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Objective: Addressing the rising prevalence of pain disorders and limitations of current analgesics, our study explores repurposing antihypertensive drugs for pain management, inspired by the link between hypertension and pain. We leverage a drug-target Mendelian Randomization (MR) approach to explore their dual benefits and establish causal connections.Methods: A comprehensive compilation of antihypertensive drug classes was undertaken through British National Formulary, with their target genes identified using the DrugBank database. Relevant single nucleotide polymorphisms (SNPs) associated with these targets were selected from published genomic studies on systolic blood pressure (SBP) as genetic instruments. These SNPs were validated through MR against acute coronary artery disease (CAD) to ensure genes not linked to CAD were excluded from acting as proxies for antihypertensive drugs. An MR analysis of 29 pain-related outcomes was conducted using the FinnGen R10 database employing the selected and validated genetic instruments. We utilized the Inverse Variance Weighted (IVW) method for primary analysis, applying Bonferroni correction to control type I error. IVW’s multiplicative random effects (MRE) addressed heterogeneity, and MR-PRESSO managed pleiotropy, ensuring accurate causal inference.Results: Our analysis differentiates strong and suggestive evidence in linking antihypertensive drugs to pain disorder risks. Strong evidence was found for adrenergic neuron blockers increasing migraine without aura risk, loop diuretics reducing panniculitis, and vasodilator antihypertensives lowering limb pain risk. Suggestive evidence suggests alpha-adrenoceptor blockers might increase migraine risk, while beta-adrenoceptor blockers could lower radiculopathy risk. Adrenergic neuron blockers also show a potential protective effect against coxarthrosis (hip osteoarthritis) and increased femgenpain risk (pain and other conditions related to female genital organs and menstrual cycle). Additionally, suggestive links were found between vasodilator antihypertensives and reduced radiculopathy risk, and both alpha-adrenoceptor blockers and renin inhibitors possibly decreasing dorsalgianas risk (unspecified dorsalgia). These findings highlight the intricate effects of antihypertensive drugs on pain disorders, underlining the need for further research.Conclusion: The findings indicate that antihypertensive medications may exert varied effects on pain management, suggesting a repurposing potential for treating specific pain disorders. The results advocate for further research to confirm these associations and to explore underlying mechanisms, to optimize pain management practices.Keywords: antihypertensive drug, hypertension, pain management, drug target mendelian randomization, drug repurposing
1 INTRODUCTION
The global prevalence of pain poses significant challenges to public health, impairing quality of life and imposing socioeconomic burdens (Zimmer et al., 2022). The International Association for the Study of Pain (IASP) defines pain as an unpleasant sensory and emotional experience linked to actual or potential tissue damage (Raja et al., 2020). Chronic pain, affecting 20%–30% of the global population, varies in prevalence across regions and populations, with acute pain responding directly to injury or illness and chronic pain persisting and often associated with conditions like arthritis, cancer, and neuropathy. Pain’s association with psychological issues such as depression and anxiety complicates its management (Cieza et al., 2020).
Current pain treatment methods, including pharmacological interventions, physical therapy, and psychological support, face limitations in long-term chronic pain management, highlighting the need for novel therapeutic strategies. Drug repurposing, the investigation of approved medications for new therapeutic indications, emerges as a promising approach, potentially offering safer, more effective treatment options for pain sufferers. Notably, the significant negative impact of hypertension on conditions such as back pain, spinal pain, neck pain, lumbar spine degeneration, osteoarthritis (OA), and fibromyalgia presents a unique opportunity for the application of antihypertensive drugs in pain management (Kauppila, 2009; Williams et al., 2018; Allen et al., 2022; Ahorukomeye et al., 2023; Suri et al., 2023). Antihypertensives, especially beta-adrenoceptor blockers (BBs), have demonstrated significant efficacy in reducing perioperative pain, minimizing long-term opioid use, and alleviating the risks associated with knee and hip OA (Härkänen et al., 2015; Nakafero et al., 2019; Nakafero et., 2021; Starr et al., 2019; Zhou et al., 2020; Li et al., 2021). Furthermore, BBs have shown potential in relieving injection site pain, chronic tension-type facial pain, fibromyalgia, and temporomandibular joint disorders, underscoring the potential role of antihypertensive drugs in pain management and providing a scientific basis for their clinical application (Yavascaoglu et al., 2007; Kruger and Light, 2010; Tchivileva et al., 2010; Agius et al., 2013; Akgün Salman et al., 2013; Ergil et al., 2015). BBs and calcium channel blockers (CCBs) have also shown potential therapeutic effects for migraine and cluster headaches (Tfelt-Hansen and Tfelt-Hansen, 2009; Jackson et al., 2015; 2019). While certain limitations exist, the use of antihypertensive medications may offer a safer, more effective treatment option for pain sufferers.
