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1  | INTRODUC TION

Rheumatoid arthritis (RA) is an autoimmune disease characterized 
by persistent synovitis, systemic inflammation and presence of au-
toantibodies.1 RA affects 0.5% ~2% of the world population and the 
prevalence rate was 0.2%~0.4% in China.2,3 At present, RA is one of 

the major diseases that seriously destructs life quality of patients 
and leads to the loss of labor capacity.4 Although the pathogenesis 
of RA has not been fully clarified, it is generally believed that envi-
ronmental, genetic and autoimmune factors may play a vital role in 
the onset of RA and genetic factors account for about 60% of RA 
susceptibility.5
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Abstract
Background: The effect of mannose-binding lectin (MBL) gene polymorphisms on 
susceptibility of rheumatoid arthritis (RA) were evaluated in ethnically different pop-
ulations, whereas the results were always inconsistent.
Materials and methods: Fourteen articles involving 36 datasets were recruited to 
evaluate the association between MBL gene polymorphisms and rheumatoid arthri-
tis in a meta-analysis. The random or fixed effect models were used to evaluate the 
pooled odds ratios (ORs) and their corresponding 95% confidence intervals (CIs).
Results: Stratified analysis by ethnicities was conducted and the result revealed that 
rs1800450 (T vs C, OR = 1.32, 95% CI: 1.04-1.67, P <  .05) and MBL-A/O (T vs C, 
OR = 1.20, 95% CI: 1.08-1.34, P < .001) were strongly associated with RA in Brazilian 
populations. In addition, the significant relationship between rs11003125 (T vs C, 
OR = 1.16, 95% CI: 1.06-1.26, P < .05) with RA were also observed in East Asian pop-
ulations. Meanwhile, the inverse associations between rs5030737 with RA in East 
Asians and rs1800450 with RA in Indians were acquired. However, no association be-
tween any MBL polymorphism with RA susceptibility was confirmed in Caucasians.
Conclusions: The structural polymorphisms in exon 1 of MBL gene may significantly 
contribute to susceptibility and development of RA in Brazilian and Indian popula-
tions, whereas the functional polymorphisms in the promoter region were more likely 
to associate with RA in East Asians.
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Mannose-binding lectin (MBL) is a calcium-dependent collagen 
lectin secreted by hepatocytes and plays an important role in innate 
immunity by opsonizing mannose- and N-acetylglucosamine-rich mi-
croorganisms and activating macrophages and complements.6 The 
mutation of MBL gene can decrease the level of plasma MBL which 
may relate to immune deficiency.7 The MBL gene is mapped on the 
long arm of chromosome 10q11.2-10q21 and contains 4 exons.8 
Exon 1 has three functional single nucleotide polymorphisms (SNPs) 
at codons 54 (allele B, rs1800450), 57 (allele C, rs1800541), and 52 
(allele D, rs5030737) in the structural part of the gene.9 In addition, 
there are SNPs at positions −550 (allele L, rs11003125) and −221 
(allele X, rs7096206) in the promoter region.10 These variant alleles 
were associated with lowing serum MBL levels. Previous studies 
found that MBL gene variants can contribute to the susceptibility 
of acquired immune deficiency syndrome (AIDS), tuberculosis, sys-
temic lupus erythematosus (SLE), Crohn's disease, RA and other 
infectious diseases.11-15 However, the associations between MBL 
gene polymorphisms and RA were studied in various countries and 
ethnicities, but the results were inconsistent.8,16,17 Tsutsumi et al.18 
found that codon 52 and 57 mutations of MBL gene were absent or 
extremely rare in Japanese; homozygous codon 54 mutation of the 
MBL gene was significantly increased in patients with autoimmune 
disorders. In addition, promotor regions of MBL gene suggested that 
individuals with absent or extremely low serum MBL were at risk 
of having autoimmune disorders.19 Moreover, the B variant of the 
MBL2 gene may be associated with protection from RA in an Indian 
cohort and the promoter polymorphism rs1800450 seemed to have 
some roles in disease progression.8 However, Stanworth et al.20 de-
clared that no evidence was found to support the association of MBL 
allele with protection from RA in Caucasian populations and geno-
type frequencies were similar in case and control groups. Similarly, 
the negative results were confirmed in a Japanese population.18

Although many studies have been conducted so far to investi-
gate the relationship between MBL gene polymorphisms and sus-
ceptibility of RA, the results were inconsistent. This discrepancy may 
be attributed to small sample sizes, low statistical power, different 
genetic background, or clinical heterogeneity. Meanwhile, inclusion 
of data that did not satisfy the requirement of meta-analysis will 
produce a spurious association. Therefore, in order to reduce the 
limitations of a single study and to overcome the possible random 
errors, a large-scale meta-analysis involving multifarious ethnicities 
and multiple polymorphisms was performed in this study.

