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ARTICLE INFO ABSTRACT
Keywords: Background: Recent studies have increasingly emphasized the robust correlation between depression and cogni-
Mendelian randomization tive function. However, it remains unclear whether this relationship is causal or merely coincidental. To address
Depression

this uncertainty, we conducted two-sample bidirectional Mendelian randomization (MR) analyses to investigate
the connection between depression and cognitive performance.

Methods: We sourced genome-wide association study (GWAS) data for depression (Ngyps=21,306,230) from the
FinnGen (R10) and for cognitive performance (Ngyp,=10,049,954) from the IEU GWAS database. Causal effects
employed methodologies such as Inverse variance weighted (IVW), weighted median, MR Egger, simple mode
and weighted mode. Two-step analysis determined the contribution of the mediator variable to the outcomes.
To determine stability and reliability, sensitivity analyses were performed that included an assessment of hetero-
geneity, horizontal pleiotropy, and the leave-one-out techniques.

Results: This MR analysis identified 8 independent significant SNPs associated with depression and 81 SNPs
linked to cognitive performance. Our findings revealed that depression increases the risk of developing deterio-
rating cognitive performance (IVW g, -0.11; 95 % confidence interval (CI), -0.18 — -0.05; Py, value= 5.97E-04).
Conversely, cognitive performance decline could also predispose individuals to depression [odds ratio (OR)yy,
0.85; 95 % CI, 0.76 — 0.95; Py value=0.004]. Multivariate MR analysis confirmed the robustness of this bidi-
rectional association. A two-step MR mediation analysis indicated that the pathway from depression to cognitive
performance is mediated by pain, with a mediation effect size of -0.022 and a mediation ratio of 28.95 %. The
pathway from cognitive performance to depression is mediated by frailty, with a mediation effect value of -0.028,
representing 22.40 % of the mediation proportion.

Conclusion: A two-way causal relationship between depression and cognitive performance, with pain and frailty
being mediating factors, respectively. Future research should prioritize mechanistic studies, targeted interven-
tions, and personalized approaches to disentangle and mitigate the bidirectional effects of depression and cogni-
tive performance.
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Mediation effect

1. Introduction such as changes in appetite, sleep problems and even suicidal tenden-
cies [3,4]. So far, the substantial prevalence and severity of depression

Depression is the most common psychological disorder and has al- have exerted a considerable strain on healthcare systems and hindered
ways been among the top three leading causes of disability worldwide socioeconomic progress. Therefore, clarifying the underlying the nature
[1,2]. It can seriously disrupt daily activities, hinder social interaction of its effects could aid in devising effective preventive measures. Previ-
and overall physical health, and be accompanied by adverse symptoms ous studies indicates that depression arises from an interplay of various
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elements such as genetic predispositions, biological processes, environ-
mental influences, and psychological conditions [5-7]. Apart from the
acknowledged risks of depression, like family background and demo-
graphic characteristics, the connection between depression and cogni-
tive performance has drawn extensive concern in recent years [8,9].

Cognitive performance refers to the series of psychological activities
and abilities related to intelligence, including the acquisition, storage,
processing, and application of knowledge [10]. It involves multiple as-
pects, such as perception, attention, memory, imagination, and decision-
making, and is also the foundation for communication, problem-solving
and creating new things [11,12]. Numerous studies have shown that ed-
ucation level, nutritional status and other factors can all affect cognitive
performance [13,14]. Increasing evidence emphasizes the link between
peripheral lipoprotein levels and cognitive ability [15]. Mirza et al. in-
dicated that 80 ~ 90 % of clinical depression patients exhibit cognitive
performance problems during depressive episodes [16]. On the contrary,
a cross-sectional study on elderly depression has shown that it is asso-
ciated with higher perceived social support, but not with other exec-
utive processes or cognitive domains [17]. Therefore, the relationship
between depression and cognitive performance is ambiguous.

An observational cohort study suggests that veterans should be con-
sidered a high-risk group for cognitive impairment, especially those with
chronic comorbidities of depression [18]. Although depression and cog-
nitive impairment often coexist, observational studies cannot provide
direct evidence of causal relationships. Previous studies analyzing only
90 elderly patients with depression have shown the negative correla-
tion between the severity of depression symptoms and cognitive perfor-
mance, but it is worth noting that residual confounding factors are still
inevitable [19]. In addition, the China Health and Retirement Longitudi-
nal Study (CHARLS) study of 4771 patients found that a close correlation
between severe depression and cognitive decline, but due to the lack of
follow-up data, its causal relationship cannot be confirmed [20]. Hence,
alternative strategies to fortify causal inference can elucidate whether
such experiments might be requisite.

