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Background: Observational studies have suggested that irritability is associated with a higher risk of cardiovascular disease (CVD). However, the potential causal association is not clear. Therefore, we used Mendelian randomization (MR) analysis to assess the causal association of irritability with CVD risk.



Methods: A two-sample MR analysis was performed to confirm the causal association of irritability with the risk of several common CVDs. The exposure data were derived from the UK biobank involving 90,282 cases and 232,386 controls, and outcome data were collected from the published genome-wide association studies (GWAS) and FinnGen database. Inverse-variance weighted (IVW), MR-Egger, and weighted median methods were performed to assess the causal association. Furthermore, the mediating effect of smoking, insomnia, and depressed affect was explored by using a two-step MR.



Results: The MR analysis indicated that genetically predicted irritability increased the risk of CVD, including coronary artery disease (CAD) (Odds ratio, OR: 2.989; 95% confidence interval, CI: 1.521–5.874, p = 0.001), myocardial infarction (MI) (OR: 2.329, 95% CI: 1.145–4.737, p = 0.020), coronary angioplasty (OR: 5.989, 95% CI: 1.696–21.153, p = 0.005), atrial fibrillation (AF) (OR: 4.646, 95% CI: 1.268–17.026, p = 0.02), hypertensive heart disease (HHD) (OR: 8.203; 95% CI: 1.614–41.698, p = 0.011), non-ischemic cardiomyopathy (NIC) (OR: 5.186; 95% CI: 1.994–13.487, p = 0.001), heart failure (HF) (OR: 2.253; 95% CI: 1.327–3.828, p = 0.003), stroke (OR: 2.334; 95% CI: 1.270–4.292, p = 0.006), ischemic stroke (IS) (OR: 2.249; 95% CI: 1.156–4.374, p = 0.017), and ischemic stroke of large-artery atherosclerosis ISla (OR: 14.326; 95% CI: 2.750–74.540, p = 0.002). The analysis also indicated that smoking, insomnia, and depressed affect play an important role in the process of irritability leading to cardiovascular disease.



Conclusion: Our findings support the first genetic evidence of the causality of genetically predicted irritability with the risk of developing into CVDs. Our results deliver a viewpoint that more early active interventions to manage an individual's anger and related unhealthy lifestyle habits are needed to prevent the occurrence of adverse cardiovascular events.
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1. Introduction

Cardiovascular disease (CVD) is a general term for cardiac and vascular diseases such as coronary artery disease (CAD), hypertension, atrial fibrillation (AF), heart failure (HF), and stroke (1, 2). CVDs are the main cause of morbidity, disability, and mortality worldwide, causing a substantial burden on the economy, society, and healthcare. CVDs caused approximately 19 million deaths globally in 2020, with an increase of 18.7% in 10 years (3). The identification of risk factors is expected to mitigate the occurrence and development of CVDs through early prevention and intervention (4).

Irritability is best described by impulsiveness, anger, and hostility and is a tendency to overreact to aversive stimuli with negative affect (5). Some observational studies have shown that irritability is significantly related to various CVDs. A recent cohort study showed that irritability is independently associated with severe CAD (6). In addition, some prospective studies suggested that the level of anger had a dose–response relationship with CAD (7, 8). Meanwhile, irritability also increased the risk of AF (9), HF (10), hypertension (11), and stroke (12).

Although the increasing evidence indicates that irritability is a risk factor for CVDs, it is unclear whether this association merely stems from irritability. Since most findings are based on observational studies, the role of confounding factors and reverse causality cannot be ignored (13). Clarifying the causality between irritability and CVDs is helpful in better preventing the potential risk of adverse cardiovascular events.

Mendelian randomization (MR) analysis is an epidemiological tool that confirms a causal association between a trait and an outcome by applying genetic variants as proxies (14). Because genetic variants have the excellent feature that it is randomly allocated when passed from parents to offspring, the potential confounders and reverse causation bias of observational studies are effectively reduced and circumvented to reinforce causal inference (15).

Nevertheless, so far, no MR studies have focused on the causal inference between irritability and CVDs. In this study, the objective is to assess the potential causal association between irritability and various CVDs by implementing a two-sample MR analysis and a two-step MR analysis.



2. Methods


2.1. Study design and data sources

A summary of the study design is presented in Figure 1. Two-sample MR analyses were performed to evaluate the causality between genetic susceptibility to irritability and the risk of several CVDs. Moreover, we used a two-step MR to estimate whether the causal relationship is mediated by CVD risk factors such as smoking, insomnia, and depressed affect.
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FIGURE 1
Overview of the study design. MR-PRESSO, MR pleiotropy residual sum and outlier test; IVW, inverse variance weighted.


