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A B S T R A C T   

This study aimed to investigate whether there is a causal relationship between educational 
attainment and delirium at the genetic level using the Mendelian randomization method, and 
provide new evidence for studies in this field. We found a causal relationship between educational 
attainment and delirium at the genetic level after excluding confounders using Mendelian 
randomization. The inverse variance weighting method of random effects was the main analysis 
method. The weighted median and Mendelian Randomization-Egger methods, as well as simple, 
and weighted modes were used as supplementary analysis methods. Additionally, horizontal 
pleiotropy tests were conducted, including the Mendelian Randomization-Egger intercept test and 
Mendelian Randomization Pleiotropy RESidual Sum and Outlier. Cochran’s Q statistic was used to 
assess the size of heterogeneity. We retrieved all second single nucleotide polymorphism features 
and performed multivariate Mendelian randomization to adjust for the effect of potential con
founders on our results. The inverse variance weighting suggested a negative correlation between 
genetically predicted educational attainment and delirium (0.67[0.49–0.92], p = 0.013); Men
delian Randomization Pleiotropy RESidual Sum and Outlier (0.67[0.49–0.92], p = 0.013) and 
multivariate Mendelian randomization (0.52[0.33–0.82], p = 0.005) results were generally 
consistent with the inverse variance weighting method. The Mendelian Randomization-Egger, 
simple, and weighted mode results were consistent with the inverse variance weighting results. 
Our results were not affected by pleiotropy or heterogeneity (p > 0.05, for both pleiotropy and 
heterogeneity). In addition, the “leave-one-out” analysis showed that the results of our Mendelian 
randomization analysis were not influenced by individual single nucleotide polymorphisms. 
Studies have found a causal relationship between educational attainment and delirium at the 
genetic level; higher educational attainment may be a protective factor against delirium. Clini
cally, more attention should be paid to patients at a high risk of delirium with low educational 
attainment.   

1. Introduction 

Delirium is a group of clinical syndromes characterized by impaired consciousness and altered cognitive function [1,2]. The 
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incidence of delirium is estimated to be approximately 20%–50%, and the incidence of delirium in critically ill patients receiving 
mechanical ventilation is as high as 60%–80% [1]. The pathogenesis of delirium is mainly associated with genetic and risk factors, and 
it is currently believed to be associated with the apolipoprotein E4 (ApoE4) allele [3], dopamine [4]and N-methyl-D-aspartate (NMDA) 
receptor genes [5]. On the other hand, delirium-related risk factors have a non-negligible influence on the development of delirium, 
and common risk factors include age, smoking, surgery, infection, and history of previous use of certain drugs [6]. Given that the 
presence of risk factors can greatly increase the possibility of delirium occurrence, high vigilance should be exercised [7]. Although 
delirium is a common clinical disorder, its treatment is still mainly controlled and treated by drugs, and its efficacy remains unsat
isfactory [8,9]. Delirium is a common clinical complication in orthopedic patients [10,11]. It can lead to increased morbidity and 
mortality, prolonged duration of mechanical ventilation and hospitalization, increased risk of hospitalization and readmission, a 
significant decrease in the ability to perform daily activities, and long-term cognitive dysfunction in more severe cases, which seriously 
affects patient prognosis and increases medical costs, thereby requiring adequate attention [12]. 

Educational attainment (EA) is widely recognized as a socioeconomic and heritable health determinant [13]. EA can be used as a 
tool to assess brain and neurodevelopment, biological aging, health behaviors, and health knowledge. Studies have found an extremely 
strong association between lower levels of education and higher rates of dementia, and education may be one of the most important 
protective factors against dementia [14–16]. Additionally, EA has been associated with various disorders [17,18]. Some studies have 
pointed to a possible relationship between EA and delirium [19]. However, the relationship between EA and delirium has been less 
studied, and there is no clear definitive conclusion regarding this relationship [20]. 

