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Abstract: Purpose: Previous observational studies have suggested an association between insomnia and gout. However, the 
causal nature of this relationship remains uncertain. This study aimed to investigate the bidirectional causal association between 
insomnia and gout using a Mendelian randomization (MR) analysis. Methods: A bidirectional two-sample MR analysis was 
conducted utilizing genome-wide association study (GWAS) summary data for insomnia and gout. Single-nucleotide 
polymorphisms (SNPs) significantly associated with insomnia and gout were used as instrumental variables. Causal effects were 
estimated using the inverse variance weighted (IVW) method, MR-Egger, and weighted median. Sensitivity analyses were then 
performed to assess potential pleiotropy and heterogeneity. Results: The MR analysis revealed no significant causal relationship 
between insomnia and the risk of gout (IVW OR=1.300, 95%CI:0.566-2.986, P=0.537). Similarly, reverse MR analysis showed 
no causal effect of gout on the risk of insomnia (IVW OR=1.005, 95%CI:0.999-1.011, P=0.099). The findings were consistent 
across all sensitivity analyses, with no evidence of horizontal pleiotropy or heterogeneity (P>0.05). Conclusion: This study 
found no evidence supporting a causal relationship between insomnia and gout in either direction. These findings suggest that 
previous associations observed in observational studies might be confounded by other factors. Further research using larger 
sample sizes and diverse populations is warranted to validate these results. 
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1. Introduction 
Gout is a chronic inflammatory arthritis characterized by 

sudden, intense joint pain, swelling, and redness [1]. It results 
from the deposition of monosodium urate crystals due to 
prolonged hyperuricemia. Globally, gout affects millions of 
people, and its prevalence has been steadily rising over the 
past few decades, particularly in developed countries [2-3]. 
This condition is associated with a range of comorbidities, 
including cardiovascular disease, chronic kidney disease, and 
metabolic syndrome, further amplifying its impact on global 
health [4]. Effective management of gout requires a 
comprehensive understanding of its risk factors, which 
traditionally include genetic predisposition, dietary habits, 
obesity, and alcohol consumption [5]. 

Insomnia is one of the most prevalent sleep disorders, 
affecting approximately 10% of adults worldwide [6]. It is 
characterized by difficulties in falling asleep, staying asleep, 
or waking up too early, leading to significant impairments in 
daily functioning. Chronic insomnia is associated with a 
range of adverse health outcomes, including cardiovascular 
diseases, metabolic disorders, mental health issues, and 
reduced quality of life [7]. Despite its substantial impact on 
global health, the underlying causes of insomnia remain not 
fully understood. Traditionally, research has focused on 
psychological and environmental triggers; however, recent 
studies suggest that physiological processes, such as 
inflammation and metabolic dysregulation, may also play a 
role [8-9]. 

Given the rising prevalence of both gout and insomnia, 
along with their increasing burden on public health, there is 

growing interest in exploring the potential relationship 
between these two conditions. Some observational studies 
suggest that insomnia may exacerbate inflammatory 
responses and metabolic disturbances, potentially influencing 
the progression of diseases such as gout [10]. Conversely, the 
intense pain and discomfort associated with gout flares may 
disrupt sleep, leading to the development of insomnia [11]. 
However, there are also studies that have not found a 
significant association between insomnia and gout [12]. 
These conflicting findings may partly be due to the limitations 
of cross-sectional study designs, which cannot establish 
causality and may be influenced by confounding factors. 
Therefore, it is crucial to further clarify the relationship 
between insomnia and gout to better understand their 
potential interplay. 

With the continuous advancements in genetic 
epidemiology, several novel research methodologies have 
emerged, particularly Mendelian randomization (MR) 
analysis [13-14]. MR analysis provides a robust framework 
for investigating potential causal relationships between risk 
factors and diseases. It is grounded on three key assumptions: 
first, the genetic variants used as instrumental variables are 
strongly associated with the exposure of interest; second, 
these genetic variants are independent of any potential 
confounders; and third, the genetic variants affect the disease 
outcome solely through their influence on the exposure [15-
16]. Based on these assumptions, MR analysis can effectively 
mitigate the influence of confounding factors and reverse 
causation [17]. Thus, MR analysis holds significant value in 
determining causal links between risk factors and diseases. 

