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Abstract
Backgroud  Plasma lipids and alcohol intake frequency have been reported to be associated with the risk of 
osteoarthritis (OA). However, it remains inconclusive whether plasma lipids and alcohol intake frequency play a role in 
the development of OA.

Methods  The study employed a comprehensive genome-wide association database to identify independent 
genetic loci strongly linked to plasma lipids and alcohol intake frequency, which were used as instrumental variables. 
The causal association between plasma lipids, alcohol intake frequency, and the risk of OA was then analyzed using 
two-sample Mendelian randomization methods such as inverse variance weighted (IVW), MR-Egger regression, and 
weighted median estimator (WME), with odds ratios (ORs) as the evaluation criteria.

Results  A total of 392 SNPs were included as instrumental variables in this study, including 32 for total cholesterol 
(TC), 39 for triglycerides (TG), 170 for high-density lipoproteins (HDL), 60 for low-density lipoproteins (LDL), and 91 
for alcohol intake frequency. Using the above two-sample Mendelian Randomization method to derive the causal 
association between exposure and outcome, with the IVW method as the primary analysis method and other MR 
analysis methods complementing IVW. The results of this study showed that four exposure factors were causally 
associated with the risk of OA. TC obtained a statistically significant result for IVW (OR = 1.207, 95% CI: 1.018–1.431, 
P = 0.031); TG obtained a statistically significant result for Simple mode (OR = 1.855, 95% CI: 1.107–3.109, P = 0.024); LDL 
obtained three statistically significant results for IVW, WME and Weighted mode (IVW: OR = 1.363, 95% CI: 1.043–1.781, 
P = 0.023; WME: OR = 1.583, 95% CI: 1.088–2.303, P = 0.016; Weighted mode: OR = 1.521, 95% CI: 1.062–2.178, P = 0.026). 
Three statistically significant results were obtained for alcohol intake frequency with IVW, WME and Weighted mode 
(IVW: OR = 1.326, 95% CI: 1.047–1.678, P = 0.019; WME: OR = 1.477, 95% CI: 1.059–2.061, P = 0.022; Weighted mode: 
OR = 1.641, 95% CI: 1.060–2.541, P = 0.029). TC, TG, LDL, and alcohol intake frequency were all considered as risk 
factors for OA. The Cochran Q test for the IVW and MR-Egger methods indicated intergenic heterogeneity in the SNPs 
contained in TG, HDL, LDL, and alcohol intake frequency, and the test for pleiotropy indicated a weak likelihood of 
pleiotropy in all causal analyses.

Conclusions  The results of two-sample Mendelian randomization analysis showed that TC, TG, LDL, and alcohol 
intake frequency were risk factors for OA, and the risk of OA increased with their rise.
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Introduction
Osteoarthritis (OA) is a degenerative condition that 
involves articular cartilage, subchondral bone, synovium, 
and periarticular muscles, resulting in pain, joint swell-
ing, bone friction, and movement disorders [1–3]. It is 
currently the most prevalent joint disease worldwide and 
is frequently observed in the knee and hip joints. The 
incidence and prevalence of OA are positively associated 
with age [4, 5]. If left unaddressed, the disease can lead to 
muscle atrophy and osteoporosis around the joints, caus-
ing walking dysfunction and negatively impacting quality 
of life [6, 7]. However, modern medicine’s non-steroidal 
anti-inflammatory drugs (NSAIDs) carry numerous side 
effects, while conservative interventions such as physical 
therapy have limited efficacy, and late surgery and other 
treatments can be detrimental to patients [8]. Thus, iden-
tifying the factors that influence OA’s development and 
intervening early in its progression is critical.

