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Abstract: Systemic lupus erythematosus (SLE) is a chronic auto-

immune disease with an increased risk of death compared to general

population. Although previous studies showed improvement in survival

of SLE, the long-term prognosis has not been elaborated in China.

This study aims to integrate the observational studies estimating

current long-term survival of Chinese SLE patients and analyze the

death-cause situation of SLE in China.

The study is a systemic review of English and non-English articles

using MEDLINE, EMBASE, CNKI, WANFANG, and SINOMED

databases. Additional studies were found by consultation with clinical

experts, browse of references in selected papers, and search of related

textbooks. Our major search terms were SLE, follow-up, prognosis,

survival, mortality, and China.

We included cohort studies for survival analysis, and both cohort

studies and case series for death-cause analysis in China.

The extraction of the articles were done by 2 authors independently

using predesigned charts, including characteristics of study, clinical

data, analyzing data, and study quality indicators.

All pooled analyses were conducted both for random-effects model

and fixed-effects model. Funnel plots and Egger regression tests were
ang, MD, Jiuliang n Zhao, MD,
Xiaofeng Zeng, MD

six studies were suitable for death-cause analysis with 2179 observed

deaths (derived from more than 20,000 Chinese patients with SLE). The

overall pooled survival rates for SLE in China were 94% for 5-year

survival rate and 89% for 10-year survival rate after disease onset from

the year 1995 to 2013, which were similar with previous publications in

Asia-Pacific area. The proportions of different causes of death showed

infection (33.2%), renal involvement (18.7%), lupus encephalopathy

(13.8%), and cardiovascular disease (11.5%) as the top 4 causes.

The overall survival rates for Chinese patients with SLE resembled

previous publications in Asia-Pacific area. But the death causes of SLE

in China were of some differences indicating relatively higher pro-

portion of infection and lupus encephalopathy and lower cardiovascular

disease. Ethnicity and more aggressive treatment might have contrib-

uted to the difference in death composition.

(Medicine 94(17):e794)

Abbreviations: ACR = American College of Rheumatology, CVD

= cardiovascular disease, DAH = diffuse alveolar hemorrhage, ILD

= interstitial lung disease, PAH = pulmonary arterial hypertension,

SLE = systemic lupus erythematosus, SLEDAI = SLE disease

activity index.

INTRODUCTION

S ystemic lupus erythematosus (SLE) is a kind of chronic
multiorgan involved autoimmune disease which can be

severe and fatal. With earlier diagnostic approaches and more
appropriate treatment strategies, the survival of SLE has
improved dramatically in last 50 years.1 The meta-analysis in
2012 demonstrated that the long-term survival had been
improved between 1950s and 2000s, increasing from 74.8%
to 94.8% for the 5-year survival and from 63.2% to 91.4% for
the 10-year survival.2 However, the risk of death for SLE
patients are still 2 times greater than those of general population
(meta-standardized mortality ratio 2.98, 95% CI 2.32–3.83),
which has driven further research on long-term survival and
specific death causes of SLE patients.3

Previous epidemiological studies have found that the
prevalence and incidence rates of Asian SLE patients were
approximately 2 to 3 times higher than those of caucasians.4–11

Moreover, the Asian SLE patients were reported with higher
clinical severity, significantly higher mean and maximum SLE
disease activity index (SLEDAI), increased susceptibility to
renal involvement, persistently active disease, and higher pro-
portion of autoantibody positivity than non-Asian SLE
patients.12 Many multiethnic cohort studies also showed that
re likely to have severe SLE in many
eased renal disease, autoantibody posi-
and organ damage accrual.13–16
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China, as the largest country in Asia-Pacific area, was
reported with relatively higher prevalence rate as 97.5 to 100/
100,000 when compared to other ethnicities (generally 20–70/
100,000).9,17,18 With increasing population in China, SLE is
going to cause greater burden in the future. Unfortunately, there
is limited information about the overall prognosis of Chinese
SLE patients now. Therefore, the aim of this study is to focus on
the long-term prognosis of SLE patients to review the pictures
of their 5- and 10-year long-term survivals as well as major
causes of death in China.

METHODS

Eligibility and Exclusion Criteria
The criteria of eligibility for long-term survival was

defined as retrospective or prospective cohort studies of SLE
patients who were diagnosed by a recognized criteria such as the
criteria of American College of Rheumatology (ACR) in 1982
or 1997, with report of the long-term survival rates (5- or
10-year survival rate) measured by Kaplan-Meier analysis.
The criteria for major death cause of SLE was defined to
include all the studies with death-cause information in which
those SLE patients were diagnosed by a recognized criteria such
as the criteria of ACR in 1982 or 1997, without limitation in the
types of studies. In addition, the studies that only included a
special subgroup of SLE patients (such as early onset, late onset,
lupus nephritis, etc.) were excluded due to their low generality.

Literature Search
We searched the literatures published in MEDLINE (OVID

1946–January 2015), EMBASE (1980–January 2015), WAN-
FANG (1998–January 2015), CNKI (1994–January 2015), and
SINOMED (1978–January 2015). No special search software
was used. We also hand searched the references of selected
literatures, related textbooks, and consulted with professionals.
For the unpublished research and papers that we could not find
full texts, we also tried to contact with the authors. The search
terms were as follows: SLE, prognosis, follow-up, survival,
mortality, China, Chinese, Asia, Taiwan, Hong Kong, and Han.
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nguage or publication status restrictions were imposed. We
the following searching flowchart used in MEDLINE
took

(OV
ID) as an example:

(systemic lupus erythematosus or lupus erythematosus or
1.
l
upus).ti,ab.;
2. (
prognosis or outcome or follow up or long term or fatality
or mortality or death or morbidity or survival rate).ti,ab.;
3. 1
 and 2;
4. (China or Chinese or Taiwan or han or Hong Kong or Asia
or Asian or orient

�
).ti,ab,sh.;

5. 3 and 4.

Study Selection
Study inclusion and eligibility assessment were conducted

by 2 reviewers independently. Disagreements during the process
were discussed by the 2 reviewers and then determined with a
third reviewer.

Data Collection Process

We designed a data extracting chart according to the

hrane Handbook as well as the demands in this study. In
r to refine the extracting chart, the pilot test was done
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by 5 articles randomly chosen from all the included studies. Two
reviewers independently extracted information from the
included studies. The differences were discussed by them
together and ultimately determined with a third reviewer.

Data Items
Information were extracted from all included studies on

characteristics of the patients, including total patient number,
gender proportion, average age of disease onset, average age of
death, and course of disease; type of treatment if available; 5-
and 10-year survival rates by Kaplan–Meier analysis; and major
death causes and counts.

Assessment on the Quality of Studies
For meta-analysis of long-term survival, to assess the

quality of studies, a 10-score scale was designed based on
the scale used in previous publications, which was also used
in formerly published meta-analysis of observational studies on
SLE.3,19,20 This scale contains 5 items counting with 0, 1, or 2
points: sample type (no definition¼ 0, clinic-based sample¼ 1,
community-based sample¼ 2); information of defaulters (not
mention¼ 0, only rates of lost to follow-up¼ 1, elucidation of
both rates and reasons of lost to follow-up¼ 2); diagnosis of
SLE (nonvalidated criteria¼ 0, other validated criteria¼ 1, the
criteria of ACR for SLE¼ 2); methods to confirm death (not
given¼ 0, predefined but nonvalidated criteria¼ 1, predefined
and validated criteria¼ 2); time of exposure to SLE (<5
years¼ 0, 5–10 years¼ 1, >10 years¼ 2). Two independent
reviewers completed the quality assessment, respectively, and a
third reviewer helped to determine when disagreement
appeared. The studies that were �7 points were classified as
high-quality studies, and the rest were regarded as studies with
low quality.

Statistical and Bias Analysis
Survival rates were extracted directly from Kaplan–Meier

analysis or curves. The logit model was used to transform the
extracted rates. Then, the pooled logits were calculated and
transformed back into survival rates for better interpretations
and shown in forest plots. Sensitivity analysis by omitting each
study was conducted if there was heterogeneity across the
studies. The potential publication bias was examined via funnel
plots and Egger regression tests. The R project was employed
for statistical computing.

In order to picture the cause of death for SLE patients in
China, the studies were classified into 3 groups in order to show
the general situation in different time. Group I included all the
studies with SLE patients observed by the year 2000. Group II
included studies that involved SLE patients since 2000 or after,
and others were in group III. The deaths were accumulated, and
the percentages of different causes of death in total, group I and
II, were calculated. All numerical analysis and graphics were
performed by SPSS 19.0.

RESULTS

Search of Study
A total of 8052 papers were initially spotted out, 7681of

them were excluded by title screening for no relation with

Medicine � Volume 94, Number 17, May 2015
survival or death causes. During abstract viewing, another 302
studies were excluded. Finally, 69 papers were remained for
full-paper evaluation, and only 39 were fit for our selection

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



criteria and contained all the information we needed to extract.
Among them, 5 studies contained enough survival information
for meta-analysis. There were 36 studies in total that were
suitable for cause of death analysis. The process was shown as
flow chart in Figure 1.

Study Characteristics
There were 5 studies included in meta-analysis of long-

term survival with high quality, involving a total of 4469 SLE
patients.21–25 The characteristics of these studies were shown in
Table 1. In addition, 36 studies were involved in death-cause
analysis, of which 2 studies were cohort studies used for meta-
analysis of survival, and others were case series from different
hospitals. A total of 2179 death cases from 1950 to 2013 were
reported in these included studies.

The Overall 5 and 10-Year Survival Rates
The pooled 5-year survival rates were 0.9389 [0.9314,

0.9457] and 0.9431 [0.9225, 0.9585] on fixed-effects model and
random-effects model, respectively (see Figure 2). The pooled
10-year survival rates were 0.8810 [0.8705, 0.8907] and 0.8893
[0.8141, 0.9365] on fixed-effects model and random-effects
model, respectively (see Figure 3). The estimated heterogeneity
were [I2 80.9%, t2 0.0975, P¼ 0.0003] and [I2 97%, t2 0.4448,
P< 0.0001], respectively, which means that the survival rates
differed among those studies.

We conducted sensitivity analysis by omitting each study
to find the potential source of heterogeneity. The study by Wu

Medicine � Volume 94, Number 17, May 2015
et al (2014) accounted for more heterogeneity than other
studies, but it did not make a great difference in survival rates
when omitted it.21 After retrospective reviewing on these

FIGURE 1. The flowchart for the result of literature search.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
studies, we found the study by Wu et al had a relatively shorter
period of follow-up. Moreover, even though this study was a
prospective study that involved a larger group of patients, it
presented a relatively higher proportion of defaulters (about
37%). All of these might explain the reason why the survival
rates in the study by Wu et al were relatively lower than the
other studies. Limited by the study number, we were not able to
conduct metaregression analysis to further assess the source
of bias.

Publication Bias Analysis
The funnel plots for the 5- and 10-year survival rates were

both generally symmetric. Results of Egger regression test were
[t¼ 0.801, df¼ 3, bias¼ 1.94, P value¼ 0.4817] for 5-year
survival rates, and [t¼ 0.4711, df¼ 3, bias¼ 3.46, P
value¼ 0.6697] for 10-year survival rates, implying that pub-
lication bias was small or might not be the major contributor for
heterogeneity across the studies.

Death-Cause Analysis
A total of 36 studies were involved for further analysis of

major death causes of SLE (see Table 2). Among them, 19
studies were classified in group I,25–43 6 studies were in group
II,42,44–48 and 12 studies were included in group III.23,49–59

Among them, the study by Fei et al was both in group I and
group II because it provided information from different times.42

A total of 2179 deaths were involved, 929 deaths in the group of
1950 to 1999 and 308 in the 2000 to 2013 group. The top 8

Long-Term Prognosis of SLE in China
major death causes for the 2 groups were almost the same,
except for some changes in the proportions. The percentages of
different causes of death in total deaths and 3 groups were

www.md-journal.com | 3



TABLE 1. Characteristics of Included Studies for Survival Rate Analysis

Study
No.

Author
Year

Research
Site Study Type

Time
Span of
Study

Total No./
Male%

Mean Age
at Disease

Onset

Mean
Follow-Up

(y)

Quality
Score

1 Ge Wu 201421 Henan, China Prospective cohort study 2006–2013 1072/14% 29.4� 13.4 5.47� 4.62 7
2 Xuebing Feng

201422
Jiangsu, China Retrospective cohort study 1999–2009 1898/6.3% NK NK 7

3 Chi Chiu Mok
201323

Hong Kong,
China

Prospective cohort study 1995–2011 679/7.4% 32.5� 14 9.7� 7.3 8

4 He Wei 200924 Yunnan, China Retrospective cohort study 1999–2008 770/10% NK NK 7
25 stu

Wang et al Medicine � Volume 94, Number 17, May 2015
infection [33.2%, 29.1%, 49.7%, 32.7%], renal involvement
[18.7%, 22.5%, 11.7%, 15.8%], lupus encephalopathy [13.8%,
14.4%, 14.6%, 12.6%], cardiovascular disease (CVD) [11.5%,
12.1%, 6.17%, 13.6%], multiple organ failure [4.13%, 3.51%,
1.62%, 8.05%], cerebrovascular disease [2.57%, 1.58%, 2.60%,
4.09%], pulmonary involvement [2.02%, 1.14%, 1.95%,
4.23%], and gastrointestinal bleeding [1.56%, 1.35%, 1.30%,
2.59%] (see Figure 4). Apart from all these causes, each of other
causes led to less than 1% of the deaths, such as liver involve-
ment (0.5%) and cancer (0.7%), etc.

DISCUSSION
Although with the limitation of the number of included

studies and heterogeneity existed across the studies, this study

5 Chen Sheng 2000 Shanghai, China Prospective cohort

ID¼ ??, NK¼ not known, No.¼ number.
gave us rough pooled long-term survival rates for SLE in China,
94% for 5-year survival rate and 89% for 10-year survival rate
after disease onset from 1995 to 2013. A prospective study from

FIGURE 2. Pooled 5-year survival rates.

FIGURE 3. Pooled 10-year survival rates.

4 | www.md-journal.com
1995 to 2010 in a Danish community reported similar cumu-
lative survival rates as 93.6% and 86.5% for 5- and 10-year
survival rates, respectively.60 In 2012, Mak et al published a
meta-analysis for global trend of SLE from 1990s to 2000s and
reported 92.67% to 94.79% for pooled 5-year survival rate and
88.08% to 91.41% for 10-year survival rate, which were similar
with our results.2 The study by Mak et al also found that the
pooled survival rates of Asian studies (88% for 5-year survival
rate and 84% for 10-year survival rate) were relatively lower
than those of Europe (93% for 5-year survival rate and 91% for
10-year survival rate). Apart from less advanced medical tech-
nology, more severe clinical manifestations and poorer prog-
nosis might have contributed to the gap of survival between
Asians and Caucasians.15,61 However, most of the Asian studies

dy 1979–1998 50/4% 24� 9 NK 9
included in the meta-analysis by Mak et al were before 1990s
and some of recent studies were not covered, so that the pooled
survival rates were poorer than those in our study.2

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Basic Information of Studies Involved for Death-Cause Analysis

Time Span Ref. No. of Death/Male No. Total No. Age of Death
�

Course of disease (y)
�

1995–201123 68/NK 679 NK NK
1980–199825 16/NK 50 36� 13 11� 5
1991–199926 50/5 304 NK NK
1987–199727 14/0 171 36.7 (19–59) 4.53 (0.5–10)
1981–199628 90/9 465 35.62 (9–71) 3 (0.08–20)
1981–199629 42/4 222 39.5 (9–70) NK
1981–199630 48/6 646 32.3 (9–63) 2.6 (0.06–20)
1986–199631 25/4 165 32.1 (15–64) NK
1988–199632 50/7 680 27� 10.3 NK
1983–199433 64/8 486 NK NK
1982–199334 67/9 791 35.38 (9–71) 3 (0.13–23)
1987–199335 27/1 329 32.2 (12–58) 6.53 (0.17–15)
1962–199236 99/8 1000 NK NK
1983–199237 82/6 738 33.26� 11.12 4.27 (0.17–25)
1965–199138 59/10 NK NK NK
1979–199039 35/3 187 32.23 (14-NK) NK
1950–198240 51/NK NK 31.32 (12–63) NK
1958–198041 110/13 752 NK NK
1986–200042 121/30 NK NK NK
2001–201242 147/NK NK NK NK
1988–200043 88/9 486 28.38 (6–69) NK
2008–201344 33/2 1101 44.15 (19–81) 6.51 (0.04–21)
2000–201145 26/0 398 42.3 (23–75) 11.7 (0.17–29)
2000–201146 25/1 610 38 (18–76) 4.9 (0.25–13)
2000–201047 25/4 676 NK 6 (0.33–28)
2005–201048 52/7 686 34.5 (18–65) 2.6 (0.25–13)
1996–200849 47/5 1431 NK NK
1998–200850 31/2 318 37.1� 14.05 3.59� 3.82
1990–200651 43/2 1004 35.9 (13–71) 6� 5
1993–200652 64/11 NK 35.5� 15.18 2 (0.08–30)
1991–200553 56/6 620 35 (10–76) 4 (0.08–23)
1995–200554 36/10 752 35.2 (19–70) 11.7 (0.17–29)
1998–200555 20/NK 243 NK NK
1993–200456 109/NK 580 34 (11–72) NK
1986–200357 131/18 2360 33.02� 14.58 5.15 (0.08–31)
1993–200358 25/1 108 NK 5.04� 4.3
1992–200159 103/9 1280 33.14 (12–62) 3.57 (0.04–20)

Medicine � Volume 94, Number 17, May 2015 Long-Term Prognosis of SLE in China
In 2014, Thomas et al reported that the top leading death
causes of SLE in France between 2000 and 2009 were CVD,
neoplasm, infection, cerebrovascular disease, respiratory dis-
ease, and renal disease.62 The cohort study in Canadian also
found the similar order of major death causes.63 However, our
results showed a higher proportion of infection, fewer of CVD,
and higher percentage of lupus encephalopathy, which were
different from those in former studies.

Remarkably, we found that infection was the top 1 cause of
death among the SLE patients in China. The infection of
Chinese SLE patients was positively correlated with the use
of prednisone and immunosuppressive agents, so more aggres-
sive treatment for SLE may play an important role, which might
be associated with severer disease and higher disease activity
for SLE in China.64,65

NK¼Not known, No.¼ number, Ref.¼ reference.�
The values are mean�SD or median (range).
CVD was no more than 20% of the death causes in our
results, even combined with cerebrovascular disease. Latest
reports on the burden of CVD have not found ethnic differences

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
among the general population in different countries,66–68 so the
relatively low level of CVD could be associated with SLE-
related conditions. Lower dose steroids combined with less
aggressive immunosuppressive agents were reported to increase
the risk of carotid plaques in SLE patients, so aggressive control
of the disease may help reduce the risk of CVD.69,70 Thus the
aggressive treatment in China, high dose of steroids and preva-
lent use of immunosuppressive agents, might be the key factor
for the relatively fewer deaths of CVD, and on the other hand,
contributed to the increase of infection. In addition, prospective
cohort studies have shown that hydroxychloroquine can help
reduce LDL-C levels and protect from CVD.71,72 In this case,
additional use of antimalarial in maintenance may assist in not
only reducing infection but also preventing from CVD in
the future.
Our results implied that there might be more deaths of
lupus encephalopathy in Chinese SLE patients. The percentage
of neuropsychiatric lupus in a Chinese cohort was about 4.8% to

www.md-journal.com | 5
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12.2%, a little lower compared to about 20% to 40% in other
SLE cohorts.73–76 However, the proportions of acute confu-
sional state (18.7%) and seizures (30.5%) in this paper were
much higher than other published studies (3.7% and 8.3%,
respectively).75,77,78 Another 2 cohorts in Asia (Hong Kong
and Thailand) also reported relatively higher proportions of
acute confusional state (14% and 11.2%) and seizures (28% and
54.1%).79,80 Although these results were related to more severe
course of inpatients, it did indicate that they partly contribute to
the higher proportion of death for lupus encephalopathy in
China, and even in Asia.

In our study, pulmonary involvement is one of the major
death causes for SLE. Pulmonary involvement is more common
for SLE compared with other connective tissue diseases,
whereas is with mild manifestations in most situations.81 How-
ever, several critical complications, rare but with high mortality
rates and predictive for poor prognosis, might cause death and
are often ignored by clinician, including pulmonary arterial
hypertension (PAH), diffuse alveolar hemorrhage (DAH), and
interstitial lung disease (ILD).82 The Chinese SLE Treatment
and Research group (CSTAR) registry, the first multicenter
registry in China, has reported prevalence rates of PAH and ILD
as 3.8% and 4.2%.76,83 Unlike western patients, the most
common reason for connective tissue disease (CTD)–associ-
ated PAH in Chinese is SLE (49%), and the mortality rate is
markedly increased compared to general SLE patients.84 ILD,
including acute lupus pneumonitis and chronic interstitial
pneumonitis, contributes to poor long-term prognosis for
SLE patients.85 For DAH, which is even rarer (prevalence rate
about 1.4%–1.9%), was reported to have mortality rate as high

FIGURE 4. The proportion of different death causes.
as 62% to 66.7% in China,82,86 similar with that in a Korean
study (61.9%).87 After all, we should pay more attention to these
diseases for Chinese SLE patients.

6 | www.md-journal.com
The heterogeneity across the studies in survival rate
analysis was the major limitation of our study. Besides the
number of studies and the study by Wu et al, baseline charac-
teristics of patients and wide spectrum of treatment strategies
should be the major contributors for heterogeneity. In addition,
more case series were included in death cause analysis of SLE,
so we just accumulated the results of different studies, neglect-
ing the possible difference of different clinic cohorts and the
background treatment strategies.

CONCLUSIONS
The condition of SLE is improving now in China. Our

results showed a comparable general long-term prognosis to
other ethnicities. However, the proportions of death causes were
a little different with other countries, which might be related to
ethnic differences and the more aggressive treatment strategy in
China. After all, the next step for the rheumatologists in China
should be on seeking for the reason to cause ethnicity for SLE in
China, the balance between treatment and potential impacts,
and alternative therapies to further improve long-term survival.
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