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ABSTRACT
Introduction: Cardiovascular disease presents an early and high rate trend in patients with systemic lupus erythematosus(SLE).
Statins not only have excellent lipid-lowering effects, but also have anti-inflammatory and immune-regulating effects. Whether statins
can affect serum lipids, disease activity, C-reactive protein (CRP) and carotid intima-media thickness (CIMT) in SLE patients is
unclear, so we conducted a systematic review and meta-analysis to address this issue.
Case presentation: Literatures were obtained by searching Pubmed, Embase, Medline and Cochrane Databases as of 29
February 2020. Stata software (ver.15.0) was used for data analysis. We calculated the difference between baseline and follow-up
data for each group, then analyzed and compared them. We used the random-effects model and standard mean difference (SMD)
and its 95% confidence interval (CI) for meta-analysis. The I2 index was used to evaluate the heterogeneity. In the presence of high
heterogeneity, sensitivity analysis and subgroup analysis were performed. In total, 6 studies met our inclusion criteria, including 5
randomized, double-blind, placebo-controlled studies and 1 controlled trail. A total of 535 subjects were included in the study. Of which
284 were in the statin group and 251 were in the control group. Compared with the control group, TC [-1.329(-1.928,-0.731), P<0.001;
I2=85.8%, P<0.001] and LDL[-1.853(-3.139,-0.567), P=0.005; I2=94.0%, P<0.001] in the statin group significantly decreased.
But statins had no statistical significance in reducing TG [-1.303(-2.771,0.166), P=0.082; I2=94.0%, P<0.001] and increasing HDL
[1.095(-0.852,3.043), P=0.27; I2=96.6%, P<0.001]. Meanwhile, the effect of statins on disease activity in patients with SLE was not
statistically significant [-0.695(-1.889,0.500), P=0.254; I2=96.5%, P<0.001]. In addition, the statin group had no significant effect on
reducing CRP[-0.609(-1.290,0.073), P=0.08; I2=90.6%, P<0.001] and CIMT[-0.149(-0.724,0.429), P=0.617; I2=42%, P=0.189].
Conclusion: Statins can reduce TC and LDL in SLE patients, but have no statistically significant effect on TG, HDL, SLEDAI,
CRP and CIMT. Due to the high heterogeneity, the limitations of randomized controlled trials and the impact of other drugs included
in the study, these results need to be carefully interpreted. Currently, a larger sample of high-quality studies are needed to verify this
conclusion.
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Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease involving multiple systems with
the appearance of autoantibodies. The occurrence of
SLE is the result of the interaction of genes, epigenetics, and environmental factors, and is highly heterogeneous. The disease is mainly caused by the disappearance of immune tolerance, abnormalities of

