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ABSTRACT
Objective  We analysed the incidence of, the specific 
outcomes and factors associated with COVID-19-
associated organ failure (AOF) in patients with systemic 
lupus erythematosus (SLE) in France.
Methods  We performed a cohort study using the 
French national medical/administrative hospital database 
for the January 2011–November 2020 period. Each 
patient with SLE diagnosed in a French hospital with 
a COVID-19-AOF until November 2020 was randomly 
matched with five non-SLE patients with COVID-19-
AOF. We performed an exact matching procedure 
taking age ±2 years, gender and comorbidities as 
matching variables. COVID-19-AOF was defined as the 
combination of at least one code of COVID-19 diagnosis 
with one code referring to an organ failure diagnosis.
Results  From March to November 2020, 127 380 
hospital stays in France matched the definition of 
COVID-19-AOF, out of which 196 corresponded with 
patients diagnosed with SLE. Based on the presence of 
comorbidities, we matched 908 non-SLE patients with 
COVID-19-AOF with 190 SLE patients with COVID-19-
AOF. On day 30, 43 in-hospital deaths (22.6%) occurred 
in SLE patients with COVID-19-AOF vs 198 (21.8%) in 
matched non-SLE patients with COVID-19-AOF: HR 0.98 
(0.71–1.34). Seventy-five patients in the SLE COVID-19-
AOF group and 299 in the matched control group were 
followed up from day 30 to day 90. During this period, 
19 in-hospital deaths occurred in the SLE group (25.3%) 
vs 46 (15.4%) in the matched control group; the HR 
associated with death occurring after COVID-19-AOF 
among patients with SLE was 1.83 (1.05–3.20).
Conclusions  COVID-19-AOF is associated with a poor 
late-onset prognosis among patients with SLE.

INTRODUCTION
The interplay between COVID-19 and systemic 
lupus erythematosus (SLE) has yet to be defined. 
Indeed, many patients with SLE are exposed to 
immunosuppressive drugs, are more susceptible 
to viral infections and often suffer from chronic 
kidney or cardiovascular diseases, which are addi-
tional risk factors for severe COVID-19.1 On the 
other hand, glucocorticoids and hydroxychloro-
quine, the drugs most widely used in SLE treatment, 
have also been investigated to treat COVID-19.2 3 
Moreover, type 1 interferon (IFN) such as IFNα 
and the antibodies anti-IFNα are involved both in 
SLE and severe COVID-19.4–7 Although currently 
available data regarding the impact of COVID-19 

in SLE sound reassuring,8–11 most studies are based 
on a small number of patients. Finally, comparison 
between SLE, which mainly affects women of child-
bearing age, and the general population with regard 
to severe COVID-19 may be challenging.

We used a French nationwide medical and admin-
istrative database to analyse the incidence, the 
specific outcomes and the characteristics associated 
with COVID-19-associated organ failure (COVID-
19-AOF) in patients with SLE.

METHODS
Study population and data source
Data of all patients admitted to French hospitals 
from January 2011 to November 2020 with at 
least one diagnosis of infection associated with an 
organ failure and/or SLE were collected from the 
national medical administrative database, the PMSI 
(Programme de Médicalisation des Systèmes d’In-
formations, Information System Medicalization 
Program). The PMSI database provides a summary 
with diagnosis and individual medical conditions at 
discharge of any public or private French healthcare 
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facilities. Information covers both medical and administrative 
data. Each facility produces its own anonymous standardised 
set of data, which are then compiled at the national level. Even 
though these data are anonymous, the system allows to follow 
all hospital stays for each individual patient. Routinely collected 
medical data include, among other data, main diagnosis, 
secondary diagnoses and the procedures performed. Administra-
tive data include, among other data, age, gender, year, duration 
of hospital stay and location of the hospital. In-hospital death is 
also reported. Diagnoses identified during the hospital stay are 
coded according to the International Classification of Diseases, 
10th Revision (ICD-10). Procedures performed during the 
hospital stay are coded according to the ‘Classification Commune 
des Actes Médicaux’ (French Common Classification of Medical 
Procedures). Since 2004, each hospital’s budget depends on the 
medical activity described in this specific programme. Regular 
checks are made by the social insurance authority to ensure that 
data are correctly imputed. To select the SLE population, we 
first extracted from the PMSI database all records of patients 
for whom at least one ICD-10 M32 diagnosis was reported. 
We excluded patients younger than 15 years old and patients 
admitted to hospital only for scheduled sessions (chronic haemo-
dialysis, radiotherapy, chemotherapy).

