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Association of IL-37 levels and
genetic variants with systemic
lupus erythematosus: a meta-
analysis

Young Ho Lee™ & Gwan Gyu Song

This study examined the association between circulating interleukin-37 (IL-37) levels and systemic
lupus erythematosus (SLE), as well as the relationship between IL-37 gene polymorphisms and
susceptibility to SLE. Relevant studies were identified through extensive searches of the Medline,
Embase, and Web of Science databases up to December 2024. A meta-analysis was conducted

to compare serum/plasma IL-37 levels in SLE patients with those in controls and to evaluate the
association between IL-37 gene polymorphisms and SLE risk. Twelve studies comprising 1,229 SLE
patients and 745 controls were analyzed. The meta-analysis revealed higher IL-37 levels in SLE patients
compared to controls (SMD: 0.570, 95% CI-0.070-1.210, p=0.0803), though the difference was not
statistically significant. Subgroup analysis showed a significant association in Asians (SMD: 0.730, 95%
Cl: 0.151-1.310, p=0.010), but not in Arabs (SMD: 0.410, 95% Cl: -0.780-1.600, p=0.500). Analysis of
the original data indicated significant results (SMD: 1.026, 95% CI: 0.505-1.547, p<0.001), while the
re-calculated data did not. Studies conducted before 2019 revealed a significant association (SMD:
0.906, 95% Cl: 0.438-1.374, p<0.001), unlike more recent studies. Higher IL-37 levels were observed

in patients with lupus nephritis, although these findings were not statistically significant. Genetic
analysis of IL-37 rs3811047 polymorphism revealed no significant association in Arabs (OR: 1.432,

95% Cl: 0.607-3.373, p=0.413), whereas a significant association was noted in Asians (OR: 0.649, 95%
Cl: 0.448-0.941, p=0.023). The meta-analysis demonstrated significantly elevated IL-37 levels in SLE
patients among Asians, along with a significant association between IL-37 polymorphisms and SLE.
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Systemic lupus erythematosus (SLE) is a complex autoimmune disease characterized by chronic inflammatory
processes and multisystem involvement™2. The clinical manifestations of the disease, which include arthritis,
nephritis, rash, and hematological abnormalities, complicate its diagnosis and management®. Despite
significant advances, the precise pathogenic mechanisms of SLE remain elusive, with a combination of genetic,
environmental, and immunological factors acknowledged as crucial to its development*.

Interleukin-37 (IL-37), a member of the IL-1 cytokine family, has attracted attention for its anti-inflammatory
properties®. Unlike other cytokines that promote inflammation, IL-37 serves as a natural immune suppressor
by attenuating proinflammatory responses. This is achieved through the inhibition of nuclear factor-kappa B
(NF-xB) and mitogen-activated protein kinase (MAPK) pathways, as well as by augmenting anti-inflammatory
cytokines such as IL-10. Elevated circulating IL-37 levels have been observed in inflammatory and autoimmune
conditions, suggesting a potential compensatory role in reducing excessive immune activation®. Nevertheless,
the relationship between IL-37 and SLE remains contentious. Whereas certain studies report elevated IL-37
levels in SLE patients, others find no significant differences compared to healthy controls, thus highlighting
inconsistencies that necessitate further investigation’'%.

In addition to circulating levels of IL-37, genetic variations in the IL-37 gene may influence susceptibility to
SLE. Polymorphisms in IL-37 have been suggested to modulate cytokine expression or activity, thereby affecting
disease risk. For example, single nucleotide polymorphisms (SNPs) such as rs3811047 have been investigated
in the context of autoimmune diseases, including SLE, with varying results”~*!%. This variability in outcomes
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among studies may be due to differences in study design, population ethnicity, or sample size. A comprehensive
review and meta-analysis are essential to elucidate the correlation between IL-37 and SLE, as previous studies
have yielded inconsistent results'®’. This meta-analysis aimed to assess the relationship between blood IL-37
levels and/or genetic variations and the risk of SLE.