Genetic variants (single-nucleotide polymorphisms (SNPs)) were applied as instrumental variables (IVs) to explore the causal relationship. The whole process followed the three main assumptions in MR analysis: (a) IVs are robustly related to exposure factors; (b) IVs are not associated with confounding factors; and (c) IVs influence the risk of the outcomes only via exposure (10). Summary-level data for irritability were obtained from the UK Biobank (UKB) involving 90,282 cases and 232,386 controls. The question “Are you an irritable person?” was used to reflect irritability in the data sources. The data for various CVDs were derived from recently publicly available genome-wide association studies (GWASs) and the FinnGen GWAS database, including coronary artery disease (CAD), myocardial infarction (MI), coronary angioplasty (CA), coronary artery bypass grafting (CABG), coronary revascularization (CR), atrial fibrillation (AF), hypertension (HTN), hypertensive heart disease (HHD), non-ischemic cardiomyopathy (NIC), stroke, ischemic stroke (IS), ischemic stroke of large-artery atherosclerosis (ISla), ischemic stroke of small-vessel (ISsv), and cardioembolic ischemic stroke (ISce). All summary statistics associated with irritability and CVDs in the present study were retrieved from the IEU OpenGWAS Project (https://gwas.mrcieu.ac.uk/), and a detailed description is listed in Table 1.


TABLE 1 Data sources.
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2.2. Selection of instrumental variables

SNPs were identified as IVs at the genome-wide significance threshold (p < 5 × 10−8). To ensure independence between the included SNPs as IVs, we set the linkage disequilibrium (LD) threshold for grouping to r2 < 0.001 and a genetic distance of 10,000 kb. PhenoScanner (16) was used to search for each included SNP to estimate the associations with potential confounders (BMI, hypertension, smoking, insomnia, and depressed affect) and exclude those strongly associated with the confounders (p < 5 × 10−8). The details of the used SNPs between exposure (irritability, smoking, insomnia, and depressed affect) and outcomes (CVDs) are given in Supplementary Table S1–S43. F-statistics were used to eliminate the weak instrument bias of the used SNPs. An F-statistic >10 indicated the correlation between the IVs, and exposure was considered sufficiently strong and avoided a weak instrument bias (17).



2.3. Statistical analyses

R packages (TwoSampleMR and MR-PRESSO) and R software (version 4.2.0) were performed for the statistical analysis. Multiple MR methods were employed to assess the causal association between irritability and CVDs. Each method has different assumptions for achieving effective IVs. Inverse-variance weighted (IVW) was used as the main method in MR analyses, as the results of the IVW method are generally most reliable when the total IVs are valid (13). MR-pleiotropy residual sum and outlier (MR-PRESSO) were used to discover outliers in IVW linear regression and correct MR estimates after removing outliers when they exist (18). In addition, weighted median (19) and MR-Egger (20) methods were applied as secondary supplements. Several methods were implemented for sensitivity analysis to confirm the validity and robustness of the results. The heterogeneity of the used SNPs was assessed through Cochrane's Q test; if heterogeneity existed (p < 0.05), the multiplicative random effects IVW was considered as the main method to obtain a robust and conservative result. Moreover, MR-Egger regression analysis was performed to assess whether a directional pleiotropy of the used IVs existed by its intercept.



2.4. Mediation MR analysis

A design of mediation analysis is shown in Figure 2. Some recognized risk factors of CVD are significantly associated with irritability, such as smoking, insomnia, and depressed affect. Therefore, a two-step MR was used to estimate to what extent the causal relationship was mediated by these risk factors. In the first step, the causality of irritability on these potential mediators was confirmed. In the second step, we used the IVs that were significantly associated with the mediators to assess the causal association between the mediators and the risk of CVDs causally associated with irritability.
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FIGURE 2
The overview of two-step mediation analysis of irritability on various CVDs via potential mediators. IVs, instrumental variables. In the first step, the causality of irritability on potential mediators was confirmed. In the second step, IVs significantly associated with the mediators are used to assess the causal effect between mediators and the risk of CVDs causally associated with irritability. Direct effect, the effect of irritability on CVD risk after adjusting for the mediators (β1–β2*β3). Indirect effect, the effect of irritability on CVD risk through the mediator (β2*β3).