Mendelian randomization (MR) is an alternative method for infer-
ring the potential causal relationship between depression and cogni-
tive performance by utilizing genetic variants as instrumental variables
[21-23]. Given the random allocation of genetic variants at an early life
stage, their correlation with subsequent lifestyle choices and extrane-
ous environmental influences pertinent to disease progression is absent,
thereby significantly reducing concerns regarding confounding and re-
verse causality [24]. MR studies could help determine whether there
was a true causal relationship between depression and cognitive perfor-
mance, rather than just a correlation [25]. The stability and randomness
of genetic factors make the results more reliable and convincing. Fur-
thermore, genome-wide association studies (GWAS) have delineated a
multitude of genetic variants implicated in a spectrum of intricate dis-
eases, propelling the utilization of MR methodologies to an advanced
level of applicability [26,27]. MR methods provide a powerful tool for
understanding the complex relationship between depression and cog-
nitive performance, help uncover underlying causal mechanisms, and
provide a scientific basis for relevant prevention and treatment strate-
gies.

In this study, we applied a two-sample bidirectional MR analysis to
assess the potential causal relationship of depression and cognitive per-
formance. Given that physical conditions such as pain, frailty and in-
flammatory factors are crucial in preventing and managing depression
and cognitive performance, we conducted a two-step MR analysis to in-
vestigate the mediating pathways of related phenotypes.

2. Materials and methods
2.1. Two-sample MR study design

Two-sample MR analysis usually refers to the statistical method in
genetic research that compares the genetic data of two independent sam-
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ple populations, using single nucleotide polymorphism (SNP) as a risk
factor tool [28,29]. Compared to single sample MR, two-sample MR uti-
lizes data derived from independent and non- overlapping data, mak-
ing this method more robust and effective [30]. The MR method relies
on three core assumptions in the supplementary Method. Overview dia-
gram of this bidirectional dual sample MR study shows the research pro-
cess and screening criteria in Fig. 1. Firstly, we utilized two-sample to
determine the bidirectional MR association between depression and cog-
nitive performance. We employed a multivariate MR method to further
evaluate if there remains a bidirectional causal relationship between de-
pression and cognitive performance after controlling for confounders.
Ultimately, a two-step multivariate analytical approach was employed
to assess mediating variables, like pain and frailty, which exert a causal
effect within the mediating pathways between relative depression and
cognitive performance.

2.2. Data sources

The datasets involved in the present research were all publicly avail-
able, and all original studies have obtained ethical approval. The data
source, sample size details, and data download link are detailed in Sup-
plementary Table 1. Show more data and more detailed descriptions in
the method of Supplementary Method.

2.3. Depression

Summary statistics for depression were primarily retrieved from the
FinnGen (R10 release) database of depression in the European popula-
tion, which included a total of 47,696 cases and 359,290 controls (me-
dian age was 41.7 years old and 67.9 % were female). Depression was
unipolar depression, an emotional disorder that involves one or more
severe episodes of psychological depression, each lasting two weeks or
more, without any intervention episodes of mania or hypomania. Diag-
nosis of the selected cases was based on standardized diagnostic tools
and was assessed by a trained interviewer, clinician-administered check-
list, or medical record review, all of which met the ICD-9 or ICD-10
classification criteria.

2.4. Cognitive performance

The database of the MRC Integrated Epidemiological Unit (IEU
GWAS) includes a summary estimate of genetic associations for cogni-
tive performance (N ,s.s=257,841, Ngyps = 10,049,954), which is eval-
uated based on the scores of participants in language cognitive abil-
ity tests. A lower score represents worse cognitive performance, and a
higher score is associated with better cognitive performance. In the 2019
meta-analysis, this dataset was first reported, indicating 225 SNPs signif-
icantly associated with cognitive performance, and the data increased
the reliability of multi gene scores by 7-10 % through joint analysis
[31]. When diagnosing cognitive function in the IEU GWAS datasets, the
relevant diagnostic criteria specified in the ICD-10 classification system
must be strictly followed.

2.5. Instrumental variables selection

In conducting MR analysis, adherence to three cardinal assumptions
- correlation, independence, and exclusion restriction — is mandatory.
Selected SNPs with a significance threshold of P < 5 x 10~% were sub-
jected to an independence evaluation via the PLINK clumping feature
integrated within the Two-sample MR software. A stringent criterion of
an R2 value less than 0.001 and a window size of 10,000 kilobases was
applied during the clumping procedure, employing the 1000 Genomes
European datasets as the reference panel for this analysis [32]. In the
presence of linkage disequilibrium (LD) among the SNPs, only the SNP
exhibiting the most significant P value would be retained for further
analysis. The susceptibility of the retained SNPs to weak instrument bias
was assessed using the F statistic.
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The Reverse MR Analysis
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Fig. 1. Overview plots of Mendelian randomization (MR) study. The dotted lines represent the three hypotheses studied by MR. The red line represents positive
MR for depression to cognitive performance, and the blue line represents reverse MR for cognitive performance to depression. (A) Manhattan plot of all SNP
of depression gene data (Ngyp=21,306,230). (B) Manhattan plot of all SNP of cognitive performance gene data (Ng»=10,049,954). The horizontal axis represents
chromosomes, and the vertical axis represents the correlation strength of each gene locus. The red horizontal line represents the genome-wide significance threshold (P
value< 5 x 1078). BMI, Body mass index; MR, Mendelian randomization; IVW, Inverse-variance weighted; SNP, Single nucleotide polymorphisms, UVMR, Univariate

Mendelian research; MVMR, Multivariate Mendelian research.

2.6. Confounder analysis

To evaluate whether the selected SNPs were associated with con-
founders (P < 1 x 107°) within the relationship between depression
and cognitive performance [33]. While MR is inherently designed to by-
pass confounders, in reality, there may still exist certain genetic variants
that are not purely driven by causal mechanisms but rather correlated
through alternative pathways (such as pleiotropy) [34]. Confounders
multivariate MR (MVMR) analysis generally refers to the simultane-
ous consideration of multiple genetic variants as instrumental variables
to analyze the relationship between these genetic variants and expo-
sure and outcomes (defined as: f’) [35]. The inverse- variance weighted
(IVW) method was considered a determinant method and was supple-
mented by the MR Egger test.

2.7. Two-step MR analysis

Two-step MR analysis lies that the purpose of the first step is to de-
termine whether genetic variations actually affect the outcome by influ-
encing the mediator variables (defined as: 1), and the second step is
to quantify the causal contribution of the mediator variables to the out-
come (defined as: #2) [36]. We determined potential mediator factors
that may be associated with the exposure, based on previously published
articles, clinical research experience, and review articles, including pain,
frailty, sleep disturbance and delirium. If there is evidence that depres-
sion affects the mediator, which in turn affects cognitive performance,
we will employ the “product of coefficients” (f1*#2) to evaluate the in-
direct effect of the potential mediator. In general, we can use f1*f2 as
a mediating effect from exposure to outcome. The standard error of the
indirect effect is derived using the Delta method.

2.8. Statistical analysis

Univariate MR (UVMR) used five different methods to explore the ge-
netic association between depression and cognitive performance: IVW,

weighted median, MR Egger regression, simple mode and weighted
mode [37]. Because all SNPs used in the IVW hypothesis analysis are
valid, it can produce the most accurate estimates. We assessed hetero-
geneity due to different genetic variants in the fixed-effect IVW method
by using Cochran’s Q test, with significant heterogeneity if the P value
was less than 0.05. In this case, a multiplicative random-effects model
based on the IVW method will be employed to estimate the impact of
this genetic variation. The funnel plot revealed heterogeneity through
asymmetry. Furthermore, the MR Egger regression intercept served as
a means to examine the possibility of horizontal pleiotropy, where any
departure from zero (with a P value below 0.05) suggested directional
pleiotropic effects. To ensure the robustness of the findings, a leave-
one-out (LOO) method was employed to investigate whether the overall
outcome was primarily influenced by a single genetic variant. Statis-
tical analyses were completely performed using R (version 4.4.1) and
the Two-sample MR (version 0.5.7), Mendelian Randomization (version
0.8.0), and MR PRESSO (version 1.0) packages. All statistical tests were
two tailed, and « = 0.05 was considered as the significant level.

3. Results
3.1. Characteristics of selected genetic variants

Fig. 1 showed the overview of the design of this bidirectional two-
sample Mendelian study. Manhattan plots illustrated the fluctuating
data in the depression and cognitive performance datasets and highlight
the SNPs that are strongly correlated. The sample size of depression data
from the FinnGen database was 47,696, the SNP data was 21,306,230,
the sample size of cognitive performance data was 257,841, and the SNP
data was 10,049,954. Supplementary Fig. 1 was a flowchart of the re-
search methodology, including the SNP data screening process and the
sensitivity analysis method for MR. Based on predetermined assump-
tions and screening criteria, 8 SNPs for forward MR depression to cogni-
tive performance and 81 SNPs for reverse MR cognitive performance to
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Table 1
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Bidirectional univariate Mendelian analysis of depression and cognitive performance.

Methods No. of SNPs MR analysis Heterogeneity test MR Egger intercept
B/OR (95 % CI) P value Cochran’s Q P value P value
Depression on cognitive performance
VW 8 —0.11 (-0.18 to —0.05) 5.97E-04 13.63 0.06 0.345
Weighted median 8 —0.08 (-0.15 to —0.02) 0.014
MR Egger 8 0.08 (—0.30 to 0.46) 0.684
Simple mode 8 —0.04 (-0.15 to 0.08) 0.539
Weighted mode 8 —0.06 (=0.15 to 0.04) 0.301
Cognitive performance on depression
VW 81 0.85 (0.76 to 0.95) 0.004 146.46 0.547 0.662
Weighted median 81 0.91 (0.80 to 1.04) 0.169
MR Egger 81 0.95 (0.58 to 1.56) 0.834
Simple mode 81 0.87 (0.61 to 1.26) 0.47
Weighted mode 81 0.98 (0.71 to 1.36) 0.902

OR, Odds ratio; MR, Mendelian randomization; IVW, Inverse-variance weighted; SNP, Single nucleotide polymorphisms.

depression were identified, listed in Supplementary Table 2 and Table 3,
respectively.

3.2. Univariable MR analysis

3.2.1. Casual effect of depression on cognitive performance

UVMR analysis to explore the bidirectional causal relationship be-
tween depression and cognitive performance were shown in Table 1. The
IVW method was used as the main method to find that depression can
increase the risk of cognitive performance deterioration (8, —0.11; 95 %
CI, —0.18 to —0.05; P value = 5.97E-04). However, among the remain-
ing four alternative methods, only the weighted median method showed
significant results similar to those of the IVW method (f, —0.08; 95 %
CI, —0.15 to —0.02; P value = 0.014). As a supplement to the research,
we validated the robust results using the depression validation, which
also confirmed the causal relationship between depression and cognitive
performance using the IVW method (8, —0.09; 95 % CI, —0.15 to —0.03;
P value = 0.003, Supplementary Table 4). The instrumental variables
for bidirectional Mendelian studies that validate the datasets were all
presented in Supplementary Tables 5 and 6. Scatter plot shows a clear
linear relationship, indicating a causal relationship between the selected
genetic variation and the exposure or outcome (Fig. 2A). No evidence
supported the existence of heterogeneity in the association between de-
pression and cognitive performance (Q = 13.63, P value = 0.060). Fun-
nel plot showed that there was no clear direct association between ge-
netic variation and the outcome variables, which supported the validity
of the Mendelian randomization analysis (Fig. 2B). MR Egger regression
intercept term showed that there was no obvious directional pluripo-
tence between the SNPs of the two datasets (P value = 0.345). The LOO
analysis results show that no SNP drives the entire effect (Supplementary
Fig. 2A). The forest plot shows the effect size of each SNP on depression
in the forward MR (Fig. 2C).

3.2.2. Casual effect of cognitive performance on depression

The cognitive performance was presented as an exposure factor, and
81 SNPs were finally selected for single-factor MR analysis (Table 1). The
IVW method showed that the risk of developing depression decreased
as the cognitive performance score increased (OR, 0.85; 95 % CI, 0.76
to 0.95; P value = 0.004). Scatter plot of the 5 lines in the scatter plot
corresponded to the MR effect estimated by the 5 methods, and the IVW
method is statistically significant (Fig. 2D). Funnel plots also suggested
no heterogeneity in the association between cognitive performance and
depression (Fig. 2E). Similar results were found in the depression val-
idation datasets (OR, 0.90; 95 % CI, 0.84 to 0.97; P value = 0.003),
which provided evidence for the robustness of the results from the IVW
approach (Supplementary Table 4). The LOO plot illustrated the over-
all effect of cognitive manifestations to depression without a single SNP

(Supplementary Fig. 2B). The forest plot showed the effect size of each
SNP on depression in the reverse MR (Supplementary Fig. 2C).

3.3. Multivariable MR analysis

3.3.1. Evaluation of the assumptions of forward MR

UVMR analysis demonstrated that Body Mass Index (BMI) and
smoking were confounding factors for depression and cognitive per-
formance (Supplementary Table 7). After adjusting for BMI and smok-
ing, depression was associated with deterioration in cognitive perfor-
mance (adjusted BMIL: fyw, —0.05; 95 % CI, —0.08 to —0.02; Pry
value=0.001; adjusted smoking: Sy, —0.03; 95 % CI, —0.07 to —0.01;
Pryw value = 0.003, Table 2). The trends of the MR Egger method were
consistent with that of IVW method.

3.3.2. Evaluation of the assumptions of reverse MR

After adjusting for BMI and smoking, deterioration in cognitive per-
formance was also associated with the development of depression (ad-
justed BMI: ORpyyy, 0.91; 95 % CI, 0.85 to 0.98; Py value = 0.009; ad-
justed smoking: ORyyyy, 0.88; 95 % CI, 0.79 to 0.98; Py value=0.023;
Table 2). There was no heterogeneity between these two multivariate
correction results. MR Egger intercept analysis found no evidence of di-
rectional pleiotropy. Supplement Fig. 3 showed scatter and funnel plots
of confounding variables of the bidirectional Mendelian analysis. The in-
strumental variables of the bidirectional Mendelian study of confound-
ing factors were all shown in Supplementary Tables 8-11.

3.4. Mediation analysis

3.4.1. Filter for mediating variables

UVMR analysis to verify whether the variables were mediators of de-
pression and cognitive performance showed that only pain and frailty
met the criteria for mediating factors (Supplementary Table 12). C-
reactive protein, sleep disturbance, IL-6 and delirium showed no signifi-
cant causality for cognitive function and depression MR (IVW: P value >
0.05). Univariate analysis found a positive correlation between depres-
sion and pain (IVW: OR, 1.04; 95 % CI, 1.02 to 1.06; P value<0.001), and
the same findings were found in the weighted median, simple mode, and
weighted mode methods (Fig. 3A). Pain was further identified as a risk
factor for the development of cognitive decline (IVW: g, —0.21; 95 % CI,
—0.39 to —0.03; P value = 0.023, Fig. 3B). In reverse MR studies, deteri-
oration in cognitive performance was found to be a risk factor for frailty
(IVW: B, —0.11; 95 % CI, —0.17 to —0.05; P value <0.001, Fig. 3C). Fur-
ther research found that frailty is a risk factor for depression (IVW: OR,
1.76; 95 % CI,1.30 to 2.38; P value <0.001, Fig. 3D). Multivariate analy-
sis showed that there were significant statistical differences in pain and
frailty in forward and reverse MR studies, respectively (Table 3).
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Forest plot for forward MR
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Fig. 2. Mendelian randomization plots for the relationship of depression with cognitive performance. (A) Scatter plot of SNP effects on depression versus cognitive
performance, with the slope of each line corresponding to the estimated MR effect per method. The data are expressed as raw f values with 95 % confidence
interval. (B) Funnel plot showed that the SNPs were symmetric, indicating that there was not heterogeneity in the association between depression versus cognitive
performance. (C) Forest plot of causal effects of depression versus cognitive performance. Forest plot of all 8 individual and combined SNP MR-estimated effect sizes.
(D) Scatter plot of SNP effects on cognitive performance versus depression, with the slope of each line corresponding to the estimated MR effect per method. (E)
Funnel plot showed that the SNPs were symmetric, indicating that there was not heterogeneity in the association between depression versus cognitive performance.
(F) This forest plot was a collection of 13 SNPs (partial) selected and presented in a pattern from 81 SNPs, all of which are presented in the Supplementary materials.
MR, Mendelian randomization. Abbreviations: OR, Odds ratio. CI, Confidence interval. IVW, Inverse variance weighted.

Table 2
Bidirectional multivariate Mendelian analysis of adjusted BMI and smoking.

MR Egger
MR analysis Heterogeneity test intercept
Exposure Outcome Methods No. of SNPs
B/OR (95 % CI) P value Cochran’s Q P value P value
Depression Cognitive vw
performance
BMI 615 —0.05 (-0.08 to —0.02) 0.001 2453.83 0.586 0.571
Smoking 206 —0.03 (-0.07 to —0.01) 0.003 781.4 0.472 0.804
MR Egger
BMI 615 —0.05 (-0.08 to —0.02) 0.001
Smoking 206 —0.19 (-0.30 to —0.12) 0.006
Cognitive Depression vw
performance
BMI 317 0.91 (0.85 to 0.98) 0.009 623.78 0.678 0.36
Smoking 214 0.88 (0.79 to 0.98) 0.023 500.31 0.375 0.135
MR Egger
BMI 317 0.91 (0.85 to 0.98) 0.007
Smoking 214 0.87 (0.78 to 0.97) 0.015

OR, Odds ratio; BMI, Body mass index; MR, Mendelian randomization; IVW, Inverse-variance weighted; SNP, Single nucleotide polymorphisms.

3.4.2. Mediation effect and proportion

UVMR effect size of depression on pain (f;, 0.038), and we had a
multivariate MR effect size of pain on cognitive function (85, —0.584)
when controlling depression. The mediating effect size was (4’, —0.022),
accounting for 28.95 %. The univariate MR effect size of cognitive func-
tion on frailty (§;, —0.110), and the multivariate MR effect size of frailty

on depression (f,, 0.257) when controlling for cognitive function. The
mediating effect size was (f’, —0.028), accounting for 22.40 % (Sup-
plementary Table 13). Pain was a mediating factor in the positive MR
study, and there were statistically significant differences in g, f;, f#,,
and p’ (Fig. 3E). And frailty was a mediating factor in reverse MR stud-
ies, and there were statistically significant differences in g, §;, #,, and
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Fig. 3. Bidirectional mediation analysis of depression and cognitive performance via potential mediators. (A) Forest plot of univariate Mendelian analysis of de-
pression to pain. (B) Forest plot of univariate Mendelian analysis of pain to cognitive performance. (C) Forest plot of univariate Mendelian analysis of cognitive
performance to frailty. (D) Forest plot of univariate Mendelian analysis of frailty to depression. (E) Two-step MVMR MR analysis framework of depression to cogni-
tive performance. (F) Two-step MVMR MR analysis framework of cognitive performance to depression. The error bars represent 95 % CIs. All statistical tests were
two-sided. P value< 0.05 was considered significant. OR, Odds ratio; MR, Mendelian randomization; IVW, Inverse-variance weighted; UVMR, Univariate Mendelian

randomization; MVMR, Multivariate Mendelian randomization.

Table 3

Multivariate Mendelian analysis of mediation variables (frailty and pain) for exposure and outcome.

Heterogeneity test MR Egger intercept

Exposure Methods No. of SNPs P/OR (95 % CI) P value Cochran’s Q P value P value
Depression on cognitive performance
Pain
VW 107 —0.584 (—0.868 to —0.301) 0.001 347.893 0.685 0.729
MR Egger —0.631 (-1.018 to —0.243) <0.001
Cognitive performance on depression
Frailty
VW 341 0.257 (0.110 to 0.404) 0.001 704.389 0.853 0.437
MR Egger 0.316 (0.108 to 0.523) 0.003

f’ (Fig. 3F). The instrumental variables of the bidirectional Mendelian
study of mediating factors were all shown in Supplementary Tables 14—
19.

4. Discussion

In this two-sample MR study, we found in forward MR studies that
depression increases the risk of deterioration in cognitive performance.
Reverse analysis provides evidence that reduced deterioration in cogni-
tive performance was also associated with depression. After adjusting
for BMI and smoking covariates, these associations persisted. The medi-
ation analysis of two-step MR showed that pain was the main mediator
of depression on cognitive performance, with a mediating effect ratio of
29.0 %. Frailty was a partial mediator of depression on cognitive per-
formance, with a mediating effect ratio of 22.4 %. These findings may
inform prevention strategies and interventions for depression and cog-
nitive impairment.

