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Major depressive disorder (MDD) and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) 
frequently occur together; yet their causal relationship remains unclear. To investigate the potential 
genetic causal link between these conditions, we conducted a two-sample Mendelian randomization 
(MR) analysis. Summary data from Genome-Wide Association Studies (GWAS) for MDD were sourced 
from the UK Biobank and the Psychiatric Genomics Consortium, while GWAS data for ME/CFS were 
retrieved from the UK Biobank. Inverse-variance weighting (IVW), the MR-Egger method, and 
weighted median, simple and weighted modes were used to perform the MR analysis. In addition, 
Cochrane’s Q-test was used to detect heterogeneity among the MR results. Horizontal pleiotropy 
was detected using the MR-Egger intercept and the MR pleiotropy residual sum and outlier (MR-
PRESSO) tests. Leave-one-out analysis was performed to investigate the sensitivity of the association 
between MDD and ME/CFS. The results of the MR analysis revealed no causal relationship between 
MDD and ME/CFS. The pleiotropy test revealed that causality bias was improbable, and no evidence 
of heterogeneity was found among the genetic variants. Finally, the leave-one-out test confirmed the 
stability and robustness of our findings.

Major depressive disorder (MDD) is the most common cause of disability, affecting approximately 16% of the 
global population1. According to a report published by the World Health Organization, MDD is projected to 
be the leading cause of disability worldwide by 20302. The chronic and debilitating nature of MDD not only 
complicates the management of many chronic conditions but can also worsen their symptoms and associated 
functional impairments3.

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a chronic condition of unknown origin 
that can be debilitating. It typically manifests with a diverse array of symptoms, including post-exertional 
malaise, chronic pain, and cognitive impairment4. Nonetheless, the etiology and pathogenesis of ME/CFS 
are poorly understood and are potentially attributable to a complex interplay of genetic, epidemiological, and 
environmental factors. Individuals with ME/CFS report a worse quality of life than those with other diseases, 
including cancer5. In contemporary society, a significant portion of population experiences a sub-health state 
of chronic fatigue, and the incidence of ME/CFS, a widespread disease that endangers human health, increases 
every year6. In recent years, the causal relationship between MDD and ME/CFS has been a subject of extensive 
investigation. For instance, a study employing various samples indicated that MDD serves as an independent 
risk factor in CFS samples7. Although ME/CFS and MDD frequently co-occur, their association has not been 
systematically studied due to potential biases, including confounding factors or reverse causality. Consequently, 
it remains unknown whether MDD plays a causal role in the development of ME/CFS, and there is a lack of 
underlying genetic evidence to support a causal relationship.
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The Mendelian randomization (MR) study design adheres to Mendel’s principles of inheritance, utilizing 
genetic variations strongly correlated with exposure as instrumental variables (IVs) to explore the causal 
relationship between exposure and outcome. In this study, we applied two-sample MR summary statistics from 
a large-scale genome-wide association study (GWAS) of MDD and ME/CFS to investigate their potential causal 
relationship.

Methods
Data source
Associations between single-nucleotide polymorphisms (SNPs) and MDD were estimated using data from the 
largest published GWAS meta-analysis of European ancestry to date8. The meta-analysis encompassed total of 
807,553 individuals (246,363 individuals with MDD and 561,190 controls of major European ancestry) from 
the UK Biobank Study, 23andMe, and the Psychiatric Genomics Consortium (PGC) Working Group on MDD. 
Pooled statistics for all assessed genetic variants in the three GWASs were publicly available from the UK 
Biobank and PGC only; therefore, we incorporated the comprehensive pooled statistics for both cohorts of the 
UK Biobank and PGC cohorts, as furnished by Howard et al. (170,756 cases, 329,443 controls), all participants 
in these studies belonged to European ancestry, and informed consent was obtained from each participant8.

The pooled data for ME/CFS were derived from the GWAS, and we included a study conducted by the UK 
Biobank. Each GWAS involved in this research has obtained ethical approval from its respective institution9. 
ME/CFS data were selected from this pooled data for 462,933 individuals (2,076 cases, 460,857 controls). ME/
CFS was confirmed based on patient-reported diagnoses. We used SNPs as the IVs, MDD as the exposure 
variable, and ME/CFS as the outcome variable. Data from the ME/CFS studies can be accessed at: ​h​t​t​p​s​:​/​/​g​w​a​s​.​
m​r​c​i​e​u​.​a​c​.​u​k​/​d​a​t​a​s​e​t​s​/​u​k​b​-​b​-​8​9​6​1​/​​​​​.​​

Selection of IVs
In our MR analyses, we utilized SNPs as the IVs to examine the causal relationships between exposures and 
outcomes. The selection of these IVs in this study adhered to stringent criteria: (1)the SNP was exhibited a robust 
association with MDD; (2) no significant association was observed between the SNP and ME/CFS; (3) the SNP 
only affected ME/CFS through MDD, with no other mediating pathways. First, SNPs significant associations to 
MDD were identified at a genome-wide level (P < 5 × 10[-8]). Subsequently, linkage disequilibrium parameters 
(clump_kb = 10,000 and clump_r2 < 0.001) were established to ensure the independence of IVs used for 
MDD. Lastly, the IVs associated with ME/CFS confounders were exclued, confounders were identified via the 
PhenoScanner V2 database, and SNPs associated with confounders such as mononucleosis were removed10. The 
correlation hypothesis was further validated by employing an F-statistic threshold of SNP > 10 to filter out weak 
instrumental variable shifts; the F-calculation method used in this study was F = R2/(1- R2)/(n-k-1/k), where R2 
is the exposure variance for each IV explanation (R2 = 2 × (1-EAF) × EAF × beta2, where EAF is the effect allele 
frequency). The detailed methodology is depicted in Fig. 1.