Preliminary studies hint at the potential of antihypertensive medications to manage pain disorders effectively, but various factors limit the reliability of such findings. Challenges in observational studies, including confounding variables and the inability to establish causality, along with variability in study design, dosage, and population characteristics, contribute to inconsistent results. The complexity of pain, influenced by genetic, environmental, and psychosocial factors, further complicates result interpretation. Additionally, discrepancies across studies raise questions about the generalizability and real-world applicability of these findings (Zhou et al., 2020; Li et al., 2021; Nakafero et al., 2021). These issues highlight the necessity for robust methodologies like Mendelian Randomization (MR), offering a path to more reliable evidence on how antihypertensive drugs might affect pain management.
MR offers a sophisticated approach to establish causality in epidemiological studies by using genetic variants, specifically single nucleotide polymorphisms (SNPs), identified through Genome-Wide Association Studies (GWAS) as instrumental variables (IVs). This method effectively simulates the randomization process found in controlled trials, providing a robust framework for overcoming the limitations often encountered in traditional observational and experimental research. By leveraging genetic predispositions that are randomly assigned at conception, MR controls for confounding variables and minimizes the risk of reverse causation, thereby offering more accurate estimates of the causal effects of antihypertensive drug use on pain reduction. Utilizing the power of MR, this study aims to clarify the causal relationship between antihypertensive drug use and pain conditions. The significance of this research lies in its potential to inform safer and more effective treatment strategies for individuals suffering from pain disorders, thereby improving patient outcomes and quality of life.
2 MATERIALS AND METHODS
2.1 Study design and assumptions
This study systematically explores the use of antihypertensive drugs for pain management through the MR framework, focusing on genetic variations associated with blood pressure regulation as a proxy for drug efficacy. We meticulously compiled a list of antihypertensive drug classes from the British National Formulary, mapping them to target genes through the DrugBank database. Relevant SNPs linked to systolic blood pressure (SBP), drawn from genomic studies, serve as genetic instruments for analyzing the effects of twelve primary antihypertensive classes. These SNPs were validated against acute coronary artery disease (CAD) to ensure specificity to antihypertensive effects. Utilizing the FinnGen R10 database, our analysis covers 29 pain-related outcomes, assessing the potential efficacy of antihypertensive medications across diverse pain conditions. This approach not only mitigates confounding factors but also provides a robust basis for evaluating the causal relationships between antihypertensive medication use and pain conditions, thereby contributing to the development of personalized medicine and targeted treatments for pain disorders. In adhering to the methodological rigor required for the MR framework, this study ensures that the three core assumptions underpinning MR are met. First, the genetic variations associated with blood pressure, which serve as proxies for the efficacy of antihypertensive drugs, are valid IVs, having a direct and strong association with the exposure of interest as evidenced by their linkage to SBP. Second, the selection of SNPs was conducted with an emphasis on independence from confounders, a process bolstered by their validation against CAD to ensure the observed associations with pain outcomes are not confounded by cardiovascular disease. Third, the exclusion restriction assumption is satisfied, as the analysis is designed to capture the effects of the SNPs on pain through their impact on drug response only, with sensitivity analyses employed to check for and address any potential pleiotropic effects. Figure 1 visually summarizes the study design and assumptions (Birney, 2022).
[image: Figure 1]FIGURE 1 | Three assumptions of Mendelian randomization and the study design of this study, created with BioRender.com. CAD, Coronary Artery Disease; ACEI, Angiotensin converting enzyme inhibitors; ARBs, Angiotensin-II receptor antagonists; BBs, Beta-adrenoceptor blockers; CCBs, Calcium channel blockers.