T cells and B cells(1). With the continuous improvement of diagnosis and treatment technology, the survival rate of SLE patients has greatly improved, but
the long-term survival rate has not changed significantly. A large number of studies have shown that
regardless of the length of time to diagnose SLE,
cardiovascular disease (CVD) is always the leading cause of death in SLE patients. Especially in the
first year after diagnosis, the risk of cardiovascular
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events in SLE patients is significantly increased(2,
3)
. In addition, studies have found that the risk of
myocardial infarction in SLE patients is 3.04 times
higher than in the general population(3).
The increased risk of cardiovascular disease
in SLE patients can not be fully explained by the
increased prevalence of traditional atherosclerosis.
It may be due to pathophysiological agents such
as type I interferon and other inflammatory
cytokines, oxidative stress, the production
of granulocytes and extracellular chromatin
traps, anti-phospholipid antibodies and other
autoantibodies causing lipoprotein dysfunction,
which collectively leads to endothelial damage and
atherosclerotic dyslipidemia(4). Atherosclerosis is
one of the important factors in the development of
cardiovascular disease. In previous clinical studies,
it was found that the incidence of atherosclerosis in
SLE patients was as high as 12% (42/349), and the
median age of onset was 41.09±18.53 years. This
confirmed that patients with SLE not only had a high
incidence of atherosclerosis, but also had an early
onset tendency(5). However, the current mechanism
is not clear, and further research is needed to
improve long-term survival with early intervention.
Statins are 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors. They are
currently the most effective lipid-lowering drugs,
which not only can strongly reduce total cholesterol (TC) and low density lipoprotein (LDL), and
can reduce triacylglycerol (TG) to a certain extent,
can also increase high density lipoprotein (HDL).
The mechanism of action of statins is to competitively inhibit the endogenous cholesterol synthesis
rate-limiting enzyme HMG-CoA reductase, block
the intracellular valproate metabolism pathway, and
reduce intracellular cholesterol synthesis. Thereby, the number and activity of LDL receptors on
the cell membrane surface are stimulated, which
increase serum cholesterol clearance and decrease
levels. In addition to lipid-lowering effects, recent
studies have found that statins have a variety of
non-lipid-lowering effects, including inhibition of
atherosclerosis and thrombosis(6, 7), alleviation of rejection after organ transplantation(8, 9), treatment of
osteoporosis(10) and prevention on cancer mortality
in some cancer types(11), reducing risk of cognitive
impairment(6) and other effects.
In recent years, the anti-inflammatory and immunomodulatory effects of statins have also been
explored. Studies have shown that the use of statins can reduce the overall mortality of patients with
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systemic autoimmune rheumatism(12). Statins can
play an anti-inflammatory role by inhibiting the
upregulation of adhesion molecules and the release
of cytokines and chemokines in leukocytes and endothelial cells. In addition, statins can also play an
immunomodulatory role by inhibiting the expression of MHC class II molecules on antigen-presenting cells, thereby inhibiting the activation of T
cells(13). At present, statins are increasingly used in
patients with SLE, but the role of statins in preventing cardiovascular disease in SLE patients and the
effect on SLE disease activity are still controversial.
Therefore, the purpose of this meta-analysis was
to clarify the effects of statins on serum lipid profile, disease activity, C-reactive protein (CRP), and
carotid intima-media thickness (CIMT) in patients
with SLE.
Methods
Search strategy
In order to find all available literatures, we
designed the study based on the 2009 PRISMA
(preferred reporting items for systematic reviews
and meta-analyses) guidelines(14). Literatures were
searched in Pubmed, Embase, Medline and Cochrane
Databases. Literature search was performed using
the following search terms and their combinations:
systemic lupus erythematosus, lupus, systemic lupus, SLE, statin, statins, atorvastatin, rosuvastatin,
pravastatin, fluvastatin, simvastatin , pitavastatin,
lovastatin, cerivastatin. All literatures we searched
were updated to February 29, 2020. There were no
limitations on geographical location or ethnicity.
Study selection
Selected studies needed to meet the following
criteria:
• study design: controlled trials with parallel or
cross-over design,
• study population: all SLE patients enrolled
fulfilled the American College of Rheumatology
(ACR) criteria(15),
• comparison intervention: with and without
statins,
• outcome measure: serum lipid (TG, TC,
HDL, LDL), Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)(16), CRP or CIMT
of each group at baseline and follow-up.
Exclusion criteria were:
• literature type belonged to review, case report,
mice experiment, case-control study, cohort study,
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• lack of control group at study design,
• non-interventional studies, 4. lack of sufficient information, only provided lipid profile, SLEDAI, CRP, CIMT before or after intervention.
Data extraction and quality assessment
The following information will be extracted in
the selected studies:
• name of the first author,
• study region,
• study design,
• statin type,
• statin dose,
• duration of treatment,
• whether use of SLE medication,
• number of patients enrolled,
• age of patients,
• gender of patients,
• body mass index (BMI),
• SLE duration,
• baseline and follow-up serum lipid profile ,
SLEDAI, CRP, CMIT.
All enrolled studies performed a systematic assessment of bias using the Cochrane criteria(17). The
systematic evaluation items including: the random
sequence generation (selection bias), allocation concealment (selection bias), blinding of participants
and personnel (performance bias), assessment of
outcome (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias),
and other bias. Low risk of bias suggested that reasonable bias was unlikely to seriously alter the outcome, unclear risk of bias suggested that reasonable
bias had some suspicion of results, and high risk
of bias suggested that bias seriously reduced the
credibility of results. Two independent researchers
searched and selected the available studies, then
evaluated the quality of the studies. When there were
any discrepancies, they reached a consensus through
consultations.
Statistic analysis and quantitative data synthesis
All statistical analyses were performed using
Stata software (ver. 15.0). We obtained the changes in the relevant data of statin groups and control
groups by calculating the baseline and follow-up
data: measure post-treatment - measure at baseline. The effect of statins on patients with SLE was
evaluated by comparing the changes in the relevant
data between the two groups. The average effect
size and heterogeneity were obtained by using a
random-effects model. Heterogeneity was assessed
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by I2 values, with 25, 50, and 75% representing
low, medium, and high heterogeneity, respectively.
When high heterogeneity occurs, the source of heterogeneity was sought through subgroup analysis,
sensitivity analysis, and publication bias. When the
measurement results were median and inter-quartile
range, the mean and standard deviation (SD) were
estimated by the formula(18). When only the mean
standard error (SEM) was reported, SD was calculated by the following formula: SD = SEM×sqrt
(n), where n was the number of subjects. SDs of the
mean difference were calculated using the following formula: SD =square root [(SDpre-treatment) 2
+ (SDpost-treatment) 2 - (2R×SDpre-treatment×SDpost-treatment)], assuming a correlation coefficient
(R) = 0.5. Among all the statistical results, p<0.05
was considered statistically significant.
Results
Literature search and quality assessment
There were 591 articles in the initial literature
search process. Next, duplicate articles were excluded, leaving 490 articles. Based on the title and
abstract, we searched for valid literature in the database, excluding 453 articles. Among these remaining articles, according to the inclusion and exclusion
criteria, 14 were reviews, 5 were case reports, 3
were mouse trials and 9 were lack of sufficient information. The flow chart of article selection process
is shown in Figure 1.

Figure 1: Flow chart of studies included in the meta-analysis.

Finally, 6 articles were included in the
study(19-24). Table 1 summarizes the risks of bias in
all included studies. Of all the selected studies, one
was controlled trial(19) and the rest were randomized,
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double-blind, placebo-controlled study(20-24). In addition, one of them had insufficient data on random
sequence generation and allocation concealment(19).
Study

Random sequence
generation (selection bias)

Allocation concealment
(selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome
assessment
(dection bias)

Incomplete outcome data
(attrition bias)

Selective reporting
(reporting bias)

Ferreira et al.(2007)

U

U

U

U

L

L

Petri et al.(2010)

L

U

L

L

H

L

L

Mok et al.(2011)

L

L

L

L

L

L

H

Other bias
L

Plazak et al.(2011)

L

L

L

L

L

L

L

Fatemi et al.(2014)

L

L

L

L

L

L

L

Sokoll et al.(2014)

L

L

L

L

L

L

L

Table 1: Quality assessment of the included studies.

H: high risk of bias; L: low risk of bias; U: unclear risk of bias.

Characteristics of included studies
The main characteristics of all the included
studies are presented in Table 2. A total of 535 subjects were included in 6 studies, of which 284 were
in the statin group and 251 were in the control group.
These studies were published between 2007 and
2014, and were performed in Brazil(19), USA(20),
China(21), Poland(22), Iran(23), and UK(24). The types of
statins studied include atorvastatin(19-20,22-24) and rosuvastatin(21), with doses ranging from 10 to 40 mg
everyday. The duration of statin treatment was between 8 weeks and 2 years. In the six studies, the
serum lipid profiles, SLEDAI, CRP, and CIMT data
of the statin group and the control group at baseline
and follow-up are shown in Table 3.
Study

Region

Ferreira et
al.(2007)