The relationship between plasma lipids and OA has 
been studied by many scholars, and the consensus view is 
that abnormal lipids are a major risk factor for the devel-
opment of OA in weight-bearing joints [9]. However, 
plasma lipid levels are closely related to alcohol intake, 
and it has been shown that excessive alcohol intake can 
cause abnormal lipid levels, particularly triglyceride lev-
els, to rise significantly [10]. Excessive alcohol intake 
is also associated with an increased risk of developing 
OA [11]. Thus, plasma lipids and alcohol intake may be 
interrelated risk factors strongly associated with OA. In 
addition to the above studies, some clinical studies have 
also suggested that plasma lipids and alcohol intake may 
be risk factors for OA [11–14]. However, the perspective 
of these clinical studies is limited to traditional observa-
tional epidemiology, which is susceptible to confound-
ing factors such as obesity, lifestyle and dietary patterns 
and reverse causation, and whether plasma lipids and 
alcohol intake frequency are the exact risk factors for 
OA remains to be investigated. To investigate the causal 

relationship and strength of association between OA, 
plasma lipid, and alcohol intake, we utilized Mendelian 
randomization (MR) analysis. This method was proposed 
by Katan in 1986 [15] and uses genetic variation as an 
instrumental variable to assess the causal relationship 
between exposure and outcome. The underlying prin-
ciple is based on Mendel’s second law of inheritance, in 
which alleles are randomly assigned and fixed at the time 
of conception, similar to the random assignment of sub-
jects to treatment and control groups in traditional RCTs. 
This method eliminates confounding factors and reverses 
causality by using the random distribution of genetic 
variation and simulating the randomization process of a 
randomized controlled experiment, avoiding interference 
from reverse causal associations and potential confound-
ers encountered in traditional RCTs [16].

In this study, we employed a two-sample Mendelian 
randomization method to investigate the causal links 
between total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL), low-density lipoprotein 
(LDL), alcohol intake frequency, and osteoarthritis (knee 
and hip osteoarthritis). Our objective was to scrutinize 
whether there is a genetic perspective’s causal association 
between plasma lipids, alcohol intake frequency, and OA 
risk.

Materials and methods
Study design
In this study, plasma lipids (TC, TG, HDL, LDL) and 
alcohol intake frequency were used as exposure fac-
tors, and single nucleotide polymorphisms (SNPs) loci 
significantly associated with the above exposure factors 
were selected as instrumental variables(IVs), and the out-
come variable was OA, and the causal association analy-
sis between exposure and outcome was performed using 
a two-sample MR analysis approach based on a publicly 
available genome wide association study (GWAS) data-
base of large samples, and Cochran Q test to assess het-
erogeneity, and finally sensitivity analysis to verify the 
reliability of the causal association results. MR analy-
sis needs to satisfy the following three core hypotheses: 
①there is a strong association between instrumental vari-
able Z and exposure factor X [17]; ②instrumental variable 
Z is not associated with any confounding factor U of the 
exposure-outcome association; and ③the instrumental 
variable Z does not affect the outcome Y, except possibly 
by association with the exposure X [18]. The two-sample 
MR study model is shown in Fig. 1.
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Fig. 1  Model of the two-samples MR analysis
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Data sources
The pooled data used to conduct this two-sample MR 
study were obtained from the IEU Open GWAS data-
base summary website (https://gwas.mrcieu.ac.uk/). The 
exposure factors were TC (GWAS ID: met-d-Total_C), 
TG (GWAS ID: ieu-a-302), HDL (GWAS ID: ieu-b-109), 
LDL (GWAS ID: ieu-b-110), alcohol intake frequency 
(GWAS ID: ukb-b-5779), and the outcome factor was OA 
(GWAS ID: ieu-a-1170), and the above databases were 
derived from European or mixed populations. All data-
sets used in this study were from the public domain, and 
summary information is presented in Table 1.

Selection of instrumental variables
SNPs with significant correlation with plasma lipids and 
alcohol intake frequency (P < 5. 0 × 10− 8 ) were screened, 
and the interference of linkage disequilibrium (LD) was 
excluded [19], setting parameter r2 = 0. 001, kb = 10,000, 
and the echo SNPs were excluded. If the number of SNPs 
filtered according to the above criteria is large, each SNP 
should be queried on the PhenoScanner website (http://
www.phenoscanner.medschl.cam.ac.uk/), SNPs affected 
by confounding factors that violated Mendelian random-
ization core hypothesis②and③were excluded, and finally 
valid SNPs significantly associated with exposure fac-
tors that met Mendelian core hypothesis were obtained 
as IVs. F > 10 indicates the absence of weak instrumental 
variable bias. If we choose publicly available GWAS data-
bases for research, the large sample sizes typically elimi-
nate the presence of weak instrumental variables, and 
therefore, there is no need to calculate the F value. How-
ever, if we utilize non-public and relatively smaller clini-
cal databases for MR analysis, it becomes necessary to 
calculate the F value. The F-value is calculated as follows: 
F = N−k−1