The Mendelian randomization (MR) approach makes causal inferences about exposure and outcome by building a model with 
genetic variation as an instrumental variable (IV), in which alleles are randomly assigned to offspring, and genes are unidirectionally 
inherited. Therefore, using genetic variation as an IV can effectively avoid the confounding factors and reverse causality that often 
occur in previous epidemiological and observational studies, greatly improving the accuracy and credibility of the results. Currently, 
the MR method has been widely used to assess the relationship between exposure factors and diseases. For example, one study used the 
MR method to determine that low education is a causal risk factor for the development of lung cancer [21]. Studies have also pointed to 
the potential causal protective effects of EA on type 2 diabetes [22]. In addition, a study using MR methods found that vitamin D is 
causally related to delirium at the genetic level and that delirium can be effectively prevented by correcting hypovitaminosis D [23]. 
Additional studies have found a causal relationship between EA and multiple psychiatric symptoms at a genetic level [24–26]. Previous 
studies have found that MR methods have a good ability to infer genetic-level causality between EA and multiple psychiatric symp
toms. In this study, we attempted to infer a causal relationship between EA and delirium at the genetic level using MR, which can help 
in the prevention, treatment, and prognosis of delirium. 

2. Materials and methods 

2.1. Study design 

We used EA as exposure and conducted a two-sample MR on the Finnish database delirium population, which is subject to three 
assumptions: (i) IV must be strongly associated with exposure factors, (ii) IV is not associated with other confounding factors, and (iii) 
IV can affect the outcome through only one pathway, exposure factors [27]. 

2.2. Data resources 

Table 1 showcases the data sources. Genetic data for EA were obtained from the genome-wide association study (GWAS) summary 
data of the Social Science Genetic Association Consortium (SSGAC) consortium, which involved more than 3 million individuals [28]. 
The cohort involved in this study investigated the education level of the study population using a questionnaire (e.g., What is the 
highest level of education you have completed? Which of the following qualifications do you have?). To date, this is the largest GWAS 
meta-analysis on education, yielding more than 3952 near-independent genome-wide significant single nucleotide polymorphisms 
(SNPs) that explain approximately 14% of the variance in EA [28]. Genetic data for delirium were obtained from the most recent 
sample data from FinnGen Biobank in June 2022, a prospective cohort study designed to collect genetic and health data on 500,000 

Table 1 
This is the basic information of the exposure and outcome samples.  

Variables Delirium EA 

N 294,500(cases = 2090) 3,037,499 
Fraction women 37％ 55％ 
Mean age 67 62 
Measurements ICD-10(F05) 

ICD-9(2930) 
highest level of education 

ancestry European European 
Database FinnGen SSGAC 
Year 2022 2022 

(Note: EA = educational attainment; N = sample size; SSGAC=Social Science Genetic Association Consortium; 
ICD=International Classification of Diseases). 
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Finns [29]. A total of 2090 patients with delirium were screened by the International Classification of Diseases (ICD:ICD-10(F05); 
ICD-9(2930)) diagnosis codes for multiple factors such as dementia combined with delirium, postoperative d elirium, and other types 
of unspecified delirium but not alcohol and other psychoactive drug-induced delirium (detailed information on above is available at 
https://r7.risteys.finngen.fi/). The GWAS-pooled data from EA-elicited delirium are from different databases of populations of Eu
ropean ancestry, with little possibility of sample overlap. The original studies on these data were approved by relevant ethical review 
boards [28,29]. Therefore, no additional ethical review was required for this study. 

2.3. Instrumental variable (IV) selection 

The number of genome-wide significant SNPs associated with EA was as high as 3952; therefore, we set the threshold for correlation 
of these instrumental variables (IVs) with exposure at p < 5 × e− 20. Specific screening steps were performed. First, we extracted the 
relevant SNPs from the GWAS summary data of EA using the TwoSampleMR package in the R language. Second, to avoid the effect of 
linkage disequilibrium, we clumped these SNPs (parameters were set to r2 = 0.001 and kb = 10000 kb) to filter independent SNPs. 
Third, we eliminated the echo sequences that indicated the presence of the above SNPs and queried them in the ending GWAS data 
with related information. Fourth, to maximize control for the influence of confounding factors (MR Hypothesis 2), we searched all the 
above SNPs using PhenoScanner for potential confounding factors [30]. Finally, we evaluated the strength of IVs using the F-test. The 
F-test {calculated as F = [(n-k-1)/k] × [R2/(1-R2)], R2 = 2 × EAF × (1-EAF) × beta2, EAF = effect of allele frequency, sample size = n, 
and number of IVs = k} indicates the strength of the relationship between IVs and exposure [31]. 

