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Abstract

Background
The causal relationship between cognitive performance and meniscal injuries is unclear. This study aims
to elucidate the genetic causality between cognitive performance and meniscal injuries.

Methods
We conducted a two-sample Mendelian Randomization (MR) analysis utilizing summary-level data from
extensive genome-wide association studies. Single nucleotide polymorphisms (SNPs) achieving
genome-wide significance (P < 5*10− 8) were employed as instrumental variables for each exposure. The
inverse-variance weighted (IVW) method served as the principal statistical technique, complemented by
the weighted median, MR-Egger regression, and MR-PRESSO methods for sensitivity analyses,
accommodating some of the assumptions inherent in IVs.

Results
Genetically predicted cognitive performance was inversely correlated with the odds of meniscal injuries.
However, the MR-Egger regression analysis did not corroborate this association. The inverse-variance
weighting (IVW) method yielded a pooled odds ratio(OR) of 0.76 (95% CI 0.66–0.88; P = 2*10− 4) per
standard deviation increase in the prevalence of cognitive performance, a finding echoed by the
weighted median method(OR:0.81, 95% CI 0.67–0.98; P = 3*10− 2).Additionally, we did not detect
pleiotropy of effects in our investigation using the MR-Egger intercept and Cochran’s Q test(P > 0.05). But
there is heterogeneity between them (P > 0.05).

Conclusion
This study used MR analysis to analyze and explore the genetic data, which showed that cognitive
decline is a risk factor for meniscal injuries, and further studies on the mechanisms of the role between
the two are needed in the future.

1 Introduction
The knee joint is the primary weight-bearing joint in humans. The meniscus consists of two pieces of
fibrocartilage located on the medial and lateral sides of the knee joint, situated between the femur and
the tibia. Meniscal injuries are classified into traumatic and degenerative types. Traumatic injuries
typically occur in young, active individuals, mainly due to major sports-related incidents or occupations
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involving physical activity. Conversely, degenerative injuries are common in middle-aged and elderly
individuals and are often associated with osteoarthritis.

Cognitive impairment is a common chronic disease associated with aging, characterized by memory
loss, inattention, difficulty accessing new information, and problem-solving abilities. Recent studies have
indicated that the decline in cognitive ability increases the risk of cardiovascular diseases[1], and
patients with rheumatoid arthritis also exhibit significant cognitive decline[2]. However, research on the
relationship cognitive performance and meniscal injuries is lacking, and the causal relationship between
them remains uncertain, necessitating further investigation.

Mendelian randomization (MR) examines whether observed correlations between exposure variables
and outcomes are compatible with causal effects by utilizing genetic variation as an instrumental
variable (IV)[3]. This method helps avoid confounding variables and reverse causation, and minimizes
bias since genetic variation is unaffected by external environmental, social, behavioral, or other
factors[4]. Therefore, the aim of this study was to determine the causal link cognitive performance and
meniscal injuries using a two-sample MR analysis.

2 Materials and Methods

2.1 Study Overview
This MR study utilized published single nucleotide polymorphisms (SNPs) from the Genome-wide
Association Studies (GWAS) database as instrumental variables to assess the impact of cognitive
performance on the risk of meniscal injuries. The Inverse Variance Weighted (IVW) method was primarily
employed to infer the causal relationship between these exposures and the injury. For the MR analysis to
be valid, three fundamental assumptions must be met: First, the selected SNPs should be significantly
associated with cognitive performance. Second, these SNPs must not be linked to any potential
confounders that could affect the association between cognitive performance and meniscal injuries.
Finally, the SNPs should not be directly associated with the injury itself, ensuring that any causal
inference is mediated exclusively through cognitive performance.

2.2 Data source
The largest publicly accessible GWAS dataset, which includes 257,841 participants of European
ancestry, provides summary data on cognitive performance. The summary dataset for the associations
between SNPs and meniscal derangement was retrieved by searching GWAS ID: finn-b-
M13_MENISCUSDERANGEMENTS on the website https://gwas.mrcieu.ac.uk/ (accessed on June 6,
2024). This GWAS is the latest regarding meniscal derangement and was updated in 2021. It includes
13,568 cases of meniscal derangement and 147,221 controls, with a total of 16,380,200 SNPs tested. All
participants are of European ancestry.