2  | MATERIAL S AND METHODS

2.1 | Identification of eligible studies

To analyze the roles of MBL gene polymorphisms in suscep-
tibility of RA, all published literature before June 2020 that re-
searched the relationship between MBL gene polymorphisms 
and RA risk were included. The electronic databases were used 
including PubMed databases (National Center for Biotechnology, 

National Library of Medicine), CNKI (China National Knowledge 
Infrastructure), and Web of Science to retrieve articles by using 
the keywords “MBL gene”, “codon 54 (allele B, rs1800450)”, “codon 
57 (allele C, rs1800541)”, “codon 52 (allele D, rs5030737)”, “-550 
(allele L, rs11003125)”, “-221 (allele X, rs7096206)”, “polymor-
phism” connected to “RA”, “rheumatoid arthritis” without language 
restrictions. Finally, we extracted data from the published articles, 
not including meetings or any conference abstracts. All of stud-
ies were conducted with case–control or nested case–control de-
sign. The diagnosis of RA was according to the American College 
of Rheumatology (ACR) criteria and proper genotyping methods in 
most of the studies.21-23

Three functional single nucleotide polymorphisms (SNP) in co-
dons 54 (allele B), 57 (allele C), and 52 (allele D) were associated 
with changes in the structure and functional deficiency of protein. 
In codon 54, an A to G substitution alters an aspartic acid to a gly-
cine at the protein level. In codon 57 there is a G to A substitution 
(glycine to glutamic acid), and in codon 52 a C to T substitution leads 
to a change from arginine to cysteine. Altogether, the presence of 
any variant alleles above has been collectively labeled O, while the 
simultaneous absence of variants at the 3 positions has been called 
allele A, the wild-type allele.24

2.2 | Selection criteria and data extraction

Such major criteria must be followed for included studies: (a) original 
papers containing complete data; (b) case–control or cohort stud-
ies that assessed the association of MBL gene polymorphisms with 
RA; (c) sufficient data to calculate the odds ratio (OR) or P value; (d) 
relevant RA outcomes were angiographically confirmed according to 
the ACR criteria;25 (e) the genotype distribution in the control group 
for each individual study should follow Hardy–Weinberg equilibrium 
(HWE).26,27 The primary reasons for excluded studies: (a) case re-
port, review or meta-analysis articles; (b) deviation from the major 
selection criteria; (c) overlapping or that supplied inadequate data; 
(d) repeated publications or the same authors employed similar data 
in different papers, the data was only used once.

The study data were extracted based on standard protocols.28 
Disagreement was settled by a consensus between all authors. 
Where essential information was not presented in articles, every 
effort was made to contact the authors. All procedures conformed 
to the guidelines for meta-analysis of observational studies in epide-
miology.29 The following information were extracted independently 
by individuals in our study: first author, year of publication, ethnicity, 
study design, types of RA, HWE status among controls, sample size 
of cases and controls, number of genotypes and allele frequency.

2.3 | Statistical analysis

We calculated the allele frequency for each study in allele count-
ing method; the HWE was tested by using the Chi-square test. We 
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employed pooled ORs and 95% confidence intervals (CIs) to evalu-
ate the strength of association between polymorphisms and RA for 
every eligible study.

The methodology of Cochran's Q-statistic was used to evalu-
ate the heterogeneity, which is similar to the previous study in our 
lab.22,23 If the P value in heterogeneity test was higher than 0.1, the 
fixed effect model was used. Moreover, the random effect model 
was used. We used the following formula to quantify the effect 
of heterogeneity: I2 = 100% ×  (Q − dƒ)/Q.30 The proportion of be-
tween-study variability attributable to heterogeneity was indicated 
by I2 value, and I2 values of 25%, 50% and 75% were considered to 
be of low, moderate and high heterogeneity, respectively. If study 
groups revealed no heterogeneity, the similar results were produced 
in fixed and random effects models and, otherwise the random 
effects model usually produced wider CIs than the fixed effects 
model.31 In this meta-analysis, P value of less than .05 was consid-
ered as statistically significant.