2.4. Statistical analysis 

The inverse variance weighting (IVW) method of random effects was the main analysis method. The weighted median, Mendelian 
Randomization-Egger (MR-Egger), simple, and weighted modes were used as supplementary analysis methods, as well as horizontal 
pleiotropy tests, including the MR-Egger intercept test and the Mendelian Randomization Pleiotropy RESidual Sum and Outlier (MR- 
PRESSO). Cochran’s Q test was used to assess the magnitude of heterogeneity. First, IVW assumes that all SNPs are valid instruments, 
the Wald ratios for all SNPs are combined as an estimate of the causal effect of exposure on the outcome. This method requires strict 
control over the effect of horizontal multiplicity [32]. Second, the weighted median method adjusts for the effect of invalid IVs and 
yields a robust assessment, even in the presence of 50% invalid IVs [33]. Third, the MR-Egger relaxes the requirement for the SNP 
pleiotropy, and its intercept can be used to assess horizontal pleiotropy. The MR-Egger intercept test compares the MR-Egger intercept 
term with 0. A large difference indicates the presence of large horizontal pleiotropy [34]. Fourth, MR-PRESSO can provide the results 
of the main analysis method IVW after adjusting for horizontal pleiotropy, where the MR-PRESSO global test can assess the size of the 
overall horizontal pleiotropy of IVs, and MR-PRESSO outlier test can assess the abnormal SNPs that contribute to the overall horizontal 
pleiotropy [35]. Fifth, Cochran’s Q test was used to assess the magnitude of heterogeneity in the IVW and MR-Egger analyses (Sup
plementary Table 1). Finally, simple and weighted mode methods have weaker statistical efficacy than IVW and are mainly used to 
verify the robustness of IVW (Table 2). 

Meanwhile, we used the leave-one-out method for sensitivity analysis. This method calculates the results of the remaining SNPs by 
eliminating them one by one. If the result obtained after eliminating an single nucleotide polymorphism (SNP) is significantly different 
from that of the previous result, it indicates that the MR results are not robust. Visual funnel plot symmetry can indicate the presence or 
absence of significant heterogeneity. On the other hand, density plots reflect the frequency of the distribution of SNPs with different 
effect. All statistical analyses were performed using RStudio version 4.2.1, and the R packages used were TwoSampleMR version 0.5.6 
and MR-PRESSO version 1.0, with an implementation date of November 2022 (Supplementary Table 2). 

3. Results 

Finally, we selected 284 SNPs that were strongly associated with EA (p < 5 × e− 20), and the PhenoScanner queries suggested a 
partial association between these SNPs and body mass index (BMI) (Supplementary Table 3). To exclude the potential effects of BMI on 
the results, we performed a multivariate MR using data from independent evaluation unit (IEU) sources (BMI = ieu-a-835, delirium =
finn-b-F5_DELIRIUM, EA = ieu-a-1239, https://gwas.mrcieu.ac.uk/). This approach includes the effect of BMI in the EA model on 
delirium, which can be adjusted for the effect of BMI [36]. 

As shown in Fig. 1, the main IVW analysis method suggested a negative correlation between EA and delirium for genetic prediction 

Table 2 
Horizontal pleiotropy and heterogeneity assay results.  

