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arthritis: a Mendelian 
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Background: The causal associations between dietary intake and the risk and 
severity of Inflammatory Arthritis (IA) are currently unknown.

Objective: In this study, we aimed to investigate the causal relationship between 
nine dietary categories (30 types of diet) and IA using Mendelian randomization 
(MR).

Methods: We analyzed data from 30 diets and IA in a genome-wide association 
study (GWAS). Single nucleotide polymorphisms (SNPs) that could influence the 
results of MR analyses were screened out through the Mendelian Randomization 
Pleiotropy RESidual Sum and Outlier (MR-PRESSO) test. SNPs were analyzed 
through two-sample bidirectional MR using inverse variance weighting, 
MR-Egger regression, and weighted median method. The multiplicity and 
heterogeneity of SNPs were assessed using MR-Egger intercept term tests and 
Cochran’s Q tests. FDR correction was used to correct the p-values.

Results: IVW results showed that Beef intake [Odds ratio (OR)  =  2.862; 95% 
confidence interval (CI), 1.360–6.021, p  =  0.006, p_fdr  <  0.05] was positively 
associated with rheumatoid arthritis(RA); Dried fruit intake (OR  =  0.522; 95% CI, 
0.349–0.781, p  =  0.002, p_fdr  <  0.05), and Iron intake (OR  =  0.864; 95%CI, 0.777–
0.960, p  =  0.007, p_fdr  <  0.05) were negatively associated with RA, all of which 
were evidence of significance. Fresh fruit intake (OR  =  2.528. 95% CI, 1.063–6.011, 
p  =  0.036, p_fdr  >  0.05) was positively associated with psoriatic arthritis (PsA); 
Cheese intake (OR  =  0.579; 95% CI, 0.367–0.914, p  =  0.019, p_fdr  >  0.05) was 
negatively associated with PsA; both were suggestive evidence. Processed meat 
intake (OR  =  0.238; 95% CI, 0.100–0.565, p  =  0.001, p_fdr  <  0.05) was negatively 
associated with reactive arthritis (ReA), a protective factor, and significant 
evidence. All exposure data passed the heterogeneity check (Cochrane’s Q test 
p  >  0.05) and no directional pleiotropy was detected. Leave-one-out analyses 
demonstrated the robustness of the causal relationship in the positive results.

Conclusion: Our study presents genetic evidence supporting a causal 
relationship between diet and an increased risk of IA. It also identifies a causal 
relationship between various dietary modalities and different types of IA. These 
findings have significant implications for the prevention and management of IA 
through dietary modifications.
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1 Background

Inflammatory Arthritis (IA) is a chronic inflammatory disease 
that is characterized by elevated inflammatory factors, pain, joint 
destruction, and decreased patient function (1, 2). Currently, IA is a 
significant source of pain and joint disability on a global scale, greatly 
impacting the well-being of individuals and placing a substantial 
financial strain (3–5). IA comprises several subtypes, including 
ankylosing spondylitis (AS), reactive arthritis (ReA), psoriatic arthritis 
(PsA), and rheumatoid arthritis (RA) (2). Among these, RA has been 
the most extensively studied. Although the pathogenesis is not yet 
fully understood, several risk factors have been identified, such as 
environmental factors, obesity, metabolic levels, and smoking (6–9). 
Taking action early to tackle these potential risks can enhance the 
outcome of the illness.

Dietary factors are strongly associated with IA, with vegetarian 
(10) and Mediterranean diets (11) promoting a decrease in 
inflammatory markers, while diets high in sugar, saturated fatty acids, 
and cholesterol increase the number of inflammatory markers (12), 
and previous studies have reported that dietary patterns may affect 
joint symptoms (13), and that Inflammatory dietary patterns may lead 
to an increased risk of RA in the female population, whereas healthier 
diets may reduce the risk of the disease (14, 15). As the pathogenesis 
of inflammatory arthritis has been intensively studied, it has been 
found that abnormalities in iron metabolism play an important role 
in the disease process. Iron is a key component of many biological 
processes, but excess iron can exacerbate joint damage by promoting 
oxidative stress and inflammatory responses (16). Investigating 
whether dietary modifications are beneficial for patients with IA has 
positive implications for both patients and physicians. Previous 
studies have reported that excessive consumption of red meat 
increases the risk of early-onset RA (17), and dietary fiber 
supplementation reduces the activity of the disease in patients with AS 
(18). However, it has been argued that several current cross-sectional 
studies, with limited sample sizes and confounding factors affecting 
the results, cannot be relied upon to conclude that there is a correlation 
between diet and IA (19). The causal associations between other 
dietary intake and the risk and severity of IA are currently unknown.