k
× R2

1−R2 , where N is the sample size of the 
exposed database, k is the number of SNPs, and R2 is the 
proportion of variance explained by SNPs in the exposed 
database. R2 is calculated as R2 = 2×EAF×(1−EAF )×β2

SD2

, where EAF is the effect allele frequency, β is the allele 
effect value, and SD is the standard deviation.

Statistical analysis for mendelian randomization
We used the TwoSampleMR package (version 0.5.6) in 
R program (version 4.2.1) to integrate and analyze the 
data. In this study, inverse variance weighted (IVW) [20] 

was used as the main analysis method, while MR-Egger 
regression [21], weighted median estimator (WME) [22], 
simple mode and weighted mode [23] were used together 
for MR analysis. The principle of IVW is to weight the 
inverse of the variance of each IV as the weight while 
ensuring that all IVs are valid, the regression does not 
consider the intercept term, and the final result is the 
weighted average of the effect values of all IVs. The major 
difference between MR-Egger regression and IVW is 
that the regression takes into account the presence of the 
intercept term, and in addition, it also uses the inverse of 
the ending variance as a weight for the fit. The WME is 
defined as the median of the weighted empirical density 
function of the ratio estimates, which allows consistent 
estimation of causality if at least half of the valid instru-
ments are present in the analysis.

Heterogeneity and sensitivity test
There may be heterogeneity in the 2-sample MR analy-
sis due to differences in analysis platforms, experimental 
conditions, including populations and SNPs, which may 
bias the estimation of causal effects. Therefore, the main 
IVW and MR-Egger methods were tested for heterogene-
ity in this study. The heterogeneity test was used to test 
the differences between individual IVs, and Cochran’s 
Q statistic and P-value were used to determine whether 
there was heterogeneity, and P < 0.1 represented the pres-
ence of heterogeneity; Pleiotropy test mainly tests the 
presence of horizontal pleiotropy for multiple IVs [24], 
and the P-value of the pleiotropy test was used in this 
study to measure whether there was pleiotropy in the 
analysis, if P > 0.05, it is considered that the possibility of 
pleiotropy in the causal analysis is weak; Leave-one-out 
sensitivity test is mainly to calculate the MR results of the 
remaining IVs after eliminating them one by one [25], if 
the estimated MR results of other IVs after eliminating 
one IV are very different from the total results, it means 
that the MR results are sensitive to that IV. The presence 
of pleiotropy in the analysis was also determined in this 
study using the MR-pleiotropy residual sum outlier (MR-
PRESSO) [26].

Table 1  Summary of the GWAS included in this two-sample MR study
Variable ID Sample size Number of SNPs Consortium Population Sex Year
TC met-d-Total_C 115,078 12,321,875 -- European Males and Females 2020

TG ieu-a-302 177,861 2,439,433 GLGC Mixed Males and Females 2013

HDL ieu-b-109 403,943 12,321,875 UK Biobank European Males and Females 2020

LDL ieu-b-110 440,546 12,321,875 UK Biobank European Males and Females 2020

alcohol intake frequency ukb-b-5779 462,346 9,851,867 MRC-IEU European Males and Females 2018

