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Objective: To study the long-term outcomes, in the context of both mortality and organ damage in patients with systemic
lupus erythematosus (SLE) in the Chinese SLE Treatment and Research group (CSTAR) registry cohort.
Methods: Patients were enrolled from April 2009 to February 2010 and they were followed up. The demographic data,
clinical manifestations, labs test results and imaging examinations, disease activity (SLEDAI-2K), damage scores ( SLLIC/
Damage Index [SDI]), and medications were collected. Data were censored at either the last clinic visit or telephonic
interview. Survival rate was analyzed by Kaplan–Meier (KM) method. COX proportional hazard model was adopted to
perform the analysis of predicting factors for mortality and organ damage. Logistic regression analysis was employed
to discuss the relationship among mortality, organ damage, and flare.
Results: A total of 2104 patients were recruited at baseline and 1494 patients were followed up. The cumulative 1-year,
3-year, and 5-year survival rates were 98.3%, 96.9%, and 95.7%, respectively. Seventy-eight patients died during follow-up,
and the main causes of death were infection (34.6%), active disease (26.9%), cardiovascular and cerebrovascular events
(5.13%), and malignancy (5.13%). At entry, 247 patients presented with irreversible organ damage and it increased to
398 patients at the endpoint. The major accumulated organ damages were kidney (25.9%), musculoskeletal disease
(20.2%), neuropsychiatric disease (12.2%), and pulmonary damage (10.9%). Cox regression analysis further showed
that male, late disease onset, delayed diagnosis (diagnosis from disease onset >1 year), baseline organ damage, and
specific organ involvements predicted for higher mortality. In addition, early disease onset was a protecting factor for
organ damage, and anti-SSA was an independent predicting factor for new organ damage. Logistic regression analysis
showed that flare predicted for more organ damage.
Conclusion: The 5-year survival rate of Chinese SLE patients has improved and is comparable to Caucasians SLE
patients. Disease flare impact on prognosis is the increasing risk of damage development. Early diagnosis, prevention
for flare and damage to maintain remission, may improve outcome.
systemic lupus erythematosus Flare • organ damage • prognosis
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Increasing number of cohort studies have shown that the
long-term survival of systemic lupus erythematosus (SLE), a
multi-organ involvement systemic autoimmune disease, has
been greatly improved during last decades.[1–3] Among the
factors that might impact the survival rate, organ damage was
proposed to have great influence on long-term prognosis of
SLE.[4] However, there are only few large sample-size studies
related to the prognosis of SLE patients, especially for Chinese
SLE patients, including long-term survival, predicting factors,
organ damage and flare, etc.[5–10] Therefore, we are in need of
more research to move further in prognostic studies for SLE.
This study was aimed to explore long-term outcomes of
Chinese SLE patients, including mortality and organ damage
accrual. CSTAR registry cohort is the first multi-center registry cohort across the whole country, so it can represent the
real situation of the country.