In order to get exacting search results, we evaluated possi-
ble publication bias by Egger's linear regression test. If P value 
<.05 the statistical publication bias was considered. Moreover, 
the Begg's test also used a funnel plot to evaluate the publica-
tion bias.32 For sensitivity analysis, we removed 1 study orderly 
from the total and tested residual studies.33 All standard methods 
in this meta-analysis were conducted in a previous study by us. 
Statistical analysis was carried out using the software program 
STATA15.0 (Stata Corporation).

3  | RESULTS

3.1 | Studies included in the meta-analysis

In this meta-analysis, totally 318 relevant articles were searched. 
After reading titles and abstracts, we excluded irrelevant stud-
ies, leaving 105 articles for further reading. Then, we excluded 
54 articles, because of no data, insufficient data, repeated date, 
family-based studies and not referring to RA. Thus, 51 articles 
met the study inclusion criteria. Lastly, 15 articles that included 
insufficient data, 5 articles in which the control populations de-
viated from HWE and 18 reviews or meta-analysis researches 
about MBL gene polymorphisms were excluded.25,32,34-44 After 
filtering, 13 eligible studies involving 36 data sets were finally 
included.8,16-20,24,45-53 Eventually, 13 studies provided 5972 
cases and 6663 controls: codon 54 (allele B, rs1800450), 1472 
patients and 1554 controls; codon 57 (allele C, rs1800541), 240 
patients and 264 controls; codon 52 (allele D, rs5030737), 520 
patients and 642 controls; −550 (allele L, rs11003125), 785 pa-
tients and 841 controls; −221 (allele X, rs7096206), 1097 pa-
tients and 1151 controls; MBL-A/O, 1858 patients and 2211 
controls were pooled to evaluate the relationship between SNPs 
of MBL and RA in the meta-analysis (Table 1). The flowchart of 
selecting articles is presented in Figure 1.
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F I G U R E  1   The process of the articles 
selected in this meta-analysis

F I G U R E  2   Forest plot for the meta-analysis of allele model (T vs C). A, MBL gene polymorphisms and RA in Brazilians. B, MBL gene 
polymorphisms and RA in Caucasians. C, MBL gene polymorphisms and RA in East Asians. D, MBL gene polymorphisms and RA in Indians
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3.2 | Meta-analysis results

In this meta-analysis we recruited allele model, dominant gene 
model and recessive gene model to confirm the association between 
5 MBL SNPs with RA in multiple ethnicities. The results of strati-
fication by ethnicity revealed the heterogeneity had disappeared 
(P > .01, I2 < 30%; Figure 2A-D).

3.3 | Mannose-binding lectin SNPs and RA 
in Brazilians

The results found that rs1800450 (T vs C, OR = 1.32, 95% CI: 1.04-
1.67, POR < .05) and MBL-A/O (T vs C, OR = 1.20, 95% CI: 1.08-1.34, 
POR <  .001) were strongly associated with RA in a Brazilian popula-
tion (Table 2, Figure 2A). Meanwhile, the overall study displayed the 
same significant association (T vs C, OR = 1.20, 95% CI: 1.09-1.31, 

POR < .001), and no heterogeneity (PH = .597) (Table 2, Figure 2A). In 
addition, rs1800450 (TT + TC vs CC, OR = 1.30, 95% CI: 1.04-1.62, 
POR <  .05) and MBL-A/O (TT + TC vs CC, OR = 1.18, 95% CI: 1.07-
1.31, POR <  .05) were strongly related to RA in the dominant model 
(Table 2, Figure 3A), whereas, the association was weak in the reces-
sive gene model (Table 2, Figure 4A). However, pooled associations of 
rs1800450 and MBL-A/O not only in the dominant model (TT + TC vs 
CC, OR = 1.17, 95% CI: 1.07-1.27, POR < .0001) were strong (Table 2, 
Figure 3A), but also in the recessive model (TT vs TC + CC, OR = 1.44, 
95%CI: 1.04-1.99, POR < .05) (Table 2, Figure 4A).

