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Interleukin-6 (IL-6) plays a crucial role in systemic autoimmunity and pathologic inflammation. Numerous
studies have explored serum IL-6 levels in systemic lupus erythematosus (SLE) and their correlation with disease
activity. Here, we performed a meta-analysis to quantitatively assess the correlation between the serum IL-6
levels and SLE activity.
The PubMed and EMBASE databases were thoroughly searched for relevant studies up to September 2019.

Standardized mean differences (SMDs) with 95% confidence intervals (95% CIs) were used to describe the
differences between serum IL-6 levels in SLE patients and healthy controls and between those in active SLE
patients and inactive SLE patients. The correlation between the serum IL-6 levels and disease activity was
evaluated using Fisher’s z values.
A total of 24 studies involving 1817 SLE patients and 874 healthy controls were included in this meta-analysis.

Serum IL-6 levels were significantly higher in SLE patients than in the healthy controls (pooled SMD: 2.12, 95% CI:
1.21–3.03, Active SLE patients had higher serum IL-6 levels than inactive SLE patients (pooled SMD: 2.12, 95% CI:
1.21–3.03). Furthermore, the pooled Fisher’s z values (pooled Fisher’s z=0.36, 95% CI: 0.26–0.46, po0.01) showed
that there was a positive correlation between the serum IL-6 levels and SLE activity.
This study suggested that serum IL-6 levels were higher in patients with SLE than in healthy controls, and they

were positively correlated with disease activity when Systemic Lupus Erythematosus Disease Activity Index44 was
defined as active SLE. More homogeneous studies with large sample sizes are warranted to confirm our findings
due to several limitations in our meta-analysis.
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’ INTRODUCTION

Systemic lupus erythematosus (SLE) is a common inflam-
matory autoimmune disease that mainly occurs in repro-
ductive age women (1). SLE can impair all organ systems,
resulting in serious morbidities (2). Although its etiology
remains elusive, it has been widely accepted that autoanti-
body production, immune complex deposition, and comple-
ment activation play key roles in SLE pathogenesis.

Additionally, excessive pro-inflammatory cytokine release
may also promote SLE development (3-6).
Interleukin-6 (IL-6) is a multifunctional pro-inflammatory

cytokine, which can be secreted from endothelial cells,
macrophages, lymphocytes, dendritic cells and fibroblasts
(7). IL-6 can directly induce naïve B cell maturation into
plasma cells (8) and facilitate cytotoxic T cell differentiation
by upregulating IL-2 and IL-2R (8). Due to these functions,
IL-6 promotes systemic autoimmunity and pathologic inflam-
matory responses (9,10). Numerous studies have reported that
patients with SLE had higher serum IL-6 levels than healthy
controls (11-13), suggesting that IL-6 might be involved in
SLE pathogenesis. Moreover, evidence showed that higher
serum IL-6 expression was significantly associated with SLE
activity. Nevertheless, it has also been suggested that serum
IL-6 levels might not be correlated with SLE disease activity.
Therefore, we conducted this meta-analysis to ascertain the
correlation between serum IL-6 levels and SLE activity.DOI: 10.6061/clinics/2020/e1801
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’ METHODS

Search strategy
A systematic search was conducted for potential literature

in two databases: PubMed and EMBASE (up to September
2019) . The key words used for the searches were as follows:
‘‘Interleukin-6 OR IL-6 OR Interleukin 6 OR IL6’’ and
‘‘systemic lupus erythematosus OR SLE.’’ No language or
region limitations were used in the literature search.

Study selection
Articles were included based on the following criteria:

1) case-control, cohort, or cross-sectional study designs in
humans; 2) reports regarding details of serum IL-6 levels
in SLE patients compared to those in normal controls and/or
in SLE patients with active disease compared to inactive
disease; 3) no limitations with regard to the definition of SLE
activity; 4) reports regarding the mean and standard devia-
tion/error of serum IL-6 levels.
The exclusion criteria included: 1) abstracts, case reports,

animal studies, and reviews; 2) no full-text studies; 3) over-
lapping data; 4) insufficient data for meta-analysis, defined
as reporting serum IL-6 levels without the mean and SD/SE.