Statistical analysis
In this study, we conducted two sample MR analyses utilizing inverse-variance weighting (IVW), the MR-Egger 
approach, and the weighted median, simple and weighted modes to infer the genetic association between MDD 

Fig. 1.  Selection of instrumental variables. In this figure, SNPs exhibiting a strong association with MDD are 
considered as instrumental variables (IVs) (correlation assumptions). These selected SNPs can only influence 
the outcome through exposure (exclusive assumptions), and all IVs should not affect the outcome directly or 
through confounding factors (independence assumptions).
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and MC/CFS. IVW was combined with the MR effect estimation of each SNP to derive a composite weighted 
estimation of potential causal effects. The IVW approach is considered the most reliable when there is no 
pleiotropy present in the genetic instruments, and thus it was selected as the primary method for MR analysis 
Heterogeneity among SNP estimates was assessed using Cochran’s Q test and further evaluated for heterogeneity 
based on the symmetry of the funnel plot. To detect potential horizontal pleiotropy and examine the consistency 
of the associations, MR-Egger11 and Mendelian randomized pleiotropic residuals and outliers (MR-PRESSO)12 
methods were applied. Finally, to confirm the dependability and robustness of the causality assessment results, 
a leave-one-out sensitivity analysis was conducted to evaluate the impact of removing each single SNP on the 
results individually. This approach enabled us to evaluate the reliability and robustness of the MR analysis results.

Ethics approval and consent to participate
Our investigation adhered to the STROBE-MR guidelines for the presentation of findings. All data included 
in this manuscript were sourced from published literature and publicly accessible GWAS. Each GWAS utilized 
in our research received ethical approval from the respective institution, which included obtaining informed 
consent from participants. Additionally, the data sources referenced in the paper are accessible to the public.

Results
The result of the IVs selection
Upon application of rigorous criteria to eliminate linkage disequilibrium (R2 < 0.001, with a physical window of 
10,000 kb), we identified 69 SNPs that demonstrated a robust association with MDD from the exposure factor 
dataset. These SNPs satisfied the genome-wide significance threshold (P < 5 × 10[-8] and F > 10). Subsequent to 
querying the PhenoScanner database to assess their potential association with ME/CFS risk factors, we found 
that all 69 SNPs remained eligible for inclusion. Following a meticulous reconciliation of exposure and outcome 
data, a subset of 57 SNPs, which exhibited the strongest associations with MDD and had the highest levels of 
statistical confidence, were selected as IVs for the subsequent MR analysis. The selected IVs included SNPs 
with the most robust associations, for a comprehensive list of SNPs and their associated data, please refer to 
Supplementary Material 1.

Results of mendelian randomization analysis
Results of MR
The IVW approach is the primary method for MR, as it yields the most accurate estimates of causality. The analysis 
did not reveal a statistically significant association between MDD and ME/CFS. The estimated odds ratio (OR) 
was 0.9992, with a 95% confidence interval (CI) ranging from 0.9974 to 1.0010, and the corresponding P-value 
was 0.3743. Additional MR methods, including the MR-Egger regression (P = 0.1854; OR [95% CI] = 1.0036 
[0.9983–1.0089]), the weighted median approach (P = 0.6289; OR [95% CI] = 1.0006 [0.9982–1.0030]), the 
simple mode method (P = 0.5481; OR [95% CI] = 1.0016 [0.9963–1.0070]), and the weighted mode method 
(P = 0.6548; OR [95% CI] = 1.0008 [0.9972–1.0045]), yielded consistent findings, furnishing no evidence for a 
genetic causal link between MDD and ME/CFS (refer to Fig. 2A and B for graphical representations).

Heterogeneity test
To assess the presence of heterogeneity among the selected instrumental variables, we conducted Cochrane’s Q 
test. The results indicated no significant heterogeneity for both the MR-Egger regression (Cochran’s Q = 62.0144, 
P = 0.1185) and the IVW method (Cochran’s Q = 65.7700, P = 0.0799). Furthermore, symmetry of the funnel 
plot (Fig. 2C) indicated the absence of publication bias or other forms of small-study effects influencing the 
results.

Pleiotropy test
We assessed for potential pleiotropic effects using the MR-Egger and MR-PRESSO tests. The MR-Egger intercept 
did not deviate significantly from zero (P = 0.3785), indicating no horizontal pleiotropy. Similarly, the MR-
PRESSO test did not identify any outliers, reinforcing the robustness of our findings against violations of the 
MR assumption.