4.1. Potential causal effects of depression on cognitive performance

The findings from our MR study provide novel insights into the
causal relationship between depression and cognitive performance. We
found in the forward MR study that depression increases the risk of de-
teriorating cognitive performance. Decades of research have shown that
the cognitive factor of depression provides strong support in many ways
[38,39]. Early research focused on demonstrating that the content of
thoughts in depressed and non-depressed people was different. Existing
surveys generally agree that one of the characteristics of depression is
negative thought patterns and biases in attention, interpretation, and
memory. A meta-analysis of studies showed that patients with depres-
sion showed more pronounced moderate cognitive impairment in exec-
utive function, memory, and attention than in the normal control group
[40]. Reppermund et al.’s study found that cognitive impairment is of-
ten impaired in patients with depression, and these impairments persist
even after psycho-pathological symptoms have resolved [41].
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4.2. An exploratory analysis of the mediating factors of depression on
cognitive performance

The impact of depression on cognitive performance is multi-factorial
and multi-layered. Pain is a mediator between depression and deterio-
ration in cognitive performance. Patients with depression often exhibit
a chronic inflammatory state that may affect multiple areas of the brain,
including areas of pain processing, through the release of inflammatory
mediators, such as cytokines. Inflammatory mediators can affect neu-
ronal function, synaptic plasticity, and neuronal-to-neuron communica-
tion, leading to increased pain perception or a decrease in pain thresh-
old [42]. Pain may also affect cognitive function by affecting areas of
the brain that regulate emotions, such as the prefrontal cortex, and ar-
eas of cognitive control, such as the hippocampus and anterior cingu-
late cortex [43]. Furthermore, both pain and depression can affect the
brain’s neuroplasticity, the brain’s ability to adapt and change its struc-
ture and function. Long-term depressive states and pain may affect cog-
nitive function by affecting the growth of neurons, the formation and re-
modeling of synapses, and the connections between neurons [44]. This
effect may be one of the key mechanisms by which depression leads to
cognitive impairment. Many studies have found that patients with de-
pression exhibit abnormalities in pain perception tests, such as increased
sensitivity to pain or decreased pain threshold. In addition, cognitive
function test results in patients with depression also showed significant
differences compared to healthy controls, particularly in the areas of at-
tention, executive function, and memory. So, while depression is often
seen as a key affective illness, we are gradually understanding that de-
pression is often accompanied by significant cognitive dysfunction that
is important for clinical treatment.

A 12-year follow-up study of the Whitehall II study found that C-
reactive protein and interleukin-6 predicted cognitive symptoms of de-
pression [45]. People with depression often have sleep disturbances,
such as insomnia or excessive sleepiness. Sleep is essential for consoli-
dating memory and cognitive function, and not getting enough or too
much sleep can impair cognitive performance [46]. However, in the
context of limited sample size, the C-reactive protein, interleukin-6, and
sleep disturbances identified in this MR study do not satisfy the condi-
tions for mediators. Future studies may continue to explore more medi-
ators of depression and cognitive performance.

4.3. Potential causal effects of cognitive performance on depression

In reverse MR studies, we found that deterioration in cognitive per-
formance increased the risk of depression. A systematic review and
meta-analysis of longitudinal datasets found an association between
deterioration in cognitive function and subsequent depression [47].
Deficits in cognitive functions such as executive function, working mem-
ory, and attention can impair an individual’s ability to cope with stress,
making it more difficult to effectively solve problems or regulate emo-
tions, increasing feelings of helplessness and the accumulation of neg-
ative emotions [48]. Cognitive biases can motivate individuals to pay
more attention to negative information and make pessimistic interpre-
tations, forming and maintaining cognitive patterns of depression.

In addition, dysfunction of the prefrontal cortex and limbic system
may affect both cognitive control and emotion regulation, forming a vi-
cious circle [49,50]. Long-term cognitive stress may damage hippocam-
pal and prefrontal structures through HPA axis dysregulation and neu-
rotrophic factors such as BDNF. This neurological impairment further
reduces cognitive flexibility and creates a predisposition to depression
[51,52].