To demonstrate whether a causal relationship exists between the 
observed correlation between diet and IA, MR analyses can 
be  performed (20). MR simulates the process of random group 
assignment in clinical randomized controlled trials by using randomly 
distributed single nucleotide polymorphisms (SNPs) in genetic data 
as instrumental variables (IVs) for group assignment (21–23). 
Mendel’s second law states that individuals are randomly assigned 
alleles. Since alleles are fixed at the time of formation of the fertilized 
egg, the use of the MR method circumvents the effects of reverse 
causality and confounding environmental factors inherent in the 
traditional epidemiological RCT approach, making the study 
conclusions more reliable.

We utilized an MR study design to thoroughly and objectively 
examine the connection between dietary habits and IA, exploring the 
potential causal links between thirty different types of diets categorized 
into nine dietary groups and IA.

2 Materials and methods

2.1 Study design

We used data from the Genome-Wide Association Study (GWAS) 
of Diet and IA to perform a comprehensive MR analysis using the 
TSMR methodology with 30 dietary intakes as exposures and four IAs 
subtypes as endpoints to clarify the causal relationship between the 
two. The MR analysis was premised on the following basic assumptions 
(24): 1. When using SNPs as instrumental variables, it is important 
that they are strongly associated with the risk factors being studied 
(correlation hypothesis). Additionally, the genetic variants used 
should not be associated with potential confounders (independence 
hypothesis). Finally, it is crucial that genetic variants only influence 
the risk of an outcome through the associated risk factors and not 
through any other pathways (exclusionary restriction hypothesis). 
(See Figure 1 for details).

2.2 Data sources

The 30 dietary exposures used in this study were from populations 
of European descent (data from a web-based questionnaire sent to 
approximately 330,000 participants by researchers at BioBank UK, 
including information on diet and food preferences, aged 40–69 years 
with a roughly even number of men and women recruited between 
2006 and 2010 throughout the UK. for more details see: www.
ukbiobank.ac.uk/enable-your-research/about-our-data/questionnaire-
data). GWAS summary level data for the diet types published by the 
IEU Open GWAS project. The diet primarily consisted of essential 
foods, including cereals, bread, various meats (beef, lamb/mutton, 
pork, oily fish, non-oily fish, poultry, processed meat), vegetables 
(salad/raw vegetables, cooked vegetables), fresh and dried fruits, 
cheese, and beverages (alcoholic drinks per week, tea, water, coffee). 
Additionally, vitamin supplements (A, B, C, D, E) and micronutrients 
(iron, copper, zinc, magnesium, calcium, selenium) were considered, 
as well as salt used in food preparation. IA GWAS summary data were 
extracted from the FinnGen Biobank r10 study updated in December 
2023 (which is regularly updated and conducted mainly in the Finnish 
population, with rigorous inclusion of diagnostic criteria and 
essentially no overlap with populations with exposure factors). Four 
main subtypes were included: RA, AS, PsA, and ReA. In order for a 
discharge diagnosis to be considered appropriate, it must meet the 
following disease classification criteria (RA: ICD-10: M05, M06, AS: 
ICD-10:M45, PsA: ICD-10: M07.0*, M07.0*L40.5, M07.1*, 
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M07.1*L40.5, M07.2*, M07.2*L40.5, M07.3*, M07.3*L40.5, ReA: 
ICD-10:M02, M03). More information on the exposure and outcome 
datasets (GWAS ID, population, sample size, number of SNPs, etc.) is 
provided in Supplementary Table S1. As the data used in this study was 
publicly accessible, anonymized, and de-identified, no ethical review 
board approval was required.

