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	� ARTHRITIS

Appraising causal risk and protective 
factors for rheumatoid arthritis

A SYSTEMATIC REVIEW AND META-ANALYSIS OF MENDELIAN 
RANDOMIZATION

Aims
Mendelian randomization (MR) is considered to overcome the bias of observational studies, 
but there is no current meta-analysis of MR studies on rheumatoid arthritis (RA). The pur-
pose of this study was to summarize the relationship between potential pathogenic factors 
and RA risk based on existing MR studies.

Methods
PubMed, Web of Science, and Embase were searched for MR studies on influencing factors 
in relation to RA up to October 2022. Meta-analyses of MR studies assessing correlations 
between various potential pathogenic factors and RA were conducted. Random-effect and 
fixed-effect models were used to synthesize the odds ratios of various pathogenic factors and 
RA. The quality of the study was assessed using the Strengthening the Reporting of Obser-
vational Studies in Epidemiology using Mendelian Randomization (STROBE-MR) guidelines.

Results
A total of 517 potentially relevant articles were screened, 35 studies were included in the 
systematic review, and 19 studies were eligible to be included in the meta-analysis. Pooled 
estimates of 19 included studies (causality between 15 different risk factors and RA) revealed 
that obesity, smoking, coffee intake, lower education attainment, and Graves’ disease (GD) 
were related to the increased risk of RA. In contrast, the causality contribution from serum 
mineral levels (calcium, iron, copper, zinc, magnesium, selenium), alcohol intake, and chron-
ic periodontitis to RA is not significant.

Conclusion
Obesity, smoking, education attainment, and GD have real causal effects on the occurrence 
and development of RA. These results may provide insights into the genetic susceptibility 
and potential biological pathways of RA.

Cite this article: Bone Joint Res 2023;12(9):601–614.
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Article focus
	� Many Mendelian randomization (MR) 

studies on rheumatoid arthritis (RA) have 
been performed, and the purpose of this 
study was to summarize the research 
progress.
	� We conducted a systematic review and 

meta-analysis of MR studies on RA.

Key messages
	� Our study provides phased review 

and synthesis of the causality evidence 
between various pathogenic factors and 
RA, based on our analysis of MR studies.
	� Our study provides evidence of the 

association between RA and related risk 
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factors, but the results still rely on modelling exper-
iments and real-world evidence.

Strengths and limitations
	� The main strength of this study was its comprehensive 

search protocol involving the largest medical research 
databases. This study is the first systematic review and 
meta-analysis of published MR studies on RA.
	� The main limitation was the heterogeneity of the 

included studies, which may predispose the pooled 
causality estimates to some extent of bias.

Introduction
The comprehensive management of rheumatoid arthritis 
(RA) has made remarkable progress from physiopa-
thology to diagnosis and treatment.1-4 However, there 
are still a considerable number of patients whose clinical 
symptoms are not obvious, so they may be diagnosed 
with ‘difficult-to-treat’ RA.5 If these patients are slow to be 
diagnosed, or treated inadequately, there will be cumu-
lative joint injuries and irreversible disabilities, which may 
lead to a shortened life expectancy of three to 18 years.6 
This brings great challenges to the medical community.

Epidemiological studies have reported several poten-
tial influencing factors of RA, including obesity,7 drinking,8 
smoking,9 education,10 and so on. However, these studies 
cannot determine the direct causal effects between aeti-
ology and disease, and need more information to fill the 
evidence gap caused by unmeasured confounding or 
reverse causality. In recent years, to address the limita-
tions of observational studies and randomized controlled 
trials, Mendelian randomization (MR) has become a new 
method to explore the causality between aetiology and 
disease. The principles and advantages of MR have been 
extensively discussed in numerous publications.11,12 There 
are many MR studies on the causality between lifestyle, 
nutrition, disease status, and RA, but these studies differ 
in design, population, genetic instruments, and causal-
effect estimation. These differences indicate that system-
atic evaluation and meta-analysis of these MR studies are 
essential.

Many systematic reviews of MR studies have been 
reported, such as osteoarthritis,13 colorectal cancer,14 and 
the relationship between smoking and various diseases.15 
To our knowledge, this is the first systematic review 
and meta-analysis of published MR studies on RA. We 
included the MR studies that evaluated the risk factors of 
RA. Then we quantitatively analyzed the estimated values 
of obesity-related indicators, life environment, serum 
minerals, disease status, and RA causal effects to provide 
phased carding and summary of the causality evidence 
between various pathogenic factors and RA (Figure 1).

Methods
Data sources and search strategy.  The process of literature 
retrieval and inclusion-exclusion is shown in Figure  2. 
We searched the MR literature on RA published up to 1 
October 2022 using PubMed, Embase, and Web of Science 

electronic databases, supplemented with manual search-
es of the included reference lists. The keywords used 
are as follows: subject words and free words related to 
“Mendelian randomization” or “genetic instrument” and 
“rheumatoid arthritis” (e.g. “Mendelian Randomization 
Analysis” [MeshSH], “Analysis, Mendelian Randomization 
[Title/Abstract]”, “Mendelian Randomization [Title/
Abstract]”). Detailed search strategies for each database 
are given in Supplementary Table i.
Study selection.  All rertrieved articles were exported to 
the NoteExpress reference library, version 3.7 (Beijing 
Aegean Lezhi Technology, China), wherein duplicates 
were sought and removed. Two independent reviewers 
(PG, BP) evaluated the remaining articles, and only those 
that met the predefined criteria were selected. A third in-
vestigator (TL) was consulted to resolve any discrepan-
cies. Initially, we selected the relevant articles according 
to the title and abstract, and then read the full text to 
confirm the relevance. The following criteria were used 
to select studies.

Inclusion criteria were: 1) original studies using MR 
analysis to investigate the causal relationship between 
any risk factor-related phenotype and RA; 2) any genome-
wide or phenome-wide association studies (GWAS/
PheWAS) that incorporated MR into their analysis; and 
3) in cases where multiple studies have been published 
on the same study population or GWAS data, include 
the study with the largest number of cases or the largest 
number of instrumental variables (if sample sizes are 
equal).

Exclusion criteria were: 1) case reports, narrative 
reviews, letters, editorials, opinions, and conference 
abstracts; 2) studies for which complete English manu-
scripts or original data are not obtainable; and 3) studies 
that used genetic variants as proxies without employing 
an MR design.
Data extraction and quality assessment.  The data ex-
tracted from each MR study included: the first author’s 
last name; publication year; the alliances or consortium 
conducting RA genomics research; total number of par-
ticipants; ancestry of the study population; exposure 
variables; and principal findings. In addition, we also ex-
tracted the relative risk estimate (odds ratio (OR)), the cor-
responding 95% confidence interval (CI) and sensitivity 
analysis results based on the inverse variance weighting 
(IVW) method, and the pleiotropic analysis results based 
on MR-Egger analysis. The adjusted effect was extracted 
and combined for the study of reporting crude effect and 
adjusted effect at the same time. Two researchers (PG, BP) 
independently extracted and cross-checked the relevant 
information. Disagreements were resolved by the third 
investigator (TL or DY).