Definitions
We defined COVID-19-AOF as the combination of at least one 
of the diagnosis codes of COVID-19 (ICD-10 codes ‘U071’, 
‘U0710’, ‘U0711’, ‘U0712’, ‘U0714’, ‘U0715’), with one code 
referring to an organ failure diagnosis (listed in online supple-
mental materials). This definition, which matches the definition 
for sepsis, has been previously used and validated in medical 
administrative database studies.12–14 To be allocated in the SLE 
group, COVID-19-AOF had to follow or be concomitant with 
an SLE ‘M32’ code. For an exhaustive description of diagnosis 
and procedure codes used, see online supplemental materials. 
To determine patients’ phenotype, we used all the specific diag-
nostic codes reported during or before the COVID-19-AOF stay.

Matching procedure
Each patient with SLE who experienced COVID-19-AOF during 
the period of study was randomly matched with five non-SLE 
control patients with COVID-19-AOF and one patient with SLE 
without evidence of COVID-19 infection. We used a random 
exact matching procedure (without replacement) using the 
following matching variables: age ±2 years, gender, chronic 
kidney disease, arterial hypertension, cardiovascular history, 
diabetes mellitus, chronic pulmonary disease and obesity. We 
verified matching accuracy and efficacy by calculating the stan-
dardised differences for the matching variables between the 
various matched populations.

Survival analysis
Kaplan-Meier method was used to present 90-day survival, 
taking day 0 as the first hospital admission for COVID-19-AOF. 
For the control SLE non-COVID-19 population, we used the 
first day of a randomly selected stay before 2020 (2011–2020 
period) as day 0.

In order to calculate the HR of death after COVID-19-AOF 
according to SLE status, and because we cannot assume the 
proportional hazard hypothesis for the whole period between 
day 0 (D0) and day 90 (D90), we split this period into two parts: 
D0–D30 and D30–D90. For the second time period, we consid-
ered only the subgroups of patients who survived after 30 days 

of follow-up, taking D30 as the new day 0. We used standard 
univariable Cox proportional hazard model for the unmatched 
analysis and univariable marginal Cox proportional hazard 
model15 for the postmatching analysis.

Statistical statement
Categorical variables are presented as number (percentage). 
Quantitative variables are presented as median (first quar-
tile–third quartile). HRs are presented with their 95% CI. We 
used Student’s t-test and χ2 test for univariable comparisons, as 
appropriate. All analyses were performed using SAS V.9.4 soft-
ware. Kaplan-Meier curves were built with R V.4.0.3 software.

RESULTS
Characteristics of patients with SLE experiencing COVID-19-
AOF
From March to November 2020, 127 380 hospital stays in 
France matched the definition of COVID-19-AOF. Among them, 
there were 196 unique patients with SLE and 113 567 unique 
patients without SLE. A flow chart of these selected populations 
is presented in online supplemental figure S1. A comparison of 
SLE patients with COVID-19-AOF versus non-SLE patients with 
COVID-19-AOF is presented in table 1. The characteristics of 
patients with SLE admitted to hospital within the study period 
but without any evidence of COVID-19 are also presented for 
information. Briefly, SLE patients with COVID-19-AOF were 
younger (65 (52–76) years vs 76 (64–86) years; p<0.0001), 
less frequently male (n=50 (25.5%) vs n=56 601 (57.8%); 
p<0.0001) and had more comorbidities than the general popu-
lation with COVID-19-AOF. Patients with SLE were also more 
frequently admitted to the intensive care unit (ICU) (n=83 
(42.4%) vs n=40 304 (35.6%); p=0.04) and underwent more 
often renal replacement therapy for acute kidney injury (AKI; 
n=14 (7.1%) vs n=3744 (3.3%); p=0.003).

Crude analysis of 30-day and 90-day survival of patients with 
SLE experiencing COVID-19-AOF
At D30, 43 (21.9%) in-hospital deaths occurred among SLE 
patients with COVID-19-AOF vs 31 274 (27.6 %) in the 
unmatched non-SLE patients with COVID-19-AOF. In the 
D0–D30 period, the HR of death associated with presence of 
SLE was 0.69 (0.51–0.93). At D90, there was no perceptible 
difference regarding in-hospital mortality between both groups: 
59 deaths (30.1%) in the SLE group vs 35 130 (30.9%) in the 
control group. In the D30–D90 period, the HR of death asso-
ciated with presence of SLE was 1.52 (0.93–2.47). A sensitivity 
analysis using Cox model adjusted for age and sex is presented 
in online supplemental figure S6.