2.3 Selection of instrumental variables

SNPs associated with dietary factors were extracted from the 
IEU Open GWAS project.1 To satisfy the relevance assumption, 
we screened SNPs that were closely associated with exposure at the 
genome-wide significance level (p < 5 × 10−8), had an aggregation 
window of more than 10,000 kb, and had a low linkage disequilibrium 
level (r2 < 0.001) to ensure their independence from each other (25). 
To meet the independence and exclusivity assumptions, the 
PhenoScannerV2 database2 was searched for these SNPs strongly 
associated with dietary factors, and those associated with 
confounders (e.g., smoking behavior and BMI) and outcome 
variables (IA) were manually excluded. SNPs were screened to ensure 
that the screened SNPs were unrelated to potential confounders 
between exposure and outcome and were not directly related to the 
outcome, but could only be causally related via exposure (26). If 
there was an SNP with an indirect effect that was associated with 

1 https://gwas.mrcieu.ac.uk/

2 https://www.phenoscannermedschl.cam.ac.uk/

confounders and outcome variables (p < 0.001), it was excluded from 
the screened SNPs, i.e., instrumental variables. Finally, the F statistic 
was used to confirm a strong association between the independent 
variables and exposure. An F statistic greater than 10 is generally 
considered to satisfy this requirement (27). The F value was 
calculated as follows: F = (beta/se)2 (28) and SNPs with a significant 
level of correlation with the results (p < 5 × 10−5) were also excluded 
from the analysis to satisfy the independence assumption. Finally, 
the SNPs that simultaneously satisfied all three main hypotheses 
were screened to be  used as instrumental variables for further 
instrumental variables for MR analysis.

2.4 Statistical analysis

The TSMR method was used in this study to estimate the causal 
effects of several dietary factors on IA. Inverse variance weighted 
(IVW) analysis was used as the primary outcome, which has strong 
power to detect causality due to its assumption that the instrument can 
only affect the outcome through exposure and not through any other 
alternative pathways (the intercept is restricted to zero) (29). Although 
known confounding SNPs have been removed as far as possible, there 
are still many unknown confounders that may bias the results. 
Therefore, MR-Egger, weighted median, weighted mode and other 
analytical methods were also used to complement the IVW analysis 
(30). It should be noted that the MR-Egger method with the weighted 
median method can provide more robust estimates in a wider range 
of scenarios, but the effect size will be small (30). Weighted models are 
more sensitive to the choice of model estimation bandwidth (31). 
Results are more convincing when all models are consistent.

FIGURE 1

A flowchart of study design. AS, ankylosing spondylitis; ReA, reactive arthritis; PsA, 545 psoriatic arthritis; RA, rheumatoid arthritis; MR-PRESSO, MR 
Pleiotropy RESidual Sum and 546 Outlier.
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2.5 Sensitivity analysis

The heterogeneity of individual genetic variance estimates was 
assessed by Cochran’s Q-test (32), where p > 0.05 for Cochran’s Q-test 
means that there is no heterogeneity among SNPs. Potential horizontal 
multiplicity was tested by MR-Egger intercept (33), and if p > 0.05, it 
indicates that there is no horizontal multiplicity in the study. 
Sensitivity analyses were also performed using the leave-one-out 
method to observe the magnitude of the effect of individual SNPs on 
causality after the final inclusion of SNPs was eliminated one by one. 
We also used the MR-PRESSO method to detect outliers. If an outlier 
appeared, it was immediately removed. After removing the outliers, 
the MR analysis was performed again.

The study focused on the causal relationship between various 
dietary factors and IA. The reliability of the results was verified 
through sensitivity analyses and False Discovery Rate (FDR) 
correction (p-value correction) (34). p-values less than 0.05 for both 
the original p-value and the FDR correction were considered 
indicative findings. The examination was carried out utilizing 
TwoSampleMR (v0.5.8), MendelianRandomization (v0.8.0), and 
MRPRESSO package (v1.0) within R software 4.3.1.3