The aim of this study is to estimate the causal relationship 
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between insomnia and gout by conducting a bidirectional 
two-sample MR analysis. 

2. Material and Methods 

2.1. Summary Statistics Data for Insomnia and 
Gout 

The summary genome-wide association study (GWAS) 
data for insomnia and gout were directly or indirectly 
obtained from the IEU Open GWAS project (https:// gwas. 
mrcieu. ac.uk/). The insomnia dataset (ukb-a-13) includes 
336,965 individuals of European descent with 10,894,596 
Single-nucleotide polymorphisms (SNPs). The gout dataset 
(finn-b-M13_GOUT) comprises 3,576 cases and 147,221 
controls of European ancestry with 16,380,152 SNPs. 
Importantly, there is no potential sample overlap between 
these datasets, ensuring the accuracy and reliability of the MR 
analysis results. 

2.2. Selection of Instrumental Variables 
Based on the three core assumptions mentioned earlier, we 

first selected SNPs that are strongly associated with insomnia 
and gout by applying a genome-wide significance threshold 
of p<5e-8. To ensure the independence of the selected SNPs, 
we then performed clumping with parameters set at r2<0.001 
within a 10000-kb window. Additionally, The F-statistics for 
SNPs were calculated to assess instrument strength (𝐹 ൌ

ቀ
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௞
ቁ ൈ

ோమ

ଵିோమ
 ), where n represents the sample size, k 

represents the number of genetic variants, and R² denotes the 
proportion of phenotypic variance explained by the genetic 
variants. All instrumental variables used in this study had F-
statistics greater than 10, thereby avoiding weak instrument 
bias. 

2.3. Bidirectional Mendelian Randomization 
Analysis 

A bidirectional two-sample MR analysis was conducted to 

explore the potential causal relationships between insomnia 
and gout [18-19]. The primary MR analysis used the inverse 
variance weighted (IVW) method to estimate odds ratios 
(ORs) and 95% confidence intervals (CIs). To ensure the 
robustness of the findings, additional MR methods, including 
MR-Egger and the weighted median, were employed. The 
analysis was performed in two directions: first, to assess 
whether genetic predisposition to insomnia influences the risk 
of developing gout, and second, to evaluate whether a genetic 
predisposition to gout influences the risk of developing 
insomnia. 

2.4. Statistical Methods 
Sensitivity analyses were conducted to evaluate the 

reliability and validity of the MR results. Both MR-Egger 
intercept and Mendelian randomization pleiotropy residual 
sum and outlier (MR-PRESSO) global tests were used to 
identify and correct for horizontal pleiotropy, with P>0.05 in 
these tests indicating no significant pleiotropic effect [20-21]. 
Heterogeneity among instrumental variables was assessed 
using Cochrane’s Q test, where P>0.05 suggested no 
significant heterogeneity [22-23]. Additionally, a leave-one-
out analysis was performed to determine the influence of 
individual SNPs on the overall causal estimates [24]. All MR 
analyses were conducted using the “TwoSampleMR” 
packages in R. 

3. Results 
The bidirectional MR analysis revealed no significant 

causal relationship between genetically predicted insomnia 
and gout (IVW OR=1.300, 95%CI:0.566-2.986, P=0.537) 
(Figures 1). Similarly, the reverse MR analysis showed no 
causal association between genetically predicted gout and 
insomnia (IVW OR=1.005, 95%CI:0.999-1.011, P=0.099) 
(Figures 2). 

 

 
Figure 1. MR estimates of insomnia on the risk of gout. 

 

 
Figure 2. MR estimates of gout on the risk of insomnia. 

 
The sensitivity analyses, as presented in Table 1, showed 

no significant heterogeneity among the genetic instruments 
according to Cochran’s Q test (P>0.05). Additionally, both the 

MR-Egger intercept test and the MR-PRESSO global test 
found no evidence of significant pleiotropy (P>0.05). 