2.2 Data sources and populations
2.2.1 Genetic associations with antihypertensive drugs
Building upon the design framework and Genetic instruments from prior research (Wang et al., 2023), this investigation meticulously cataloged a comprehensive spectrum of twelve antihypertensive drug classes as delineated by the British National Formulary, inclusive of adrenergic neuron blockers, alpha-adrenoceptor blockers, angiotensin-II receptor antagonists (ARB), angiotensin converting enzyme inhibitors (ACEI), BBs, CCBs, centrally acting antihypertensives, loop diuretics, PSDs and aldosterone antagonists, renin inhibitors, thiazides and related diuretics, and vasodilator antihypertensives. Using the DrugBank database, target genes for the active ingredients within these classes were pinpointed (Supplementary Table S1). After identifying target genes, SNPs associated with SBP were selected from GWAS meta-analysis by the International Consortium of Blood Pressure (ICBP) and the UK Biobank. This choice was informed by SBP’s relevance as a primary target for antihypertensive drugs, utilizing these SNPs as proxies to investigate their impact on pain disorders (Evangelou et al., 2018). This selection adhered to stringent criteria, including a genome-wide significance threshold (p < 5 × 10−8), a proximity requirement (±100 kb) to the drug target genes, and low linkage disequilibrium (LD) (r2 < 0.1) (Yarmolinsky et al., 2022). When primary target SNPs were unavailable, alternative SNPs exhibiting high linkage disequilibrium (r2 > 0.80), indicative of a strong genetic association, were identified using LDlink. This approach ensures the comprehensive inclusion of relevant genetic variants. To enhance the reliability of our genetic analysis, the study excluded SNPs with ambiguous or palindromic sequences and employed a harmonization process across all datasets. This critical step ensured that our effect estimates remained consistent and robust.
2.2.2 Genetic associations with CAD and pain
CAD was utilized as a control outcome to validate the effectiveness of our selected SNPs, given the recognized critical role of antihypertensive medication in reducing CAD morbidity rates. The CAD data were derived from a GWAS conducted by the CARDIoGRAMplusC4D consortium and the UK Biobank, comprising 122,733 cases and 424,528 controls (van der Harst and Verweij, 2018). The study also analyzed 29 pain-related outcomes using the FinnGen R10 database, which includes data on 230,310 females and 181,871 males, covering over 21 million genetic variants across 2,408 conditions (Kurki et al., 2023). This analysis was guided by the International Classification of Diseases, Tenth Revision (ICD-10), ensuring a thorough examination of various pain conditions and their genetic associations. The conditions studied ranged from migraines and headache syndromes to trigeminal nerve and brachial plexus disorders, among others, with a detailed listing in Supplementary Table S2. Utilizing ICD-10 for disease categorization within the FinnGen R10 database enhanced the uniformity and comparability of data while integrating genetic information with comprehensive health records laid a solid foundation for our MR analysis. This methodology facilitated the exploration of genetic links to a wide spectrum of clinical outcomes, providing insights into the genetic basis of pain disorders and their potential treatment with antihypertensive medications.
2.3 Statistical analysis
Genetic proxies for antihypertensive drugs were carefully chosen based on their significant association with SBP and validated through their relevance to CAD risk reduction, employing the Inverse variance weighted (IVW) method to ensure these instruments’ applicability. Subsequently we took the IVW approach to test the association between valid genetically antihypertensive drugs and pain disorders (Bowden et al., 2015; Slob and Burgess, 2020). Confronted with the complexity of assessing numerous antihypertensive drug classes against a unified pain outcome, our study mandated a strict multiple-testing regimen to maintain statistical rigor. The application of the Bonferroni correction, setting a refined significance cut-off at p < 0.0042, was crucial to effectively distinguish between conclusive and suggestive evidence (p values from 0.0042 to <0.05) (Curtin and Schulz, 1998). This stringent approach was instrumental in facilitating the reliable estimation of the odds ratio (OR) for a 1 mmHg decline in SBP attributable to the use of antihypertensive drugs, enhancing the precision of our OR and confidence interval (CI) estimates. Robust IVs were identified through detailed calculations of PVE and F-statistics, ensuring the selection of genetic instruments with strong and reliable associations with antihypertensive drug efficacy (Burgess et al., 2011; Brion et al., 2013).
