
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Basic research
Nutrition 

*Corresponding authors: 
Bin Zhang
Yuqing Huang
Department of Cardiology
Guangdong Provincial 
People’s Hospital
Guangdong Academy of 
Medical Sciences
Southern Medical University
106 Zhongshan 2nd Road
Yuexiu, Guangzhou
510080, China
Phone/fax: +86-20-83827812
E-mail: binzhang_
cardio@163.com,
huangyuqing@gdph.org.cn

Department of Cardiology, Guangdong Provincial People’s Hospital, Guangdong 
Academy of Medical Sciences, Southern Medical University, Guangzhou, China

Submitted: 25 September 2023; Accepted: 20 January 2024
Online publication: 13 December 2024

Arch Med Sci 2024; 20 (6): 1943–1956
DOI: https://doi.org/10.5114/aoms/182910
Copyright © 2024 Termedia & Banach

The effect of cheese intake on osteoarthritis: 
a Mendelian randomization study

Song Wen, Zehan Huang, Bin Zhang*, Yuqing Huang*

A b s t r a c t 

Introduction: Osteoarthritis (OA) is a  debilitating chronic disease with 
a  high prevalence, characterized by progressive degeneration of articular 
cartilage that leads to joint dysfunction, pain, and disability. Observational 
studies investigating the link between cheese intake and OA have yielded 
inconclusive results and may be susceptible to confounding. 
Material and methods: We performed a two-sample Mendelian randomiza-
tion (MR) investigation to evaluate the causal association between cheese 
intake and OA based on genome-wide association studies (GWAS). The pri-
mary analysis employed the inverse variance weighted (IVW) method, while 
complementary analyses were conducted using the weighted median, MR-
Egger, and weighted mode methods. Moreover, we weighted each single nu-
cleotide polymorphism’s (SNP) effect on OA by its effect on cheese intake 
and subsequently meta-analyzed these estimates utilizing a  fixed-effects 
model to provide a  summary effect estimate. To assess the robustness of 
the outcomes, we performed a sensitivity analysis.
Results: Our two-sample MR analysis revealed an inverse causal relationship 
between cheese intake and several types of OA, including self-reported OA 
(odds ratio (OR) = 0.96, 95% confidence interval (CI) = 0.94–0.97, p = 6.70 
× 10–7), OA of the hip or knee (OR = 0.59, 95% CI = 0.48–0.72, p = 1.38 × 
10–7), knee OA (OR = 0.52, 95% CI = 0.42–0.66, p = 4.11 × 10–8), and hip OA 
(OR = 0.72, 95% CI = 0.53–0.96, p = 0.0268). Additionally, the fixed-effects 
model also demonstrated a causal inverse association between cheese in-
take and OA, with a pooled meta-analysis OR of 0.95 (95% CI = 0.94–0.97, 
p < 0.0001).
Conclusions: Our findings provided compelling genetic evidence of causal 
inverse associations between cheese intake and various types of OA, includ-
ing self-reported OA, OA of the hip or knee, knee OA, and hip OA, which may 
enhance the efficacy of OA prevention by deepening our comprehension of 
the involved risk factors.
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Introduction 

Osteoarthritis (OA) is a widespread chronic disease characterized by 
progressive articular cartilage degeneration, leading to joint dysfunction, 
pain, and disability [1]. The prevalence of this debilitating syndrome is 
escalating with the combined impact of aging, mounting obesity rates, 
and rising joint injuries in the global population, with current estimates 
of approximately 240 million affected individuals worldwide [2, 3]. 
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The increasing incidence of OA represents 
a  significant and growing public health concern, 
imposing a  substantial burden on affected in-
dividuals and healthcare systems, with wider 
socio-economic costs. The recommended phar-
macological management of OA involves non-ste-
roidal anti-inflammatory drugs, with other med-
ications such as acetaminophen, glucosamine, 
and opioids commonly used in clinical practice 
[4–6]. Nutraceuticals such as calcium, hyaluronic 
acid, glucosamine, and omega-3 fatty acids are 
also considered for their potential to alleviate 
pain and inflammation [7]. Cheese, with its high 
concentration of essential vitamins, minerals, cal-
cium, and proteins recognized for their essential 
role in skeletal muscle and bone health, is of par-
ticular interest among these approaches [8–10]. 
Additionally, cheese has demonstrated promising 
biological properties, including anti-inflammatory, 
antioxidant, immunomodulatory, antimicrobial, 
and analgesic activity, which could positively af-
fect OA-related inflammatory, biomechanical, and 
metabolic factors [10]. Nevertheless, it is worth 
noting that some studies have reported higher 
cheese intake associated with increased hip OA 
risk, possibly due to the positive correlation be-
tween hip bone mineral density and dairy intake 
[11–13]. Notwithstanding, the literature regarding 
the potential detrimental or advantageous impact 
of cheese intake on OA remains uncertain and re-
stricted, with inconsistent outcomes observed in 
previous investigations.