OA ieu-a-1170 14,507 1,279,483 arcOGEN European Males and Females 2012

https://gwas.mrcieu.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/
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Results
Instrumental variables
First of all, we screened SNPs with strong correlation 
with exposure in the corresponding GWAS database and 
removing the interference of linkage disequilibrium, and 
then we extracted the information of the above SNPs 
from the GWAS database corresponding to OA, we 
obtained 457 valid SNPs, including 34 for TC, 52 for TG, 
194 for HDL, 81 for LDL, and 96 for alcohol intake fre-
quency. Next, we removed the echo SNPs and the out-
lier SNPs obtained by MR-PRESSO test, for a total of 24 
SNPs. Finally, we queried each SNP on the PhenoScanner 
website (http://www.phenoscanner.medschl.cam.ac.uk/) 
to exclude SNPs affected by confounding factors such as 
“age, inflammation, body mass index, type 2 diabetes”, 
which step eliminated a further 41 SNPs. We eventually 
obtained 392 IVs, including 32 for TC, 39 for TG, 170 for 
HDL, 60 for LDL, and 91 for alcohol intake frequency. 
The F-statistics corresponding to the single SNPs were 
all more than 10, indicating that the causal associations 
were less likely to be affected by weak instrumental vari-
able bias. Basic information on the instrumental variables 
is in the Supplementary Materials (Basic information on 
instrumental variables).

Results of two-sample MR analysis
In the MR analysis results, if OR > 1, exposure is consid-
ered a risk factor for the outcome, and vice versa, expo-
sure is considered a protective factor for the outcome. 
The results needed to be combined with a P value to 
determine whether they were statistically significant. 
IVW was the primary pooled analysis in this study, while 
WME complemented invalid IVs. The other three analy-
ses were used to supplement the reliability of the results.

Table 2 shows that TC, TG, LDL, and alcohol intake fre-
quency are all causally associated with OA and are con-
sidered risk factors for OA, with the risk of OA increasing 
with all four factors. Among these, TC obtained statisti-
cally significant result in IVW: OR = 1.207, 95% CI: 1.018–
1.431, P = 0.031. It indicates that individuals exposed to 
TC have an approximately 20.7% increased probability 
of developing OA compared to individuals not exposed 
to this factor. TG obtained statistically significant result 
in simple mode: OR = 1.855, 95% CI: 1.107–3.109, 
P = 0.024. It indicates that individuals exposed to TG 
have an approximately 85.5% increased probability of 
developing OA compared to individuals not exposed to 
this factor. LDL had three statistically significant results: 
IVW: OR = 1.363, 95% CI: 1.043–1.781, P = 0.023; WME: 
OR = 1.583, 95% CI: 1.088–2.303, P = 0.016; weighted 
mode: OR = 1.521, 95% CI: 1.062–2.178, P = 0.026. Using 

Table 2  MR estimates of associations between 5 types of exposure and OA risk
Exposure Number of SNPs MR methods outcome OR(95%CI) p-value
TC 32 MR Egger OA 1.352(0.951,1.923) 0.103