Materials and methods

Selecting relevant studies and data extraction

We conducted a thorough review of the scientific literature to identify studies that assess circulating IL-37 levels
(in serum or plasma) and their correlation with SLE, as well as those investigating IL-37 gene polymorphisms
in SLE. Searches were executed in Medline, Embase, and Web of Science databases for articles published
up to December 2024, employing the search terms “IL-37, “serum OR plasma OR circulating OR blood,
“polymorphism,” and “systemic lupus erythematosus.” Additionally, the reference lists of identified studies were
scrutinized to unearth pertinent publications not indexed in these databases.

Studies were included if they conformed to the following criteria: (1) case-control, cohort, or group-based
studies; (3) examined IL-37 gene polymorphisms in both SLE and control populations. Exclusion criteria
comprised review articles, case reports, studies with overlapping data, those devoid of adequate information,
or studies deviated from Hardy-Weinverg equilibrium (HWE) for meta-analysis. Data extraction encompassed
author names, publication year, study location, participant ethnicity, adjustments for age and sex, participant
numbers, IL-37 levels (mean and standard deviation), and allele/genotype frequencies of IL-37 polymorphisms.
For articles reporting medians, interquartile ranges, or ranges, means and standard deviations were computed
using established formulae?!?2, Two independent reviewers performed the data extraction and analysis, with
any discrepancies resolved through consensus. This research is in the process of being officially recorded with
PROSPERO (ID 1074104). The meta-analysis was conducted in accordance with PRISMA guidelines®.

Statistical analysis

A meta-analysis was conducted to explore the association between IL-37 levels and SLE, as well as the allelic
effects of IL-37 gene variants. Continuous variables were analyzed using standardized mean differences (SMDs)
and 95% confidence intervals (CIs), while dichotomous variables were assessed using odds ratios (ORs) and
95% ClIs. Cochran’s Q-statistics were utilized to evaluate heterogeneity both within and between studies,
with a significance threshold set at P<0.10%*. A random-effects model was employed in cases of significant
heterogeneity, whereas a fixed-effects model was adopted in its absence?>?°. The degree of inconsistency among
the studies was quantified using the I statistic, with values of 25%, 50%, and 75% indicating low, moderate,
and high heterogeneity, respectively. Statistical analyses were conducted utilizing Review Manager software
(RevMan version 5.4).

Quality assessment, sensitivity test and publication Bias

The quality of included studies was assessed using the Newcastle-Ottawa Scale, with scores ranging from
six to nine indicating high methodological quality’’. Meta-regression analyses explored potential sources of
heterogeneity, including gender ratio, lupus nephritis, Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI), mean allele frequency in control group, mean age and disease duration. Sensitivity analyses were
conducted to evaluate the influence of individual studies on the overall effect size. Publication bias was assessed
using funnel plots and Egger’s linear regression test?which evaluated asymmetry in funnel plots predicated on
SMDs or ORs on a natural logarithmic scale.

Results

Studies included in the meta-analysis

We identified 140 records through manual and computerized search techniques, drawing from sources
including Medline, Embase, and Web of Science. Sixteen reports were assessed for eligibility, of which five
were excluded for reasons such as data unavailability, their nature as review articles, or focus on other diseases.
Ultimately, twelve studies met the inclusion criteria and were incorporated in the meta-analysis’~!® (Fig. 1).
The meta-analysis primarily investigated the IL-37 polymorphism rs3811047. Four studies addressed the IL-37
polymorphism rs3811047 exclusively. Further, rs3811046 was explored in one study and rs2723186, rs2723176,
and rs4364030 in another. In each case, the IL-37 polymorphisms in the control groups complied with HWE.
Each study received a quality rating of five to eight on the NOS. Details of participant demographics and quality
evaluations are presented in Table 1.