Data extraction and quality assessment
The following data were extracted independently by two

investigators: first author, publication year, country, sample
size of active/inactive SLE patients and the matched normal
controls, mean age, percent of females in the sample popu-
lation, mean and the standard deviation of IL-6 levels of two
groups (pg/mL), detection method, definition of active SLE,
and Pearson/Spearman correlation coefficient between the
IL-6 level and SLE disease activity.
The quality of included studies was assessed using the

Newcastle-Ottawa scale (NOS), and the high-quality articles
were defined as those with a score higher than 5.

Statistical analysis
The relationship between serum IL-6 levels and SLE was

evaluated in the meta-analysis. For the continuous outcomes,
we used standardized mean differences (SMDs) with 95%

confidence intervals (95% CIs). For correlation coefficients,
the published Spearman correlation coefficient (r) values
were converted to Pearson correlation coefficient (r) values,
which were used for the meta-analysis (14). After a Fisher
r-to-z transformation for Pearson correlation coefficients (15,
16), the pooled correlation coefficient results were presented
as Fisher’s z values with the 95% CIs (17). po0.05 was
considered statistically significant. The Q-statistic and I2

statistic test were used to evaluate heterogeneity. Significant
heterogeneity was defined based on the criteria: PQo0.1 or
I2450%, and a random-effects model was used to calculate
the pooled results. Otherwise, a fixed-effects model was app-
lied. To detect the increased heterogeneity, subgroup analysis
was performed according to the region, age, and the IL-6
assay method. Sensitivity analysis was conducted to evaluate
the influence of each study on the pooled results. Publication
bias was assessed using funnel plots and the Begg’s and
Egger’s tests (18-21). The symmetric of funnel plots or the
po0.05 of the Begg’s or Egger’s tests indicated statistically
significant publication bias, and the ‘‘trim-and-fill’’ method
was used to adjust the summary estimates (22). All hetero-
geneity, meta-analysis, and sensitivity tests of the extracted
data were performed using Review Manager 5.3 (Review
Manager, 2014). Publication bias assessment and ‘‘trim-and-
fill’’ analysis was conducted using STATA version 12.0 (Stata
Corporation, College Station, TX, United States).

’ RESULTS

Literature selection
A total of 2619 articles were initially collected from Pub

Med and EMBASE. First, we excluded 1227 duplicate publi-
cations using EndNote X7 software. In next step, we reviewed
titles and abstracts to further exclude 1351 articles featuring
animal studies, cell experiments, unrelated topics, letters, and
conference abstracts, and review articles. Then, we carefully
reviewed the full text of the remaining 41 studies, removing
17 studies due to overlapping patient data and insufficient
data. Finally, a total of 24 eligible studies were included in this
meta-analysis (23-46). The flow chart of literature selection is
presented in Figure 1.

Figure 1 - Flow chart of the selection process for eligible studies.
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Characteristics of eligible studies
A total of 24 eligible studies with 1817 SLE patients and

874 healthy controls were included in this meta-analysis
(23-46). These studies were published from 1996 to 2019.
There were 12 studies enrolling patients from Asian countries
(China (28,29,43,46), Japan (42), South Korea (26), Iran (36),
Singapore (34), Malaysia (45), Thailand (44), and Turkey
(32,33)). The serum IL-6 levels in most eligible studies were
measured using enzyme-linked immunosorbent assay (ELISA)
kits (23,24,26-29,31-33,37-39,41,43-45). The serum IL-6 levels
ranged from 4.272±0.4222 to 123.71±81.783 (pg/mL) in SLE
patients and 0.93±0.95 to 10.46±4.33 (pg/mL) in healthy
controls. A total of 13 studies compared the serum IL-6 levels
between SLE patients and healthy controls (23-25,27-29,32-
34,39,40,43,46). Serum IL-6 levels between active and inactive
SLE patients were compared in 9 studies (24-26,29,31,39,41-43).
Additionally, the correlation coefficient between serum IL-6
level and SLE disease activity was reported in 13 studies
(24-26,29-31,35-39,44,45). Among all included studies, 3 studies
focused on children with SLE (25,28,46), and 21 studies focused
on adults with SLE (23,24,26,27,29-45). The NOS scores for
the included studies ranged from six to seven, indicating that
they were of moderate to high quality and suitable for pooled
analysis. The characteristics of the eligible studies are summar-
ized in Table 1.