2.3 Instrumental selection



Page 4/14

From the pooled GWAS datasets, we first identified SNPs strongly associated with cognitive
performance (P < 5*10− 8). We then used a reference set of 1000 genomes from a European population
to rule out linkage disequilibrium between these SNPs (r2 < 0.001 and clump window > 10,000 kb).
Palindromic SNPs were manually eliminated. Following these procedures, the remaining SNPs were used
as instrumental variables. To reduce weak instrument bias (F > 10), we also employed the F-statistic (F = 
β2/se2) to assess the statistical efficacy of the SNPs and exclude those with poor statistical efficacy[5].

2.4 Mendelian Randomization Analyses
All statistical analyses were conducted using R software (version 2024.04.1) with the Two Sample MR
(0.6.3)[6] and Mendelian Randomization (0.6.3)packages[7], along with the MR-PRESSO package[8]. P-
values were two-tailed throughout. Odds ratios (ORs) and the corresponding 95% confidence intervals
(95%CIs) for meniscal injuries were scaled per one-unit increase in genetically predicted exposure levels
to cognitive performance. F-statistics for each exposure were calculated using the previously outlined
approximation method[9].

Our primary analytical strategy employed the standard IVW method under a random-effects model,
assuming the validity of each SNP as an IV. While the IVW method synthesizes Wald ratios within a meta-
analytic framework to yield precise association estimates, it remains susceptible to pleiotropic effects
from invalid IVs[10]. Variance among genetic variants was assessed using Cochran’s Q-statistic[10].

For sensitivity analysis, we used methods that relax certain IV assumptions, including the weighted
median, MR-Egger regression, and MR-PRESSO. The weighted median method provides consistent
estimates assuming that the majority of the analysis weight comes from valid instruments [9]. MR-Egger
regression helps identify and adjust for directional pleiotropy, offering a pleiotropy-corrected causal
estimate, though at a loss of statistical power[9]. The P-value for the MR-Egger intercept was used to
indicate the presence of pleiotropy[9]. The MR-PRESSO method identifies outliers through a global test
and recalculates estimates after outlier removal [8]. The P-value from the MR-PRESSO distortion test
indicated significant deviations in estimates before and after outlier adjustment [8].

3 Results
Following thorough screening, we identified 136 SNPs as IVs for meniscal derangement outcomes.
There was no evidence of weak instrument bias, as indicated by the F-statistics, all of which were greater
than 10. The MR results of cognitive performance on meniscal derangement are presented in Table 1.
Genetically predicted cognitive performance was inversely associated with the odds of meniscal
derangement. However, this association was not supported by the MR-Egger regression analysis. The
inverse-variance weighting (IVW) method produced a pooled odds ratio (OR) of 0.76 (95% CI 0.66–0.88;
P = 2*10− 4) per standard deviation increase in cognitive performance, a finding corroborated by the

weighted median method (OR: 0.81, 95% CI 0.67–0.98; P = 3*10− 2). Additionally, no pleiotropic effects
were detected in our investigation using the MR-Egger intercept and Cochran’s Q test (P > 0.05).
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However, there was heterogeneity among the results (P > 0.05). Figure 1 illustrates the scatter plots
showing the associations between genetically predicted cognitive performance and the risk of meniscal
injuries. The causal associations depicted in the forest plots are presented in Fig. 2. To further validate
these findings, the symmetry of the causal effect distribution was assessed through a funnel plot, which
indicated no apparent bias from potential confounders, as shown in Fig. 3.

Table 1. Causal effects of cognitive performance on meniscus derangement using MR analysis

Exposure MR method OR(95%CI) P

cognitive performance:

136 SNPs

MR Egger 0.95(0.47,1.91) 0.89

Weighted median 0.81(0.67,0.98) 3*10-2

Inverse variance weighted 0.76(0.66,0.88) 2*10-4

Simple mode 0.86(0.48,1.52) 0.61

Weighted mode 0.88(0.53,1.48) 0.65

4 Discussion
The prevalence of meniscal injuries is said to be on the rise[11]. Both conservative and surgical
approaches are commonly employed for treatment[12]. In the case of minor meniscus injuries,
conservative methods like rest, application of cold packs, pain relievers, and physical therapy can prove
effective[13]. These techniques aid in alleviating pain and inflammation while promoting self-healing of
meniscal injuries. Surgical intervention may become necessary for severe meniscal injuries
characterized by extensive tears or limited joint functionality[14]. Surgery aims to repair or remove
damaged meniscal tissue in order to restore normal joint function. Various factors contribute to the
occurrence of meniscal injuries, making it crucial to identify these risk factors in clinical practice[15].
Recognizing the risk factors associated with meniscal injuries assists physicians in evaluating patient
susceptibility and devising personalized treatment plans. Previous research has highlighted several risk
factors linked to meniscal injuries including age, male gender, type of physical activity undertaken, higher
body mass index, as well as delayed repair of accompanying anterior cruciate ligament injuries[16–20].

Cognitive impairment predominantly affects the population over 65 years of age, with Alzheimer's
disease and vascular disease being the leading causes in the West[21]. With an estimated 135 million
people worldwide expected to have dementia by 2050[22], cognitive impairment poses a significant
challenge to global health and social care[23].

It is known that a significant decline in cognitive performance may be an observational risk factor for
meniscal injuries, but the causality of this association is unclear. Our MR study aimed to elucidate the
causal relationship between cognitive performance and meniscal injuries. The results of the two-sample
MR showed a causal association between cognitive performance and meniscal injuries with an OR (95%
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CI) of 0.76 (0.66–0.88), P = 2*10− 4, suggesting that individuals with significant cognitive decline have a
higher risk of meniscal injuries compared to the general population. Furthermore, statistical evidence
from sensitivity analyses strongly supports our findings. Therefore, raising awareness of the dangers of
cognitive impairment is important. Screening for meniscal injuries should be increased among
individuals with cognitive impairment, enabling timely detection and treatment of meniscal injuries,
which is beneficial for patient prognosis. For patients with meniscal injuries, improving cognitive ability
should be advocated.

The underlying mechanism linking cognitive performance and meniscal injuries is unclear. This study is
the first to examine the causal relationship between cognitive performance and meniscal injuries,
concluding that a decline in cognitive performance increases the risk of meniscal injuries. Possible
reasons include: First, cognitive decline may reduce athletic capacity and activity levels, increasing the
risk of accidental falls and athletic injuries leading to meniscal injuries[24]. Second, cognitive impairment
often accompanies a decline in balance and coordination, raising the risk of injury during daily activities,
particularly to the meniscus[25]. Third, cognitive impairment may cause delays in attention and reaction
time[26], elevating the risk of injuries in sports and daily activities. Fourth, cognitive impairment is often
associated with other health problems, such as cardiovascular disease or diabetes[27–28], which may
increase the risk of meniscus injury. Additionally, some cognitive impairment treatments may affect
physical abilities and balance. Fifth, cognitive impairment may lead to unhealthy lifestyles and
behaviors[29–31], such as physical inactivity and poor diet, indirectly increasing the risk of meniscus
injury. Understanding the relationship between meniscus injuries and cognitive performance can
enhance prevention strategies for meniscus injuries and mitigate the impact of cognitive impairment.

Our study has several limitations. First, due to data limitations, we did not stratify by age or sex. Second,
the exposure and outcome analyses were confined to European populations. The generalizability of
these findings to other populations needs further investigation. Significant GWAS data including
participants from diverse ethnic groups is required. Finally, due to data source restrictions, we were
unable to investigate different subtypes of cognitive impairment. Future research would benefit from
larger, more comprehensive datasets.

5 Conclusions
In conclusion, this study utilized Mendelian randomization (MR) analysis to explore genetic data,
revealing that cognitive decline is a risk factor for meniscal injuries. Further research is needed to
understand the underlying mechanisms linking these two conditions.
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Figure 1

Scatter plots showing the effects of cognitive performance on the risk of meniscus derangement. Each
point represents the per allele association with exposure plotted against per allele association with
meniscus derangement.
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Figure 2

Forest plots of Mendelian randomization effect sizes for causal associations. cognitive performance on
the risk of meniscus derangement.
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Figure 3

Funnel plots of Mendelian randomization effect sizes for causal associations. cognitive performance on
the risk of meniscus derangement.
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