3 Results

3.1 Description of instrumental variables

An investigation was conducted on thirty exposures to explore 
the correlation between dietary elements and IA. The exposure 
samples were exclusively from people of European ancestry, with 
varying sample sizes between 2,603 and 462,630. Outcomes from 
four IA samples of European ancestry from the FinnGen Biobank 
were collected, with sample sizes varying between 265,902 and 
297,932. There was minimal intersection between the groups 
exposed and the groups experiencing the outcomes. 
Supplementary Table S1 contains further details regarding the 
exposure and outcome. SNPs strongly associated with the four IA 
species were screened (p < 5×10−8), and linkage disequilibrium was 
removed (r2 = 0.001, kb = 10,000). After exclusion of SNPs with 
potential associations with confounders or outcome variables by the 
PhenoScannerV2 database and detection of outliers by the 
MR-PRESSO method, the following SNPs were excluded: Diet and 
RA Exclusion SNPs (“rs2279844,” “rs9919429,” “rs1421085,” 
“rs56094641,” “rs2289292,” “rs4603502”), Diet and AS Exclusion 
SNPs (“rs7641973,” “rs2263636”), Diet and PsA Exclusion SNPs 
(“rs746868,” “rs4665972”), Diet and ReA Exclusion SNPs (“rs656817,” 
“rs4318925”). Finally, 2,638 SNPs were screened that simultaneously 
met the three major hypotheses, and the largest F value was found to 
be 926.996 and the smallest 29.740 by calculating the F statistic. The 
F values of all the SNPs were greater than 10, suggesting that dietary 
factors and IA—related phenotypes were less susceptible to bias from 
weak instrumental variables. Further information can be found in 
Supplementary Table S2.

3 https://www.R-project.org

3.2 Results of two-sample MR analysis of 
dietary factors in four inflammatory joints

3.2.1 Diet and RA

Three dietary factors and RA were statistically significant in MR 
analysis, with Beef intake as a risk factor, Dried fruit intake, and Iron 
intake as a protective factors. IVW results showed that Beef intake 
[Odds ratio (OR) = 2.862; 95% confidence interval (CI), 1.360–6.021, 
p = 0.006, p_fdr < 0.05] was positively associated with RA; Dried fruit 
intake (OR = 0.522; 95% CI, 0.349–0.781, p = 0.002, p_fdr < 0.05), Iron 
intake (OR = 0.864; 95% CI. 0.777–0.960, p = 0.007, p_fdr < 0.05) were 
negatively associated with RA, all of which were significant evidence. 
The p-value for heterogeneity of the above dietary factors were all 
>0.05, and MR Egger found no evidence of horizontal pleiotropy. 
Re-assessment of pleiotropy using MRPRESSO also revealed no 
outliers and the P-fdr adjusted p-value of <0.05 also indicated that the 
IVW results were reliable (Refer to Table 1 and Figures 2–5).

3.2.2 Diet and AS
Non-oily fish intake and AS were statistically significant in MR 

analysis, Non-oily fish intake (OR = 4.274; 95% CI, 1.025–17.822, 
p = 0.046, p_fdr > 0.05). As the p-fdr adjusted p-value was >0.05, it can 
only be  considered as suggestive evidence. However, subsequent 
reverse causality validation revealed a reverse causality between 
non-oily fish intake (OR = 1.006; 95% CI, 1.002–1.011, p = 0.007) and 
AS (Refer to Supplementary Figure S1). Consequently, the analysis 
was adjusted to exclude this variable. Ultimately, the results indicated 
that there is no causal relationship between dietary factors and AS.

3.2.3 Diet and PsA
The 2 dietary factors were statistically associated with PsA in MR 

analysis, with fresh fruit intake as a risk factor and Cheese intake as a 
protective factor. IVW results showed that Fresh fruit intake (OR = 2.528; 
95% CI, 1.063–6.011, p = 0.036, p_fdr > 0.05) was positively associated 
with PsA; Cheese intake (OR = 0.579; 95% CI, 0.367–0.914, p = 0.019, 
p_fdr > 0.05) was negatively associated with PsA, both of which were 
suggestive evidence. All these results passed the heterogeneity and 
multiple validity tests. (Refer to Table 1 and Figures 2–5).