Two researchers assessed the quality of the research 
by adopting a modified version of the Strengthening the 
Reporting of Observational Studies in Epidemiology using 
Mendelian Randomization (STROBE-MR) guidelines.16 
The guidelines were adapted based on articles reporting 
quality assessment approaches used to document MR 



VOL. 12, NO. 9, SEPTEMBER 2023

APPRAISING CAUSAL RISK AND PROTECTIVE FACTORS FOR RHEUMATOID ARTHRITIS 603

studies.17,18 After converting the quality assessment score 
into a percentage, studies with  > 85%, 75% to 85%, 
and < 75% were considered as high-, medium-, and low-
quality, respectively.
Statistical analysis.  When at least two independent 
studies/datasets were identified to assess the causality 
between pathogenic factors/genetic instruments and 
RA, the data were incorporated into the meta-analysis. 
Studies not included in the meta-analysis were still in-
cluded in the qualitative analysis (systematic review). 
Fixed-effect and/or random-effect models were used to 
calculate the aggregate OR value of different factors on 
RA risk.19 Cochran’s Q test and Higgins I2 test were used 
to judge heterogeneity. The combined results of fixed ef-
fect models were at I2 < 50% and p > 0.1, otherwise, the 
heterogeneity between included studies was considered 
to be statistically significant. We conducted a sensitivity 
analysis by excluding one study at a time and comparing 
the results of the fixed-effect model. If the heterogeneity 
was eliminated, the results of the fixed-effect model were 
reported, and vice versa, the results of the random-effect 
model were reported. Visual examination of the funnel 
plot was performed to assess publication bias.20

The data of this study were analyzed by RevMan version 
5.4.1 (Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2020). A two-sided p-value less 
than 0.05 was considered to be statistically significant.

Results
Study selection.  The pre-established database retrieval 
strategy produced 517 records. After excluding 219 du-
plicate and 130 non-Mendelian articles, 26 conference 

reports and correspondence articles were excluded ac-
cording to the literature type. After thoroughly reviewing 
121 articles, we excluded 86 articles that did not report 
RA as an outcome (including case reports, narrative re-
views, meta-analyses, editorials, opinions, and confer-
ence abstracts). A total of 35 articles were included in this 
review (Figure 2).
Study characteristics and quality assessment.  Overall, 35 
MR studies were included in the systematic review.21–55 
These studies included RA participants recruited from 
multiple datasets, including European populations, East 
Asian populations,39 and mixed populations (European + 
Asian).32,34,41,48,52,53 The number of single nucleotide pol-
ymorphisms (SNPs) used in these studies ranged from 
two33,34,36 to 1,265.24 All MR studies used two or more data 
sources from the large GWAS meta-analyses alliances, IEU 
OpenGWAS Project, UK Biobank, FinnGen biobanks, and 
Biobank Japan. The characteristics of the included studies 
are shown in Table I.

A total of 19 MR studies were included in the meta-
analysis.21–39 The final quality assessment scores ranged 
from 85% to 100%, and 15 articles scored above 85% 
(high quality) (Supplementary Table ii). All studies indi-
cated “Mendelian randomization” in the title or abstract, 
which provided information about the basic principles 
and related data sources for research and objectives. 
All studies reported information on the sample size of 
exposure and outcome. One study did not report the 
number of SNPs in the MR process,21 while others used 
two to hundreds of SNPs as instrumental variables. 
Most MR studies used the strict critical value of linkage 
disequilibrium (R2  < 0.001) to select independent SNPs 

Fig. 1

Factors influencing rheumatoid arthritis (RA) in Mendelian randomization. Created with BioRender.com. TNF, tumour necrosis factor.
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as instrumental variables for exposure, but some studies 
selected all conditional independent SNPs identified in 
GWAS. All studies indicated the statistical analysis for MR 
analysis, and ten studies reported the sensitivity analysis 
results based on the robust MR method (IVW) and the 
horizontal pleiotropic results based on the MR-Egger 
method.22,23,27–31,35,37,38 Visual examination of the funnel 
plot of obesity-related indicators showed a low study bias 
(Supplementary Figure a). Nevertheless, the funnel plot 
was not performed in other phenotypes because of the 
few included studies.
Meta-analysis results.  A total of four studies (six data-
sets) for BMI,21–24 one study (three datasets) for body fat 

percentage (BFP),21 one study (three datasets) for favour-
able adiposity (FA),21 one study (three datasets) for unfa-
vourable adiposity (UFA),21 two studies for lifetime smok-
ing,24,25 two studies for alcoholic drinks per week,24,26 two 
studies for coffee intake,28,29 four studies for educational 
attainment,24,30–32 two studies for serum calcium (Ca),33,34 
three studies for serum iron,33–35 two studies for serum 
copper,33,34 two studies for serum magnesium,33,34 two 
studies for serum zinc,33,34 one study (two datasets) for se-
rum selenium,36 two studies for chronic periodontitis,37,38 
and one study (two datasets) for Graves’ disease (GD)39 
were selected for quantitative analysis, on the basis that 
there were common risk factors among meta-analysis 

Fig. 2

Preferred Reporting Items for Systematic review and Meta-Analyses flow diagram. MR, Mendelian randomization; RA, rheumatoid arthritis.
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studies. Detailed information of the included studies and 
the results of meta-analysis is shown in Supplementary 
Table iii.
Obesity-related indicators.  Genetic susceptibility of four 
obesity-related indicators is related to the increased risk 
of RA (Figure 3; Supplementary Table iii). Genetically pre-
dicted BMI led to higher relative OR of RA (25% higher for 
every additional 4.8 kg/m2 of BMI). Each standard devia-
tion (SD) increase in BFP (OR 1.63, 95% CI 1.49 to 1.79), 
FA (OR 1.78, 95%  CI 1.28 to 2.46), and UFA (OR 1.63, 
95% CI 1.29 to 2.07) led to a higher relative OR of RA.

The Higgins I2 test (I2 = 88%, p < 0.1) indicates signif-
icant heterogeneity among the BMI. Considering the 
different populations included in the meta-analysis, we 
removed the mixed population study,23 then the hetero-
geneity disappeared (Figure 3; Supplementary Figure b). 
Slight heterogeneity between BFP and RA was observed 
(I2 = 52%, p = 0.130). Since BFP was based on three 
different populations in the same study, we believed that 
slight heterogeneity could be ignored, and the results 
used a fixed-effect model. A comparative diagram of 
the random-effect and fixed-effect models is shown in 
Supplementary Figure c.