Patients and Methods
Patient recruitment and follow-up
CSTAR registry cohort is the first multi-center registry cohort
in China. A total of 104 high-ranked rheumatology centers
from 30 different provinces all over China participated in the
registry. In our study, patients registered during April 2009
to February 2010 were considered. The baseline data and
related analysis of this cohort were published from 2013 to
2015.[11–16]
All patients involved in this study signed the informed consent
form, either by themselves or their guardians.[16] The inclusion criterion was Chinese with SLE who fulfilled the 1997
revised American College of Rheumatology (ACR) criteria. All
enrolled patients were followed up regularly or at least once a
year and were treated according to their condition.
This study was approved by the Ethics Committee of PUMCH,
Chinese Academy of Medical Sciences (approval number:
S-197).
Definitions of organ damage, organ involvement, and flare
Organ damage was defined as a specific damage resulted in
organ dysfunction and increased morbidity.[17] In our cohort,
damage was evaluated using Systemic Lupus International
Collaborating Clinics (SLICC) damage index (SDI).[18]
According to 2012 SLICC criteria and 2019 EULAR criteria
for SLE,[19, 20] organ involvements were defined as: (1) Lupus
nephritis (LN): 24-h urine protein >500 mg/24 h or equivalent
spot urine protein-to-creatinine ratio or red blood cell casts or
proved by pathology; (2) Neuropsychiatric lupus erythematosus (NPLE): seizures, psychosis, mononeuritis multiplex,
myelitis, peripheral or cranial neuropathy, acute confusion
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state in the absence of other known causes; (3) Hematologic
involvement (HEMA): hemolytic anemia and/or thrombocytopenia with/without leukopenia; (4) Serositis (SERO): typical
pleurisy or pleural effusions or pleural rub, typical pericardial
pain or pericardial effusion or pericardial rub or pericarditis
by electrocardiography; (5) Interstitial Lung Disease (ILD)
caused by Lupus; (6) Pulmonary arterial hypertension (PAH),
confirmed by echocardiogram or catheterization and ascertained that was secondary to SLE.[21, 22]
Flare was defined as increase of SLE disease activity
(SLEDAI-2K) to ≥4 points in last 4 weeks (including at least
1 point of the non-serological items [except for complement
and anti-dsDNA]) or appearing of a new SLE manifestation or
worsening of pre-existing manifestation (whether in SLEDAI2K or not) that require strengthening immunosuppressive
therapy (including restarting or increasing steroids or immunosuppressants).[23]
Data collection
We extracted baseline data from CSTAR online registry,
including demographic, clinical presentations, laboratory
and imaging test results, and SLEDAI-2K and SDI scores.
Electronic medical records were reviewed to collect follow-up
data, mainly for flare-related information, SDI scores, death
time, and causes. Telephonic interview was employed to supplement additional data for analysis.
Statistical analysis
SPSS 19.0 was applied to perform the statistical analysis.
Kaplan–Meier (KM) curve was obtained to gain 1-year, 3-year,
and 5-year survival rates. Cox regression analysis was applied to study potential predicting factors for death and organ
damage. The results were presented as hazard rate (HR)
and 95% confidence intervals (CIs). Univariate cox regression was first done to search for potential factors. Identified
factors in univariate analysis were used to discover independent predicting factors in multivariate analysis. All the factors
involved in our study were binary variables; chi-squared test
was performed first to test the association among the identified factors in univariate analysis before multivariate analysis
was conducted. Descriptive analysis was performed to display the development of organ damage and disease flares.
Moreover, logistic regression model was adopted to further
explore the correlation among mortality, organ damage and
flare, showing the results as risk ratio (RR) and 95% CIs.

Results
Baseline characteristics
At entry, 2104 SLE patients from different clinical centers all
around China were recruited for the registry cohort. Finally,
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1494 patients who had the required follow-up information
and had been followed-up for mean time of 5.43 ± 1.82 years
were included in this study. The baseline average age of
disease onset was 28.9 ± 12.2 years old (yd), the mean age
at diagnosis was 29.8 ± 12.4 yd, and the average duration of
diagnosis delay was 1.14 ± 2.55 years. Patients who were
lost to follow-up were excluded from the final analysis. The
baseline clinical manifestations and organ involvements of
the 1494 patients who were successfully followed up were
malar rash (47.5%), discoid lesions (6.22%), photosensitivity (23.5%), oral ulcers (21.9%), arthritis (54.1%), SERO
(20.5%), HEMA (56.6%), LN (57.3%), NPSLE (7.63%), ILD
(4.48%), and PAH (4.02%).
Baseline comparison was employed to study the difference
between the study group and the lost to follow-up group,
including demographics, clinical manifestations, and autoantibody profiles. The disease duration and time from onset
to diagnosis were comparable between these two groups,
whereas the mean onset age of the lost to follow-up group was
higher than the study group as 30.9 ± 12.19 yd (P < 0.001).
For clinical manifestations, no significant differences were

identified except for photosensitivity (6.379, P = 0.012), which
was not extremely specific or closely related to SLEDAI-2K
and damage accrual. The lost to follow-up group had higher
proportion of anti-SM antibody (17.9% vs. 13.3%, P = 0.009)
and anti-RNP antibody (10.6% vs. 4.75%, P < 0.001), and it
was found that there had not been any significant difference
in other autoantibodies, including anti-dsDNA, anti-SSA,
anti-SSB, anti-rRNP, and antiphospholipid (APL).
Long-term survival and causes of death
The overall 1-year, 3-year, and 5-year survival rates from
enrollment were 98.3%, 96.9%, and 95.7%, respectively

(Figure 1). During follow-up, 78 patients died for different
causes: infection (n = 27, 34.6%), active disease (n = 21,
26.9%), malignancy (n = 4, 5.13%), cardiovascular event
(n = 2, 2.56%), cerebrovascular event (n = 2, 2.56%), and
undetermined reasons. Considering infection, 56% (n = 15)
of them were found to be pulmonary infection. Central nervous system infection and blood stream infection found to be
22% (n = 6) and 15% (n = 4), respectively. Considering patients who died of active disease, 38% (n = 8) of the deaths

Figure 1: Kaplan–Meier survival curve of the whole cohort.