2.4 Sensitivity analysis
Integral to our methodological framework was a thorough sensitivity analysis. This critical component not only validated the consistency of our results but also reinforced the reliability of our causal conclusions. Given the challenge posed by heterogeneity—differences in causal estimates across IVs—our analysis incorporated multiplicative random effects (MRE) model within the IVW framework (Greco M et al., 2015). This approach was instrumental in bolstering the strength of our findings by accommodating variance among different IVs, thereby enhancing the reliability of our causal deductions. Additionally, horizontal pleiotropy, where IVs might affect the outcome through pathways not directly related to the exposure, posed a significant threat to the integrity of our causal deductions. To counteract this, we employed MR Egger regression, allowing for a quantitative adjustment for pleiotropic effects, alongside the MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) test to identify and exclude pleiotropic outliers (Verbanck et al., 2018). The integrity of our causal conclusions was also scrutinized using the leave-one-out method, ensuring that no individual IV disproportionately influenced the overall results. Visual diagnostics, including scatter, funnel, and forest plots, were employed to demonstrate our comprehensive efforts in addressing pleiotropy and maintaining the rigor of our analysis. To ensure the specificity and relevance of our instrumental variables, we meticulously examined the associations between SNPs related to the efficacy of antihypertensive drugs and various potential confounders linked to pain disorders through the Phenoscanner platform. This crucial scrutiny, guided by a stringent linkage disequilibrium threshold and alignment with the Human Genome Reference Assembly build 37 (GRCh37/hg19), helped in filtering out SNPs associated with confounding factors such as insomnia, anxiety, obesity, alcohol intake, and smoking, thereby reducing the influence of horizontal pleiotropy.
Furthermore, the MR Steiger test validated the directionality of associations between SNPs and the antihypertensive drug targets, ensuring that the SNPs exerted a stronger influence on the exposure than on the outcome. This validation, supported by Steiger P-values below 0.05 and an evaluation of the test’s power, refined our selection of genetic instruments, enhancing the study’s precision in delineating causal relationships (Hemani et al., 2017).
The MR analysis conducted in this investigation made use of specific software packages within the R software environment (version 4.3), notably TwoSampleMR (version 0.5.7) for executing TSMR analyses, and MRPRESSO (version 1.0) for the detection and correction of pleiotropic outliers. Furthermore, the reporting of our MR methodology adheres to the STROBE-MR statement, thereby guaranteeing transparency and methodological rigor.
3 RESULTS
3.1 Genetic instrument selection
In the study, 464 SNPs associated with SBP were utilized to create genetic proxies for evaluating the effects of 12 antihypertensive drug classes on cardiovascular health and pain disorders (Supplementary Table S3). Through MR analysis, significant associations were identified for 11 of these classes in relation to CAD, except for PSDs and aldosterone antagonists. This finding indicates a nuanced interaction between antihypertensive treatments and CAD risk, detailed in Supplementary Table S4. The validity of these genetic instruments was confirmed by F-statistics greater than 10, showcasing the MR methodology’s rigor. A genetic map illustrating the connections between these 11 drug classes and their genetic markers is presented in Figure 2, providing a visual representation of the study’s foundational genetic analysis.
[image: Figure 2]FIGURE 2 | Antihypertensive drug classes and associated genes post-CAD validation.
3.2 Strong evidence for the association between antihypertensive drugs and pain disorders
In our comprehensive MR analysis, we evaluated the associations between 11 classes of antihypertensive drugs and 29 distinct pain disorders, with the detailed outcomes depicted in Figure 3. Notably, the analysis identified a significant association between adrenergic neuron blockers and an increased risk of migraine without aura, as evidenced by 12 SNPs [IVW: OR 1.07; 95% CI 1.028-1.118; p = 0.001]. Conversely, loop diuretics were associated with a significant protective effect against panniculitis, indicated by 11 SNPs [IVW: OR 0.73; 95% CI 0.591-0.890; p = 0.002], and vasodilator antihypertensives demonstrated a protective association against limb pain through 15 SNPs [IVW: OR 0.97; 95% CI 0.952-0.990; p = 0.003].
[image: Figure 3]FIGURE 3 | MR analysis using IVW identified associations between 11 antihypertensive drugs and 29 pain disorders. Associations with p < 0.0042 provided strong evidence, while 0.0042 < p < 0.05 indicated suggestive evidence.