Phenotypes of life environment.  We used the values ob-
tained by the IVW method to evaluate the overall caus-
al effects of four phenotypes of life environment on RA. 
Each 1-SD increase in lifetime smoking increased the 
odds of RA by 68% (p < 0.001). Each 1-SD (one cup/day) 
increase in coffee intake increased the odds of RA by 82% 
(p < 0.001). Each 1-SD (4.2 years) increase in educational 
attainment decreased the odds of RA by 57% (p < 0.001). 
However, no correlation was observed between alcoholic 
drinks per week and RA (p = 0.590). The Higgins I2 test 
(I2 = 58%, p = 0.100) indicates significant heterogenei-
ty among the educational attainment, but we still chose 
the random-effect model to evaluate due to the lack of 
included studies (Figure 4; Supplementary Figure d). No 
heterogeneity was found in other analyses. Therefore, 
we used the fixed-effect model as the primary method 
(Figure 4).
Serum minerals.  Genetically predicted six serum min-
eral levels were not associated with RA risk (Figure  5; 
Supplementary Table iii). There is no causality between 
serum Ca, iron, copper, magnesium, zinc, selenium, and 
the risk of RA (p = 0.790 (IVW method and random-effect 
model), p = 0.130, p = 0.740, p = 0.990, p = 0.450, and p 

Fig. 3

Meta-analysis results of the association between genetic liability to obesity-related indicators and risk of rheumatoid arthritis (RA). Estimates are odds ratios 
(ORs) with 95% confidence intervals (CIs) for a one-standard deviation increase in genetic liability to obesity-related indicators. a) Forest plot of causal 
relationship between BMI genetic susceptibility and RA risk. b) Forest plot of causal relationship between body fat percentage (BFP) genetic susceptibility and 
RA risk. c) Forest plot of causal relationship between favourable adiposity (FA) genetic susceptibility and RA risk. d) Forest plot of causal relationship between 
unfavourable adiposity (UFA) genetic susceptibility and RA risk. IV, inverse variance; SE, standard error.
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= 0.450 (all IVW method and fixed-effect model), respec-
tively). Although high heterogeneity was observed in the 
combination of serum Ca, we still chose the random-
effect model to evaluate due to the lack of included stud-
ies. A comparative diagram of the random-effect and 
fixed-effect models is shown in Supplementary Figure e.
Disease status.  The existence of GD may increase the risk 
of RA by 32% (OR 1.32, 95% CI 1.04 to 1.68; p = 0.020; 
IVW method and fixed-effects model). However, chronic 
periodontitis was not associated with an increased risk of 
RA (OR 1.08, 95% CI 0.94 to 1.24; p = 0.300; IVW meth-
od and random-effect model) (Figure 6; Supplementary 
Table iii). Supplementary Figure f shows a comparative 
diagram of random-effect and fixed-effect models of 
chronic periodontitis.

Discussion
This review includes a meta-analysis of the published MR 
results. Genetic evidence shows that BMI, BFP, FA, UFA, 

lifetime smoking, coffee intake, and GD are associated 
with an increased risk of RA; educational attainment is 
associated with a decreased risk of RA. In contrast, serum 
minerals (Ca, iron, magnesium, copper, zinc, and sele-
nium), alcoholic drinks per week, and chronic periodon-
titis were not observed to be related to the risk of RA. 
These results are consistent with the quantitative analysis 
results of the 19 articles we included.
Obesity-related indicators.  The essence of obesity is an 
abnormal or excessive fat accumulation that can lead 
to health damage. Adipose tissue is positively relat-
ed to inflammation and immunity. It can secrete pro-
inflammatory and anti-inflammatory cytokines, hormone 
active substances, and chemokines.65

Our meta-analysis showed that obesity-related indica-
tors (BMI, BFP, FA, and UFA) are risk factors for RA. These 
results are consistent with the conclusions from the arti-
cles included in our systematic review. Obesity-induced 
increased risk of RA may be associated with the low-grade 

Fig. 4

Meta-analysis results of the association between genetic liability to phenotype of life environment and risk of rheumatoid arthritis (RA). Estimates are odds 
ratios (ORs) with 95% confidence intervals (CIs) for a one-standard deviation increase in genetic liability to phenotype of life environment. a) Forest plot 
of causal relationship between lifetime smoking genetic susceptibility and RA risk. b) Forest plot of causal relationship between alcoholic drinks genetic 
susceptibility and RA risk. c) Forest plot of causal relationship between coffee intake genetic susceptibility and RA risk. d) Forest plot of causal relationship 
between educational attainment genetic susceptibility and RA risk. IV, inverse variance; SE, standard error.
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systemic inflammation triggered by obesity and the 
subsequent elevation of inflammatory cytokines.61,66 FA 
and UFA may potentially contribute to the augmented 
risk of RA and systemic inflammatory cytokine levels 
through the enhancement of adipocyte gene expression, 
promotion of obesity accumulation, and interference 
with the production and expression of pro-inflammatory 
cytokines.63,67–69

Phenotypes of life environment.  The results of our meta-
analysis and observational studies all indicate that lifetime 

smoking increases the risk of RA.70,71 Cigarette burning 
produces reactive oxygen species, which can activate the 
signalling cascades in epithelial cells, leading to the ac-
tivation of inflammatory genes. Systemic inflammation 
and related inflammatory markers are associated with an 
increased risk of RA.72,73 In addition, epigenetic changes, 
increased toxicity of nicotine and heavy metals,74 apopto-
sis of immune cells, and changes in autoantibodies will 
also lead to the increased risk of RA.57

Fig. 5

Meta-analysis results of the association between genetic liability to serum minerals and risk of rheumatoid arthritis (RA). Estimates are odds ratios (ORs) 
with 95% confidence intervals (CIs) for a one-standard deviation increase in genetic liability to serum minerals. a) Forest plot of causal relationship between 
serum Ca genetic susceptibility and RA risk. b) Forest plot of causal relationship between serum iron genetic susceptibility and RA risk. c) Forest plot of causal 
relationship between serum copper genetic susceptibility and RA risk. d) Forest plot of causal relationship between serum magnesium genetic susceptibility 
and RA risk. e) Forest plot of causal relationship between serum zinc genetic susceptibility and RA risk. f) Forest plot of causal relationship between serum 
selenium genetic susceptibility and RA risk. IV, inverse variance; SE, standard error.
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The results of our meta-analysis and the studies 
included in the systematic review all suggest no defi-
nite evidence to support the causality between alco-
holic drinks per week and RA. Prospective studies by 
Sundström et al75 and Cerhan et al62 also support our 
results. However, a meta-analysis by Turk et al76 found 
that alcohol consumption was associated with decreased 
physical activity in patients with RA. Lu et al8 conducted a 
prospective study of 662 patients with RA and found that 
moderate drinking was associated with a better functional 
status of RA. The contradictory results of previous studies 
may be related to different alcohol intakes. Alcohol, 
which contains ethanol and antioxidants, is considered 
to be a complex regulator of the immune system.77 Intake 
of moderate doses of alcohol can enhance cell phago-
cytosis and immune function, reduce the production of 
inflammatory cytokines, and thus reduce the risk of RA. 
However, long-term intake of large doses of alcohol or 
alcohol abuse inhibits cell phagocytosis, growth factor 
production, and immune function, which increases the 
risk of RA.26

Our meta-analysis suggests that coffee intake is a risk 
factor for RA. This may be due to the inhibitory effects of 
caffeine on anti-inflammatory actions, immune function, 
and T cell proliferation, as well as its impact on antibody 
production.56,78,79 Coffee constituents such as antioxi-
dants, including polyphenols, cafestol, and melanoidins, 
play important roles in scavenging free radicals, inducing 
DNA repair, and influencing the progression of autoim-
mune diseases.80–82 While some studies have observed 
a positive association between coffee consumption and 
RA,29 other cross-sectional and MR studies have not found 
a causal relationship.28 Due to conflicting findings and a 
lack of standardized descriptions of coffee intake, further 

research on the effects of coffee types and preparation 
methods on RA is crucial.