Figure 2: Proportion of different death causes.
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were caused by renal failure. Another 19% (n = 4) of the
deaths were caused by NPLE, and the rest were PAH (n = 3,
14%), HEMA (n = 2, 10%), ILD (n = 2, 10%), gastrointestinal
disease (n = 1, 5%), and diffuse alveolar hemorrhage (n = 1,
5%) (Figure 2).
Accumulation of organ damage and flare
In our cohort, 247 patients had organ damage at baseline.
A total of 191 patients developed new damage during followup. At the endpoint, 398 patients developed organ damage
with a total of 525 accumulated damages. The top five organ
damages were renal (25.9%), musculoskeletal (20.2%),
neuropsychiatric (12.2%), pulmonary (10.9%), and ocular

damage (7.4%) (Figure 3). During follow-up, a total of 625
patients (41.8%) experienced at least one episode of flare.
The median interval was 2.0 ± 1.9 years for the first flare after
enrollment.
Prediction of mortality
In univariate analysis, we found that male (HR 1.903, 95%
CI 1.029–3.522, P = 0.040), disease onset age >50 years
(HR 3.339, 95% CI 1.786–6.243, P < 0.001), disease onset to diagnosis >1 year (HR 1.620, 95% CI 1.020–2.573,
P = 0.041), baseline organ damage (HR 2.594, 95% CI
1.620–4.153, P < 0.001), LN (HR 2.323, 95% CI 1.444–
3.738, P = 0.001), NPLE (HR 2.539, 95% CI 1.267–5.087,
P = 0.009), PAH (HR 3.693, 95% CI 1.901–7.173, P < 0.001),
and SERO (HR 2.090, 95% CI 1.276–3.422, P = 0.003)
were shown to be potential predicting factors for mortality
(Table 1). Chi-squared test showed that SERO was positively related with baseline damage (8.835, P = 0.003), LN
(46.902, P < 0.001), and PAH (54.663, P < 0.001), and baseline damage was also positively associated with LN (24.732,
P < 0.001), PAH (28.616, P < 0.001), and NPLE (40.145,
P < 0.001). Therefore, SERO and baseline damage might
reduce the prediction power and should be considered to be
excluded if they compromise the prediction power of other
factors in multivariate analysis. However, they were kept

Figure 3: Distribution of different organ damages.
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and used in final multivariate analysis because the prediction effect was not influenced significantly even if they were
included in the final equation. In multivariate analysis, it
was confirmed that onset age >50 years (HR 3.347, 95% CI
1.781–6.287, P < 0.001), disease onset to diagnosis >1 year
(HR 1.604, 95% CI 1.006–2.558, P = 0.047), LN (HR 2.055,
95% CI 1.264–3.341, P = 0.004), NPLE (HR 2.550, 95% CI
1.252–5.196, P = 0.010), PAH (HR 2.400, 95% CI 1.170–
4.920, P = 0.017), and baseline organ damage (HR 1.907,
95% CI 1.169–3.110, P = 0.010) were independent factors
for prediction of mortality (Table 1).
Regarding organ damage, onset age >50 years (HR 2.048,
95% CI 1.285–3.264, P = 0.003), baseline organ damages (HR 1.434, 95% CI 1.012–2.032, P = 0.043), anti-SSA
(HR 1.355, 95% CI 0.995–1.844, P = 0.054), anti-SSB (HR
1.458, 95% CI 0.982–2.165, P = 0.061) and anti-rRNP (HR
1.553, 95% CI 0.977–2.468, P = 0.063) were shown to
be potential risk factors for damage accrual in univariate
analysis. In addition, onset age <18 years (HR 0.484, 95%
CI 0.293–0.799, P = 0.005) was identified as a protecting
factor for new damage. As for multivariate analysis, factors with P-value <0.1 were candidates. Among them, antirRNP was excluded as testing data were missing for half of
the p
 atients at entry. The chi-squared test was performed
to evaluate their correlation. Positive relation was shown
as below: PAH and baseline damage (28.616, P < 0.001),
PAH and anti-SSA antibody (4.814, P = 0.028), ILD and
baseline damage (11.152, P = 0.001), ILD and disease onset age >50 years (3.973, P = 0.046), and anti-SSA and
anti-SSB antibody (308.575, P < 0.001). According to the
correlation study, 
onset age >50 years, baseline organ
damage, PAH, ILD, and anti-SSA antibody were finally included in multivariate analysis, because anti-SSB antibody
was nearly overlapped with anti-SSA antibody. Late-onset
age and anti-SSA antibody still showed their prediction
power for organ damage even with the compromise impact of other positively related factors and were identified
as potential independent predicting factors for new organ
damage (Table 2).
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Table 1: Univariate and multivariate COX regression analyses for
mortality
Univariate analysis