 
Table 1. The heterogeneity and horizontal pleiotropy of MR and reverse MR. 

Exposure Outcome Heterogeneity P MR-Egger intercept P MR-PRESSO P 
Insomnia Gout 0.603 0.433 0.604 

Gout Insomnia 0.316 0.563 0.365 

The leave-one-out analysis demonstrated that excluding 
each SNP one at a time and recalculating the causal estimates 

did not significantly alter the overall MR estimates (Figures 
3). This confirms that the results are not driven by any specific 
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SNP. 
 

 
Figure 3. Leave-one-out plots of bidirectional causal estimates between insomnia and gout 

 

4. Discussion 
This bidirectional MR analysis found no causal 

relationship between insomnia and gout, challenging the 
findings of several observational studies that have reported 
associations between sleep disturbances and gout. These 
studies often suggest that poor sleep quality or sleep disorders, 
such as insomnia and obstructive sleep apnea (OSA), are 
more prevalent among individuals with gout, implying a 
potential link mediated by shared metabolic and 
inflammatory pathways [25-26]. 

For example, an Internet-based cross-sectional survey 
highlights that individuals with gout frequently report sleep 
disturbances. In this study, nearly a quarter of participants 
with gout reported having sleep disorders, with insomnia and 
OSA being the most common [11]. Similarly, other studies 
have found a higher prevalence of insomnia among gout 
patients, proposing that the presence of sleep disturbances and 
gout may be interlinked through shared mechanisms such as 
metabolic dysregulation, chronic inflammation, and oxidative 
stress [10,27]. These findings have triggered hypotheses 
about shared pathophysiological mechanisms, such as 
oxidative stress and inflammation, potentially linking the two 
conditions. 

However, certain limitations in these observational studies 
might affect the validity of the associations between insomnia 
and gout. First, some studies rely on specific cohorts, such as 
clinic patients or online survey respondents, which could 
introduce selection bias, particularly if individuals with more 
severe symptoms or greater health awareness are 
overrepresented. This could lead to an overestimation of the 
association between insomnia and gout. Second, both 
insomnia and gout are associated with confounding factors, 

such as obesity, alcohol consumption, and hypertension, 
which are challenging to fully adjust for in observational 
studies and may exaggerate the observed associations. Finally, 
the use of self-reported data further introduces reporting bias, 
complicating the interpretation of these findings. 

Notably, a study using an animal model found that pain 
from gout flares increases wakefulness and reduces both the 
duration and frequency of Rapid Eye Movement (REM) sleep, 
without affecting slow-wave sleep. These results suggest that 
the immediate effects of gout flares may cause temporary 
sleep disturbances rather than indicating a direct causal 
relationship with chronic insomnia or other persistent sleep 
disorders [12]. This aligns with our MR study findings, which 
also suggest that there is no direct causal link between 
insomnia and gout. By using genetic variants as instrumental 
variables, our MR analysis minimizes confounding and 
avoids reverse causation, providing stronger evidence that the 
associations observed in prior observational studies are likely 
due to shared risk factors or comorbidities, rather than a direct 
pathophysiological connection [28]. This understanding is 
important for clinical practice, indicating that a focus on 
managing shared risk factors, such as obesity, diet, and 
metabolic health, may be more effective than targeting 
insomnia alone in reducing the risk of gout. 

It should be noted that, despite the strengths of our MR 
analysis, our study has limitations. First, the analysis is 
mainly based on populations of European descent, limiting 
the generalizability to other ethnic groups. The genetic factors 
related to insomnia and gout may vary across populations, so 
future studies should include more diverse cohorts. Second, 
our findings depend on the quality and availability of GWAS 
data. Larger, more comprehensive GWAS datasets are needed 
to enhance the power of MR analyses, particularly for 
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complex traits like insomnia and gout. 

5. Conclusion 
In conclusion, this bidirectional MR analysis indicates that 

there is no direct causal relationship between insomnia and 
gout, contrasting with conclusions drawn from previous 
observational studies. This suggests that focusing on shared 
risk factors may be more appropriate than assuming a direct 
causal link. 
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