Additionally, our meta-analysis revealed a significant 
correlation between higher education level and a lower 
risk of RA. Education level may exert its influence on 
disease occurrence through socioeconomic and health-
related factors such as wealth, lifestyle, and quality of 
life.83–86 Studies have indicated that smoking and BMI 
mediate the relationship between education level and 
RA.32,52 However, further research is needed to explore 
the biological pathways through which education level 
reduces the risk of RA.

Finally, minerals are essential nutrients for the human 
body, but are closely related to various diseases. Ca, iron, 
copper, magnesium, zinc, selenium, and other minerals 
usually play a role in autoimmune diseases through 
different immunomodulatory mechanisms.87

Ca signalling plays a central role in immune cell 
proliferation, differentiation, and apoptosis. The chronic 
inflammatory process of RA is related to the upregulation 
of the Ca2+-calcineurin-nuclear factor of activated T cells 
(NFAT) axis in various synovitis inflammatory cells.88,89 
There is a complex interaction between iron homeostasis, 
inflammatory response, and immune function.90 Studies 
have pointed out that iron is essential for the proliferation 
of immune cells, especially lymphocytes, in dealing with 
infection.91 Copper has antioxidant properties and partic-
ipates in the central nervous system’s metabolic process 
and redox reaction of the central nervous system.92 In 
addition, because copper deficiency damages the metab-
olism of iron, copper is essential for the absorption of 
iron.93 Magnesium is closely related to oxidative stress 
and inflammation. Magnesium deficiency can trigger 
systemic inflammation through the induction of oxidative 

Fig. 6

Meta-analysis results of the association between genetic liability to disease status and risk of rheumatoid arthritis (RA). Estimates are odds ratios (ORs) with 
95% confidence intervals (CIs). a) Forest plot of causal relationship between chronic periodontitis genetic susceptibility and RA risk. b) Forest plot of causal 
relationship between Graves' disease genetic susceptibility and RA risk. IV, inverse variance; SE, standard error.
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stress in inflammatory cells, activation of phagocytic 
cells, and reduction of anti-inflammatory mediators.94 In 
addition, magnesium transporter (MagT1) plays a vital 
role in the immune response activated by T cells.95 Zinc 
deficiency can lead to increased oxidative stress and the 
production of pro-inflammatory cytokines,96,97 affecting 
immune cells’ survival, proliferation, and maturation.87

Selenium plays an essential role in the activation, 
differentiation, and proliferation of immune cells. Sele-
nium can also reduce the expression of pro-inflammatory 
mediators and regulate excessive immune response and 
chronic inflammation.98,99 Although the role of minerals 
in autoimmune diseases has been confirmed, the current 
MR studies and our meta-analysis results do not support 
the causal role of these minerals in the development of 
RA.
Disease status.  Chronic periodontitis can cause severe 
oral inflammation, leading to gingivitis and tooth loss.100 
It may trigger or worsen RA due to the presence of antic-
itrullinated protein antibodies and rheumatoid factors in 
patients.58,101,102 Gingival bacteria and Actinobacillus actin-
omycetemcomitans induce citrullination reactions, which 
stimulate the immune system to produce antibodies and 
initiate joint inflammation.103–105 RA and periodontitis 
share common mediators, such as shared epitopes of the 
HLA-DRB1 gene and proteases.106 Studies have found that 
chronic periodontitis may increase the risk of RA,37 but 
bidirectional studies have not established a causal rela-
tionship between the two diseases.38 Further large-scale 
research is needed to confirm the association between 
periodontitis and RA.

GD is an autoimmune thyroid disease characterized 
by exophthalmos, eye pain, diplopia, photosensitivity, 
and difficulty closing the eyes.107 RA accounts for approx-
imately 3% to 5% of GD patients.108 Ferrari et al109 found 
RA to be a common autoimmune comorbidity in GD. Cui 
et al110 observed increased levels of IGF-1R in GD and RA 
patients, which plays an important role in inflammation. 
Bidirectional MR studies showed that GD may increase 
the risk of RA by 30%, and RA may increase the risk of 
GD by 39%.39 Further research is needed to confirm the 
causal relationship between GD and RA.
Clinical implications and future research.  Given that 
obesity and smoking can increase the risk of RA, we sug-
gest that increasing fitness awareness and healthy food 
accessibility, promoting physical activity, and enforcing 
smoking cessation programmes should be used as pri-
mary prevention and non-drug therapies. Similarly, due 
to the increase in educational attainment that can reduce 
the risk of RA, we call for improving the general popu-
lation’s educational attainment and literacy to prevent 
RA. Although we found that coffee intake has a negative 
causal effect on RA, we were skeptical about this result. 
Therefore, we do not recommend eliminating coffee as a 
means of preventing RA.

This review summarized the current MR studies on the 
risk factors of RA, but several issues must be considered in 
future studies. Firstly, it is crucial to incorporate more of 

the latest SNPs as instrumental variables in assessing the 
risk factors’ influence on the development of RA. By using 
these contemporary genetic markers, a more precise eval-
uation of the impact of these risk factors on the disease 
can be achieved. Additionally, in order to enhance our 
understanding of the characteristics of RA risk factors, 
future studies should expand beyond a solely European 
population and include mixed populations exposed to 
diverse environmental factors for a more comprehensive 
analysis. Undoubtedly, in addition to providing a perfect 
complement to epidemiological studies, MR methods 
have also begun to improve our understanding of the 
pathophysiology and drug mechanisms of complex 
diseases such as RA. The next step is to promote this 
tool for prevention, optimizing treatment strategies, and 
reducing drug side effects.

Our meta-analysis has several limitations as follows. 
Firstly, due to the few MR studies available on RA, we 
cannot evaluate the publication bias by observing the 
symmetry of the funnel plot (except obesity-related indi-
cators) and conducting Egger and Begg tests. Further-
more, we also cannot conduct subgroup analysis based 
on age, sex, and region to explore the impact of these 
variables on the outcome of the merger. Secondly, the 
substantial heterogeneity of several included studies 
is high, so we interpreted the results with caution. 
However, this heterogeneity was anticipated, given the 
variation in study methods, participants, and localities. 
Finally, although MR methods have several advantages 
compared with traditional meta-analysis methods, and 
can provide evidence for the association between RA 
and related risk factors, the results still rely on modelling 
experiments and real-world evidence.

In conclusion, this study indicates that obesity, 
smoking, and GD are risk factors of RA, while education 
is the protective factor. Therefore, reducing smoking, 
controlling weight, targeting treatment of GD, and 
improving access to education may greatly reduce the 
risk of RA. This is particularly relevant for those with a 
high risk of RA (e.g. those with strong family history of 
the disease).