3. Results


3.1. Selection of instrumental variables

Detailed characteristics of SNPs selected to predict irritability are displayed in Supplementary Table S1. All SNPs satisfied established screening criteria in Methods. There was no weak tool bias in the IV strength test since the F-statistic of all SNPs >10.



3.2. Causal estimates of genetic susceptibility to irritability and CVD risk

The genetically predicted results between irritability and various CVDs are presented in Figure 3. The IVW analyses as the main analysis method indicated that genetically predicted irritability was positively associated with the risk of several CVDs, including CAD (OR: 2.989, 95% CI: 1.521–5.874, p = 0.001), MI (OR: 2.329, 95% CI: 1.145–4.737, p = 0.020), CA (OR: 5.989, 95% CI: 1.696–21.153, p = 0.005), AF (OR: 4.646, 95% CI: 1.268–17.026, p 0.02), HHD (OR: 8.203, 95% CI: 1.614–41.698, p = 0.011), NIC (OR: 5.186, 95% CI: 1.994–13.487, p = 0.001), HF (OR: 2.253, 95% CI: 1.327–3.828, p = 0.003), stroke (OR: 2.334, 95% CI: 1.270–4.292, p = 0.006), IS (OR: 2.249, 95% CI: 1.156–4.374, p = 0.017), and ISla (OR: 14.326, 95% CI: 2.750–74.540, p = 0.002). Nevertheless, insufficient evidence indicated that genetically predicted irritability had a remarkable causal relationship with the prevalence of other CVDs such as CABG, CR, HTN, ISsv, and ISce (Figure 3).
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FIGURE 3
Results from Mendelian randomization analysis of irritability and CVD risk. SNP, Single-nucleotide polymorphism; OR, odd ratio; CI, confidence interval; IVW (fixed effects), fixed effects inverse-variance weighted; IVW (MR effects), multiplicative random inverse-variance weighted; MR-PRESSO, MR-pleiotropy residual sum and outlier; *No outlier was detected; IRR, irritability; CAD, coronary artery disease; MI, myocardial infarction; CA, coronary angioplasty; CABG, coronary artery bypass grafting; CR, coronary revascularization (CA or CABG); AF, atrial fibrillation; HTN, hypertension; HHF, hypertensive heart disease; NIC, non-ischemic cardiomyopathy; HF, heart failure; IS, ischemic stroke; ISla, ischemic stroke (large-artery atherosclerosis); ISsv, ischemic stroke (small-vessel); ISce, ischemic stroke (cardioembolic).


The effect estimator of most statistical analysis models remained generally directionally consistent with IVW analysis, such as weighted median, MR-Egger, and MR-PRESSO. In all the causal analyses, most MR-PRESSO analysis methods did not detect outliers, demonstrating the reliability of the causal relationship estimates in this study (Figure 3). Moreover, scatter plots showed the associations between irritability and various CVD risks (Supplementary Figure S1).



3.3. MR sensitivity analysis

In Cochran's Q test, we found that there was heterogeneity between the used SNPs in part analyses of causal effects (p-values of Cochran's Q statistics <0.05) such as CAD, MI, CA, CABG, CR, AF, and HTN. Consequently, multiplicative random effects IVW was used in these causal effect analyses, and IVW analysis was implemented with a fixed-effects model in other effect analyses (Table 2). In addition, apart from HTN, we did not observe that the intercepts of the MR-Egger analysis deviated from zero in all studies, demonstrating that there was no horizontal pleiotropy (Table 2 and Supplementary Figure S1).


TABLE 2 Heterogeneity and pleiotropy tests for the associations between irritability with various cVDs.
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3.4. Mediation MR analysis results

Considering the higher propensity for smoking, insomnia, and depressed affect in the irritable population, these factors may be mediators causing the adverse effect of irritability on various CVDs. We assessed the mediating pathways of smoking initiation, insomnia, and depressed affect in irritability on the risk of several CVDs by performing a two-step MR analysis (Figure 2).

In the first step, we investigated the causal effect of irritability on smoking initiation (IVW: OR: 1.911, 95% CI: 1.276–2.886, p = 0.002), irritability on insomnia (IVW: OR: 4.324, 95% CI: 2.359–7.929, p < 0.001), and irritability on depressed affect (IVW: OR: 3.327, 95% CI: 2.682–4.127, p < 0.001) (Table 3 and Supplementary Table S44).