The Kaplan-Meier curve of the 90-day survival of these popu-
lations is displayed in figure 1. The survival of an unmatched 
SLE population without any evidence of COVID-19 is also 
displayed for information.

Postmatching analysis of 30-day and 90-day survival of 
patients with SLE experiencing COVID-19-AOF
Based on the presence of comorbidities, we were able to 
match 908 non-SLE patients with COVID-19-AOF and 170 
SLE patients without COVID-19 with 190 SLE patients with 
COVID-19-AOF.

The characteristics of these matched populations as well as 
the standardised differences for the matching variables are 
displayed in table  2. The rate of ICU admission was similar 
between patients with SLE and matched patients without SLE 
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experiencing COVID-19-AOF: n=82 (43.2%) in the SLE group 
vs n=242 (43.3%) in the non-SLE matched control group.

The Kaplan-Meier curve of the 90-day survival of these 
matched populations is displayed in figure 2. More details about 
the type of discharge after hospital stay following COVID-
19-AOF are provided in online supplemental figure S3.

At D30, 43 deaths (22.6%) were observed within SLE patients 
with COVID-19-AOF vs 198 (21.8%) within the matched 

non-SLE patients with COVID-19-AOF. The HR of death asso-
ciated with presence of SLE for this period was 0.98 (0.71–1.34).

A follow-up from D30 to D90 was possible for 75 SLE 
patients with COVID-19-AOF and 299 non-SLE patients with 
COVID-19-AOF. A comparison of their baseline features as well 
as detailed data of their follow-up is available in online supple-
mental figures S3–S4. The Kaplan-Meier curve of their D30–
D90 survival is displayed in figure  3. During this period, we 

Table 1  Characteristics of patients with and without SLE experiencing COVID-19-AOF from March to November 2020 in France

COVID-19-AOF

P value*

SLE non-COVID-19

SLE Non-SLE

n=196 n=113 371 n=7139

Age, years, median (Q1–Q3) 65 (52–76) 76 (64–86) <0.001 45 (33–59)

Male sex, n (%) 50 (25.5) 56 601 (57.8) <0.0001 992 (13.9)

Arterial hypertension, n (%) 139 (70.9) 72 701 (64.1) 0.05 2384 (33.4)

Cardiovascular history, n (%) 85 (43.4) 41 675 (36.8) 0.05 1699 (23.8)

Chronic kidney disease, n (%) 81 (41.3) 21 750 (19.2) <0.001 1100 (15.4)

History of solid organ transplantation, n (%) 8 (4.6) 579 (0.5) <0.001 157 (2.2)

Obesity, n (%) 69 (35.2) 31 210 (27.5) 0.2 888 (12.4)

Chronic pulmonary disease, n (%) 55 (28.1) 22 182 (19.6) 0.003 831 (11.6)

ICU admission, n (%) 83 (42.4) 40 304 (35.6) 0.04

SAPS II at ICU admission, median (Q1–Q3)† 35 (26–52) 36 (27–47) 0.41

Invasive mechanical ventilation, n (%) 36 (18.4) 17 513 (15.5) 0.26

Renal replacement therapy for AKI, n (%) 14 (7.1) 3774 (3.3) 0.0003

Use of pressor amines, n (%) 31 (15.8) 14 683 (13.0) 0.23

Characteristics of the SLE population admitted to French hospitals without any evidence of COVID-19 during the same period are also presented for information.
*P values are given for significance of the difference between the first two groups.
†SAPS II is only available for ICU-admitted patients.
AKI, acute kidney injury; AOF, associated organ failure; ICU, intensive care unit; Q1, first quartile; Q3, third quartile; SAPS II, Simplified Acute Physiology Score; SLE, systemic lupus 
erythematosus.