3.4 | MBL SNPs and RA in East Asians

The significant relationship between rs11003125 (T vs C, OR = 1.16, 
95% CI: 1.06-1.26, POR < .05) with RA susceptibility was observed in 
East Asian populations (Table 2, Figure 2C). Meanwhile, significant 
association was found in the recessive gene model (TT vs TC + CC, 

F I G U R E  3   Forest plot for the meta-analysis of allele model dominant model (CC vs TT + CT). A, MBL gene polymorphisms and RA 
in Brazilians. B, MBL gene polymorphisms and RA in Caucasians. C,, MBL gene polymorphisms and RA in East Asians. D, MBL gene 
polymorphisms and RA in Indians
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OR = 1.56, 95% CI: 1.25-1.94, POR < .0001) (Table 2, Figure 4C). The 
rs5030737 (T vs C, OR = 0.17, 95% CI: 0.04-0.73, POR < .05) was re-
versely associated with RA in East Asians (Table 2, Figure 2C), and the 
reverse association was maintained in the dominant model (TT + TC 
vs CC, OR = 0.18, 95% CI: 0.04-0.78, POR < .05) (Table 2, Figure 3C). 
However, pooled associations of rs11003125 and rs5030737 were 
observed, but the heterogeneity (PH < .01, I2 > 30%) was also found.

3.5 | MBL SNPs and RA in Indians

In this stratification, the heterogeneity was resolved. The rs1800450 
(T vs C, OR = 0.31, 95% CI: 0.21-0.46, POR <  .0001) was reversely 
associated with RA in an Indian population (Table  2, Figure  2D). 
Meanwhile, the reverse association was maintained in the dominant 
model (TT + TC vs CC, OR = 0.31, 95% CI: 0.21-0.46, POR < .0001) 
(Table 2, Figure 3D).

3.6 | MBL SNPs and RA in Caucasians

In this meta-analysis, 5 studies involved rs1800450 and pooled 
MBL-A/O polymorphisms to research the association with RA in 
Caucasians. However, the results showed that no association be-
tween any MBL polymorphism with RA susceptibility was confirmed 
in Caucasian (POR > .05) (Table 2, Figures 2, 3 and 4B).

3.7 | Comparing allele frequency of MBL SNPs 
to the 1000 genome phase 3 population

We compared allele frequencies of different ethnicities in our meta-
analysis to 1000 genome allele frequencies in Table 3. In view of the 
sample size and population, the allelic frequencies of MBL polymor-
phisms in this meta-analysis were consistent with the allelic frequen-
cies in the 1000 Genome Project East Asian ancestry and Caucasians. 

F I G U R E  4   Forest plot for the meta-analysis of recessive model (TT vs CC + CT). A, MBL gene polymorphisms and RA in Brazilians. B, 
MBL gene polymorphisms and RA in Caucasians. C, MBL gene polymorphisms and RA in East Asians. D, MBL gene polymorphisms and RA in 
Indians
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However, there was distinction between the allele frequencies in 
Indians and the 1000 Genomes Project. Meanwhile, allele frequency 
of rs7096206 was inconsistent in any ethnicity compared to the 1000 
Genomes Project.

3.8 | Publication bias and sensitivity analysis

Begg's funnel plot and Egger's test were performed to estimate pub-
lication bias (Figure 5A-D). No evidence of publication bias for MBL 
gene polymorphisms under the allele genetic model was found in 
any ethnicity. In addition, no significant difference was found in the 
Egger's test, suggesting no obvious bias of publication in the pre-
sent meta-analysis. We also conducted sensitivity analysis to assess 
the influence of individual studies on the pooled ORs. We found 

the pooled OR was not substantially altered, when a single study 
involved in the meta-analysis was deleted each time (Figure 6A-D).

4  | DISCUSSION

The comprehensive meta-analysis confirmed that the biological 
roles of 5 loci in different ethnicities were distinct. It was verified 
that the structural polymorphisms in exon 1 of MBL gene may sig-
nificantly contribute to susceptibility and development of RA in 
Brazilian and Indian populations, whereas the functional polymor-
phisms in the promoter region were more likely to associate with RA 
in East Asians.