Circulating IL-37 levels and SLE susceptibility

The meta-analysis demonstrated that circulating IL-37 levels were elevated in patients with SLE compared to
controls, yielding an overall SMD of 0.570 (95% CI: — 0.070-1.210, p=0.080); however, this finding did not
reach statistical significance (Table 2). Subgroup analyses by ethnicity revealed a significant association in Asian
populations (SMD: 0.730, 95% CI: 0.151-1.310, p=0.010), while no significant Oassociation was detected in Arab
populations (SMD: 0.410, 95% CI: 0.780-1.600, p=0.500) (Table 2; Fig. 2). Studies with a sample size greater
than or equal to 100 reported an SMD of 0.726 (95% CI: — 0.296-1.747, p=0.164), whereas studies with fewer
than 100 participants showed an SMD of 0.430 (95% CI: — 0.054-0.914, p=0.082), with neither group achieving
statistical significance. Results from original studies indicated a significant association (SMD: 1.026, 95% CI:
0.505-1.547, p<0.001), in contrast to those calculated, which did not show significance (SMD: 0.350, 95% CI:
- 0.512-1.212, p=0.426). Stratification by publication year showed that older studies (published before 2019)
demonstrated a significant association (SMD: 0.906, 95% CI: 0.438-1.374, p <0.001), while more recent studies
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Fig. 1. Flowchart illustrating the study selection process for the meta-analysis.

(published in or after 2019) did not (SMD: 0.143, 95% CI: — 1.149-1.436, p=0.828) (Table 2). Additionally, in
studies comparing patients with and without LN, IL-37 levels were found to be higher in LN + patients (SMD:
0.560, 95% CI: — 0.071-1.191, p=0.082), although the results were not statistically significant. The meta-
analysis of correlation coefficients revealed no significant relationship between IL-37 levels and Systemic Lupus
Erythematosus Disease Activity Index (correlation coefficient: 0.266, 95% CI: — 0.570-0.607, p=0.215). Notably,

significant heterogeneity was observed across most subgroups, highlighting variability in the study findings.
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A.IL-37 level.

Number IL-37 level (pg/ml, or ng/L)
Authors Country | Ethnicity | Case Control | Case Control | Correlation coefficient: | NOS score
Gaber’ Egypt Arab 46 43 855.70 504.10 | (-) 6
Nijeeb® Iraq Arab 120 120 36.06 53.80 -) 7
W’ China Asian 220 -) -) (-) -0.352 7
Zhan'® China Asian 19 10 55.47 133.11 | (-) 5
Yuan!! China Asian 107 60 300.65 13350 | (-) 7
Ghobrial? | Iran Arab 50 30 12.03 11.31 0.383 7
Tawfik!? Egypt Arab 100 50 288.64 44,53 0.600 6
Godsell' Australia | European | 129 (-) (-) (-) -0.291 7
Wul® China Asian 90 78 13.20 10.11 -) 7
Ye'® China Asian 66 41 202.75 103.52 0.342 7
Song!” China Asian 30 30 24.30 15.15 0731 6
B. IL-37 polymorphisms.

Cohort size (N)

Author Country | Ethnicity | Cases | Controls | IL-37 gene polymorphism tested (HWE p-value) | Statistical findings (p-value)
Nijeeb, 2024% | Iraq Arab 120 120 Rs3811047 (p=0.163), rs3811046 (p=0.174) Rs3811047 (p<0.001), rs3811046 (p=0.033
Gaber, 20247 | Egypt | Arab 46 43 Rs3811047 (p=0.801) Rs3811047 (p=0.008)
Nasef, 202318 | Egypt Arab 206 | 240 Rs3811047 (p=0.542) Rs3811047 (p=0.004)
e L N I o ey S L e e e

Table 1. Characteristics of individual studies included in the meta-analysis. ": Correlation coefficient between
IL-37 and Systemic Lupus Erythematosus Disease Activity Index (SLEDAI), (-): Not available. N: number, NS:
Not significant, NOS: Newcastle-Ottawa Scale, HWE: Hardy-Weinberg Equilibrium.

Test of association Test of heterogeneity

Groups Population No. of studies | SMD" | 95% CI pval. | Model | p-val. |I?
All Overall 9 0.570 | -0.070-1.210 | 0.080 R <0.001 | 95.8

Asian 5 0.730 | 0.150-1.310 | 0.010 R <0.001 | 88.8
Ethnicity

Arab 4 0.410 | 0.780-1.600 | 0.500 R <0.001 | 97.5

N=>100 5 0.726 | -0.296-1.747 | 0.164 R <0.001 | 97.8
Sample size

N<100 4 0.430 | -0.054-0.914 | 0.082 R 0.018 70.2

Original 3 1.026 | 0.505-1.547 |<0.001 | R 0.015 76.0
Data type

Calculated 6 0.350 | -0.512-1.212 | 0.426 R <0.001 | 96.7

Recent (>2020) | 4 0.143 | -1.149-1.436 | 0.828 R <0.001 | 97.6
Publication year

Old (<2020) 5 0.906 | 0.438-1.374 | <0.001 | R <0.001 | 84.7
LN LN +vs. LN- 3 0.560 | -0.071-1.191 | 0.082 R 0.003 83.1