Supplementary material
‍ ‍Tables showing search strategy used in each data-

base searched, Quality Assessment tool conduct-
ed based on adherence to the STROBE-MR Guide-

lines for all 19 studies included in the meta-analysis, and 
Mendelian randomization studies included in the meta-
analyses of genetically predicted obesity-related indica-
tors, life environment, serum minerals, and disease status 
in relation to rheumatoid arthritis. Figures showing fun-
nel plot of the included studies on obesity-related indica-
tors, forest plot before and after the removal of heteroge-
neity of BMI, and forest plots of body fat percentage, 
educational attainment, serum calcium, and chronic per-
iodontitis.



BONE & JOINT RESEARCH 

P. GU, B. PU, T. LIU, D. YUE, Q. XIN, H-S. LI, B-L. YANG, D-Z. KE, X-H. ZHENG, Z-P. ZENG, Z. ZHANG612

References
	 1.	 Ji M, Ryu HJ, Hong JH. Signalling and putative therapeutic molecules on the 

regulation of synoviocyte signalling in rheumatoid arthritis. Bone Joint Res. 
2021;10(4):285–297. 

	 2.	 Duan M, Wang Q, Liu Y, Xie J. The role of TGF-β2 in cartilage development and 
diseases. Bone Joint Res. 2021;10(8):474–487. 

	 3.	 Li Z, Chen M, Wang Z, et al. Berberine inhibits RA-FLS cell proliferation and 
adhesion by regulating RAS/MAPK/FOXO/HIF-1 signal pathway in the treatment 
of rheumatoid arthritis. Bone Joint Res. 2023;12(2):91–102. 

	 4.	 Yang J, Fan Y, Liu S. ATF3 as a potential diagnostic marker of early-stage 
osteoarthritis and its correlation with immune infiltration through bioinformatics 
analysis. Bone Joint Res. 2022;11(9):679–689. 

	 5.	 Nagy G, Roodenrijs NM, Welsing PM, et al. EULAR definition of difficult-to-
treat rheumatoid arthritis. Ann Rheum Dis. 2021;80(1):31–35. 

	 6.	 Minichiello E, Semerano L, Boissier M-C. Time trends in the incidence, 
prevalence, and severity of rheumatoid arthritis: A systematic literature review. 
Joint Bone Spine. 2016;83(6):625–630. 

	 7.	 Linauskas A, Overvad K, Symmons D, Johansen MB, Stengaard-Pedersen 
K, de Thurah A. Body fat percentage, waist circumference, and obesity as 
risk factors for rheumatoid arthritis: A Danish cohort study. Arthritis Care Res 
(Hoboken). 2019;71(6):777–786. 

	 8.	 Lu B, Rho YH, Cui J, et al. Associations of smoking and alcohol consumption 
with disease activity and functional status in rheumatoid arthritis. J Rheumatol. 
2014;41(1):24–30. 

	 9.	 Alfredsson L, Klareskog L, Hedström AK. Influence of smoking on disease 
activity and quality of life in patients with rheumatoid arthritis: Results from 
a Swedish case-control study with longitudinal follow-up. Arthritis Care Res 
(Hoboken). 2023;75(6):1269–1277. 

	 10.	 Putrik P, Ramiro S, Keszei AP, et al. Lower education and living in countries 
with lower wealth are associated with higher disease activity in rheumatoid 
arthritis: results from the multinational COMORA study. Ann Rheum Dis. 
2016;75(3):540–546. 

	 11.	 Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for 
causal inference in epidemiological studies. Hum Mol Genet. 2014;23(R1):R89–98. 

	 12.	 Sekula P, Del Greco M F, Pattaro C, Köttgen A. Mendelian randomization 
as an approach to assess causality using observational data. J Am Soc Nephrol. 
2016;27(11):3253–3265. 

	 13.	 Ho J, Mak CCH, Sharma V, To K, Khan W. Mendelian randomization studies 
of lifestyle-related risk factors for osteoarthritis: A PRISMA review and meta-
analysis. Int J Mol Sci. 2022;23(19):11906. 

	 14.	 Deng Y, Wang L, Huang J, Ding H, Wong MCS. Associations between 
potential causal factors and colorectal cancer risk: A systematic review and meta-
analysis of Mendelian randomization studies. J Dig Dis. 2022;23(8–9):435–445. 

	 15.	 Larsson SC, Burgess S. Appraising the causal role of smoking in multiple 
diseases: A systematic review and meta-analysis of Mendelian randomization 
studies. EBioMedicine. 2022;82:104154. 

	 16.	 Skrivankova VW, Richmond RC, Woolf BAR, et al. Strengthening 
the Reporting of Observational Studies in Epidemiology Using Mendelian 
Randomization: The STROBE-MR Statement. JAMA. 2021;326(16):1614–1621. 

	 17.	 Boef AGC, Dekkers OM, le Cessie S. Mendelian randomization studies: a 
review of the approaches used and the quality of reporting. Int J Epidemiol. 
2015;44(2):496–511. 

	 18.	 Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation 
studies: a guide, glossary, and checklist for clinicians. BMJ. 2018;362:k601. 

	 19.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177–188. 

	 20.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327(7414):557–560. 

	 21.	 Martin S, Tyrrell J, Thomas EL, et al. Correction: Disease consequences of 
higher adiposity uncoupled from its adverse metabolic effects using Mendelian 
randomisation. Elife. 2022;11:e80233. 

	 22.	 Tang B, Shi H, Alfredsson L, Klareskog L, Padyukov L, Jiang X. Obesity-
related traits and the development of rheumatoid arthritis: Evidence from genetic 
data. Arthritis Rheumatol. 2021;73(2):203–211. 

	 23.	 Bae SC, Lee YH. Causal association between body mass index and risk of 
rheumatoid arthritis: A Mendelian randomization study. Eur J Clin Invest. 
2019;49(4):e13076. 

	 24.	 Zhao SS, Holmes MV, Zheng J, Sanderson E, Carter AR. The impact of 
education inequality on rheumatoid arthritis risk is mediated by smoking and 
body mass index: Mendelian randomization study. Rheumatology (Oxford). 
2022;61(5):2167–2175. 

	 25.	 Qian Y, Zhang L, Wu DJH, Xie Z, Wen C, Mao Y. Genetic predisposition 
to smoking is associated with risk of rheumatoid arthritis: a Mendelian 
randomization study. Arthritis Res Ther. 2020;22(1):44. 

	 26.	 Jiang X, Zhu Z, Manouchehrinia A, Olsson T, Alfredsson L, Kockum I. 
Alcohol consumption and risk of common autoimmune inflammatory diseases—
Evidence from a large-scale genetic analysis totaling 1 million individuals. Front 
Genet. 2021;12:687745. 

	 27.	 Bae S-C, Lee YH. Alcohol intake and risk of rheumatoid arthritis: a Mendelian 
randomization study. Z Rheumatol. 2019;78(8):791–796. 

	 28.	 Pu B, Gu P, Zheng C, Ma L, Zheng X, Zeng Z. Self-reported and genetically 
predicted effects of coffee intake on rheumatoid arthritis: Epidemiological studies 
and Mendelian randomization analysis. Front Nutr. 2022;9:926190. 

	 29.	 Bae S-C, Lee YH. Coffee consumption and the risk of rheumatoid arthritis and 
systemic lupus erythematosus: a Mendelian randomization study. Clin Rheumatol. 
2018;37(10):2875–2879. 