Method Cochran’s Q MRPRESSO MR-Egger 

MR-IVW MR-Egger MRPRESSO Global Test Outlier-corrected Egger intercept Test 

Statistic 299.07 299.19 301.45 NA − 0.003 
P 0.232 0.243 0.235 NA 0.737 

Result of recalculation after removing outliers 
(Note: MR = Mendelian randomization; MR-PRESSO = Mendelian Randomization Pleiotropy RESidual Sum and Outlier; IVW = inverse variance 
weighting; MR-Egger = Mendelian Randomization-Egger). 
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[0.67(0.49–0.92), p = 0.013]; MR-PRESSO [0.67(0.49–0.92], p = 0.013) and multivariate MR [0.52(0.33–0.82], p = 0.005) results 
were generally consistent with that of the IVW method. The estimate of the weighted median method is at a critical value [0.63 
(0.40–1.01), p = 0.053], which is ultimately weakly effective considering that it assumes that half of the IVs are invalid. Although the 
MR-Egger method, simple mode, and weighted mode confidence intervals touched the null line and were significantly insignificant, 
they exhibited the same nature of causal effects as that of the IVW, both being negatively correlated (Fig. 2A). Additionally, the wider 
confidence intervals of the three methods included the confidence range of the IVW. The leave-one-out method did not suggest outliers 
(Fig. 2C). A funnel plot showed that all SNPs exhibited a symmetric distribution (Fig. 2B). Density plots suggested that the frequencies 
of the individual SNP effect estimates were mainly distributed around the IVW (Fig. 2D). Both pleiotropy and heterogeneity were 
detected (p > 0.05), as shown in Table 2. Therefore, the robustness of our IVW results from the main analysis was not affected by any 
potential level of pleiotropy or heterogeneity. 

The statistical efficacy of our results was assessed using an online tool (https://shiny.cnsgenomics.com/mRnd/). On the basis of the 
original article, IVs explain approximately 14% of the genetic explanation for exposure [28]. The statistical efficacy of our main 
analysis method, IVW, was close to 100% when the type-I error rate was 0.05%. 

4. Discussion 

We investigated the causal relationship between EA and delirium at the genetic level using the MR method and found that EA 
showed a negative causal relationship with delirium, that is, higher EA was a protective factor for delirium. 

In early 1994, a study pointed out that low educational level and living alone were important risk factors for delirium and that a 
longer duration of education was a protective factor for delirium [37]. A risk factor for acute psychosis after hip surgery in older 
patients with low educational levels was found [38]. In addition, in a retrospective study, the risk of delirium was found to be higher in 
hospitalized older adults with low educational levels than in those with higher educational levels [39]. In addition, some studies have 
also concluded a negative association between education and delirium, that is, individuals with low educational level are at higher risk 
of delirium than those with high educational level [19,40]. However, this conclusion tends to be controversial. In a study on the 
relationship between brain and cognitive reserve markers (including education) and the risk of postoperative delirium in older pa
tients, education was not found to be associated with delirium [20]. Several other studies have reached similar conclusions [41–43]. 
Previous studies have not reached consistent conclusions regarding the relationship between EA and delirium, and some controversy 
remains. We consider that these controversies may be due to the fact that previous studies are mostly observational in nature, and their 
conclusions are mostly influenced by confounding factors, which did not directly reflect the direct relationship between EA and 
delirium but only the correlation between them. Moreover, there were differences in the participants, research methods, and con
ditions, which led to different conclusions. 

There is no conclusive evidence on the association between EA and delirium. Our study found a significant causal relationship 
between EA and delirium at a genetic level. We consider the possibility that the association between education and delirium may be 
multifactorial. Cognitive reserve has not been extensively studied at this stage in the development of delirium [44]. However, 
considering that EA is a way in which the brain’s cognitive reserve is enhanced, education may increase the brain’s reserve by pro
moting synaptic growth and/or generating new cognitive strategies [45–47]. Those with higher cognitive reserve can delay the onset 
of cognitive impairment or dementia symptoms caused by pathological changes in the brain through compensatory mechanisms [44]; 