Sensitivity analyses including R2 and F-statistic values [Migraine without aura: R2 = 0.001, F = 52.478; panniculitis: R2 = 0.001, F = 67.129; Limb pain: R2 = 0.001, F = 51.001] underscored the instrumental variables’ strength and the analyses’ overall reliability. Furthermore, assessments of heterogeneity and pleiotropy revealed no significant concerns [Migraine without aura: Heterogeneity p = 0.078, Pleiotropy p = 0.587; panniculitis: Heterogeneity p = 0.390, Pleiotropy p = 0.508; Limb pain: Heterogeneity p = 0.193, Pleiotropy p = 0.850] confirming the stability of our findings (Supplementary Table S5). Steiger tests did not indicate reverse causation, affirming the directionality of their effects on pain disorders without evidence of reverse relationships. Supplementary Figures S1–S3 presents the diagrams for the sensitivity analysis, offering a visual representation of the robustness and reliability of our findings across various model specifications.
3.3 Suggestive evidence for the association between antihypertensive drugs and pain disorders
In our expanded analysis, where a more lenient p-value threshold was applied, we uncovered a wider array of associations between antihypertensive drugs and pain disorders, thereby enriching the robustness of our evidence base. Notably, adrenergic neuron blockers, analyzed using 10 SNPs, were associated with a decreased risk of coxarthrosis [IVW: OR = 0.97; 95% CI = 0.940-0.996; p = 0.027] and an increased risk for Femgenpain, a condition associated with pain and other disorders of the female genital organs and menstrual cycle, analyzed using 12 SNPs [IVW: OR = 1.05; 95% CI = 1.005-1.094; p = 0.027]. BBs, analyzed using 6 SNPs, showed a significant protective association with radiculopathy [IVW: OR = 0.93; 95% CI = 0.865-0.990; p = 0.024], a protective effect paralleled by vasodilator antihypertensives against radiculopathy, with 15 SNPs [IVW: OR = 0.96; 95% CI = 0.914-0.998; p = 0.044]. Alpha-adrenoceptor blockers demonstrated a protective effect against dorsalgianas, based on 15 SNPs [IVW: OR = 0.98; 95% CI = 0.950-0.999; p = 0.049], but an increased risk for migraine, analyzed with 14 SNPs [IVW: OR = 1.03; 95% CI = 1.004-1.057; p = 0.020]. To tackle the challenge of genetically proxied renin inhibitors with just a single SNP, we employed the Wald ratio model. This approach, crucial for its ability to offer precise causal estimates with minimal genetic data, demonstrated renin inhibitors’ significant protective effect against dorsalgianas [Wald ratio: OR = 0.88; 95% CI = 0.80-0.96; p = 0.004].
The F-statistic values, robust across the board [ranging from 46.931 to 62.659], alongside R2 metrics [spanning 0.0009 to 0.0005], underscore the instrumental variables’ strength and the analyses’ explanatory power. Although no significant heterogeneity was detected, pleiotropy was observed in the causal effect of adrenergic neuron blockers on coxarthrosis [Pleiotropy: p = 0.023]. Despite efforts to adjust for this through MR-PRESSO, leading to the removal of outlier SNPs, caution is warranted in interpreting these results due to a significant global test outcome [Global Test: p = 0.002]. Furthermore, Steiger testing revealed no evidence of reverse causality between antihypertensive drugs and pain disorders, thereby strengthening confidence in the associations’ directionality. Supplementary Figures S4–S9 feature forest, funnel, and leave-one-out plots, visually demonstrating the robustness of our findings by showcasing effect sizes, detecting potential bias, and verifying the consistency of the results across diverse analyses.
4 DISCUSSION
Our study advances the understanding of antihypertensive drugs by highlighting their potential to impact pain management significantly, far exceeding their conventional role in blood pressure regulation. This exploration suggests a paradigm shift in treating individuals with concurrent hypertension and pain disorders, advocating for an integrated approach that capitalizes on the multifaceted pharmacological effects of these medications. By identifying robust associations between antihypertensive drugs and a range of pain conditions, we underscore the necessity of holistic treatment strategies that consider the complex relationship between cardiovascular health and pain modulation.