Table 2. Meta-analysis of the association between Circulating IL-37 levels and SLE. IL-37: Interleukin-37,
SLE: Systemic lupus erythematosuss, SMD: Standardized mean difference; *magnitude of Cohen’ d effect size
(SMD): 0.2-0.5, small effect; 0.5-0.8, medium effect; 20.8, large effect; N: Number, LN: Lupus nephritis, F:
fixed effects model; R: random effects model; NA: Not available.

IL-37 rs3811047 polymorphisms and SLE susceptibility

This meta-analysis did not confirm a significant association between the IL-37 rs3811047 A vs. G polymorphism
and SLE (OR=1.178, 95% CI=0.549-2.526, p=0.675) (Table 3). The analysis for the Arab population also
indicated no significant association (OR=1.393,95% CI=0.568-3.419, p = 0.469). However, the Asian population
exhibited a borderline significant association with this polymorphism (OR=0.725, 95% CI=0.525-1.000,
p=0.050) (Fig. 3). The dominant model (AA + AG vs. GG) similarly revealed no significant overall association
(OR=1.148, 95% CI=0.514-2.562, p=0.777). The Arab population again showed no significant association,
while the Asian population demonstrated a significant association with the polymorphism (OR=0.649, 95%
CI=0.448-0.941, p=0.023).

Heterogeneity, sensitivity test and publication bias

Heterogeneity among the studies was observed in the meta-analysis examining IL-37 levels in patients with
SLE (Table 2). Significant variability was noted, influenced by factors such as sample size, publication year, data
format, and ethnicity (p <0.05). Meta-regression analysis showed that gender ratio, lupus nephritis, SLEDAI,
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SLE

Control

SD Total Mean

SD Total Weight

Std. Mean Difference
IV, Random. 95% CI

Std. Mean Difference
IV, Random, 95% CI

14.1.1 Asia

Zhan, 2021 5547 48 19 133.11 2246 10 10.0% -0.58 [-1.36, 0.20] =)

Yuan, 2019 30065 1331 107 1335 83 60 11.4% 1.41[1.06, 1.77] -

Ye, 2014 132 775 90 1011 743 78 115% 0.40 [0.10, 0.71] nd

Wu, 2016 20275 9375 66 103.52 2562 41 11.2% 1.31[0.88, 1.73] -

Song, 2013 243 148 30 1515 294 30 10.9% 0.85[0.32, 1.38] T

Subtotal (95% Cl) 312 219 54.9% 0.73 [0.15, 1.31] L g

Heterogeneity: Tau? = 0.37; Chi? = 35.23, df = 4 (P < 0.00001); I = 89%

Test for overall effect: Z = 2.48 (P = 0.01)

14.1.2 Arab

Tawfik, 2017 288.64 200.05 100 4453 1692 50 11.3% 1.481.10, 1.86] =

Nijeeb, 2024 36.06 1335 120 53.8 2198 120 11.5%  -0.97 [-1.24, -0.70] =

Ghobrial, 2018 1203 167 50 1131 129 30 11.1% 0.46 [0.00, 0.92) il

Gaber, 2024 8557 4654 46 504.1 553.8 43 11.2% 0.68[0.26, 1.11] i

Subtotal (95% CI) 316 243 45.1% 0.41 [-0.78, 1.60] >

Heterogeneity: Tau? = 1.43; Chi? = 122.01, df = 3 (P < 0.00001); I* = 98%

Test for overall effect: Z = 0.67 (P = 0.50)

Total (95% Cl) 628 462 100.0% 0.57 [-0.07, 1.21] P

Heterogeneity: Tau? = 0.92; Chi? = 191.05, df = 8 (P < 0.00001); I = 96% b t T t |
-10 5 0 5 10

Test for overall effect: Z = 1.73 (P = 0.08) Control SLE

Test for subaroup differences: Chi? = 0.23. df = 1 (P = 0.63). I’ = 0%

Fig. 2. Meta-analysis depicting the relationship between circulating IL-37 levels and SLE, stratified by
ethnicity.