Fig. 1. Forest plot of MR analysis results. IVW is the main analysis method, MRPRSEEO provides IVW results after adjusting for horizontal plei
otropy, MV-MR provides IVW results after adjusting for BMI, and other methods represent different MR models. 
(Note: MR = Mendelian randomization; EA = educational attainment; OR= Odds ratio; MR-PRESSO = Mendelian Randomization Pleiotropy RE
Sidual Sum and Outlier; IVW = inverse variance weighting; MR-Egger = Mendelian Randomization-Egger; BMI = body mass index). 
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thus, higher education can be a protective factor for delirium. On the other hand, delirium is clinically influenced by several risk 
factors, such as poor lifestyles (smoking and alcohol consumption) and advanced age [1]. Studies have found that higher EA can 
correct the effect of occupational social class on health-related behaviors [48]. In a study conducted in Singapore, it was also found that 
individuals with lower educational levels were more likely to smoke daily, drink alcohol regularly, or not exercise regularly [49]. We 
are cautious to assume that the higher-educated population may have a reduced risk of delirium owing to the presence of fewer 
delirium risk factors through adverse lifestyle changes, which in turn reduces the risk of delirium. In our study, we investigated the 
causal relationship between EA and delirium at the genetic level, and found a causal relationship between EA and delirium from this 
new perspective at the genetic level and that higher EA may be a protective factor for delirium. Combined with previous studies, we 
consider that EA affects delirium in diverse and complex ways and may have an effect on delirium through multiple pathways. 

As far as our findings are concerned, as well as a large number of previous observational studies in clinical research, higher EA is a 
protective factor for delirium. Based on the results of this study, it is prudent to recommend asking and registering patients’ educa
tional level. Especially for patients who have a higher likelihood of delirium, such as those with advanced age, major trauma, or 
undergoing major surgery, knowing their education level before treatment can better prepare for the prevention of delirium, and for 
those with lower education level, we should be more vigilant about delirium when treating them in the clinic. Based on the results of 

Fig. 2. A = scatter plot of MR results, B = funnel plot of MR results, C = leave-one-out method visualization results, D = density plot. (The trends of 
the scatter plots of the five MR methods remained consistent, the funnel and leave-one-out plots did not show significant outliers, and the density 
plots suggested that the different SNP effects were distributed around the IVW of the main analysis method.) 
(Note: MR = Mendelian randomization; VW = inverse variance weighting; MR-Egger = Mendelian Randomization-Egger; SNP = single nucleotide 
polymorphism). 
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our study, we can conduct more in-depth research on how education level affects delirium in the future, so that we can have a clearer 
understanding of the relationship between the two, for example, we can use questionnaires to further understand whether education 
level affects delirium through lifestyle changes, and we can explore whether education level changes the quantity or quality of some 
neurotransmitters through neurotransmitter research. In addition, through neurotransmitter research, we can explore whether the 
level of education can change the amount or transmission rate of some neurotransmitters, which affects the stabilization of the nervous 
system, and then affects the occurrence of delirium, which may be one of the directions of research we can carry out in the future. 

Our study inferred genetic-level causality between EA (exposure factor) and delirium (outcome) using MR methods, effectively 
avoiding confounding factors and reverse causation. Some studies have pointed out that a low BMI is a postoperative risk factor for hip 
fracture patients [50]. Another study has found that a higher BMI mediates protective effects on postoperative delirium (POD) through 
cerebrospinal fluid (CSF) biomarkers (t-tau and p-tau) [51]. Combining previous studies and considering the partial association be
tween SNP and BMI, we performed multivariate MR on the data to reduce the effect of BMI on our results and make our conclusions 
more reliable. The final study found a causal relationship between EA and delirium at the genetic level and a protective effect of EA 
against delirium. This finding was not influenced by confounding factors. Our findings add a genetic dimension that has not been 
addressed by previous studies and provides new ideas for studies in this field. 

However, there are some limitations to our study. First, our study database was drawn from European populations; and considering 
the possible differences in disease in different geographical populations, when using our findings in other populations, consideration 
should be given to the actual study population. Second, our data are not disaggregated by age and sex but rather aggregated data, 
which should be used with caution when discussing a particular age class or gender. Finally, the pathogenesis and clinical manifes
tations of the disease are diverse and complex, and our conclusions explain the causal relationship only at the genetic level, which 
needs to be analyzed and considered clinically in the context of multiple factors. 

5. Conclusions 

Our study found a negative causal relationship between EA and delirium using the MR method, that is, a higher educational level is 
a protective factor for delirium. The conclusion of this study provides new evidence for the prevention, treatment, and prognosis of 
delirium in clinical settings and helps researchers or clinicians gain new insights on delirium. However, in conjunction with previous 
studies, the specific clinical pathways through which the association between education and delirium occurs remain to be investigated 
in greater depth. 
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