	 30.	 Huang G, Cai J, Li W, Zhong Y, Liao W, Wu P. Causal relationship between 
educational attainment and the risk of rheumatoid arthritis: a Mendelian 
randomization study. BMC Rheumatol. 2021;5(1):47. 

	 31.	 Bae S-C, Lee YH. Causal relationship between years of education and the 
occurrence of rheumatoid arthritis. Postgrad Med J. 2019;95(1125):378–381. 

	 32.	 Yuan S, Xiong Y, Michaëlsson M, Michaëlsson K, Larsson SC. Genetically 
predicted education attainment in relation to somatic and mental health. Sci Rep. 
2021;11(1):4296. 

	 33.	 Zhou J, Liu C, Sun Y, et al. Genetically predicted circulating levels of copper 
and zinc are associated with osteoarthritis but not with rheumatoid arthritis. 
Osteoarthritis Cartilage. 2021;29(7):1029–1035. 

	 34.	 Cheng W-W, Zhu Q, Zhang H-Y. Mineral nutrition and the risk of chronic 
diseases: A Mendelian randomization study. Nutrients. 2019;11(2):378. 

	 35.	 Yuan S, Larsson S. Causal associations of iron status with gout and 
rheumatoid arthritis, but not with inflammatory bowel disease. Clin Nutr. 
2020;39(10):3119–3124. 

	 36.	 Ye D, Sun X, Guo Y, et al. Genetically determined selenium concentrations and 
risk for autoimmune diseases. Nutrition. 2021;91–92:111391. 

	 37.	 Bae S-C, Lee YH. Causal association between periodontitis and risk 
of rheumatoid arthritis and systemic lupus erythematosus: a Mendelian 
randomization. Z Rheumatol. 2020;79(9):929–936. 

	 38.	 Yin K-J, Huang J-X, Wang P, et al. No genetic causal association between 
periodontitis and arthritis: A bidirectional two-sample Mendelian randomization 
analysis. Front Immunol. 2022;13:808832. 

	 39.	 Wu D, Xian W, Hong S, Liu B, Xiao H, Li Y. Graves’ disease and rheumatoid 
arthritis: A bidirectional Mendelian randomization study. Front Endocrinol 
(Lausanne). 2021;12:702482. 

	 40.	 Liu YQ, Liu Y, Chen ZY, Li H, Xiao T. Rheumatoid arthritis and osteoporosis: 
a bi-directional Mendelian randomization study. Aging (Albany NY). 
2021;13(10):14109–14130. 

	 41.	 Luo P, Cheng S, Zhang F, et al. A large-scale genetic correlation scan 
between rheumatoid arthritis and human plasma protein. Bone Joint Res. 
2022;11(2):134–142. 

	 42.	 Huang G, Cai J, Li W, et al. A Mendelian randomization study on causal effects 
of leisure sedentary behaviour on the risk of rheumatoid arthritis. Eur J Clin Invest. 
2023;53(3):e13894. 

	 43.	 Gao R-C, Sang N, Jia C-Z, et al. Association between sleep traits and 
rheumatoid arthritis: A Mendelian randomization study. Front Public Health. 
2022;10:940161. 

	 44.	 Chen W, Liu K, Huang L, et al. Beef intake and risk of rheumatoid arthritis: 
Insights from a cross-sectional study and two-sample Mendelian randomization. 
Front Nutr. 2022;9:923472. 

	 45.	 Chen S, Chen T, Chen Y, Huang D, Pan Y, Chen S. Causal association 
between tea consumption and bone health: A Mendelian randomization study. 
Front Nutr. 2022;9:872451. 

	 46.	 Sun L, Zhu J, Mi S, Li Y, Wang T, Li Y. Causal association of monounsaturated 
fatty acids with rheumatoid arthritis but not osteoarthritis: A two-sample 
Mendelian randomization study. Nutrition. 2021;91–92:111363. 

	 47.	 Sun L, Zhu J, Ling Y, et al. Physical activity and the risk of rheumatoid arthritis: 
evidence from meta-analysis and Mendelian randomization. Int J Epidemiol. 
2021;50(5):1593–1603. 

	 48.	 Inamo J, Kochi Y, Takeuchi T. Is type 2 diabetes mellitus an inverse risk factor 
for the development of rheumatoid arthritis? J Hum Genet. 2021;66(2):219–223. 

	 49.	 Zhu G, Zhou S, Xu Y, et al. Mendelian randomization study on the causal 
effects of omega-3 fatty acids on rheumatoid arthritis. Clin Rheumatol. 
2022;41(5):1305–1312. 



VOL. 12, NO. 9, SEPTEMBER 2023

APPRAISING CAUSAL RISK AND PROTECTIVE FACTORS FOR RHEUMATOID ARTHRITIS 613

	 50.	 Meisinger C, Freuer D. Rheumatoid arthritis and inflammatory bowel disease: A 
bidirectional two-sample Mendelian randomization study. Semin Arthritis Rheum. 
2022;55:151992. 

	 51.	 Cai Q, Xin Z, Zuo L, Li F, Liu B. Alzheimer’s disease and rheumatoid arthritis: A 
Mendelian randomization study. Front Neurosci. 2018;12:627. 

	 52.	 Zhao SS, Bowes J, Barton A, Davey Smith G, Richardson T. Separating the 
effects of childhood and adult body size on inflammatory arthritis: a Mendelian 
randomisation study. RMD Open. 2022;8(2):e002321. 

	 53.	 Yu X, Deng M-G, Tang Z-Y, Zhang Z-J. Urticaria and increased risk of 
rheumatoid arthritis: a two-sample Mendelian randomisation study in European 
population. Mod Rheumatol. 2022;32(4):736–740. 

	 54.	 Bae S-C, Lee YH. Vitamin D level and risk of systemic lupus erythematosus 
and rheumatoid arthritis: a Mendelian randomization. Clin Rheumatol. 
2018;37(9):2415–2421. 

	 55.	 Zhu J, Niu Z, Alfredsson L, Klareskog L, Padyukov L, Jiang X. Age at 
menarche, age at natural menopause, and risk of rheumatoid arthritis - a 
Mendelian randomization study. Arthritis Res Ther. 2021;23(1):108. 

	 56.	 Le Moine O, Stordeur P, Schandené L, et al. Adenosine enhances IL-10 
secretion by human monocytes. J Immunol. 1996;156(11):4408–4414. 

	 57.	 Chang K, Yang SM, Kim SH, Han KH, Park SJ, Shin JI. Smoking and 
rheumatoid arthritis. Int J Mol Sci. 2014;15(12):22279–22295. 

	 58.	 Koziel J, Potempa J. Pros and cons of causative association between 
periodontitis and rheumatoid arthritis. Periodontol 2000. 2022;89(1):83–98. 

	 59.	 O’Seaghdha CM, Wu H, Yang Q, et al. Meta-analysis of genome-wide 
association studies identifies six new Loci for serum calcium concentrations. PLoS 
Genet. 2013;9(9):e1003796.