MBL was structurally and functionally similar to C1q, and shared 
the same phagocytic receptor on phagocytes, platelets, and endothelial 

Polymorphisms Populations

Meta-analysis (alleles frequencies) 1000 genomes 
(alleles 
frequencies)Case Control

C T C T C T

rs5030737 Brazilian NA NA NA NA 1.00 0.00

Caucasian NA NA NA NA 0.94 0.06

East Asian 1.00 0.00 0.98 0.02 1.00 0.00

Indian 0.92 0.08 0.95 0.05 0.97 0.03

All 0.96 0.04 0.97 0.03 0.97 0.03

rs1800450 Brazilian 0.79 0.21 0.84 0.16 0.85 0.15

Caucasian 0.88 0.12 0.86 0.14 0.86 0.14

East Asian 0.82 0.18 0.82 0.18 0.85 0.15

Indian 0.94 0.06 0.81 0.19 0.78 0.22

All 0.84 0.16 0.83 0.17 0.88 0.12

rs1800451 Brazilian NA NA NA NA 0.97 0.03

Caucasian NA NA NA NA 0.99 0.01

East Asian NA NA NA NA 1.00 0.00

Indian 0.96 0.04 0.95 0.05 0.98 0.02

All 0.96 0.04 0.95 0.05 0.92 0.08

rs11003125 Brazilian NA NA NA NA 0.47 0.53

Caucasian NA NA NA NA 0.61 0.39

East Asian 0.49 0.51 0.55 0.45 0.55 0.45

Indian 0.35 0.65 0.37 0.63 0.60 0.40

All 0.45 0.55 0.51 0.49 0.69 0.31

rs7096206 Brazilian 0.82 0.18 0.83 0.18 0.13 0.87

Caucasian NA NA NA NA 0.22 0.78

East Asian 0.79 0.21 0.80 0.20 0.19 0.81

Indian 0.71 0.29 0.73 0.27 0.13 0.87

All 0.78 0.22 0.80 0.20 0.20 0.80

MBL-A/O Brazilian 0.73 0.27 0.77 0.23 NA NA

Caucasian 0.70 0.30 0.71 0.29 NA NA

All 0.72 0.28 0.74 0.26 NA NA

Abbreviations: C, represent wild-type allele; T, represent minor allele.

TA B L E  3   The allele frequency 
comparison between the meta-analysis 
and 1000 Genomes Project
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cells.54 MBL plays a key role in the innate immune system by activating 
complements and macrophages, and by inducing opsonization. MBL 
mediates lectin-dependent activation of the complement pathway, and 
resembles C1q in terms of structure and function.55 Low serum levels 
of MBL may result in impaired opsonization of complement-containing 
immune complexes.56 The activation of MBL variants could contrib-
ute to damage tissue and consequently to disease severity. Inversely, 
deficiencies of complement proteins may enhance autoimmunity.15 
Considering that, the lectin pathway is involved in the clearance of 
pathogens and apoptotic bodies that may act as potential autoimmune 

initiators, deficiencies of components could enhance susceptibility and 
severity of some rheumatic disorders.36,57,58 The functional MBL exon 
1 codon 54 (allele B), codon 57 (allele C), and codon 52 (allele D) vari-
ants cause structural changes of the MBL basic unit, producing a lower 
molecular weight protein and reduced serum MBL levels.16 Besides 
the exon 1 variant alleles, SNPs at promoter −550 (allele L) and −221 
(allele X) have been associated with low serum MBL levels.48

A low MBL level caused by MBL variant alleles has been asso-
ciated with human immunodeficiency virus and hepatitis C virus 
infections, and with SLE.13,15,59 Since MBL2 variants are the major 

F I G U R E  5   Begg's funnel plot of publication bias in the meta-analysis of the association of MBL gene polymorphisms with RA risk. A, MBL 
gene polymorphisms and RA in Brazilian. B, MBL gene polymorphisms and RA in Caucasian. C, MBL gene polymorphisms and RA in East 
Asian. D, MBL gene polymorphisms and RA in Indian



310  |     XU et al.