3.2.4 Diet and ReA
1 dietary factors were statistically significant with ReA in MR 

analysis, and IVW results showed that processed meat intake 
(OR = 0.238; 95% CI, 0.100–0.565, p = 0.001, p_fdr < 0.05) was 
negatively correlated with ReA as a protective factor, and all of the 
above results passed the heterogeneity and multivalence tests, and the 
p-fdr adjusted p-value <0.05 also indicates that the IVW results are 
reliable. (Refer to Table 1 and Figures 2–5).

3.3 Inverse Mendelian randomization study

To avoid reverse causality influencing the above findings, 
we performed reverse MR analyses with IA as the exposure and 30 
dietary factors as the outcome, and found that, except for reverse 
causality between AS and non-oily fish intake which was excluded, no 
reverse causality influence was found for other positive results, 
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indicating that the results of the MR analyses were very robust (see 
Supplementary Figure S1).

All exposure data passed the heterogeneity check (Cochrane’s Q 
test p > 0.05) and no directional pleiotropy was found. Leave-one-out 
analyses showed very robust causality for the positive results. The 
MR-PRESSO analyses yielded results consistent with those of the IVW 
model, indicating the reliability of the study results.

The full findings of the positive and reverse MR studies, as well as 
the results of the heterogeneity test and the pleiotropy test, are shown 
in Supplementary Tables S3–S26.

4 Discussion

In this study, MR was used to investigate the potential causal 
associations between 30 dietary factors and IA, and it was found that Beef 
intake, Dried fruit intake, Iron intake, Fresh fruit intake, Cheese intake, 
and Processed meat intake were strongly associated with IA. The p-values 
and p_fdr values for the associations between Beef intake and RA, Dried 
fruit intake and RA, Iron intake and RA, and Processed meat intake and 
ReA were all less than 0.05, indicating more reliable results. In addition, 
our study found no causal relationship between the rest of the dietary 
factors and inflammatory joints.

Previous MR studies have shown that the onset of several chronic 
diseases, such as cardiovascular-metabolic diseases, psychiatric disorders, 
oesophageal disorders, tumors and asthma, is strongly associated with 
dietary factors (35–39), and the progression of these chronic diseases 
may be related to a long-term chronic inflammatory state influenced by 
dietary factors (10, 40). Unhealthy diets, such as those high in sugar, salt, 
trans fats, and ultra-processed foods, can lead to imbalances in the gut 
microbiota, increased oxidative stress, and activation of inflammatory 
genes. In addition, vitamin and mineral deficiencies and insufficient 
intake of omega-3 fatty acids have also been linked to inflammation. 
Healthy eating habits, such as increased intake of fruits, vegetables, and 
fiber-rich foods, may help to reduce inflammation (41) and may also 
assist in regulating gut microbiota diversity and stability to prevent 
disease (42).

IA, a major disease characterized by a long-term chronic 
inflammatory state, has become increasingly prevalent in recent years, 
and the identification of modifiable risk factors (e.g., dietary factors) is 
an achievable way to halt the onset and progression of this type of 
disease. To overcome the problem of the low inclusion of dietary factors 
and the homogeneity of the diseases studied in previous studies, 
we conducted this comprehensive study to assess the causal relationship 
between several dietary factors (cereals, bread, vegetables and fruits, 
meat and fish, beverages, dairy products, salt, vitamins, minerals) and IA.

Cereals may be associated with IA, and an observational cohort 
study of Swedish women found that women without RA consumed 
more whole-grain bread compared with women with RA (43). The 
mechanism of action may be  related to the ability of whole-grain 
breads to improve inflammation by increasing total plasma polyphenol 
and antioxidant status (44). Our study did not find an association 
between the two at a genetic level, and the relationship could 
be  further clarified in the future by conducting causal association 
studies with data on different types of cereals and IA.