	 60.	 Elsworth B, Lyon M, Alexander T, et al. The MRC IEU OpenGWAS data 
infrastructure. bioRxiv. 2020. 

	 61.	 Pasquali R. Obesity and androgens: facts and perspectives. Fertil Steril. 
2006;85(5):1319–1340. 

	 62.	 Cerhan JR, Saag KG, Criswell LA, Merlino LA, Mikuls TR. Blood transfusion, 
alcohol use, and anthropometric risk factors for rheumatoid arthritis in older 
women. J Rheumatol. 2002;29(2):246–254. 

	 63.	 Martin S, Cule M, Basty N, et al. Genetic evidence for different adiposity 
phenotypes and their opposing influences on ectopic fat and risk of 
cardiometabolic disease. Diabetes. 2021;70(8):1843–1856. 

	 64.	 Ishigaki K, Sakaue S, Terao C, et al. Trans-ancestry genome-wide association 
study identifies novel genetic mechanisms in rheumatoid arthritis. medRxiv. 2021. 

	 65.	 Fantuzzi G. Adipose tissue, adipokines, and inflammation. J Allergy Clin Immunol. 
2005;115(5):911–919. 

	 66.	 Hayer S, Niederreiter B, Kalkgruber M, et al. Analysis of combined deficiency 
of interleukin-1 and -6 versus single deficiencies in TNF-mediated arthritis and 
systemic bone loss. Bone Joint Res. 2022;11(7):484–493. 

	 67.	 Cutolo M, Montagna P, Brizzolara R, et al. Sex hormones modulate the effects 
of Leflunomide on cytokine production by cultures of differentiated monocyte/
macrophages and synovial macrophages from rheumatoid arthritis patients. J 
Autoimmun. 2009;32(3–4):254–260. 

	 68.	 Versini M, Jeandel P-Y, Rosenthal E, Shoenfeld Y. Obesity in autoimmune 
diseases: not a passive bystander. Autoimmun Rev. 2014;13(9):981–1000. 

	 69.	 Luo P, Wang P, Xu J, et al. Immunomodulatory role of T helper cells in 
rheumatoid arthritis: a comprehensive research review. Bone Joint Res. 
2022;11(7):426–438. 

	 70.	 Sugiyama D, Nishimura K, Tamaki K, et al. Impact of smoking as a risk factor 
for developing rheumatoid arthritis: a meta-analysis of observational studies. Ann 
Rheum Dis. 2010;69(1):70–81. 

	 71.	 Di Giuseppe D, Discacciati A, Orsini N, Wolk A. Cigarette smoking and 
risk of rheumatoid arthritis: a dose-response meta-analysis. Arthritis Res Ther. 
2014;16(2):R61. 

	 72.	 Churg A, Dai J, Tai H, Xie C, Wright JL. Tumor necrosis factor-alpha is central 
to acute cigarette smoke-induced inflammation and connective tissue breakdown. 
Am J Respir Crit Care Med. 2002;166(6):849–854. 

	 73.	 Lee J, Taneja V, Vassallo R. Cigarette smoking and inflammation: cellular and 
molecular mechanisms. J Dent Res. 2012;91(2):142–149. 

	 74.	 Hussain MS, Tripathi V. Smoking under hypoxic conditions: a potent 
environmental risk factor for inflammatory and autoimmune diseases. Mil Med 
Res. 2018;5(1):11. 

	 75.	 Sundström B, Johansson I, Rantapää-Dahlqvist S. Diet and alcohol as risk 
factors for rheumatoid arthritis: a nested case-control study. Rheumatol Int. 
2015;35(3):533–539. 

	 76.	 Turk JN, Zahavi ER, Gorman AE, Murray K, Turk MA, Veale DJ. Exploring the 
effect of alcohol on disease activity and outcomes in rheumatoid arthritis through 
systematic review and meta-analysis. Sci Rep. 2021;11(1):10474. 

	 77.	 Barr T, Helms C, Grant K, Messaoudi I. Opposing effects of alcohol on the 
immune system. Prog Neuropsychopharmacol Biol Psychiatry. 2016;65:242–251. 

	 78.	 Rosenthal LA, Taub DD, Moors MA, Blank KJ. Methylxanthine-induced 
inhibition of the antigen- and superantigen-specific activation of T and B 
lymphocytes. Immunopharmacology. 1992;24(3):203–217. 

	 79.	 Laux DC, Klesius PH, Jeter WS. Suppressive effects of caffeine on the 
immune response of the mouse to sheep erythrocytes. Proc Soc Exp Biol Med. 
1973;144(2):633–638. 

	 80.	 Yashin A, Yashin Y, Wang JY, Nemzer B. Antioxidant and antiradical activity 
of coffee. Antioxidants (Basel). 2013;2(4):230–245. 

	 81.	 Islam MT, Tabrez S, Jabir NR, et al. An insight into the therapeutic potential of 
major coffee components. Curr Drug Metab. 2018;19(6):544–556. 

	 82.	 Lou A, Wang L, Lai W, et al. Advanced oxidation protein products induce 
inflammatory responses and invasive behaviour in fibroblast-like synoviocytes via 
the RAGE-NF-κB pathway. Bone Joint Res. 2021;10(4):259–268. 

	 83.	 Heath AC, Berg K, Eaves LJ, et al. Education policy and the heritability of 
educational attainment. Nature. 1985;314(6013):734–736. 

	 84.	 Peyrot WJ, Lee SH, Milaneschi Y, et al. The association between lower 
educational attainment and depression owing to shared genetic effects? Results 
in ~25,000 subjects. Mol Psychiatry. 2015;20(6):735–743. 

	 85.	 Liang J, Cai H, Liang G, et al. Educational attainment protects against type 2 
diabetes independently of cognitive performance: a Mendelian randomization 
study. Acta Diabetol. 2021;58(5):567–574. 

	 86.	 Anderson EL, Howe LD, Wade KH, et al. Education, intelligence and 
Alzheimer’s disease: evidence from a multivariable two-sample Mendelian 
randomization study. Int J Epidemiol. 2020;49(4):1163–1172. 

	 87.	 Chen C, Wang P, Zhang R-D, et al. Mendelian randomization as a tool to 
gain insights into the mosaic causes of autoimmune diseases. Autoimmun Rev. 
2022;21(12):103210. 

	 88.	 Huang Z, Rose AH, Hoffmann PR. The role of selenium in inflammation and 
immunity: from molecular mechanisms to therapeutic opportunities. Antioxid 
Redox Signal. 2012;16(7):705–743. 

	 89.	 Zou Y, Zhang X, Liang J, et al. Mucin 1 aggravates synovitis and joint damage 
of rheumatoid arthritis by regulating inflammation and aggression of fibroblast-like 
synoviocytes. Bone Joint Res. 2022;11(9):639–651. 

	 90.	 Zandman-Goddard G, Shoenfeld Y. Ferritin in autoimmune diseases. 
Autoimmun Rev. 2007;6(7):457–463. 

	 91.	 Collins JF, Prohaska JR, Knutson MD. Metabolic crossroads of iron and 
copper. Nutr Rev. 2010;68(3):133–147. 

	 92.	 Zhou J, Liu C, Francis M, et al. The causal effects of blood iron and copper 
on lipid metabolism diseases: Evidence from phenome-wide Mendelian 
randomization study. Nutrients. 2020;12(10):3174. 