In a cross-sectional study of 655 Turkish indi-
viduals, reduced milk intake was found to be asso-
ciated with an increased likelihood of symptomat-
ic knee OA, while no significant associations were 
observed for either cheese or yogurt intake [14]. 
In a prospective study of 2481 participants from 
the Osteoarthritis Initiative, women with frequent 
milk intake had a reduced rate of OA progression, 
while women with the highest cheese intake had 
a  higher rate of progression compared to those 
with no cheese consumption [15]. Similarly, a pro-
spective cohort study found that increasing dairy 
product intake was associated with a higher risk 
of total hip arthroplasty for OA in men, but not 
in women [16]. However, it is crucial to note that 
these observational studies are inherently limited 
by the possibility of confounding factors and re-
verse causality [17, 18]. The link between cheese 
intake and OA liability, for instance, may be influ-
enced by adiposity and metabolic factors. In con-
trast, MR studies that utilize the random inheri-
tance of genetic variants present in the germline, 
which are non-modifiable, are less prone to con-
founding and could estimate the causal relation-
ship between cheese intake and OA.

Mendelian randomization (MR) has emerged as 
a compelling and robust epidemiological approach 

to infer causality between genetically predeter-
mined exposure factors and clinical outcomes, 
utilizing single nucleotide polymorphisms (SNPs) 
as instrumental variables (IVs) [19]. A salient fea-
ture of MR is that it capitalizes on the principle of 
Mendelian inheritance, where alleles are random-
ly allocated during fertilization, thereby attenuat-
ing the deleterious impact of confounding and re-
verse causality that are frequently encountered in 
conventional observational studies, and providing 
more credible results. In this investigation, we em-
ployed a  two-sample MR analysis to explore the 
causal association between cheese consumption 
and OA in the European population, utilizing data 
from genome-wide association studies (GWAS).

Material and methods

Study design 

We conducted a  meticulous two-sample MR 
investigation to examine the relationship be-
tween genetic liability for cheese intake and OA, 
including self-reported OA, hip or knee OA, and 
hip OA, utilizing SNPs as instrumental variables 
(IVs). Three fundamental hypotheses were rig-
orously confirmed during the whole process to 
ensure the validity of our findings: (1) the cor-
relation hypothesis, which assumes that the IVs 
are closely associated with cheese consumption;  
(2) the exclusion hypothesis, which posits that the 
IVs are not associated with OA unless via cheese 
consumption; and (3) the independence hypothe-
sis, which requires that the IVs are not correlated 
with any potential confounding factors. To main-
tain ethical standards, we used data obtained from 
pre-existing studies that were granted ethical ap-
proval and informed consent by their respective 
original authors. Additionally, our research was 
granted ethical approval by the Ethics Committee 
of Guangdong Provincial People’s Hospital, with 
the reference number KY-Q 2021-244-01.

Data sources

In the present investigation, summary statis-
tics of GWAS predominantly involving European 
participants were used to estimate the causal re-
lationship between cheese consumption and OA. 
The GWAS data for cheese intake were derived 
from a  large cohort study involving approximate-
ly 500,000 individuals performed by the UK Bio-
bank (http://www.nealelab.is/uk-biobank/) [20]. 
Participants in the cohort were invited to the lo-
cal evaluation center for data collection using 
a touch-screen questionnaire or standardized an-
thropometry. Participants’ intake of cheese as an 
exposure factor was extracted by a questionnaire 
asking about the frequency of cheese intake. The 
participants were asked, “How often do you eat 
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cheese? (Include cheese in pizzas, quiches, cheese 
sauce etc.) (Please provide an average considering 
your intake over the last year).” Participants could 
choose from the following answers: never, less 
than once a week, once a week, 2–4 times a week, 
5–6 times a week, once or more daily, do not know, 
and prefer not to answer. In total, 451,486 Europe-
an participants’ cheese intake data were obtained. 
The GWAS summary statistics have been included 
in the IEU OpenGWAS database and are readily 
available for researchers to download (GWAS ID: 
ukb-b-1489) [21]. To define osteoarthritis cases, 
we used the self-reported status established during 
an interview with a nurse (Field 20002; Initial as-
sessment visit) and the Hospital Episode Statistics 
ICD10 primary and secondary codes [22]. The pri-
mary outcome in this study was the self-reported 
OA. The summary-level data for self-reported OA 
was also obtained from the large GWAS conducted 
by the UK Biobank, enrolling 462,933 participants 
of European ancestry (38,472 cases and 424,461 
controls). Moreover, the secondary outcomes 
were specific diagnosed knee OA (24,955 cases 
and 378,169 controls) and hip OA (15,704 cases 
and 378,169 controls), and OA of the hip or knee 
(39,427 cases and 378,169 controls), which were 
sourced from the EBI GWAS database. The GWAS 
IDs for the outcomes are as follows: ukb-b-14486 
for Self-reported OA, ebi-a-GCST007092 for osteo-
arthritis of the hip or knee, ebi-a-GCST007090 for 
knee OA, and ebi-a-GCST007091 for hip OA. Table I 
provides a comprehensive depiction of the charac-
teristics of each OA.

Selection and validation of SNPs

We adopted a rigorous selection process for the 
instrumental variables (IVs) used in the MR study. 
Firstly, we selected SNPs that displayed a  ge-
nome-wide significance level of p < 5 × 10–8, indi-
cating a strong statistical association with cheese 
consumption. Secondly, we tested the linkage 
disequilibrium (LD) to assess the independence 
among the selected SNPs, conducting a  clump-
ing protocol to extract independent SNPs within 
a 10,000 kb window size and R2 < 0.01 threshold. 
Third, we calculated the F-statistics to assess the 
efficacy of each IV and excluded weak instruments 
with a threshold of F > 10, minimizing the impact 
of potential bias. Finally, we harmonized the SNPs 
of exposure and outcome by removing or adjust-
ing SNPs with inconsistent alleles according to 
their alleles and allele frequencies, to ensure they 
had corresponding alleles. 

Mendelian randomization analyses

This study adhered to the Strengthening the 
Reporting of Observational Studies in Epidemiol-
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ogy Using Mendelian Randomization Statement 
(https://pubmed.ncbi.nlm.nih.gov/34698778/). In 
this investigation, we applied the inverse variance 
weighting (IVW) method as the primary analyti-
cal tool to infer the plausible causal link between 
cheese intake and OA. We also utilized three oth-
er effective methods – MR-Egger, weighted me-
dian, and weighted mode – to comprehensively 
evaluate the possible relationships. Moreover, to 
provide a summary measure for the effect of ge-
netically determined cheese intake, including all 
SNPs with genome-wide significance for cheese 
intake, we combined weighted estimates utilizing 
a fixed-effects meta-analysis model.

The IVW method, which utilized the inverse of 
the variance of outcomes as weight and assumes 
no intercept, can generate impartial causal asso-
ciations under the ideal assumption that all se-
lected genetic variations have valid IVs without 
pleiotropy [23]. On the other hand, the MR-Egger 
analysis can infer the corrected causal effect and 
provide estimates without bias, even if not all se-
lected IVs are valid. However, it might be with low-
er statistical power due to the significant influence 
of outlying genetic variables [24]. The weighted 
median method could provide precise and robust 
causal association estimates as long as at least 
50% of the information from valid instruments is 
available [25]. In addition, the weighted mode can 
be trustworthy when the largest subset of instru-
ments with similar causal effects is valid.

Sensitivity analyses

In an MR analysis, pleiotropy posed a potential 
source of bias and may result in an overestimation 
of the causal effect. To assess the average hori-
zontal pleiotropy, we utilized the MR-Egger regres-
sion intercept. When MR-Egger intercepts a  sig-
nificant difference from zero, it suggests that not 
all IVs are valid. Furthermore, we employed the 

MR-Egger and IVW approaches to evaluate het-
erogeneity among the selected SNPs by comput-
ing the Cochran Q statistics. The results showed 
that there was no statistically significant hetero-
geneity (p > 0.05). In addition, we utilized the  
I2 metric to quantify heterogeneity. The values of  
I2 ranged from 0% to 100%, where higher values in-
dicate greater heterogeneity. Lastly, we performed 
a leave-one-out analysis to identify potential outli-
ers that may strongly influence the causal inference 
by sequentially removing each SNP and conducting 
the IVW method on the remaining SNPs.

The odds ratio (OR) and its corresponding 95% 
confidence interval (CI) were presented to depict 
the causal link between cheese consumption and 
OA. Forest plots, scatter plots, and funnel plots 
were utilized to visually portray the results of the 
MR investigation. The TwoSampleMR package in 
the R program (version 4.1.0) was used to explore 
the effect of cheese intake on OA.

Results

SNP selection and validation

Table I  presents the foundational features of 
the studies encompassed in the MR analysis. In 
summary, the studies utilized in this MR investiga-
tion were derived from the European population 
and were published within the period of 2018–
2019. The number of SNPs related to cheese in-
take was 9 851 867, and those for self-reported 
OA, osteoarthritis of the hip or knee, knee OA, and 
hip OA were 9 851 867, 3 0265 359, 29 999 696, 
and 29 771 219, respectively.

Causal associations between cheese intake 
and osteoarthritis

As portrayed in Figure 1, genetically predicted 
cheese intake was found to be inversely correlated 
with self-reported OA (odds ratio (OR) = 0.96, 95% 

Figure 1. Forest plot showing the main Mendelian randomization estimates for the association of cheese intake 
with osteoarthritis (OA)

Parameter OR (95% CI) P-value

Self-reported osteoarthritis 0.96 (0.94–0.97) 6.70E-07

Osteoarthritis of the hip or knee 0.59 (0.48–0.72) 1.38E-07

Knee osteoarthritis 0.52 (0.42–0.66) 4.11E-08

Hip osteoarthritis 0.72 (0.53–0.96) 2.68E-02

Meta (fixed model) 0.98 (0.94–0.97) < 0.0001
Heterogeneity: I2 = 95.5%, p < 0.0001

 0.5 1.0 1.5
OR
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confidence interval (CI) = 0.94–0.97, p = 6.70 × 
10–7), OA of the hip or knee (OR = 0.59, 95% CI = 
0.48–0.72, p = 1.38 × 10–7), knee OA (OR = 0.52, 
95% CI = 0.42–0.66, p = 4.11 × 10–8), and hip OA 
(OR = 0.72, 95% CI = 0.53–0.96, p = 0.0268) by the 
IVW method. With a  fixed-effect model, pooled 
meta-analysis also demonstrated an inverse caus-
al relationship between cheese intake and OA  
(OR = 0.95, 95% CI = 0.94–0.97, p < 0.0001) (Table II). 

Apart from the primary IVW analysis, we em-
ployed various supplementary analytical methods, 
including the weighted median, MR-Egger, and 
weighted mode methods, to validate the accuracy 
of our results. The OR estimates obtained from the 
weighted median of self-reported OA (OR = 0.97, 
95% CI = 0.95–0.98, p = 1.124 × 10–4), OA of the 
hip or knee (OR = 0.67, 95% CI = 0.54–0.84, p = 
4.272 × 10–4), and knee OA (OR = 0.54; 95% CI = 
0.41–0.70; p = 3.457 × 10–6) were consistent with 
those derived from the IVW analysis, whereas no 
significant correlations were observed in the MR-
Egger and weighted mode analyses. With respect 
to hip OA, the weighted median, MR-Egger, and 
weighted mode analyses did not demonstrate any 
significant association (Table III). Additionally, the 
findings of the study were graphically represented 
by the forest plot (Figure 2) and the scatter plot 
(Figure 3).

Sensitivity analyses

The intercepts of self-reported OA (MR-Egger 
regression intercept = –1.1 × 10–4, p = 0.85), OA 
of the hip or knee (MR-Egger regression intercept 
= 0.002, p = 0.778), knee OA (MR-Egger regres-
sion intercept = –6.00 × 10–4, p = 0.942), and hip 
OA (MR-Egger regression intercept = –0.0024,  
p = 0.824) obtained from the MR-Egger regression 
analysis revealed no evidence of genetic pleiotro-
py in our investigation (Table III). Additionally, the 
funnel plot displayed in Figure 4 suggested that 
horizontal pleiotropy did not influence the find-
ings. Cochrane’s Q test was performed to assess 
heterogeneity, and significant findings were ob-
tained from the IVW and MR-Egger analyses (Ta-
ble III). Consequently, to minimize the impact of 
heterogeneity, we performed an IVW meta-analy-

sis with a fixed-effects model. Moreover, we con-
ducted a  leave-one-out sensitivity analysis, as il-
lustrated in Figure 5, which demonstrated that no 
single SNP was driving the results.

Discussion 

Through our stringent two-sample MR analy-
ses, we obtained compelling evidence of a causal 
inverse association between cheese intake and 
OA, including self-reported OA, OA of the hip or 
knee, knee OA, and hip OA. In addition, to ensure 
the robustness of our findings, we conducted mul-
tiple reliable sensitivity analyses to indicate that 
the observations were not influenced by pleiotro-
pic effects. 

Due to the significant prevalence of OA and 
the common consumption of cheese, it is essen-
tial to explore the potential relationship between 
cheese intake and OA. However, prior observation-
al studies have provided inconsistent findings. In 
contrast to our findings, a previous cross-sectional 
study involving 655 participants reported that the 
frequency of knee OA was notably lower among 
individuals who consumed milk and tea but not 
cheese [14]. Moreover, a  study including 2148 
participants found that milk consumption might 
reduce OA progression in women, while cheese in-
take could increase knee OA progression [15]. The 
high saturated fatty acid included in cheese might 
contribute to OA pathogenesis [26]. A study also 
suggested that increased saturated fatty acid in-
take may lead to a higher incidence of bone mar-
row lesions, which could predict knee OA progres-
sion [27]. On the other hand, our findings were 
in accordance with a previous cross-sectional in-
vestigation that detected a negative relationship 
between cheese consumption and OA prevalence. 
The investigation found that a  greater intake of 
full-fat dairy and Dutch cheese was linked with 
a lower incidence of clinical knee OA in the Dutch 
population [28]. However, the observational inves-
tigations also included some limitations, such as 
ethnic homogeneity, sample size, and inadequate 
information, which might result in biases and un-
reliable inferences. Therefore, more rigorous inves-
tigations are needed to provide stronger evidence 

Table II. Pooled meta-analysis association of cheese intake with osteoarthritis 

ID Data source OR 95% CI P-value

ukb-b-14486 UK Biobank 0.96 0.94, 0.97 6.70E-7

ebi-a-GCST007092 EBI GWAS database 0.59 0.48, 0.72 1.38E-7

Pooled meta-analysis

Fixed effects model 0.95 0.94, 0.97 < 0.0001

Heterogeneity: t2 = 0.1131,
I2 = 95.5% (86.7–98.5%), H = 4.69 (2.74-8.03), p < 0.0001

CI – confidence interval, OR – odds ratio.



Song Wen, Zehan Huang, Bin Zhang, Yuqing Huang

1948 Arch Med Sci 6, December / 2024

and guidance for clinical practice. Hence, we con-
ducted an MR analysis to comprehensively inves-
tigate the potential causal relationship between 
cheese consumption and OA.

Contrary to most prior investigations, this MR 
analysis revealed causal inverse associations be-
tween cheese intake and OA. Several plausible ex-
planations for this discrepancy have been given. 
For instance, Kaçar et al. found that lower educa-
tion was associated with a higher risk of knee OA 
[14]. People of higher education might be more 
likely to consume cheese and adopt a  healthier 
lifestyle, thus reducing their exposure to multiple 
health risks. Additionally, the previous studies re-
lied on self-reported cheese intake, which could 
lead to inaccurate long-term cheese consump-
tion measurements due to underlying misclassi-
fication of habitual cheese intake. Furthermore, it 
should be noted that the distribution of cheese 
consumption among the general population is 
not random and might be affected by a variety of 
factors, including cultural preference, population 
structure, age stratification and gender. These 
factors should be taken into account when inter-
preting the results of prior observational investi-
gations. Our analysis highlighted the significance 
of carefully accounting for multiple confounding 
factors when investigating the association be-
tween cheese intake and OA. The implications of 
our investigations might be significant for guiding 
the development of dietary recommendations and 
public health policies.

The potential advantageous influence of cheese 
consumption on OA could be explained by a multi-
tude of mechanisms. Firstly, micronutrients includ-
ed in cheese, such as vitamin D, phosphorus, cal-
cium, and magnesium, are critical for bone health 
[29]. Inadequate intake of vitamin D has been 
linked to the progression of knee OA [30]. Second-
ly, it was previously thought that dairy products 
contributed to inflammation [31], but recently 
abundant evidence has disproved this point. On 
the contrary, whole-fat dairy products and dairy 
fats have been found to have no effect or to be 
inversely associated with inflammation [32, 33]. 
An analysis of nutritional intervention trials con-
ducted on overweight subjects revealed that the 
intake of dairy products did not lead to any harm-
ful impacts on inflammatory biomarkers [34]. Ad-
ditionally, in a randomized controlled trial involving 
individuals with mild systemic inflammation, in-
take of a combination of low-fat and high-fat dairy 
products did not trigger any unfavorable effects on 
inflammation [35]. Hence, it is plausible that the 
anti-inflammatory properties of cheese might have 
a crucial impact on the prevention of OA. Moreover, 
the peptides contained in cheese possess antimi-
crobial, antioxidative, immunomodulatory, and Ta
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Figure 2. Forest plot of single nucleotide polymorphisms (SNPs) associated with cheese intake and the risk of 
self-reported OA (A), OA of the hip or knee (B)
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Figure 2. Cont. Knee OA (C), and hip OA (D)
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A

C

B

D

Figure 3. Scatter plot of SNPs associated with cheese intake and the risk of self-reported OA (A), OA of the hip or 
knee (B), knee OA (C), and hip OA (D)
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opioid agonistic and antagonistic properties [36], 
which may contribute to knee OA prevention. Nev-
ertheless, human statistics in this regard are cur-
rently lacking. Finally, because dietary lipids impact 
the bioavailability of fat-soluble nutrients such as 
vitamins A, D, E, and K, phytosterols, and carot-
enoids, consumption of fatty foods such as cheese 
enhances the intake of fat-soluble nutrients from 
other concomitantly consumed foods, which might 
clarify the negative relationship between cheese 
consumption and OA [28].

The research has several strengths. Firstly, this 
was the first investigation to evaluate the caus-
al relationship between cheese intake and OA 
using MR analysis. In the investigation, the ran-
dom distribution of SNPs at conception can sub-
stantially diminish biases attributable to possible 
confounding factors and reverse causation. Sec-
ondly, the utilization of summary-level statistics 

with a vast number of cases greatly improved our 
ability to identify causality. In addition, the data 
we analyzed in our study were restricted to indi-
viduals of European ancestry, reducing the poten-
tial for population stratification bias to influence 
our findings. Lastly, it should be emphasized that 
our findings highlighted the potential benefits of 
cheese consumption for the management of OA.

Notwithstanding, this study has some limita-
tions that warrant attention. Firstly, the study sub-
jects were exclusively of European ancestry; thus, 
the applicability of our findings to other ethnici-
ties, such as Africans, should be approached with 
caution. Secondly, it is worth noting that our study 
did not explore the potential impact of cheese 
diversity and quantity on OA, as we lacked data 
on the specific types and amounts of cheese con-
sumed by participants. Additionally, as the origi-
nal GWAS did not provide information on whether 
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cheese was ingested with another diet, this might 
have had an impact on the observations. Thirdly, 
measurement errors may occur with the diet ques-
tionnaire that was used to gather data on cheese 
consumption. Fourthly, the risk of false positives 
could be elevated by the possibility of sample 
overlap between the populations of the EBI GWAS 
database and the UK Biobank database. Fifthly, 
even with multiple sensitivity analyses, potential 
bias caused by SNP heterogeneity and horizontal 
pleiotropy cannot be entirely ruled out.

In conclusion, our MR investigation revealed ge-
netic evidence of an inverse correlation between 
cheese intake and OA, which included self-report-
ed OA, OA in the hip or knee, knee OA, and hip OA. 
Specifically, based on our results, we recommend 
that patients with or at risk for osteoarthritis 
moderately increase cheese intake to reduce the 
incidence and severity of osteoarthritis. Moreover, 
the finding had important implications for dietary 
guidelines and food policy, as it suggested that di-

etary interventions, especially increasing cheese 
intake, may be effective in the prevention of OA, 
and should be promoted in more regions. Further 
randomized controlled trials and cohort studies 
are needed in the future to confirm the causal link 
between cheese intake and OA. 
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Figure 4. Funnel plots to visualize overall heterogeneity of Mendelian randomization (MR) estimates for the effect 
of cheese intake on the risk of self-reported OA (A), OA of the hip or knee (B), knee OA (C), and hip OA (D)
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Figure 5. Leave-one-out analysis of SNPs associated with cheese intake and of the risk of self-reported OA (A),  
OA of the hip or knee (B)
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Figure 5. Cont. Knee OA (C), and hip OA (D)
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