HR

95% CI

Male

1.903

1.029–3.522

0.040

Onset age >50 years

3.339

1.786–6.243

<0.001

Onset age <18 years

1.001

0.535–1.872

Onset to diagnosis
>1 year

1.620

1.020–2.573

Baseline organ damage

2.594

1.620–4.153

<0.001

LN

2.323

1.444–3.738

0.001

HEMA

1.310

0.825–2.081

ILD

1.828

0.79504.206

P

Table 2: Univariate and multivariate COX regression analyses for
organ damage
Univariate analysis

HR

95% CI

Male

1.394

0.894–2.173

0.143

Onset age >50 years

2.048

1.285-3.264

0.003

0.998

Onset age <18 years

0.484

0.293–0.799

0.005

0.041

Onset to diagnosis >1 year

0.804

0.571–1.133

0.213

Baseline organ damage

1.434

1.012–2.032

0.043

LN

1.118

0.842–1.485

0.440

HEMA

0.939

0.706–1.250

0.668

0.252

ILD

1.707

0.972–2.999

0.063

0.156

NPLE

1.486

0.846–2.610

0.168

1.763

0.982–3.163

0.057

P

NPLE

2.539

1.267–5.087

0.009

PAH

PAH

3.693

1.901–7.173

<0.001

SERO

1.178

0.817–1.700

0.380

Anti-dsDNA

1.179

0.883–1.574

0.265

Anti-SM

1.116

0.779–1.597

0.550

Anti-RNP

1.396

0.929–2.097

0.108

Anti-SSA

1.355

0.995–1.844

0.054

Anti-SSB

1.458

0.982–2.165

0.061

Anti-rRNP

1.553

0.977–2.468

0.063

APL

1.195

0.792–1.803

0.395

Low completement

0.993

0.738–1.337

0.965

SERO

2.090

1.276-3.422

0.003

Anti-dsDNA

0.769

0.492–1.202

0.249

Anti-SM

1.001

0.561–1.785

0.997

Anti-RNP

1.512

0.817–2.798

0.188

Anti-SSA

1.411

0.877–2.271

0.156

Anti-SSB

1.302

0.688–2.464

0.417

Anti-rRNP

0.951

0.429–2.108

0.901

APL

1.150

0.581–2.277

0.688

Multivariate analysis

95% CI

P

Low completement

0.958

0.603–1.522

0.856

Onset age >50 years

2.258

1.415–3.603

0.001

Multivariate analysis

HR

95% CI

P

HR

Baseline organ damage

1.378

0.967–1.963

0.076

Male

1.747

0.936–3.262

0.080

ILD

1.583

0.896–2.795

0.114

Onset age >50 years

3.347

1.781–6.287

<0.001

PAH

1.584

0.874–2.872

0.130

1.396

1.024–1.904

0.035

Onset to diagnosis
>1 year

1.604

1.006–2.558

0.047

Anti-SSA

LN

2.055

1.264–3.341

0.004

HEMA, hematologic involvement; ILD, interstitial lung disease; LN, lupus
nephritis; PAH, pulmonary arterial hypertension; SERO, serositis.

NPLE

2.550

1.252–5.196

0.010

PAH

2.400

1.170–4.920

0.017

SERO

1.575

0.938–2.646

0.086

Baseline organ damage

1.907

1.169–3.110

0.010

HEMA, hematologic involvement; ILD, interstitial lung disease; LN, lupus
nephritis; PAH, pulmonary arterial hypertension; SERO, serositis.

Flare to organ damage and mortality
Previously, it was proved that pre-existing damage predicts
for more damage and death. Univariate logistic model was
applied to analyze the predicting effect of past flares to new
damage and mortality. Flare was shown to predict for more
organ damage (RR 1.831, 95% CI 1.343–2.496, P < 0.001;
onset age, baseline damage, PAH, ILD, anti-SSA, and
anti-SSB were all controlled for analysis). However, no direct prediction effect was found for flare to mortality (RR
1.042, 95% CI 0.647–1.679, P = 0.864; the controlled factors were gender, onset age, baseline damage, PAH, LN,
and NPLE).