	 93.	 Myint ZW, Oo TH, Thein KZ, Tun AM, Saeed H. Copper deficiency anemia: 
review article. Ann Hematol. 2018;97(9):1527–1534. 

	 94.	 Liu M, Dudley SC. Magnesium, oxidative stress, inflammation, and 
cardiovascular disease. Antioxidants (Basel). 2020;9(10):907. 

	 95.	 Li F-Y, Chaigne-Delalande B, Kanellopoulou C, et al. Second messenger 
role for Mg2+ revealed by human T-cell immunodeficiency. Nature. 
2011;475(7357):471–476. 

	 96.	 Prasad AS. Zinc is an antioxidant and anti-inflammatory agent: Its role in human 
health. Front Nutr. 2014;1:14. 

	 97.	 Bao B, Prasad AS, Beck FWJ, et al. Zinc decreases C-reactive protein, 
lipid peroxidation, and inflammatory cytokines in elderly subjects: a 
potential implication of zinc as an atheroprotective agent. Am J Clin Nutr. 
2010;91(6):1634–1641. 

	 98.	 Prabhu KS, Lei XG. Selenium. Adv Nutr. 2016;7(2):415–417. 
	 99.	 Park Y-J, Yoo S-A, Kim M, Kim W-U. The role of calcium-calcineurin-

NFAT signaling pathway in health and autoimmune diseases. Front Immunol. 
2020;11:195. 

	100.	 Hajishengallis G. Periodontitis: from microbial immune subversion to systemic 
inflammation. Nat Rev Immunol. 2015;15(1):30–44. 

	101.	 Al-Katma MK, Bissada NF, Bordeaux JM, Sue J, Askari AD. Control of 
periodontal infection reduces the severity of active rheumatoid arthritis. J Clin 
Rheumatol. 2007;13(3):134–137. 

	102.	 Unriza-Puin S, Bautista-Molano W, Lafaurie GI, et al. Are obesity, ACPAs 
and periodontitis conditions that influence the risk of developing rheumatoid 
arthritis in first-degree relatives? Clin Rheumatol. 2017;36(4):799–806. 

	103.	 González-Febles J, Sanz M. Periodontitis and rheumatoid arthritis: What 
have we learned about their connection and their treatment? Periodontol 2000. 
2021;87(1):181–203. 

	104.	 Zhou N, Zou F, Cheng X, et al. Porphyromonas gingivalis induces periodontitis, 
causes immune imbalance, and promotes rheumatoid arthritis. J Leukoc Biol. 
2021;110(3):461–473. 



BONE & JOINT RESEARCH 

P. GU, B. PU, T. LIU, D. YUE, Q. XIN, H-S. LI, B-L. YANG, D-Z. KE, X-H. ZHENG, Z-P. ZENG, Z. ZHANG614

	� D. Yue: Software, Validation. 
	� Q. Xin: Formal analysis, Writing – review & editing. 
	� H-S. Li: Resources. 
	� B-L. Yang: Supervision. 
	� D-Z. Ke: Project administration. 
	� X-H. Zheng: Writing – review & editing. 
	� Z-P. Zeng: Conceptualization, Writing – review & editing.
	� Z-Q. Zhang: Conceptualization, Writing – review & editing, Supervision.

	� P. Gu and B. Pu contributed equally to this work.

	� P. Gu and B. Pu are joint first authors.

Funding statement:
	� The authors received no financial or material support for the research, authorship, 
and/or publication of this article.

ICMJE COI statement:
	� The authors declare that the research was conducted in the absence of any com-
mercial or financial relationships that could be construed as a potential conflict of 
interest.

Data sharing:
	� All data generated or analyzed during this study are included in the published 
article and/or in the supplementary material.

Acknowledgements:
	�We appreciate the efforts of all the researchers whose articles were included in this 
study. The authors thank Dr Yangcheng Ma and Dr Hui Chen for valuable discus-
sion, and Ying Li for her help in picture production.

Ethical review statement:
	� No ethical review or approval was required for this study, and all data from the in-
cluded Mendelian randomization are publicly accessible. In the initial investigation, 
all subjects provided a written informed consent form to participate in this study.

Open access funding:
	� The authors report that the open access funding for their manuscript was self-
funded.

© 2023 Author(s) et al. This is an open-access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0) 
licence, which permits the copying and redistribution of the work only, and provided 
the original author and source are credited. See https://creativecommons.org/licenses/​
by-nc-nd/4.0/

	105.	 Abbasi J. To prevent rheumatoid arthritis, look past the joints to the gums. 
JAMA. 2017;317(12):1201–1202. 

	106.	 Qiao Y, Wang Z, Li Y, Han Y, Zhou Y, Cao X. Rheumatoid arthritis risk in 
periodontitis patients: A systematic review and meta-analysis. Joint Bone Spine. 
2020;87(6):556–564. 

	107.	 Voelker R. New nonsurgical option approved for thyroid eye disease. JAMA. 
2020;323(9):817. 

	108.	 Dutta A, Jain N, Bhansali A. Constellation of autoimmune manifestations in a 
patient with Graves’ disease. Postgrad Med J. 2018;94(1115):538. 

	109.	 Ferrari SM, Fallahi P, Ruffilli I, et al. The association of other autoimmune 
diseases in patients with Graves’ disease (with or without ophthalmopathy): 
Review of the literature and report of a large series. Autoimmun Rev. 
2019;18(3):287–292. 

	110.	 Cui X, Huang M, Wang S, et al. Circulating exosomes from patients with 
Graves’ disease induce an inflammatory immune response. Endocrinology. 
2021;162(3):bqaa236. 

Author information:
	� P. Gu, Master of Medicine (Orthopedic Surgery), Researcher
	� B. Pu, Master of Medicine in Orthopedic Surgery, Researcher
	� T. Liu, Master of Medicine in Orthopedic Surgery, Researcher
	� H-S. Li, Master of Medicine, Researcher
	� B-L. Yang, Master of Medicine, Researcher
	� D-Z. Ke, Master of Medicine, Researcher
Guangzhou University of Chinese Medicine, Guangzhou, China.

	� D. Yue, Master of Medicine, Researcher, Southwest Medical University, Luzhou, 
China.

	� Q. Xin, Master of Medicine, Researcher, Jiangxi University of Chinese Medicine, 
Nanchang, China.

	� X-H. Zheng, Master of Medicine in Orthopedic Surgery, Chief Physician
	� Z-P. Zeng, Master of Medicine in Orthopedic Surgery, Chief Physician
The First Affiliated Hospital, Guangzhou University of Chinese Medicine, Guangzhou, 
China.

	� Z-Q. Zhang, Master of Medicine in Orthopedic Surgery, Chief Physician, Eighth 
People's Hospital of Dongguan, Dongguan, China.

Author contributions:
	� P. Gu: Conceptualization, Methodology, Writing – original draft. 
	� B. Pu: Data curation, Investigation, Visualization. 
	� T. Liu: Writing – review & editing. 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Appraising causal risk and protective factors for rheumatoid arthritis
	Article focus
	Key messages
	Strengths and limitations
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:
	Acknowledgements:


