17), P<0.001. OS: overall survival;

HR: hazard ratio.

different distribution of causes of death in lupus com-
pared with controls.

According to our data, the female predominance, inci-
dence (4.86/100 000 persons in the ‘All incident SLE
patients’ group and 2.78/100 000 persons in the
‘Treated SLE patients’ group) and the trend for increas-
ing prevalence with time (from 36.1 to 70.5/100 000 per-
sons) of SLE in Hungarian population is similar to earlier
reports of Caucasian ethnic groups [4, 12, 23].
Interestingly, the annual incidence shows a descending
trend in the ‘All incident SLE patients’ group, but not in
the ‘Treated SLE patients’ group where adequate treat-
ment after diagnosis was part of the definition. The rea-
son for these trends is explained by our methodology. A
patient might not visit healthcare services for an
extended period, possibly due to remission/low disease
activity and/or non-compliance. Patients who were iden-
tified as incident in 2008 only have a 2-year period with-
out diagnoses, while this period was longer for patients
identified as incident later. With longer times, the
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probability of catching non-incident cases decreases
considerably.

In line with other observations, the overall SMR was
found to be 1.63 (‘All incident SLE patients’) and 2.09
(‘Treated SLE patients’) in our study. While a recent study
investigating a longer time period demonstrated a signifi-
cant reduction of all-cause and cause-specific SMR com-
pared with the general population from 13.5 to 2.2 [24]
and early survival among SLE patients has improved sub-
stantially, epidemiological studies still show an increased
mortality rate in SLE compared with the general popula-
tion [25-27]. A wide range of recent studies report values
of SMR for the adult SLE population between 2.4 and 3.5
in Europe and North America [18, 20], and up to 2.58-
5.25 in Asian countries [18, 19, 28].

The survival of SLE patients has improved significantly
over the past 65 years. An earlier US study [29] reported
a survival rate of <50% at 5years. Later studies con-
ducted in the European region and in the US presented
that >93% of patients with SLE survive for 5years from

https://academic.oup.com/rheumatology
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Fie. 5 Frequency of potential causes of death within the deceased population, compared with controls
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The probabilities are compared using a 2 test of equal probabilities, P < 0.05 values are highlighted in bold. (A) ‘All
incident SLE patients’, deaths reported during the last hospital stay. (B) ‘All incident SLE patients’, diagnoses
reported within 6 months prior to death. (C) ‘Treated SLE patients’, deaths reported during the last hospital stay. (D)
‘Treated SLE patients’, diagnoses reported within 6 months prior to death. HA: heart attack; CA: cardiac arrest; pulm.
emb.: pulmonary embolism; MN of lung: malignant neoplasm of lung; CVA: cerebrovascular accident. <10*: frequen-
cies are not reportable where the number of persons is <10.

diagnosis [30, 31]. In the Asia-Pacific region a 5-year
survival of 83% was reported [28]. By contrast we found
91.8 and 89.6% survival rates at 5years in the group ‘All
incident SLE patients’ and ‘Treated SLE patients’,
respectively.

While the causes of deaths of SLE patients are well
reported and known, the way they are reported varies
considerably. Patients may die while in hospital with a
well-documented history of their last weeks/months and
an autopsy result afterwards, while others may die in
their homes without a clear final diagnosis of the cause
of death. This may be affected not only by different ac-
cess to healthcare, to active hospital or palliative care
systems, but also by different regulations in different
countries for necessity of autopsy, documentation of

https://academic.oup.com/rheumatology

cause of death and other factors. Another reason for un-
certainty can be the lack of a clear and objective cause
of death due to the complexity and interdependency of
the condition: a patient may suffer from a terminal ma-
lignant disease while the direct cause of death may be
sepsis, or a patient with chronic renal failure may have a
cardiovascular event as well.