4.4. An exploratory analysis of cognitive performance as mediators of
depression

Frailty, characterized by a decline in multiple physiological systems,
including cognitive function, serves as a critical mediator in the asso-
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ciation between cognitive performance and depression due to several
interrelated factors. Frailty is a multidimensional concept often used to
describe an individual’s physical, psychological, and social state of de-
cline [53]. It involves the decline of physical function, cognitive ability
and self-care ability caused by aging, chronic diseases, malnutrition and
other factors [54]. Firstly, deterioration in cognitive performance can
make individuals encounter difficulties in their daily lives, such as dif-
ficulty in completing daily tasks and a decline in self-care abilities. This
vulnerability to cognitive challenges may exacerbate the risk of depres-
sion by impairing an individual’s ability to cope with stress and maintain
social connections [55]. Secondly, frailty is linked to altered neurobio-
logical pathways, such as increased inflammation and oxidative stress,
which are known to contribute to both cognitive decline and the de-
velopment of depressive symptoms. These pathways may mediate the
relationship between cognitive performance and depression by affect-
ing brain function and mood regulation. Frailty is often associated with
cognitive impairment, which can lead to difficulties in processing infor-
mation and maintaining attention. Furthermore, cognitive impairment
may affect an individual’s ability to communicate and interact with oth-
ers, leading to a narrowing of social circles and reduced social support,
which in turn increases the risk of frailty and depression [56]. There-
fore, this finding provides a scientific basis for intervening in frailty to
reduce the risk of depression in patients with cognitive impairment.

4.5. Advantages of MR analysis

MR studies provided an effective way to explore the causal relation-
ship between depression and cognitive performance, reducing bias and
controlling for confounders. On the one hand, in traditional epidemio-
logical studies, the observed associations may be influenced by a vari-
ety of confounding factors. MR could reduce or control for the effects of
these confounders by using genetic variation as an "instrumental vari-
able", providing a more accurate estimate of causal effects. On the other
hand, these findings may provide clues for the development of new treat-
ment strategies and interventions, particularly for patients who do not
respond well to existing treatments. It is important to consider the im-
plications of these results in the context of clinical practice. If depression
indeed causally influences cognitive performance, then early detection
and intervention for depression could potentially mitigate cognitive de-
cline. This has significant ramifications for the management of depres-
sion, particularly in populations where cognitive impairment is a con-
cern, such as the individuals with a history of pain or frailty state.

4.6. Limitations

There are limitations to this study. Firstly, due to limitations in
the database structure, confounding factors such as history of invasive
surgery, age, and income that may be associated with depression and
cognitive performance were not included in this study. Future prospec-
tive cohort studies were designed to include potential confounders re-
lated to cognitive performance and depression to improve the validity of
the study. Future research also should continue to explore neurobiolog-
ical mediators such as inflammation, neuroplasticity, and HPA axis dys-
function to elucidate how depression impairs cognitive performance and
vice versa. Secondly, MR analyses reflect lifetime effects and may lack
temporal dynamics to identify critical developmental windows. Through
multicenter, large-scale longitudinal cohort studies, systematically in-
vestigate the temporal relationship between depressive symptoms and
cognitive functions (particularly executive function and working mem-
ory), and identify critical intervention windows (such as adolescence,
perinatal period, or old age). Thirdly, GWASs used in this study were
derived from large samples, but phenotypic measures in these samples
may be heterogeneous. The assessment of depression relies primarily
on self-report, but this report does not specify the intensity or dura-
tion of depression. Future studies should adopt a multimodal assessment
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approach, integrating objective cognitive measures (such as computer-
ized tests and neuroimaging data) with subjective reporting to mini-
mize measurement bias. Examine brain network connections by fMRI
to determine the neural correlation of bidirectional relationships. By in-
tegrating neuroscientific, genetic, and clinical perspectives, we can de-
velop more effective strategies to improve mental and cognitive health
simultaneously.

5. Conclusions

Depression exerts a detrimental effect on cognitive performance,
while impaired cognitive performance exacerbates depression. This bidi-
rectional association suggests that interventions targeting cognitive en-
hancement may alleviate depressive symptoms, and conversely, depres-
sion mitigation strategies could improve cognitive function. Future re-
search should prioritize mechanistic studies, targeted interventions, and
personalized approaches to disentangle and mitigate the bidirectional
effects of depression and cognitive performance.
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