Prior research has shown that fruits and vegetables are crucial for 
maintaining good health due to their nutrient content and anti-
inflammatory properties (45). Consuming fresh fruits and vegetables T
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is beneficial in RA and may be related to the fact that macronutrients 
and micronutrients modulate the pathogenesis of RA by regulating the 
migration and activity of neutrophils (46). However, our study did not 
find a causal association between the two, and even in the PsA causal 
association study, we  found Fresh fruit intake as a risk factor. The 
possible reasons for the above discrepancies are as follows. Although 
the statistical data analysis was performed at 0.05 level of significance 
for two-sided analysis, it was not validated by FDR correction method 
(p > 0.05), suggesting that there may be  false positive results. 2. 
Although it has been adjusted for possible confounders, observational 
studies may still be affected by other confounders. 3. One study on the 
relationship between diet and PsA found that a vegetable- and fruit-
based Mediterranean diet or supplementation was associated with the 
disease, but there is a lack of high-quality evidence to draw the above 
conclusions (47). Another clinical study also concluded only that 
higher levels of disease activity, as measured by the Psoriatic Arthritis 
Disease Activity Index, were associated with low adherence to the 
Mediterranean diet, with no clear evidence that high adherence to the 
Mediterranean diet reduces disease activity in PsA (48), suggesting that 
more large-scale randomized trials and more subtle MR studies are 
needed in the future to confirm the relationship.

There is a paucity of research examining the impact of dried fruits on 
IA. Our study offers compelling evidence of a causal relationship between 

dried fruits and RA. Prior studies have identified a range of bioactive 
compounds, dietary fibers, and vitamins in dried fruits, which act as 
natural antioxidants and may play a protective role by reducing oxidative 
stress and cartilage cell damage (49). This highlights the potential 
importance of dried fruits in the development of nutritional interventions 
for patients with RA. Clinicians should consider the potential benefits of 
incorporating dried fruits into nutritional interventions for RA patients.

Meat intake, especially red meat, increases the risk of IA (17). The 
present study also found that beef intake increases the risk of RA, 
which has been confirmed in previous MR studies (50). It is puzzling 
that in a study of the causality of dietary factors in ReA, we found that 
intake of processed meat was a protective factor against the disease, 
which is generally considered to increase the risk of developing 
chronic disease, but previous studies have focused more on the 
association of processed meat with the risk of tumours, diabetes 
mellitus, and cardiovascular diseases (51). There are no observational 
case reports of the association of processed meat with ReA, and 
further studies are needed on the causality of processed meat and IA.

There is some controversy regarding the relationship between 
alcohol consumption and IA, and our study did not find a causal 
relationship between alcohol intake and IA. Previous studies have 
found that resveratrol (an important component of red wine) has 
significant anti-inflammatory and immunomodulatory properties and 

FIGURE 2

The positive results of TSMR analysis for associations between 30 dietary intake patterns and inflammatory arthritis.
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FIGURE 3

Scatter plot of causal relationship between dietary intake and different phenotypes of inflammatory arthritis. The causal effects of iron intake on RA in 
different MR methods (A). The causal effects of dried fruit intake on RA in different MR methods (B). The causal effects of Beef intake on RA in different 
MR methods (C). The causal effects of Cheese intake on PsA in different MR methods (D). The causal effects of Fresh fruit intake on PsA in different MR 
methods (E). The causal effects of processed meat intake on ReA in different MR methods (F).
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FIGURE 4

Sensitivity analysis funnel plot. Funnel plot of sensitivity analysis between Iron intake and RA (A). Funnel plot of sensitivity analysis between Dried fruit intake 
and RA (B). Funnel plot of sensitivity analysis between Beef intake and RA (C). Funnel plot of sensitivity analysis between Cheese intake and PsA (D). Funnel 
plot of sensitivity analysis between Fresh fruit intake and PsA (E). Funnel plot of sensitivity analysis between Processed meat intake and ReA (F).

https://doi.org/10.3389/fnut.2024.1426125
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Wang et al. 10.3389/fnut.2024.1426125