Brazil

Petri et
al.(2010)

USA

Mok et
al.(2011)

China

Plazak et
al.(2011)

Poland

Fatemi et
al.(2014)

Iran

Sokoll et
al.(2014)

UK

Study design

Statin type

Dose of
statin

Treatment
duration

Use of
SLE medication

statin

control

Controlled trial

Atorvastatin

20 mg/d

8 weeks

YES

64

24

Randomized,
double-blind, placebo-controlled trial

Atorvastatin

40 mg/d

Randomized,
double-blind,placebo-controlled trial

Rosuvastatin

10 mg/d

Randomized,
double-blind, placebo-controlled trial

Atorvastatin

Randomized,
double-blind
clinical trial

Atorvastatin

Randomized,
double-blind,
placebo-controlled
study

Atorvastatin

2 years

Sample size (n)

Age (years)

Gender (Female/Male)

Body mass index (kg/m2)

Duration of SLE

statin

control

statin

control

statin

control

statin

control

32±8

34±7.5

64/0

24/0

24.7±4.2

26.9±5.2

8.5±4.9
(months)

8.5±4.7
(months)

NA

99

101

18-78

18-78

89/10

95/6

NA

NA

NA

NA

12 months

YES

36

36

51.3±10.4

50.3±9.2

34/2

36/0

NA

NA

12.4±8.1
(years)

11.2±5.9
(years)

40 mg/d

1 year

YES

28

32

41.8±13.4

41.4±12.4

24/4

30/2

NA

NA

NA

NA

20 mg/d

3 months

YES

45

45

38.8±11

37±11.5

43/2

41/4

NA

NA

8±0.65 (years)

7±0.7 (years)

40
mg/d

12
months

YES

12

13

≥40

≥40

12/0

13/0

26.36±8.58

26.43±2.71

15.06±19.38/
years)

6.75±10.27
(years)

Table 2: Characteristics of studies included in the meta-analysis.
NA means data was not available.
Ferreira et
al.(2007)

Petri et
al.(2010)

Mok et
al.(2011)

Plazak et
al.(2011)

Fatemi et
al.(2014)

Sokoll et
al.(2014)

Statin

162±36

181.6±38.1

185.6±42.5

197.2±46.4

160±8.5

168.6±46.8

Control

162±23

190.1±36.9

180.2±37.5

174.0±31.0

157±8.0

209.9±37.1

Statin

115±55

NA

137.3±64.7

141.8±53.2

144±5

111.6±69.1

Control

136±119

NA

113.4±60.2

106.3±44.3

137.5±4

109.0±54.0

NA

Study
Cholesterol(mg/dl)
Triglyceride(mg/dl)
LDL-C(mg/dl)
Baseline

HLD-C(mg/dl)
SLEDAI
CRP(mg/l)
CIMT(mm)
Cholesterol(mg/dl)
Triglyceride(mg/dl)
LDL-C(mg/dl)

Follow-up

HLD-C(mg/dl)
SLEDAI
CRP(mg/l)
CIMT(mm)

Statin

101.3±40.2

112.1±38.7

125±7.75

98.6±40.6

Control

95±18

NA

93.6±34.8

100.6±31.0

128±5.75

114.0±25.9

Statin

47.28±12

NA

57.2±13.5

54.1±11.6

39±1.5

46.4±10.4

NA

63.0±16.2

54.1±11.6

39±1.75

Control

92±30

41±8

71.9±22.4

Statin

4.47±5.0

2.0±3.0

1.4±1.5

4±4.5

3±0.5

3.5±3.08

Control

3.33±3.95

1.9±2.33

1.8±2.0

4±3.0

3±0.5

2.63±3.65

Statin

NA

5.6±8.5

1.26±0.58

4.4±4.1

2.8±0.2

Control

NA

6.3±9.2

1.38±0.75

4.0±8.9

3.1±0.2

3.0±2.7

Statin

NA

0.59*

0.68±0.11

NA

NA

0.57±0.1

0.57*

0.66±0.15

NA

0.58±0.13

Control

NA

NA

Effects of statins therapy on serum lipids and
disease activity in SLE patients
In the study of the effects of statins on patients
with SLE, 5 studies were used to assess cholesterol,
3 studies evaluated triglycerides, 4 studies evaluated
LDL, 3 studies evaluated HDL, 4 studies evaluated SLEDAI, 5 studies evaluated CRP, and 2 studies evaluated CIMT. Figure 2 shows the forest plot
for all studies. A systematic review and meta-analysis showed that statins in SLE patients can reduce
TC [-1.329(-1.928,-0.731), P<0.001; I2=85.8%,
P<0.001] and LDL [-1.853(-3.139,-0.567), P=0.005;
I2=94.0%, P<0.001].

6.6±8.4

Statin

128±34

150.7±40.7

144.2±35.2

170.1±27.1

143±9.0

124.9±24.0

Control

NA

195.6±42.2

190.2±45.6

174.0±27.0

161±7.5

212.6±39.4

Statin

97±45

NA

NA

106.3±44.3

134±5.0

94.8±54.9

Control

NA

NA

NA

115.2±53.2

140±4.0

103.7±41.6

Statin

61±29

NA

65.3±27.8

89.0±23.2

104±7.0

57.6±22.0

NA

106.3±41.0

100.6±31.0

132±5.75

122.2±20.5

Control

NA

Statin

47.39±12

NA

NA

54.1±11.6

44±2.0

49.5±8.1

Control

NA

NA

NA

54.1±11.6

38±2.5

70.0±17.8

Statin

3.08±3.6

2.2±4

NA

4±5

1.7±0.4

Control

4.33±4.17

2.0±3

NA

2±3

3±0.4

NA

Statin

NA

4.6±5.9

0.88±0.28

2.7±1.7

2.5±0.3

1.9±1.2

Control

NA

4.5±7.9

1.28±1.08

3.9±5.1

3.2±0.2

3.4±2.3

NA

Statin

NA

0.66*

0.67±0.13

NA

NA

0.59±0.1

Control

NA

0.66*

0.70±0.14

NA

NA

0.57±0.14

Table 3: Data of the statin group and the control group at
baseline and follow-up.
Values are expressed as mean ± (SD). NA means data was not
available.* only provided mean.

Figure 2: Meta-analysis of the results.

But statins had no significant statistical significance in reducing TG [-1.303(-2.771,0.166),
P=0.082; I2=94.0%, P<0.001] and increasing
HDL [1.095(-0.852,3.043), P=0.27; I2=96.6%,
P<0.001]. Meanwhile, the effect of statins on disease activity in patients with SLE was not statistically significant [-0.695(-1.889,0.500), P=0.254;
I2=96.5%, P<0.001]. In addition, compared with
the control group, the statin group had no significant effect on reducing CRP [-0.609(-1.290,0.073),
P=0.08; I2=90.6%, P<0.001] and CIMT [-0.149(0.724,0.429), P=0.617; I2=42%, P=0.189].
Subgroup and sensitivity analysis
Studies about the effects of statins on serum
lipids, SLEDAI, and CRP were highly heterogeneous, so we performed sensitivity analysis and sub-
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group analysis. Sensitivity analysis was performed
by eliminating the studies one by one. The results
showed that the pooled effects of statins on TC,
LDL, HDL, and SLEDAI in patients with SLE did
not differ due to any single study. However, the sensitivity analysis result of the effect of statins on TG
in SLE patients suggested that when Sokoll’s study
was excluded, statins can significantly reduce TG
[-1.826 (-3.650, -0.002), P = 0.05]. In addition, after excluding the Petri’s study, the results showed
that statins appeared to reduce CRP in SLE patients
[-0.807 (-1.541, -0.072), P = 0.031].
Studies