Figure 1  Survival at D90 of patients with SLE experiencing COVID-19-AOF in France (in red) from March 2020 to November 2020 compared with an 
unmatched control population without SLE (in blue) with COVID-19-AOF during the same period. For information, the survival of an unmatched SLE 
population admitted in France during the same period without any evidence of COVID-19 is shown in green. P value is given for the time periods D0–
D30 and D30–D90 for comparison between SLE patients with COVID-19-AOF and non-SLE patients with COVID-19-AOF. AOF, associated organ failure; 
D, day; SLE, systemic lupus erythematosus.
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observed 19 deaths in the SLE group (25.3%) and 46 (15.4%) 
in the matched control group. The HR for death occurring from 
day 30 to day 90 after COVID-19-AOF among patients with 
SLE was 1.83 (1.05–3.20). A sensitivity analysis using a rematch 
procedure for patients still alive at D30 is presented in online 
supplemental figure S7–S8.

All HRs calculated for the crude and the matched analyses are 
summarised in table 3.

Healthcare use after COVID-19-AOF
Analysis of healthcare use post COVID-19-AOF for the matched 
population still alive at D30 is presented in online supplemental 
figure S5. We observed that patients with SLE had more reports 
of coinfection diagnoses than the matched control patients 
(mean (±SD): 9.09 (±8.5) in the SLE group vs 7.6 (±6.1) in the 
control group). Otherwise, we found no difference in the number 
of SLE-related outcomes such as renal biopsy or dialysis for AKI. 
Similarly, we found no difference in unspecific outcomes such as 

Table 2  Characteristics of matched patients with and without SLE experiencing COVID-19-SLE from March to November 2020 in France

COVID-19-AOF SLE non-COVID-19

Standardised
differences†

SLE Non-SLE

n=190 n=908 n=170

Age, years, median (Q1–Q3)‡ 65 (54–76) 66 (55–77) 63 (52–75) −0.0630

Male sex, n (%)‡ 48 (25.3) 235 (25.8) 37 (21.8) 0.0142

Arterial hypertension, n (%)‡ 137 (72.1) 656 (72.3) 124 (72.9) −0.0032

Cardiovascular history, n (%)‡ 81 (42.6) 380 (41.9) 69 (40.6) 0.0158

Chronic kidney disease, n (%)‡ 75 (39.5) 341 (37.6) 66 (38.8) 0.0394

Obesity, n (%)‡ 68 (35.8) 318 (35.0) 56 (32.9) 0.0160

Chronic pulmonary disease, n (%)‡ 53 (27.9) 253 (27.9) 40 (23.5) 0.0007

Diabetes mellitus, n (%)‡ 51 (26.8) 254 (27.9) 42 (24.7) −0.0254

ICU admission, n (%) 82 (43.2) 391 (43.1)

SAPS II at ICU admission, median (Q1–Q3)* 36 (27–53) 37 (27–50) 0.0028

Invasive mechanical ventilation, n (%) 36 (18.9) 169 (18.6) 0.0086

Renal replacement therapy for AKI, n (%) 13 (6.8) 61 (6.7) 0.0049

Use of pressor amines, n (%) 31 (16.3) 147 (16.2) 0.0034

Characteristics of a matched SLE population admitted to French hospitals without any evidence of COVID-19 during the same period are also presented for information.
*SAPS II is only available for ICU-admitted patients.
†Standardised differences are given for significance of the difference between the first two groups.
‡Matching variables.
AKI, acute kidney injury; AOF, associated organ failure; ICU, intensive care unit; Q1, first quartile; Q3, third quartile; SAPS II, Simplified Acute Physiology Score; SLE, systemic lupus 
erythematosus.

Figure 2  Survival at D90 of patients with SLE experiencing COVID-19-AOF in France (in red) from March 2020 to November 2020 compared with 
a matched control population (in blue) with COVID-19-AOF but without SLE admitted during the same period. For information, survival of a matched 
SLE population admitted in France during the same period without any evidence of COVID-19 is shown in green. P value is given for the time period 
D0–D30 for comparison between SLE patients with COVID-19-AOF and non-SLE patients with COVID-19-AOF. AOF, associated organ failure; D, day; 
SLE, systemic lupus erythematosus.
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number of hospital stays, diagnosis of pulmonary embolism or 
coronary angiography for myocardial infarction.

DISCUSSION
Our analysis of the French national medical and administrative 
database showed that SLE is associated with a worsened prog-
nosis during COVID-19-AOF requiring hospitalisation. Impor-
tantly, we observed an increased late-onset mortality, between 
D30 and D90, for hospitalised patients with SLE still alive 30 
days after the first day of admission, independently of age, 
gender and various comorbidities such as chronic kidney disease.