TABLE 3 The mediation analysis results of irritability on cardiovascular diseases via smoking, insomnia, and depressed affect.
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In a second step, we confirmed the causal effect association of mediators on coronary artery disease (CAD), coronary angioplasty (CA), atrial fibrillation (AF), hypertensive heart disease (HHD), non-ischemic cardiomyopathy (NIC), heart failure (HF), and ischemic stroke of large-artery atherosclerosis (ISla). MR-Egger and weighted median estimations were consistent with IVW MR analysis in the direction (Table 3 and Supplementary Table S45–S47).

Finally, we assessed the causal effect of irritability on several CVDs through the mediating effect of smoking (irritability on CAD: mediated proportion = 12%, OR = 1.137; irritability on CA: mediated proportion = 13%, OR = 1.270; irritability on NIC: mediated proportion = 6%, OR = 1.104; irritability on HF: mediated proportion = 14%, OR = 1.125; irritability on ISla: mediated proportion = 6%, OR = 1.188), insomnia (irritability on CAD: mediated proportion = 10%, OR = 1.122; irritability on NIC: mediated proportion = 15%, OR = 1.274), and depressed affect (irritability on CAD: mediated proportion = 27%, OR = 1.344; irritability on CA: mediated proportion = 26%, OR = 1.602; irritability on HHD: mediated proportion = 38%, OR = 2.232; irritability on HF: mediated proportion = 34%, OR = 1.320) (Table 4).


TABLE 4 The mediation effect of irritability on cardiovascular diseases via smoking, insomnia, and depressed affect.
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4. Discussion

To our knowledge, many observational studies have found evidence of a relationship between irritability and CVD risk. With the various MR analyses, we systematically confirmed the potential causal relationships between irritability susceptibility and a broad range of CVD risks for the first time. The MR evidence of our study indicates that genetic predisposition to irritability has adverse causal associations with many CVD risks, including CAD, AF, HHD, NIC, HF, and ISla. In addition, insufficient MR evidence supports a potential causal association between genetic predisposition to irritability and the risk of HTN, ISsv, and ISce. Given the fact that the irritable population has a high propensity for smoking (21), insomnia (22), and depressed affect (23, 24), the results of the mediation MR analysis in our study show that these factors play an important role in the process of irritability leading to cardiovascular disease. The MR results are robust due to the use of different MR analysis methods and strong instruments.

Recently, increasing attention has been focused on the role of psychosocial factors in CVDs. Irritability is generally best described by impulsiveness, anger, and hostility and is a tendency to overreact to aversive stimuli with negative affect. Observational studies have shown that irritability is significantly related to an increased risk of various CVDs, which was supported by the present MR analysis.

In specific CVDs, our estimates were consistent with the findings of previous studies.

A cohort study of 225 patients with suspected CAD found that high irritable scores had a direct relationship with the presence of significant luminal stenosis (6). Another cohort study, including 506 women with suspected CAD, reported that hostile affect and aggressive responses were associated with poorer event-free survival and a higher risk of adverse events (25). In addition, a prospective study indicated that anger increased the risk of CAD during an average of 10.9 years of follow-up (8). We used MR analysis to further prove their relevance. Irritability increased the risk of CAD and MI; also, irritable people are more likely to accept to undergo coronary angioplasty. Moreover, we found that smoking, insomnia, and depressed affect mediated the occurrence of CAD.

In a study involving 6,292 Japanese people, it was found that men with higher “anger-in” scores had a 50% increased risk of hypertension compared with those with lower scores, but no such association was found in women (26). A recent study suggested that there should be focused attention on anger as a potential risk factor for hypertension (27). We did not find any association between irritability and hypertension in our MR study, but we found that irritable people had a tendency to smoke. Men are more inclined to smoke and smoking is a risk factor for hypertension. This may partly explain why the association of anger with hypertension is significant only in men. Moreover, a study confirmed that anger may cause left ventricular hypertrophy in hypertensive patients (28). We confirmed the causal relationship between irritability and hypertensive heart disease. Although irritability is not directly related to hypertension, irritability-related bad behaviors are risk factors for hypertension. They may play a significant mediatory role in the development of hypertension.

A meta-analysis demonstrated that the incidence of AF was increased by 15% for patients with anger (9). A Swedish cohort study also found that anger increased the risk of AF (29). In contrast, another study showed that no significant associations were observed between anger, anxiety, and chronic stress and the development of AF (30). Our results of MR analysis provided evidence that genetically predicted irritability increased the incidence of AF.