Number of studies

Total sample size

SMD

95% CI

P

Heterogeneity I2

1.Subgroup outcomes of TC
< 1 year

1

90

-0.977

-1.197,-0.757

<0.001

0

≥ 1 year

4

357

-2.538

-3.096,-1.980

<0.001

-

< 1 year

1

90

-2.761

-3.341,-2.180

<0.001

-

≥ 1 year

2

85

-0.615

-1.285,0.055

0.072

51.30%

2.Subgroup outcomes of TG

3.Subgroup outcomes of LDL
< 1 year

1

90

-3.773

-4.467,-3.079

<0.001

-

≥ 1 year

3

157

-1.154

-1.670,-0.637

<0.001

51.90%

< 1 year

1

90

2.969

2.366,3.572

<0.001

-

≥ 1 year

2

85

0.090

-0.337,0.517

0.679

0

2

178

-1.680

-3.913,0.553

0.140

97.10%
61.00%
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Meanwhile, the results of the rosuvastatin subgroup and atorvastatin subgroup showed no statistically significant effect on HDL and CRP.
Number of studies

Total sample size

SMD

95% CI

P

Heterogeneity I2

Atorvastatin 40mg/d

Studies

3

285

-0.911

-1.155,-0.666

<0.001

0

Atorvastatin 20mg/d

1

90

-2.538

-3.096,-1.980

<0.001

-

Rosuvastatin 10mg/d

1

72

-1.261

-1.768,-0.754

<0.001

-

Atorvastatin 40mg/d

2

85

-0.681

-1.122,-0.240

0.002

51.30%

Atorvastatin 20mg/d

1.Subgroup outcomes of TC

2.Subgroup outcomes of TG

1

90

-2.761

-3.341,-2.180

<0.001

-

Atorvastatin 40mg/d

2

85

-0.945

-1.400,-0.490

<0.001

67.00%

Atorvastatin 20mg/d

1

90

-3.773

-4.467,-3.079

<0.001

-

Rosuvastatin 10mg/d

1

72

-1.316

-1.827,-0.806

<0.001

-

Atorvastatin 40mg/d

2

85

0.090

-0.337,0.517

0.679

0

Atorvastatin 20mg/d

3.Subgroup outcomes of LDL

4.Subgroup outcomes of HDL

1

90

2.969

2.366,3.572

<0.001

-

Atorvastatin 40mg/d

2

260

0.139

-0.106,0.383

0.266

61.00%

Atorvastatin 20mg/d

5.Subgroup outcomes of SLEDAI

2

178

-1.451

-1.821,-1.081

<0.001

97.10%

Atorvastatin 40mg/d

3

285

-0.056

-0.289,0.178

0.640

65.00%

Atorvastatin 20mg/d

1

90

-1.725

-2.210,-1.239

<0.001

-

Rosuvastatin 10mg/d

1

72

-0.366

-0.832,0.100

0.124

-

6.Subgroup outcomes of CRP

Table 4: The results of subgroup analysis.
B. Subgroup analysis based on the types and doses of statins used.

4.Subgroup outcomes of HDL

5.Subgroup outcomes of SLEDAI
< 1 year

2

260

0.219

-0.239,0.677

0.348

< 1 year

≥ 1 year

1

90

-1.725

-2.210,-1.239

<0.001

-

≥ 1 year

4

357

-0.244

-0.610,0.121

0.190

57.60%

6.Subgroup outcomes of CRP

Table 4: The results of subgroup analysis.
A. Subgroup analysis based on treatment time.