Conversely, in our selected unmatched population, the crude 
analysis of the COVID-19-AOF outcome showed that hospital-
ised patients with SLE have an unchanged prognosis as compared 
with the general population. Such observation may be biased 
because patients with SLE are younger and more frequently 
female. On the other hand, patients with SLE have more comor-
bidities.16 Using a matching strategy that was devised to limit 
such biases, a specific delayed risk was unravelled in hospitalised 
SLE patients with COVID-19-AOF. Such increased risk might be 
related to the high coinfection rate during or after COVID-19 
in these patients. Patients with SLE could be more susceptible 

to coinfection due to their treatment. They may also be at risk 
of COVID-19-induced immune paralysis. Of note, SLE flares or 
cardiovascular events rates did not seem to be increased after 
COVID-19-AOF. Since we did not have access to patients’ 
detailed files and treatments, we were not able to confirm that 
SLE disease went uneventful.

Several studies have assessed the specific prognosis of 
patients with SLE during COVID-19 and displayed heteroge-
nous results.8 9 17–20 Most studies analysed a mixed subset with 
various rheumatic diseases and included a very limited number 
of patients with SLE. Moreover, no matching strategy was used 
to limit the bias related to age, sex and comorbidities among the 
SLE population.

We found a relatively low number of patients with SLE among 
the French population with COVID-19-AOF (196 of 113 371, 
0.2%) between March and November 2020, whereas Cordtz et 
al21 recently reported an increased risk of hospitalisation for SLE 
patients with COVID-19 in Denmark compared with the general 
population. It might be due to a lack of precision in coding SLE 
procedures; however, our results fit well with the prevalence of 
SLE in France, estimated at 5 for 10 000.22 Moreover, the char-
acteristics of our patients with SLE are consistent with previ-
ously published large epidemiological studies on patients with 
SLE conducted in France.22

Because it is a hospital database, we only had access to in-hos-
pital mortality. Since patients with SLE are more likely to be 
admitted to hospital, the proportion of in-hospital mortality for 
patients with SLE is expected to be higher than for the general 
population. However, we found that most of the patients 
discharged before D90 went home; therefore, we can assume 
that a very limited number of them died after discharge. 
Follow-up was limited to 90 days after COVID-19, with data 
gathered before November 2020; thus, the investigated popula-
tion encountered almost exclusively the original ‘Wuhan’ SARS-
CoV-2 strain.

Figure 3  D30–D90 survival of patients still alive at D30. Patients with SLE experiencing COVID-19-AOF in France from March 2020 to November 
2020 (in red) compared with a matched control population without SLE (in blue) with COVID-19-AOF during the same period. For information, survival 
of a matched SLE population admitted in France during the same period without any evidence of COVID-19 is shown in green. P value is given for 
comparison between SLE patients with COVID-19-AOF and non-SLE patients with COVID-19-AOF. AOF, associated organ failure; D, day; SLE, systemic 
lupus erythematosus.

Table 3  Summary of the main results of the study

Analysis Period HR of SLE 95% CI

Crude D0–D30 0.69 0.51 to 0.93

D30–D90 1.52 0.93 to 2.47

Matched D0–D30 0.98 0.71 to 1.34

D30–D90 1.83 1.05 to 3.20

HR is given for risk of death associated with SLE diagnosis after a COVID-19-AOF.
For crude analysis HR was calculated using a standard univariable Cox proportional 
hazard model.
HR for the matched analysis was calculated using a univariable marginal Cox 
proportional hazard model.
AOF, associated organ failure; SLE, systemic lupus erythematosus.
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Our work has several strengths. First, in accordance with the 
French Health Insurance System, PMSI gather exhaustive data 
of all French hospitals, meaning that our data included every 
patient with at least one diagnosis of SLE reported from 2011 to 
2020. Thanks to linking between the successive hospitalisation 
episodes, we were able to examine all hospital records of each 
individual patient and to assess 30-day and 90-day outcomes. 
Our matched study allowed us to take into account several 
confounding factors that usually blur the comparison between 
patients with SLE and the general population. Although the 
severity of COVID-19-AOF was not included in the matching 
procedure, we observed a very similar rate of ICU admis-
sion, Simplified Acute Physiology Score II and healthcare use 
between patients with SLE and the matched control population, 
confirming the validity of the matching process.

COVID-19-AOF has a late-onset poor prognosis in patients 
with SLE. Further studies are warranted to delineate the clinical 
course of patients with SLE who survived severe COVID-19.
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