A Swedish cohort study found that anger increased the risk of HF (HR = 1.19) (29). A prospective study containing 13,171 black and white participants found that the incidence of HF was greater among participants with high trait anger (HR: 1.44) compared with those with low or moderate trait anger. Adjustment for comorbidities and depressive symptoms attenuated the estimated relative hazard in men to 1.26 (10). An angry temperament may cause a rise in the levels of catecholamine, resulting in transient left ventricular dysfunction. Recently, anger has been found associated with worse resting left ventricular diastolic pressure (31). These findings are consistent with our findings. Our results indicated that irritability increased the risk of NIC and HF. The potential association of irritability with HF was partly mediated by depressed affect (34%).

Anger has been suggested as a triggering factor for stroke (32). A study reported that Finnish male patients with the highest level of expressed anger were at twice the risk of stroke of men who reported the lowest level of anger, after adjustments for risk factors (12). Another study including 13,851 black and white participants obtained similar results that participants with high trait anger had a 2.82 times greater risk for hemorrhagic and ischemic strokes combined and a 2.93 times greater risk for ischemic strokes alone than their counterparts with low trait anger during an average of 6.4 years follow-up (33). Our results demonstrated that irritability increased the risk of total stroke, IS, and ISla. Smoking plays a part of the intermediary role in the process of disease formation occurrence of ISla.

Several hypotheses have explained the association between an angry temperament and CVD. Highly hostile individuals constantly have a high level of catecholamine and cortisol secretion in response to anger-provoking stimuli (5) and they display increased cortisol excretion during daytime hours along with an activation of the hypothalamic–hypophyseal axis (34, 35). This causes endothelial injury, increased vascular rigidity, and the disruption of vulnerable plaques. In addition, an angry temperament may lead to augmented platelet aggregation, decreased fibrinolytic potential, and increased plasma viscosity by enhancing inflammatory and prothrombotic responses (36). Moreover, behavioral factors may also have a significant impact on the relationship between irritability and CVD risk. Our two-step MR analysis revealed that irritability is significantly linked to an increased risk of smoking, insomnia, and depressed affect, which have all been identified as major risk factors for CVD. Controlling these behavioral factors in irritable individuals could be an effective measure to reduce the incidence of CVD in this population. These mechanisms theoretically can help us explain our observed association between irritability and various CVDs, but more comprehensive and reliable studies are needed to confirm these hypotheses.

There are several noteworthy advantages in our study. The current evidence on the relationship between irritability and the risk of CVDs is almost based on observational studies, and the findings may be limited by sample size, residual confusion, and reverse causality. Due to the random allocation of genetic variants, the MR analysis can help obtain a more robust causal effect between exposure and outcome by the avoidance of these limitations. In the present MR study, multiple MR methods were performed to confirm the causality between irritability and the risk of CVDs for the first time. Moreover, several sensitivity analyses were used to estimate heterogeneity and pleiotropy. Lastly, we used a two-step MR to perform a mediation analysis and indicated that the causal relationship of irritability on various CVDs may be mediated by smoking, insomnia, and depression.

Inevitably, certain limitations should be acknowledged. First, all participants involved in our study were Europeans. However, risk factors, prevalence, and mortality are different in different ethnicities. Therefore, in other ethnicities and populations, our findings possibly cannot explain the potential causality of irritability and CVDs. In addition, we tried our best to avoid sample overlap, but the datasets of CAD and MI were partly prepared from UKB data, which may cause slightly biased MR estimates. Therefore, we further confirmed the causality of irritability by highlighting the necessity of angioplasty intervention, because coronary angioplasty is the main diagnosis and treatment method for patients with coronary heart disease. Finally, a part MR-PRESSO analysis method detected outliers (AF, MI, and CABG), but the result of the MR-Egger regression analysis showed that there was no horizontal pleiotropy. Therefore, the results of the MR analysis should be interpreted with caution.



5. Conclusions

This MR study supports the first genetic evidence that genetically predicted irritability may be implicated in the development of CVD. We found the existence of adverse associations between irritability and the risk of CAD, AF, HF, HHD, NIC, and ISla, and these associations may partly be driven by smoking, insomnia, and depressed affect. Our results deliver a viewpoint that the identification of irritability as a risk factor or trigger of CVD is important because more early active interventions to manage an individual's anger may prevent the occurrence of cardiovascular adverse events. Moreover, correcting the unhealthy lifestyle habits of irritable individuals is an effective clinical intervention for reducing the risk of CVD.
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