determinants of MBL circulating levels, various studies demon-
strated that variations on MBL serum levels seem to influence RA 
development and prognosis in different ways.60 Although MBL2 
low-producing polymorphisms were associated with increased sus-
ceptibility to RA, disease progression and clinical manifestations, 
the B variant was reported to confer protection against RA in an 
Indian population.8 High producing genotype YA/YA conferred an 
increased risk of myocardial infarction and death in RA patients with 
ischemic heart disease.61,62 Similarly, high producing MBL2 geno-
types enhanced the risk of cardiovascular disease in patients with 
rheumatic fever.54,63 Nevertheless, no association between RA and 
MBL2 polymorphisms was reported by others.64

In addition, a meta-analysis was conducted with 8 researches by 
others and this found \ a significant association between the MBL D 
allele and RA in the overall population (OR = 1.708, P = .023).42 An 
association was also found between the MBL L allele and RA in the 
overall group (OR = 1.936, P =  .005), as well as between the MBL 
X allele and RA in the overall group (OR = 1.582, P =  .001). Their 
meta-analysis demonstrated an association between the MBL D, L, 
and X alleles and the risk of RA. However, the mixed ethnic popu-
lation and limited sample size may make their results unreliable, or 
serious deviation from the real situation. Moreover, Stefanie et al.35 
also conducted a meta-analysis and the results showed that MBL2 
low-producing OO and XX genotypes do not confer higher risk to 

F I G U R E  6   Sensitivity analysis to assess the stability of the meta-analysis. A, MBL gene polymorphisms and RA in Brazilian. B, MBL gene 
polymorphisms and RA in Caucasian. C, MBL gene polymorphisms and RA in East Asian. D, MBL gene polymorphisms and RA in Indian
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RA, even when data were analyzed according to the cohort's eth-
nicity. Due to the diversity of MBL2 alleles and divergent concepts 
about high and low-producing genotypes, they analyzed first only 
exon 1 polymorphisms and classified the data according to the 
presence of AA, AO and OO genotypes. Of course, so far, some re-
search had reported that there was no association found between 
rs1800450 and RA, which was contradictory with our findings.43 It is 
normal that such distinct consequences were obtained in separated 
studies. RA is considered to be a common multifactor autoimmune 
disease due to its complicated pathogenesis. It was validated that 
body mass index (BMI) and smoking will significantly contribute to 
susceptibility and development of RA. In addition, the gender differ-
ence was the key role in RA morbidity. However, lack of BMI level 
in participants might lead to inconsistent results. These phenomena 
and discrepancies need further investigation on the basis of large 
sample size. Moreover, the concentration of MBL may be regulated 
by other mechanisms than by variants on the MBL2 gene; additional 
studies including both polymorphisms and functional assays could 
give a better insight into the relationship between MBL and RA.

Although we revealed some new discoveries in this study, there 
were still several limitations which should be taken into consider-
ation. In our study, the overall sample size is large, but the size of 
each study is relatively small; the smallest sample is 50 cases and 48 
controls, and we need numerous data to validate the relationship 
between MBL SNPs and RA for further study in Caucasian pop-
ulations. Second, in stratification analysis, the number of studies 
included in each ethnicity was unbalanced, some just for one study. 
Additionally, we are unable to analyze the actual impact of imma-
nent factors on RA because of the incomplete data. Meanwhile, 
how the interaction of genes with environmental factors and genes 
with dietary models relate to the risk of RA is unclear. Further ef-
forts should be put on investigating the association of the func-
tional mutations in the MBL gene with RA, and the interactions 
of potential gene-gene and gene-environment factors should be 
comprehensively analyzed.

5  | CONCLUSIONS

We conducted a meta-analysis to evaluate the effects of MBL 
polymorphisms (rs1800450, rs1800541, rs5030737, rs11003125, 
rs7096206) on the risk of RA. The structural polymorphisms in exon 
1 of MBL gene may significantly contribute to susceptibility and de-
velopment of RA in Brazilian and Indian populations, whereas the 
functional polymorphisms in the promoter region were more likely 
to associate with RA in East Asians. Meanwhile, the reverse asso-
ciation between rs5030737 with RA in East Asians was displayed. 
However, the polymorphisms in exon 1 of MBL gene lacked the con-
nection with RA.
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