Migraine without aura involves intense headaches and sensory hypersensitivity, rooted in the trigeminovascular system’s dysregulation affecting brain’s vascular dynamics and inflammatory responses (Manzoni and Torelli, 2008; Waliszewska-Prosół et al., 2023). The sympathetic nervous system (SNS), which controls the body’s ‘fight or flight’ response, also plays a pivotal role in vascular regulation by controlling vasoconstriction and vasodilation (Schlereth and Birklein, 2008; Strong et al., 2020). Adrenergic neuron blockers, by inhibiting SNS activity, could inadvertently modulate migraine pathophysiology in several interconnected ways. Firstly, these blockers induce vasodilation by reducing SNS-driven vasoconstriction. This vasodilation, particularly in cerebral vessels, can trigger the early phase of a migraine attack, characterized by cortical spreading depression, neurogenic inflammation, and activation of pain pathways. The role of CGRP, a potent vasodilator released from sensory nerves, becomes crucial here (Russell et al., 2014). CGRP levels and activity are closely regulated by the SNS, specifically via α2 adrenergic receptors. Studies have demonstrated that the SNS can influence sensory CGRP systems, indicating a complex interplay where SNS activity modulates CGRP release and function (Kawasaki et al., 1990). This interaction suggests that adrenergic neuron blockers, by dampening SNS activity, might lead to an imbalance in CGRP levels, potentially enhancing its vasodilatory and pro-inflammatory effects in the context of migraines. Moreover, research involving models of hypertension has shown that interventions affecting CGRP levels can alter the sensory nerve activation without directly influencing blood pressure, underscoring CGRP’s role beyond vascular tone to include pain perception modulation (Fujioka et al., 1991). The suppression of NGF-stimulated CGRP release via α2 receptor-mediated pathways and the observed effects of α2 antagonists in restoring CGRP levels further illustrate the intricate relationship between SNS signaling, CGRP regulation, and hypertension-related processes, which may mirror similar mechanisms in migraine pathogenesis (Supowit et al., 1998).Therefore, the increased risk of migraine with aura associated with adrenergic neuron blockers might stem from these drugs’ broad systemic effects on the SNS and CGRP regulation. This includes altering cerebral blood flow through vasodilation and disrupting the balance of neuropeptides crucial for pain and inflammatory responses, such as CGRP. The findings point toward a need for further investigation into the SNS-CGRP axis as a target for migraine therapies, especially considering the protective and triggering roles of CGRP in migraine pathophysiology (Kawasaki et al., 1990). Our study identified discrepancies between our findings and clinical guidelines regarding the effects of adrenergic neuron blockers on migraine risk (Hovaguimian and Roth, 2022). Using a multivariable MR analysis that included caffeine intake, we confirmed an increased migraine risk associated with these blockers. Attempts at inverse MR were limited by insufficient instrumental variables. Despite this, our results suggest a complex interaction between genetic predispositions and drug effects, indicating the need for further research into the SNS-CGRP axis for potential migraine therapies.
Panniculitis, characterized by tender nodules and erythema within the subcutaneous fat layer, manifests from a variety of causes, ranging from infections to systemic diseases (Morrison et al., 2010). In contrast, loop diuretics, traditionally prescribed for controlling hypertension and fluid retention, act by inhibiting sodium and chloride reabsorption in the Loop of Henle within the kidneys (Malha and Mann, 2016). Our study introduces the speculative notion that loop diuretics might indirectly offer a novel therapeutic approach for managing panniculitis. By mitigating fluid retention, these medications could potentially alleviate the mechanical stress and inflammation in the subcutaneous fat layer, thereby providing symptomatic relief. Furthermore, the reduction in fluid overload might lead to a decrease in the body’s overall inflammatory state, indirectly benefiting conditions characterized by inflammation, such as panniculitis. Enhanced circulation, a secondary effect of the action of loop diuretics, could improve the removal of inflammatory mediators from affected tissues and support the healing processes within the subcutaneous fat layer impacted by panniculitis. Incorporating these speculative mechanisms into our understanding of panniculitis treatment suggests that loop diuretics could potentially serve as an adjunct therapy, particularly in cases where fluid retention exacerbates the condition. However, empirical research is needed to validate these hypotheses and to determine whether loop diuretics could indeed offer a beneficial effect on the management of panniculitis.
Vasodilator antihypertensives offer a multifaceted approach to improving vascular health and alleviating limb pain, underscoring the intrinsic connection between vascular function and pain perception. These medications enhance blood flow and reduce vascular resistance through several possible key mechanisms: enhancing nitric oxide availability for endothelial function improvement, directly inducing vasodilation, blocking endothelin receptors to counteract vasoconstriction, activating the prostacyclin pathway to improve microcirculation and inhibit thrombosis, and increasing perfusion pressure in compromised vascular territories. Such actions not only decrease peripheral resistance but also ensure a better blood supply to ischemic regions, directly addressing the pain associated with inadequate circulation. This improved blood flow is critical for relieving pain in conditions where ischemia or poor circulation is a contributing factor. By relaxing vascular smooth muscle and enhancing endothelial responses, these drugs mitigate the mechanical stress on blood vessels and support the delivery of oxygen and nutrients to affected tissues. The blockade of endothelin receptors and activation of prostacyclin pathways further contribute to vasodilation, offering additional routes to counteract the effects of vasoconstriction that exacerbates pain. The potential application of vasodilator antihypertensives in future treatment strategies for limb pain is promising, given their capacity to address the underlying vascular issues contributing to pain.