Meta-analysis comparing the serum IL-6 levels in
SLE patients and healthy controls
A total of 13 studies compared serum IL-6 levels between

SLE patients (n=612) and healthy controls (n=376) (23-25,27-
29,32-34,39,40,43,46). Among the 612 patients, 465 were female
and 148 were male. Additionally, seven studies were from
Asia, and six studies were conducted outside Asia. Moreover,
ten studies only included adult patients with SLE, while three
studies enrolled 161 children with SLE. Considering the
significant heterogeneity (I2=97%, po0.01), we used a
random-effects model to perform the pooled analysis. We
found that the serum IL-6 level was markedly higher in SLE
patients than in healthy controls (pooled SMD: 2.12, 95% CI:
1.21–3.03, po0.01) (Figure 2).

Meta-analysis of the correlation between the serum
IL-6 level and SLE activity
A total of nine studies compared the serum IL-6 levels

between patients with active SLE and inactive SLE (24-26,29,
31,39,41-43). The random-effects model was used to perform
the pooled analysis due to the significant heterogeneity
(I2=96%, po0.01). We found that the serum IL-6 level was
significantly higher in active SLE patients than in the inactive
SLE patients (pooled SMD: 2.12, 95% CI: 1.21–3.03) (Figure 3).
Additionally, 13 studies assessed the correlation between the
serum IL-6 level and SLE activity using correlation coefficients
(24-26, 29-31, 35-39, 44, 45). Considering the significant hetero-
geneity (I2=60%, po0.01), we also pooled these data using a
random-effects model. As shown in Figure 4, there was a
positive correlation between the serum IL-6 level and SLE
activity (Fisher’s z=0.36, 95% CI: 0.26–0.46, po0.01).

Subgroup analysis
To explore the source of heterogeneity for the overall

pooled results, we conducted subgroup analyses based on
age, region, assay method, and definition of disease activity.
The results showed that SLE patients had a higher serum

IL-6 level than healthy controls (Table 2), and the serum IL-6
level was positively correlated with SLE activity (Table 3) in
the subgroup analyses with regard to the age, region, and
assay method. Meanwhile, we observed that significant hetero-
geneity still existed in these subgroup analyses (Table 2 and 3).
Thus, age, region, or assay method might not be a source
of heterogeneity. Notably, subgroup analysis based on the
definition of disease activity yielded inconsistent results.
When Systemic Lupus Erythematosus Disease Activity Index
2000 (SLEDAI-2K)44 was defined as active disease, no cor-
relation between serum IL-6 level and SLE activity was
identified (Table 3). In contrast, the correlation of serum IL-6
level with SLE activity was significant when active disease
was defined as Systemic Lupus Erythematosus Disease Acti-
vity Index (SLEDAI)44 (Table 3). Moreover, we found that
there was no statistically significant heterogeneity in the
subgroup with SLEDAI44 (Table 3). These results indicated
that the definition of disease activity might be a source of
heterogeneity for the correlation between serum IL-6 level
and SLE activity.

Sensitivity analysis and publication bias
Sensitivity analysis was performed by sequentially delet-

ing a single study to explore the source of heterogeneity. As
shown in Figure 5, the overall pooled SMDs were not signi-
ficantly altered. Egger’s tests and Begg’s tests were con-
ducted to evaluate publication bias. As illustrated in Figure 6
A, the funnel plot from Begg’s tests was asymmetric. More-
over, the p values of Egger’s tests (p=0.001) and Begg’s tests
(p=0.005) were less than 0.05. These results suggested that
there was significant publication bias. Subsequently, we
utilized the trim-and-fill method to examine whether publica-
tion bias substantially affected the robustness of the pooled
SMD. The results showed that the adjusted funnel plot became
symmetric (Figure 6B). Meanwhile, the pooled SMD (SMD:
2.15, 95% CI: 1.23–3.07) obtained after trim-and-fill adjustment
still showed that the serum IL-6 level was higher in SLE
patients than in healthy controls, suggesting that publication
bias did not substantially affect the robustness of the pooled
SMD. For the pooled Fisher’s z value assessing the correlation
between serum IL-6 level and SLE activity, Egger’s tests
(p=0.056) showed no significant publication bias, but Begg’s
tests (p=0.02) indicated that significant publication bias existed.
Additionally, the funnel plot in Begg’s test was also asymmetric
(Figure 6C), further confirming that there was significant
publication bias. Next, we applied the trim-and-fill method to
determine whether the robustness of the pooled Fisher’s
z value was influenced by publication bias. As shown in
Figure 6D, the adjusted funnel plot became symmetric, indicat-
ing that publication bias did not significantly affect the robust-
ness of the pooled Fisher’s z value. Consistently, the pooled
Fisher’s z value (0.360, 95% CI: 0.264–0.456, po0.01) after trim-
and-fill adjustment still suggested that there was a positive
correlation between serum IL-6 level and SLE activity.