We divided enrolled studies into two subgroups
according to the length of time they were treated with
statins. One subgroup was treated for less than one
year, and one subgroup was treated for one year or
more. Table 4A shows the results of subgroup analysis of serum lipid, SLEDAI, and CRP. Regardless of
the length of statin use, the results in each subgroup
suggested that TC was significantly reduced in the
statin group. At the same time, compared with the
control group, the statin group can also reduce LDL
levels, regardless of whether the treatment time is
greater or less than one year. In addition, the results
of the subgroup analysis also showed that in each
subgroup, the effects of statins on TG, HDL, SLEDAI, and CRP in SLE patients were not statistically
significant.
Next, we grouped the data based on the types
and doses of statins used, and analyzed the data. Table 4B shows the results of the subgroup analysis.
The results showed that both rosuvastatin subgroup
and atorvastatin subgroup can reduce TC and LDL.
In addition, whether atorvastatin is used at a dose
of 20 mg/d or 40 mg/d can also reduce TG levels,
which is statistically significant. This subgroup with
atorvastatin 20 mg/d can significantly reduce SLEDAI levels, but the use of a dose of 40 mg/d seems
to have no effect on SLEDAI.

Publication bias
The Begg’s test and the Egger’s test were used
to detect publication bias in the meta-analysis. The
funnel plots for the effect of statins on lipid profile,
SLEDAI, CRP and CIMT were symmetrical, and the
P values obtained by the Begg’s test and Egger’s test
were > 0.05 (Table 5), indicating that there were no
potential publication bias in the studies.
TC

TG

LDL

HDL

SLEDAI

CRP

CIMT

Pr>|z|

0.462

1.000

0.734

1.000

0.308

0.462

1.000

P>|t|

0.475

0.736

0.498

0.909

0.432

0.275

-

Table 5: . Assessment of publication bias in the meta-analysis.