Frontiers in Nutrition 09 frontiersin.org

FIGURE 5

MR leave-one-out sensitive analysis for Iron intake on RA (A). MR leave-one-out sensitive analysis for Dried fruit intake on RA (B). MR leave-one-out 
sensitive analysis for Beef intake on RA (C). MR leave-one-out sensitive analysis for Cheese intake on PsA (D). MR leave-one-out sensitive analysis for 
Fresh fruit intake on PsA (E). MR leave-one-out sensitive analysis for processed meat intake on ReA (F).
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can intervene in joint inflammation and improve symptoms through 
a variety of pathways (52, 53). Dietary polyphenols down-regulate 
inflammatory cytokines, enhance antioxidant defenses, and inhibit 
inflammatory pathways (54). However, Niemelä Onni et  al. (55). 
found that even at fairly low levels of alcohol consumption, all forms 
of alcohol consumption were associated with increased liver function, 
lipid status, and inflammatory markers, suggesting that patients with 
IA need to be aware of the need to reduce the frequency of alcohol 
consumption, the amount of alcohol consumed and, if necessary, the 
type of alcohol that is more beneficial to health.

Many studies have shown that dairy products are beneficial for 
bone health because of their richness in protein minerals and probiotics 
(56, 57). Our study also found that cheese intake was a protective factor 
in PsA, which may be related to the fact that cheese is beneficial to the 
musculoskeletal system and can help increase bone mass (58). 
However, there are fewer relevant clinical studies, and it was only 
possible to retrieve a single article on the association between dairy 
consumption and RA A cross-sectional study on the correlation (59) 
suggests the need to further increase the number of dairy products and 
other IA cases and experimental studies in future clinical practice.

Trace elements play a role in IA as effectors of the immune system, 
inflammation, and metabolism, and previous studies have found that 
zinc, an important human protein cofactor and signaling ion, affects 
many of the pathways associated with arthritic disease (60). Low 
magnesium has been associated with the presence of osteoporosis, and 
supplemental intake of magnesium may improve bone density and 
reduce the risk of fracture (61). We have also examined the relationship 
between iron, copper, zinc, magnesium, and calcium, selenium, six 
micronutrients, to IA and found that iron intake was a protective 
factor in RA. Iron deficiency anemia is not uncommon in patients 
with rheumatoid arthritis, and iron supplementation appears to 
be beneficial in patients with RA. However, previous studies have 
found iron deficiency in the blood and abnormal accumulation of iron 
in the synovial membrane and synovial fluid in RA patients, which 
may suggest redistribution of iron in the body. Excessive accumulation 
of iron in synovial cells and lipid peroxidation can lead to structural 
abnormalities in the mitochondria, causing cellular dysfunction and 
aggravation of RA, so iron supplementation in patients with RA needs 
to be taken with great caution (16). A US cohort study of dietary 
factors and RA risk covering 82,063 women did not find an association 
between iron levels and RA (62). It cannot be  ruled out that the 
positive results for iron intake were affected by confounding factors 
such as levels of inflammation in RA (63), inflammatory anemia (64), 
and other factors affecting the distribution of iron in the body.

Although many studies have found an association between other 
factors such as vitamin supplementation, appropriate coffee citation, 
and improvement in IA disease activity, the fact that our study did 
not find a causal association cannot be excluded from being related 
to the insufficient sample size for the inclusion of several exposure 
factors of interest in the study, suggesting that the sample size should 
be  continued to be  expanded in the future to obtain more 
stable results.

This study is the first to investigate the causal relationship 
between multiple dietary intakes and IA using MR analysis. The 
approach used in this study avoids confounding and reverse 
causality. Previous studies on diet and IA have mainly focused on the 
effects of a single dietary factor. Our study enabled a thorough 

evaluation of the correlation between various dietary factors and 
IA. However, it is important to note that the MR analysis was 
conducted solely on a European population, which may limit the 
generalizability of our findings to other ethnic groups. It was not 
possible to investigate the effect of dietary factors on IA in various 
population subgroups, such as age, gender, and place of origin. 
Furthermore, there may have been some overlap in the cohorts used 
to determine exposures and outcomes. Additionally, the F-statistic 
of the IV was sufficient to prevent bias due to weak instrumental 
variables. However, caution is needed when interpreting the results 
of our study due to the lack of research on the effects of a combined 
dietary approach on IA.

5 Conclusion

Our study presents genetic evidence supporting a causal 
relationship between diet and an increased risk of IA. It also identifies 
causal relationships between several dietary modalities and different 
types of IA. These findings have significant implications for the 
prevention and management of IA through dietary modification.
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