’ DISCUSSION

To the best of our knowledge, this study is the first meta-
analysis to quantitatively evaluate the correlation between
the serum IL-6 level and SLE. In this meta-analysis, we found
that the serum IL-6 level in SLE patients was significantly
higher than that in healthy controls. Additionally, our overall
pooled results showed that the serum IL-6 level was
positively correlated with active SLE. However, our
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subgroup analysis found no correlation between serum IL-6
level and SLE activity when SLEDAI-2K44 was defined as
active disease. In contrast, the serum IL-6 level was posi-
tively correlated with SLE disease activity when active SLE
was defined as SLEDAI44.
Several mechanisms may explain the positive correlation

between the serum IL-6 levels and SLE. Autoantibody over-

production can cause severe immune complex deposition,
which largely promotes SLE pathogenesis. It has been
suggested that IL-6 may increase autoantibody production
by promoting autoreactive B lymphocyte proliferation (47)
and the differentiation of naive B cells into plasma cells
(48). Additionally, IL-6 could upregulate the expression
of recombination-activating genes and promote V(D)J

Figure 2 - Meta-analysis comparing the serum IL-6 levels in SLE patients and healthy controls.

Figure 3 - Meta-analysis comparing the serum IL-6 levels in active SLE patients and inactive SLE patients.
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rearrangement, which also leads to autoantibody over-
production in SLE (49). Evidence has revealed that Th17/Treg
ratio imbalance is involved in the development of various
autoimmune diseases. Interestingly, it has been found that IL-6
could promote the differentiation of naïve CD4+ T cells into
Th17 cells by activating the STAT3 pathway, but IL-6 could
impair Treg differentiation (50), suggesting that IL-6 may also
contribute to SLE development by meditating the Th17/Treg
imbalance. Notably, a previous study revealed that IL-6 could
increase vascular permeability by inducing the secretion of
vascular endothelial growth factor from fibroblast-like syno-
viocytes (51), promoting inflammatory cell infiltration and
immune complex deposition. Thus, IL-6 may also promote SLE
development by impairing the vascular endothelial function.
Taken together, this evidence supports our findings that high
serum IL-6 levels are positively correlated with SLE disease
activity.

Our findings in this study may have clinical significance
for SLE treatment. First, physicians may monitor SLE disease
activity using the serum IL-6 level. Additionally, our findings
revealed that IL-6-targeted therapy could be an effective
strategy for SLE therapy. Notably, it has been demonstrated
that using blocking antibodies against IL-6 and IL-6R could
prevent SLE onset and progression in a mouse model of SLE
(52,53). It has been suggested that T lymphocytes, mono-
cytes, dendritic cells, and macrophages play key roles in
promoting SLE development likely via the overproduction of
IL-6 (35,54,55). Lu et al. revealed that HMGB1 could activate
macrophages to secrete IL-6, facilitating the progression of
SLE (54); this suggests that HMGB1 might be a risk factor for
SLE. Moreover, manipulation of the HMGB1 signaling path-
way may represent a novel SLE treatment strategy. However,
few studies have been conducted to explore which factors
promote IL-6 release by T lymphocytes, monocytes, and

Figure 4 - Meta-analysis of the correlation between the serum IL-6 level and SLE activity.

Table 2 - Subgroup analyses for the pooled results of differences in serum IL-6 levels between SLE patients and healthy controls.