WME 1 (0.780,1.283) 1

IVW 1.207(1.018,1.431) 0.031

Simple mode 1.109(0.701,1.757) 0.661

Weighted mode 1.098(0.797,1.511) 0.571

TG 39 MR Egger 0.855(0.644,1.134) 0.284

WME 0.917(0.724,1.161) 0.471

IVW 1.003(0.835,1.205) 0.97

Simple mode 1.855(1.107,3.109) 0.024

Weighted mode 0.831(0.659,1.049) 0.127

HDL 170 MR Egger 0.935 (0.731,1.197) 0.596

WME 1.128 (0.903,1.409) 0.29

IVW 1.074(0.922,1.252) 0.357

Simple mode 1.194(0.702,2.030) 0.515

Weighted mode 1.106(0.909,1.346) 0.316

LDL 60 MR Egger 1.151(0.700,1.891) 0.582

WME 1.583(1.088,2.303) 0.016

IVW 1.363(1.043,1.781) 0.023

Simple mode 1.521(0.776,2.980) 0.227

Weighted mode 1.521(1.062,2.178) 0.026

alcohol intake frequency 91 MR Egger 1.003(0.641,1.571) 0.989

WME 1.477(1.059,2.061) 0.022

IVW 1.326(1.047,1.678) 0.019

Simple mode 1.359(0.656,2.815) 0.412

Weighted mode 1.641(1.060,2.541) 0.029
Abbreviations: CI, confidence interval

http://www.phenoscanner.medschl.cam.ac.uk/
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IVW as an example, it suggests that individuals exposed 
to LDL have an approximately 36.3% increased prob-
ability of developing OA compared to individuals not 
exposed to this factor. Similarly, three statistically signifi-
cant results were obtained for alcohol intake frequency: 
IVW: OR = 1.326, 95% CI: 1.047–1.678, P = 0.019; WME: 
OR = 1.477, 95% CI: 1.059–2.061, P = 0.022; weighted 
mode: OR = 1.641, 95% CI: 1.060–2.541, P = 0.029. Using 
IVW as an example, it suggests that individuals exposed 
to alcohol intake frequency have an approximately 32.6% 
increased probability of developing OA compared to 
individuals not exposed to this factor. The visualization 
of the analysis results is attached in the supplementary 
material (MR results visualization charts).

Result of heterogeneity and sensitivity test
The Cochran Q test indicated intergenic heterogene-
ity among the instrumental variables used for TG, HDL, 
LDL, and alcohol intake frequency. The pleiotropy test 
showed no horizontal multiple validity of the results. 
Detailed results can be found in Table  3. Funnel plots 
demonstrated that the scatter of causal association effects 
was largely symmetrical, indicating that the results were 
not potentially biased. Furthermore, the “Leave-one-
out” sensitivity analysis indicated that the results of the 
IVW analysis for the remaining SNPs, after eliminating 
each SNP in turn, were similar to the results of the analy-
sis that included all SNPs. No SNPs were found to have 
a significant effect on the causal association estimates. 
The above results are visualised in the supplementary 
material at the end of the text (MR results visualization 
charts).

Discussion
In this study, the causal relationship between plasma lip-
ids, alcohol intake frequency and risk of OA was inves-
tigated using a two-sample MR analysis method using 
publicly available databases and a large-scale GWAS 
study. Compared to univariable MR, multivariable MR, 
and bidirectional MR research methods, Two-Sample MR 
provides a more intuitive reflection of the causal relation-
ship between exposure and outcome, with advantages in 
simplicity and testing efficiency. It can offer researchers a 
more targeted and effective means of comparison.

Previous extensive research has identified dyslipidemia 
and alcohol consumption as risk factors for osteoarthri-
tis (OA) and has investigated their mechanisms. It is cur-
rently understood that dyslipidemia can induce chronic 
inflammatory responses, and inflammatory factors can 
promote OA progression through various pathways. 
Elevated lipid levels can disrupt normal functioning of 
chondrocytes, affecting their metabolism and synthetic 
abilities, thereby leading to cartilage degradation. Addi-
tionally, high lipid levels may increase oxidative stress in 
the body, resulting in the production of reactive oxygen 
species and free radicals, which can cause oxidative dam-
age to cells and adversely affect the health of joint tissues 
[27]. Similarly, excessive alcohol consumption can also 
trigger an inflammatory response in the body and disrupt 
calcium metabolism and balance, affecting calcium depo-
sition in the bones and leading to osteoporosis and the 
occurrence of osteoarthritis. Moreover, alcohol intake 
can interfere with hormone balance, particularly estrogen 
levels. Estrogen plays a crucial role in maintaining bone 
density and regulating bone metabolism, and hormonal 
imbalances can increase the risk of developing osteoar-
thritis [11].

The results of our study support the existence of a 
causal relationship between TC, TG, LDL, alcohol intake 

Table 3  results of Heterogeneity and sensitivity test
Exposure outcome MR methods p of pleiotropy p of Cochran Q
TC OA 0.475