Sensitivity analysis
To assess the stability of our MR results, we performed a leave-one-out analysis, iteratively removing each SNP 
one at a time. This sensitivity analysis revealed that the exclusion of individual SNPs had a negligible impact on 
the overall causal estimate, with the ORs remaining largely unchanged. The stability of the results across multiple 
MR methods and sensitivity analyses (Fig. 2D) provides confidence in the reliability of our findings, suggesting 
that the absence of a causal relationship between MDD and ME/CFS is not an artifact of the analytical approach 
or the selection of instrumental variables.

Discussion
We utilized a two-sample MR design to rigorously assess the causal relationship between MDD and the 
occurrence of ME/CFS. Our analysis revealed no definitive evidence supporting a genetic predisposition to 
MDD as a causal factor for ME/CFS, with findings remaining consistent across various sensitivity analyses. This 
provides novel perspectives into understanding the relationship between them.

Previous studies have reported associations between MDD and ME/CFS. Specifically, patients with ME/CFS 
exhibit a higher prevalence of MDD and anxiety disorders prior to diagnosis compared to control participants, 
and the administration of certain antidepressant medications increasing the risk of a subsequent diagnosis of 
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ME/CFS13. These findings indicate an association between MDD and the development of ME/CFS. However, 
these findings cannot rule out the possibility of confounding factors and reverse causation, making it unclear 
whether MDD directly causes ME/CFS. This study utilized the MR approach to effectively address the potential 
effects of confounding factors and reverse causation by using genetic variants associated with the MDD gene as 
instrumental variables. The results revealed no causal genetic relationship between MDD and ME/CFS, implying 
that MDD is not a direct genetic cause of ME/CFS. This finding contrasts with previous studies and highlights 
the advantages of the MR approach in causal inference.

Although the results of this study suggest that MDD is not a genetic predisposition to ME/CFS, there are 
overlapping symptoms, potential causes, and mechanisms between them. For instance, ME/CFS and MDD 
frequently co-occur and share symptoms including fatigue, pain, muscle tension, and flu-like discomfort14,15. 
Both diseases may be associated with the partial activation of immune-inflammatory pathways, particularly 
involving activated microglial cells, Chaves-Filho et al. demonstrated that shared microglial mechanisms 
underlie depression and chronic fatigue syndrome and their co-morbidities16. In addition, the hypothalamic-
pituitary-adrenal (HPA) axis plays an important role in both ME/CFS and MDD. ME/CFS typically associated 
with low cortisol levels, whereas MDD is associated with elevated HPA axis activity and cortisol levels17. These 
similarities suggest that the possibility of a shared pathophysiological mechanism between MDD and ME/CFS, 
even though the results of the present study indicate that MDD is not a direct genetic cause of ME/CFS, and that 
the results using IVW, MR-Egger methods, and weighted median, simple, and weighted models are consistent 
with the absence of a causal relationship between MDD and ME/CFS. We propose that the reason for this result 
might be related to the differences in symptom attribution patterns between patients with ME/CFS and those 
with MDD. For instance, Johnson et al. found that symptoms in patients with chronic fatigue syndrome were 
more likely to be associated with somatic factors, whereas symptoms in patients with depression were more 
likely to be associated with psychological factors18. This highlights the necessity for ongoing research into the 
disparities and interconnections between MDD and ME/CFS. In the future, more attention should be paid to 
identifying the occurrence of environmentally determined MDD and ME/CFS.

A key strength of our study is its MR design, which is the first to utilize a large- scale GWAS to investigate the 
causal genetic relationship between MDD and ME/CFS, minimizing residual confounding and reverse causality. 
Our findings suggest that enhanced screening for ME/CFS may not be beneficial in genetically predisposed MDD 
cases. Although we included the latest large GWAS summary data and analyzed genetic data from large-scale 
sample populations, there were some limitations in this study, for instance, the inclusion of some non-cancer 
illness codes and self-reported cases of ME/CFS may have introduced data bias and potential inaccuracies in 
our estimates. Additionally, all GWAS data were derived from European populations; hence, the generalizability 

Fig. 2.  The association between MDD and ME/CFS. (A) Forest plot of causal effects of MDD on ME/CFS. 
(B) Scatter plot of causal effects of MDD on ME/CFS, the slope of the line represents the causal effect of each 
method. (C) The funnel plot showed that the SNPs were symmetric, indicating that there was no heterogeneity 
in the association. (D) The leave-one-out test showed that the result was not affected by study a single 
influential SNP, so this association was stable.
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of our results to other global populations is limited. Further clinical trials and advancements in biological 
information technology are necessary to more thoroughly explore the relationship between MDD and ME/CFS.

Conclusion
Our results confirm that there is no causal relationship between MDD and ME/CFS. While our study does not 
support a definitive causal link between them, the questions raised in this study are indeed worth exploring in 
future research to enhance our understanding of these complex disorders.

Data availability
The original contributions presented in the study are included in the article/Supplementary Material, and fur-
ther inquiries can be directed to the corresponding author.
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