Discussion
Cardiovascular disease remains the leading
cause of shortened life expectancy and death in SLE
patients(25), and atherosclerosis has been known to
increase cardiovascular morbidity. Current studies
have found that atherosclerotic lesions are not only
associated with intima disintegration, arterial wall
deformation, and abnormal accumulation of lipoproteins(26), specific immune function also plays a key
role in the formation and development of atherosclerosis. Therefore, SLE, characterized by systemic inflammation, can accelerate atherosclerosis and
lead to cardiovascular disease. Statins not only can
regulate serum lipid, but also can reduce proinflammatory cytokines and chemokines such as interleukin(IL)-6, IL-8, tumor necrosis factor(TNF)-α and
monocyte chemotactic protein(MCP)-1(25), and play
a beneficial role in improving the endothelial cells,
antioxidant and anti-inflammatory(27).
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In the past, statins have a certain effect on the
treatment of autoimmune diseases, including multiple sclerosis(28) and rheumatoid arthritis(29). At present, more and more clinical treatment researches
on SLE patients are being carried out. Therefore,
we conducted a meta-analysis to study the effect of
statins on the lipid profile, disease activity, inflammatory indicators of SLE patients, and the changes
in CIMT, a predictor of atherosclerosis. Our results
showed that statins significantly reduced TC and
LDL in SLE patients, but had little effect on the remaining lipid profile. In addition, statin therapy did
not significantly improve disease activity or inflammatory markers in SLE patients.
Genetic analysis and randomized clinical trials
strongly suggested that LDL-C is associated with
atherosclerotic disease and that HDL also plays a
complex role in atherogenesis(30). Statin therapy significantly reduced LDL, TG and increased HDL levels in patients at high risk of cardiovascular events(31).
In the included studies, after statin intervention, the
levels of TC, TG and LDL in the statin group decreased significantly, while the HDL levels also increased(19-24). However, the results of meta-analysis
showed that statins had a significant effect on the
TC and LDL of SLE patients and the rest of the lipid levels had no statistically significant regulatory
effect compared with the control group. Previously,
Paula Sánchez’s research also suggested that statins
can reduce TC and LDL-C, slightly increase HDL-C
levels, and have a statistically significant effect(32).
This conclusion is similar to our results. In the sensitivity analysis, after excluding one study(24), the
results showed that statin therapy also seemed to
reduce TG levels in patients with SLE. The above
results indicated that statins have an effect on serum
lipid levels in SLE patients, but larger studies are
still needed to support this conclusion.
SLEDAI is an indicator of SLE activity, and
although statins have been found in some studies
to significantly reduce the SLEDAI score(19,23), our
meta-analysis showed no statistically significant
effect on the SLEDAI score of SLE patients in the
statin group compared to the control group. This is
consistent with Sahebkar's findings(33). CRP is an inflammatory biomarker. In previous studies, CRP was
found to be the only independent risk factor for infection in patients with SLE(34). The level of CRP in
infected patients was significantly higher than that in
non-infected patients(34). In addition, CRP is a good
biomarker for cardiovascular disease and an independent and powerful predictor of cardiovascular
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adverse events(35). In the four studies included(21-24),
the CRP of SLE patients was significantly lower
than that of the control group, but another study(20)
found that statins did not reduce CRP and had no anti-inflammatory effect on SLE. Meta-analysis results
showed that statin treatment of SLE did not have a
statistically significant reduction in CRP levels, but
the results after excluding a study(20) suggested that
statins had a significant effect on reducing CRP levels in patients with SLE. Therefore, reducing CRP
levels in SLE patients is beneficial to prevent cardiovascular disease. We need more high-quality and
large-scale studies to evaluate the impact of statins
on CRP levels in SLE patients.
CIMT is a reliable, simple and non-invasive
ultrasound evaluation index that can effectively
evaluate subclinical atherosclerosis in SLE patients,
which has been proved in many studies(36). CIMT
levels were significantly higher in SLE patients than
in healthy controls, suggesting a higher risk of atherosclerosis(36). In one of the included studies, CIMT
in patients treated with statins was significantly lower than in the control group(21), while in the other,
CIMT was unchanged(24). Our meta-analysis also
showed that statin therapy was not statistically significant in preventing the development of carotid
atherosclerosis.
Therefore, there is still uncertainty in the prevention of cardiovascular diseases in SLE patients
with statins. In addition, the limited follow-up period also has a potential impact on current conclusions. The longest treatment time in these studies
was 2 years, and the shortest treatment time was 8
weeks. At present, the effect of statins on patients'
serum lipid levels is relatively clear, but the effects
on inflammation indicators, disease activity, and
CIMT are still uncertain with the prolongation of the
disease course and the effects of other drugs. Meanwhile, some studies have found that the use of statins can cause hypertransaminasemia(37), autoimmune
necrotizing myopathy(38) and autoimmune hepatitis(39). The safety is uncertain, so it is still uncertain
whether the statin can be used for a long time and
listed as a routine drug for patients with SLE.
In the 6 studies, except that Petri's study did not
mention whether there are other drug treatments, the
patients in the remaining studies all have combination treatments of other drugs, including glucocorticoids, antimalarial drugs, immunosuppressants, etc.
Glucocorticoids have multiple therapeutic uses and
have effective anti-inflammatory effects in patients
with SLE, but long-term use of glucocorticoids can
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also cause dyslipidemia and even cause atherosclerosis(40). Many immunosuppressants also have the
risk of causing hyperlipidemia(41). Antimalarial drugs
have shown in previous studies that they have a hypolipidemic effect on patients with SLE(42). Therefore, the combined treatment of these drugs also has
a certain effect on the blood lipids and inflammation
indicators of SLE patients, which may have an impact on our conclusions.
The advantage of our meta-analysis is that
there are no ethnic and geographic restrictions, and
the effect of statins was evaluated by comparing
the difference between the groups before and after
treatment. But there are also some limitations worth
considering. First, the meta-analysis lacks sufficient
randomized controlled trials and sample sizes, so
there are still some problems with the accuracy of
the conclusions. Secondly, we did not contact the authors to obtain the missing information, resulting in
fewer studies being included.
Conclusion
In summary, the results of our meta-analysis
suggested that statins had the effect of reducing TC
and LDL in SLE patients, but the effects on TG,
HDL, disease activity SLEDAI score, inflammatory indicators CRP and CIMT were not statistically
significant. Due to the high heterogeneity, the limitations of randomized controlled trials and the impact
of other drugs included in the study, these results
need to be carefully interpreted. The evidence is limited and more high-quality randomized controlled
trials with large samples are needed.
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