Test of association Test of heterogeneity

Polymorphism | Population | No. of studies | OR | 95% CI p-val | Model | p-val | P
Overall 4 1.178 | 0.549-2.526 | 0.675 | R <0.001 | 93.8

ifigou Arab 3 1393 | 0.568-3.419 | 0.469 | R <0.001 | 92.8
Asian 1 0.725 | 0.525-1.000 | 0.050 |NA | NA NA

Overall 4 1462 | 0.465-4.592 | 0516 | R <0.001 | 84.7

ﬁ{:cvess's’ifg)*GG Arab 3 1.597 | 0.357-4.147 | 0541 | R <0.001 | 87.6
Asian 1 1.007 | 0.411-2.470 [0.987 | NA | NA NA

Overall 4 1.148 | 0.514-2.562 | 0.777 | R <0.001 | 90.8

&fojn?lgl‘l’f)' GG |"Arab 3 1.432 | 0.607-3.373 | 0.413 <0.001 | 85.8
Asian 1 0.649 | 0.448-0.941 | 0.023 |[NA  |NA NA

Overall 4 1.457 | 0.384-5.527 | 0.580 | R <0.001 | 88.0

AAvs. GG Arab 3 1.680 | 0.307-9.193 | 0.550 <0.001 | 89.5
Asian 1 0.883 | 0.358-2.180 | 0.788 | NA | NA NA

Overall 4 1.457 | 0.384-5.527 | 0.580 | R <0.001 | 88.0

AG vs. GG Arab 3 1.680 | 0.307-9.193 | 0.550 <0.001 | 89.5
Asian 1 0.883 | 0.358-2.180 | 0.788 |[NA | NA NA

Table 3. Meta-analysis of the association between the IL-37 polymorphism and SLE. IL-37: Interleukin-37,
SLE: Systemic lupus erythematosus, R: random effects model, NA: Not available.

and mean allele frequency in control group, but not mean age and disease duration, had significant impacts on
heterogeneity in the meta-analyses of IL-37 (Supplementary data). Sensitivity testing indicated that the exclusion
of two particular studies significantly impacted the results of the meta-analysis®!°. Sensitivity analysis showed
that no individual study significantly affected the pooled effect size in IL-37 levels except for Nijeeb 20243,
indicating that the results of this meta-analysis are robust. Additionally, meta-analyses of IL-37 polymorphisms
displayed inter-study variability (Table 3). Although publication bias is a common concern in meta-analyses,
characterized by an overrepresentation of positive findings, no evidence of publication bias was detected in this
instance. The funnel plot exhibited no asymmetry, and Egger’s regression test yielded p-values above 0.05.

Discussion

This meta-analysis demonstrated that circulating IL-37 levels are higher in patients with SLE compared to
healthy controls, although the overall difference did not achieve statistical significance. However, subgroup
analyses revealed a significant association in Asian populations, where the effect size suggests moderately
elevated levels of IL-37. This finding corresponds with studies suggesting that IL-37 serves as a compensatory
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SLE Control Odds Ratio Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% Cl Year M-H. Random, 95% CI

Wu, 2022 65 440 139 720 25.8% 0.72[0.53, 1.00] 2022 -

Nasef, 2023 149 412 117 480 26.1% 1.76 [1.32, 2.35] 2023 -

Nijeeb, 2024 117 240 55 240 25.3% 3.20[2.16,4.74] 2024 &

Gaber, 2024 24 92 38 84 22.8% 0.43[0.23, 0.80] 2024 ——

Total (95% Cl) 1184 1524 100.0% 1.18 [0.55, 2.53] g

Total events 355 349 . . . .

Heterogeneity: Tau? = 0.56; Chi* = 48.73, df = 3 (P < 0.00001); 1> = 94% ; ! T !

Test fo?over:II effect: Z=0.42 (P = 0.67) : ) o 04 L 0 L
Control SLE

Fig. 3. Odds ratios and 95% confidence intervals from individual studies and pooled data, illustrating the
allelic association of IL-37 polymorphisms at rs3811047.

anti-inflammatory cytokine, mitigating the pro-inflammatory environment of autoimmune diseases such as SLE.
The absence of a significant association in Arab populations and in the overall pooled analysis could be ascribed
to the heterogeneity of study designs, variations in assay techniques, and differences in patient characteristics
such as disease severity or treatment regimens.