MR Egger 0.485

IVW 0.51

TG 0.157

MR Egger 0.053

IVW 0.038

HDL 0.163

MR Egger 0.006

IVW 0.005

LDL 0.431

MR Egger 0.032

IVW 0.034

alcohol intake frequency 0.156

MR Egger 0.104

IVW 0.089
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frequency and OA. All of the above exposure factors are 
considered risk factors for OA. Our findings are consis-
tent with the results of several previous studies. A clini-
cal study by Nicoletta Bianca Tudorachi et al., which 
included 85 patients with knee osteoarthritis, showed 
that patients with knee osteoarthritis had higher levels 
of total cholesterol in their plasma compared to healthy 
individuals [28]. Maria Andersson et al. conducted a 
cross-sectional study to observe the association between 
metabolic factors and knee osteoarthritis. The results 
showed that elevated levels of total cholesterol, triglyc-
erides, and low-density lipoprotein were all associated 
with the onset of knee osteoarthritis [14]. A clinical study 
from Huazhong University of Science and Technology 
in China quantified the cross-sectional and longitudi-
nal effects of hyperlipidemia on knee osteoarthritis. The 
study found that each increase of 1 unit of triglyceride 
increased the prevalence and risk of clinical osteoar-
thritis by 9% and 5%, respectively [29]. Kendrick To et 
al. attempted to determine the true association between 
alcohol intake and OA and conducted a multi-year 
observational study that overturned the view that alcohol 
consumption can prevent OA [11]. T Liu et al. conducted 
a prospective study involving 2846 subjects with a follow-
up period of 96 months. During the follow-up, it was 
determined that excessive alcohol consumption was sig-
nificantly associated with the risk of OA [30]. The above 
findings suggest that TC, TG, LDL, and alcohol intake 
frequency are risk factors for OA, which is consistent 
with the results of our study. However, it is worth not-
ing that the impact of plasma lipid levels on the incidence 
of OA usually requires clinical evaluation in combination 
with multiple lipid related indicators, which suggests that 
although lipid levels are closely related to the incidence 
risk of OA, the impact of different lipid components on 
the incidence risk of OA is different and should be ana-
lyzed specifically. This study explored the causal relation-
ship between plasma lipids, alcohol intake frequency, and 
OA using two-sample Mendelian randomization, sug-
gesting that the effect of alcohol intake and plasma lipids, 
especially TC, TG and LDL in lipids on the risk of devel-
oping OA is relatively conclusive.

In this study, stable and enduring genetic variations 
were utilized to directly observe the exposed elements 
and reduce the influence of various confounding factors 
such as social and lifestyle factors. There was less inter-
ference from reverse causality compared to retrospec-
tive studies. The randomized controlled trial design was 
not as large as the MR sample, which was closer to ran-
dom allocation. The use of multiple instrumental vari-
ables allowed for more SNP specificity and yielded more 
accurate inferred results. Furthermore, our selection of 
instrumental variables was more detailed, comprehen-
sive, and reliable than in previous studies. However, there 

are some limitations to this study. Firstly, the included 
samples primarily consist of individuals of European 
descent and mixed populations. The inclusion of non-
homogeneous populations may introduce some bias to 
the results. Future research should aim to expand the 
sample size to include individuals of Asian ethnicities as 
well. Furthermore, the MR method used in this study is 
relatively limited, and future research should incorporate 
multiple MR methods for improvement and refinement, 
such as univariable MR, multivariable MR, and bidirec-
tional MR research methods, to obtain more compre-
hensive and reliable causal associations. Additionally, 
due to constraints in time and funding, this study did not 
validate the causal associations through clinical research, 
which will be our future direction of work.

In summary, this study employed a two-sample Men-
delian randomization (MR) approach to establish a causal 
link between plasma lipids, frequency of alcohol con-
sumption, and the prevalence of osteoarthritis (OA). The 
study tentatively concluded that there is a positive causal 
relationship between the two factors. Although the spe-
cific mechanism remains unclear, these findings broaden 
our understanding of the risk factors associated with 
OA. The timely screening, prevention, and treatment 
of OA patients hold positive implications for reducing 
its prevalence and merit further research, demonstra-
tion, and application. Moreover, the methodology used 
in this study can serve as a methodological reference 
for investigating causal associations between other etio-
logical factors and diseases. The utilization of Mendelian 
randomization methods can broaden the perspective of 
clinicians in researching causal relationships between 
etiological factors and disease outcomes. This approach 
is also applicable to exploring risk factors for other dis-
eases. It is hoped that in the future, the scientific validity 
of this method can be further validated through clinical 
experiments.
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