Discussion
Compared with a Bayesian meta-analysis performed by
Tektonidou et al.[10] in 2017, the 5-year survival rate in our
study was comparable to the reported survival rate in high-
income countries (95.7% vs. 95%). Our study obtained relatively higher long-term survival rates compared with the result
of our previous meta-analysis for Chinese SLE patients as well
(95.7% vs. 94%).[5] For the causes of death, most of them were
consistent with our previous meta-analysis except malignancy. The p
 roportion of malignancy was relatively higher in this
study than previous studies; this might be due to longer survival-time. SLE patients tend to develop malignancy because
long-time employment of immunosuppressive agents.[24, 25]
Several potential predicting factors for mortality were identified in this study, which included male gender, late disease
onset, delayed diagnosis (the interval from symptom onset
199

RHEUMATOLOGY AND IMMUNOLOGY RESEARCH
Original Article • DOI: 10.2478/rir-2021-0025 • 2(3) • 2021 • 195–202

to diagnosis >1 year), baseline organ damage, LN, PAH,
and NPLE. Compared with the results of our previous single-center study, with larger sample size (1494 vs. 260), we
further detected that male gender, late-onset age, and specific organ involvements lead to more deaths.[26] Apart from
those organ involvements that were reported to have worse
prognosis, including LN, NPLE, and PAH; SERO was also
shown to predict for higher mortality. According to our past
study on SERO, SERO was closely associated with LN and
PAH, which was consistent with our correlation analysis and
might explain the predictive effect of SERO for mortality.[27]
Therefore, aggressive treatment for patients with LN, NPLE,
and PAH to maintain persistent remission and reduce flare
could be a possible strategy to obtain better prognosis.
Late age for disease onset was proven to be a predicting
factor for damage, while early-onset was a protecting factor for damage, which was in accordance with our previous
single-center study.[26] In line with our study, previous study
by Appenzeller et al.[28] presented greater damage accrual for
late-onset SLE patients, and Kim et al.[29] found higher damage scores in adult-onset SLE than childhood-onset SLE with
the same disease in the same duration strata. Anti-SSA antibody was also identified as a predicting factor for organ damage even after controlling other confounding factors, which
was not reported in previous study. In our study, a total of 369
patients (24.7%) had positive anti-SSA at baseline. Among
them, 58 patients (30.4%) of the new damage group (a total
of 191 patients) showed positive anti-SSA at entry. Mikdashi
et al.[30] in 2004 reported that anti-SSA antibody predicted for
neuropsychiatric damage. Another article by Higuera-Ortiz
et al.[31] proposed that anti-SSA antibody might be pathologically involved in lupus-associated mitral valve regurgitation.
However, the real role of anti-SSA antibody in damage should
be further elaborated by future studies.
Organ damage has been repeatedly reported to be a predictor for mortality in Caucasians cohorts and was proposed
that it was driven by disease flare.[32–34] By regression analysis among mortality, organ damage and flare, our study
demonstrated again that disease flare predisposed SLE patients to more damage accrual and damage might further increase the chance of new damage, leading to more deaths
in the end. Moreover, 22.4% of the damages in our study
were associated with steroids treatment, including cataract,

osteoporosis-related fracture, avascular necrosis, and diabetes mellitus, which might be the result of strengthening measures to control disease flares. Accordingly, we need to find
measures to prevent disease flares with glucocorticoids sparing approach to improve prognosis, in other words, to keep
patients in persistent remission with the lowest possible dose
of glucocorticoids.
The major differences at baseline between the lost to follow-up
group with the study group were older onset age, higher proportions of photosensitivity, and the presence of anti-SM and antiRNP antibodies. Among them, only the onset age was related
to prognosis, and it was shown that late onset was a predicting
factor for both mortality and organ damage. The proportion of
late-onset patient was slightly lower in the study group (5.69%
vs. 7.21%). However, chi-squared test did not show statistically
significant difference between these two groups (P = 0.068).
Therefore, these two groups were roughly comparable at baseline, and the missing data during follow-up of the lost to followup group would not have great impact on our prognostic study.
The major limitation of this study is that the rate of lost to
follow-up rate in our study was 29.0%. Although it was basically comparable to the study group, the missing data would
still lead to inaccuracy to the prognostic study. In China, it is
hard to keep regular follow-up, because patients often go to
remote and different hospitals to seek for medical service.
In this study, due to partial and retrospective review of related data, part of the follow-up data was incomplete. In addition, we could not avoid the influence of disease course or
other potential confounding factors on the analysis of longterm survival rates. Therefore, we need to conduct more
prospective inception cohorts to verify our results.

Conclusion
The 5-year survival rate of Chinese SLE patients is comparable with those reported from Caucasians patients. Disease
flare may lead to more damage and thus adversely impact
long-term prognosis. After all, early diagnosis, taking measures to avoid or prevent flare, prevention for organ damage accrual, and focusing on specific organ involvements
to achieve persistent remission may reduce mortality in the
long-term and could be the treating target in the management
of SLE patients.
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