The availability of the exact date of death and all
healthcare-related events in the pre-death period
allowed us to use various approaches. It is noteworthy
that patients may suffer from more than one condition
that may lead to death; therefore, our approach was to
collect and analyse all data regarding the most common
causes of death (cardio- and cerebrovascular disease,
infection and malignant diseases).
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In addition to the actual causes of death, we aimed to
determine the effect of the major potentially life-
threatening conditions (e.g. cardiovascular disease, se-
vere infection or cancer) on the life expectancy. To this
aim, the most frequent, potentially lethal conditions were
selected and studied prior to death in order to charac-
terize the distribution of potential causes of death in
both the SLE and control groups. Critical analysis of
these data may provide important information regarding
the actual risk factors of death.

We assessed cerebrovascular and cardiovascular dis-
eases separately in our study. No significant difference
was found between SLE patients and controls regarding
cerebrovascular conditions as a potential cause of
death. Frequency of cardiovascular conditions as a po-
tential cause of death was not found to be different for
patients who died in hospital, but the difference was sig-
nificant in the wider patient population when the full pre-
death 6-month period was analysed. Bjérnadal et al.
found that cardiovascular mortality remained high, espe-
cially in younger population between 1964 and 1995
[32]. Tselios et al. [24] used ICD-10 codes that cover the
atherosclerotic diseases (both cardiac or cerebrovascu-
lar) and found that the cause-specific SMR decreased
from 8.3 in the 1980s to 3.2 in the most recent years
(2010-13), with an average of 4.7. An SMR of 2.97 for
coronary heart disease and stroke was reported in
Sweden for the period of 1964-95 [32]. In two meta-
analyses, the SMR for cardiovascular causes of death
was 2.25 [19] and 2.72 [18], while Bernatsky et al.
reported an SMR of 1.7 that remained unaltered from
1970 to 2001 [20].

Regarding the infection-related mortality, our results
show a significant positive interaction for infection-
related mortality in SLE. Tselios et al. reported an SMR
of 4.4 [24], likewise, two meta-analyses reported an
SMR of 4.98 [18, 19]. Bernatsky et al. reported an
infection-related SMR of 5.0 [20]. These are all in line
with our results.

Although a highly significant negative effect of malig-
nancies was found in our study as a potential cause of
death, considering the increased overall mortality of SLE
patients compared with controls, altogether our present
results show similar effects to the previous studies.
Importantly, we observed an increased risk of death due
haematological malignancies when studying all patients
in the 6-month period prior to death. Previously pre-
sented studies and meta-analyses reported a not signifi-
cantly increased risk of malignancy-related death (SMRs
of 1.19, 1.16, 0.8 and 1.4) [18-20, 24].

Infections, specifically sepsis, had the largest positive
effect on top of the extra mortality of SLE. This highlights
that SLE patients are at increased risk of infection-related
death, further supporting the importance of optimal pre-
vention and management of infections.

The robustness and the major benefit of our study
come from two factors: (i) we used a nationwide data-
base that captures the entirety of a population of a
country of 10 million; and (i) we used a 1:5 matched
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(age, gender and geographical localization) control of
the non-SLE population from the same database, thus
bias resulting from matching different databases could
be avoided.

The care of SLE patients in Hungary is addressed by
different levels of health care, such as general practi-
tioners, dermatologists, nephrologists, internists, county
hospitals and rheumatology/immunology centres. One of
the limitations of our study is that the data were col-
lected for claims purposes and not for research. Another
limitation of our study is that individual patient data and
data of <10 patients were not available, due to data
protection regulations. Consequently, the detailed strati-
fication of causes of death by age and sex is not feas-
ible. In addition, the detailed analysis of the relevant
medications, stratified by specific cause of death, are
not available in our database. Another limitation was
that ICD codes were not available at the 3-digit level;
thus, subtypes of SLE could not be distinguished.

Although a wide range of therapeutic options have be-
come available for SLE in the past decades, the mortal-
ity and survival compared with the general population is
still significantly worse for these patients, predominantly
due to the excess infection-related death, clearly show-
ing an unmet need in the management of SLE.
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