Variables No. of studies Pooled SMD (95% CI) p-value

Heterogeneity

I2 (%) p-value

[1] Age

Adult 10 2.257 (1.054-3.46) o0.01 97.5 o0.01
Child 3 1.861 (0.499-3.224) o0.01 94.4 o0.01

[2] Region
Non-Asia 6 0.757 (0.24-1.275) o0.01 81.7 o0.01
Asia 7 3.508 (1.662-5.354) o0.01 98.3 o0.01

[3] Measuring methods
ELISA 9 2.914 (1.37-4.458) o0.01 88.6 o0.01
Other methods 4 0.691 (0.181-1.201) o0.01 37.5 0.2
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dendritic cells. Therefore, subsequent experimental studies
are warranted to elucidate the mechanisms underlying IL-6
overproduction by T lymphocytes, monocytes, and dendritic
cells to develop new therapeutic strategies for SLE.
There are several limitations in this meta-analysis that

should be considered. First, most of the studies are case-
control studies, in which bias may be unavoidable. In addi-
tion, significant publication bias also existed in our meta-
analysis. Second, the pooled analysis showed significant
heterogeneity. Based on subgroup analyses, the difference
in the definition of disease activity might be a source of
heterogeneity. More clinical studies with the identical

definition of SLE activity should be conducted to further
determine the correlation between serum IL-6 levels and
SLE. Third, SLE is a heterogeneous disease causing damage
to multiple organ systems. Therefore, it will be more
clinically helpful to evaluate the correlation between IL-6
and specific manifestations such as nephritis and central
nervous system involvement. Although a few studies
suggested that serum IL-6 might be associated with nephritis
(56) and central nervous system involvement (57), it is hard
to perform the relevant pooled analyses due to the lack of
sufficient data in the included studies. Fourth, previous
studies showed that corticosteroid therapy could effectively

Table 3 - Subgroup and meta-regression analyses of the pooled results of the correlation between serum IL-6 levels and SLE disease
severity.

Variables No. of studies Fisher’s z (95% CI) p-value

Heterogeneity

I2 (%) p-value

[1] Age
Adult 12 0.349 (0.25-0.448) o0.01 61 o0.01
Child 1 0.522 (0.239-0.805) o0.01 - -

[2] Region

Non-Asia 8 0.317 (0.221-0.412) o0.01 41.1 0.1
Asia 5 0.452 (0.221-0.682) o0.01 76.6 o0.01

[3] Measuring methods
ELISA 11 0.367 (0.251-0.483) o0.01 61.9 o0.01
Other methods 2 0.354 (0.102-0.606) o0.01 67.4 0.08

[4] Definition of activity
SLEDAI-2K44 2 0.298 (�0.115-0.711) 0.16 82.6 0.02
SLEDAI44 3 0.31 (0.153-0.467) o0.01 0 0.6

Figure 5 - Sensitivity analysis for the pooled results of differences between the serum IL-6 levels in SLE patients and healthy controls (A);
Sensitivity analysis for the pooled results of the differences between the serum IL-6 level in active SLE patients and inactive SLE patients
(B); Sensitivity analysis for the pooled results of the correlation between the serum IL-6 level and SLE activity (C).
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inhibit IL-6 production in SLE (58,59), suggesting that the
difference in immune-suppressor therapy may overestimate
or underestimate the correlation between IL-6 and SLE.
In this meta-analysis, most of the included studies did not
report whether the SLE patients received corticosteroid
therapy or therapy with other immune-suppressors before
the sampling of blood to detect IL-6; hence, we could not
obtain sufficient data to conduct the subgroup analysis to
determine the reliability of the pooled analyses on the
correlation between IL-6 and SLE. Fifth, although most of the
included studies used ELISA to assess the IL-6 levels, some
studies adopted a different methodology. In addition, the kits
for ELISA analysis in different studies might be not identical.
Evidently, these differences may result in heterogeneity
among the studies. Sixth, the Fisher’s z values for correlating
the IL-6 levels and SLE activity were transformed from the
correlation coefficients, due to which minor calculation errors
might be unavoidable; this probably affected the reliability of
our pooled results. Seventh, the sample sizes were small in
some subgroup analyses; thus, the reliability of the pooled
results might be discounted.
In conclusion, our study suggested that serum IL-6 levels

were higher in patients with SLE than in healthy controls.
Furthermore, serum IL-6 levels were positively correlated
with SLE disease activity when active SLE was defined using
the criterion: SLEDAI44. Therefore, the serum IL-6 level
may be a promising biomarker to monitor SLE disease acti-
vity. More importantly, IL-6-targeted therapy could serve as
an effective strategy for treating SLE patients. However,
more homogeneous studies with large sample sizes are

required to validate our findings, owing to several limita-
tions in our meta-analysis.
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