The observed ethnic variability in IL-37 levels is particularly notable. Ethnic differences in immune responses
and genetic predispositions, well-documented in SLE, reveal that Asians generally exhibit higher disease severity
and distinct cytokine profiles compared to other populations. These findings highlight the critical importance
of considering ethnicity in immunological research and suggest that IL-37 may play a more central role in SLE
pathogenesis in certain populations. Interestingly, the meta-analysis identified a significant association in studies
conducted before 2019, whereas more recent studies did not confirm this relationship. This discrepancy could
reflect advances in SLE management, including the widespread use of immunosuppressants and biologics, which
might influence cytokine levels. Alternatively, variations in study quality or reporting biases could explain this
trend. Although IL-37 levels appeared elevated in patients with LN compared to those without, this difference did
not reach statistical significance. Given IL-37’s known anti-inflammatory properties, its elevation in LN patients
might represent a compensatory response to increased renal inflammation. However, the limited number of
studies addressing this specific subgroup and their small sample sizes underscore the need for further research.

The analysis of IL-37 genetic variants, particularly the rs3811047 polymorphism, revealed an association with
SLE susceptibility in Asians, but not in Arabs. Specifically, the rs3811047 polymorphism was protective in Asian
populations, significantly reducing SLE risk. This observation underscores the potential role of genetic variations
in modulating IL-37 expression or function, thereby influencing SLE pathogenesis. The absence of a significant
association in Arabs could be attributed to differences in linkage disequilibrium patterns, allele frequencies, or
environmental factors that affect gene-environment interactions. Additionally, the relatively small number of
studies focusing on Arab populations may reduce the statistical power needed to detect subtle genetic effects.
These findings emphasize the necessity for larger, ethnically diverse cohorts to better understand the genetic
determinants of IL-37 in SLE.

The current meta-analysis differs from previous studies in several crucial aspects*>*’. It expands upon these
findings by incorporating a wider range of studies up to December 2024, covering diverse populations beyond
the Chinese demographic, unlike earlier analyses. It evaluates both circulating IL-37 levels and multiple IL-37
gene polymorphisms, including rs3811047, in relation to SLE susceptibility. Furthermore, it conducts subgroup
analyses to examine the effects of ethnicity, study publication date, and specific clinical manifestations such as
lupus nephritis on IL-37 levels and genetic associations. This comprehensive approach offers a more detailed
exploration of IL-37’s role in SLE across various populations and clinical contexts. Rs3811047 has not been
reported as an eQTL for IL-37. However, this means there isn’t direct evidence that this SNP influences IL-37
expression levels in tissues.

This meta-analysis identifies several limitations. Heterogeneity presents an opportunity for deeper insight
through subgroup and meta-regression analyses; however, the between-studies heterogeneity observed in this
study posed a limitation. Despite this, meta-regression analysis provided valuable findings, demonstrating that
gender ratio, the prevalence of lupus nephritis, SLEDAI scores, and the mean allele frequency in the control
group significantly influenced the heterogeneity observed in the meta-analyses of IL-37. Moreover, the cross-
sectional design of most studies prevents causal interpretations concerning the relationship between IL-37 and
SLE. Future research should prioritize longitudinal studies to evaluate changes in IL-37 levels in relation to
disease activity and treatment. Mechanistic investigations are also necessary to elucidate the pathways through
which IL-37 influences SLE. Additionally, broader genetic analyses that include other IL-37 polymorphisms and
multi-ethnic studies will provide a fuller understanding of its genetic implications.

In conclusion, this meta-analysis demonstrated that Asian SLE patients exhibited notably higher IL-37
levels, with a significant correlation between IL-37 gene polymorphisms and SLE susceptibility in this group.
Conversely, no significant associations were found among Arab populations, highlighting the impact of ethnic
and study-specific factors on IL-37 levels in SLE. Further research is imperative to validate these findings and to
further explore the mechanisms by which IL-37 contributes to SLE pathogenesis.
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All
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