Our analysis also sheds light on suggestive evidence necessitating further investigation. Notably, the increased risk of femgenpain (Pain and other conditions associated with female genital organs and menstrual cycle) associated with adrenergic neuron blockers raises concerns about their use in conditions related to female reproductive health, suggesting a complex interaction with the SNS that warrants cautious application. Moreover, our observations on vasodilator antihypertensives suggest their utility in alleviating radiculopathy, further advocating for the exploration of their role in conditions characterized by nerve root irritation or compression. The tentative evidence surrounding alpha-adrenoceptor blockers and their dichotomous impact on conditions like dorsalgia and migraines, along with renin inhibitors’ potential protective effect against dorsalgianas, underscores the complex interplay between cardiovascular pharmacology and pain modulation. These findings prompt a comprehensive exploration into the cardiovascular system’s role in pain pathology and the therapeutic potential of antihypertensive drugs in pain management.
While previous studies have established BBs as effective in reducing perioperative pain and minimizing long-term opioid usage (Valdes et al., 2017; Nakafero et al., 2021), our findings introduce a novel perspective by identifying their protective role against radiculopathy. While previous research has touted the efficacy of BBs in mitigating OA symptoms, particularly in knee and hip joints, our study presents a divergent narrative. Our results do not support the effectiveness of BBs in OA management, instead highlighting the protective effects of adrenergic neuron blockers against coxarthrosis. By enhancing joint microcirculation and reducing inflammation, these drugs may present a novel strategy for managing OA pain, underscoring the need for targeted research to validate these findings.
Our research contributes to the complex discourse on the role of CCBs in pain management by revealing no significant association between CCBs and pain disorders. This finding contrasts sharply with previous studies suggesting their effectiveness in treating headaches (Tfelt-Hansen and Tfelt-Hansen, 2009). This discrepancy highlights the nuanced and multifaceted nature of pain modulation and the challenges inherent in repurposing CCBs for pain management. While biological rationales and their application in migraine treatment hint at a potential connection to pain conditions, the evidence from extensive human studies remains divided (Patel et al., 2018). Notably, some research points to worsened pain outcomes in conditions like knee OA (KOA) with CCB use, whereas other studies hint at potential analgesic properties (Li et al., 2021; Toikumo et al., 2023). These mixed outcomes underscore the necessity for a more discerning approach to employing CCBs in pain management, emphasizing the importance of further targeted research. Such studies are crucial for disentangling the beneficial from the potentially adverse effects of calcium channel modulation on various pain pathways.
Our exploration of antihypertensive drugs for pain management uncovers novel therapeutic possibilities and signifies a critical shift towards a personalized medicine approach for comorbid hypertension and pain. By tailoring treatments to individuals’ genetic profiles and the specific pharmacodynamics of these drugs, we anticipate substantial improvements in managing both conditions and enhancing patient outcomes. This direction necessitates further validation through targeted clinical trials, comprehensive longitudinal studies to assess long-term effects, and fundamental scientific research to elucidate molecular mechanisms, ensuring that our findings effectively inform and refine clinical guidelines.
While our study employs a robust MR framework to investigate the role of antihypertensive drugs in pain management, the reliance on genetic data predominantly from populations of European ancestry limits the generalizability of our findings. To address this limitation, future research must incorporate GWAS from multi-ethnic cohorts. Expanding the diversity of the study population will reduce potential biases and improve the representativeness of our results across diverse global populations, thereby supporting the universal applicability of our conclusions.
Additionally, the effectiveness of our MR approach is constrained by the current scope of genetic knowledge, which may overlook critical genetic variants and interactions essential for a comprehensive understanding of drug efficacy. To mitigate this limitation, we will integrate newly identified genetic data from ongoing studies and continuously update our genetic instruments with emerging variants. This step will broaden the spectrum of genetic influences analyzed, ensuring that our results are robust and relevant for personalized medicine across various demographics.
Our use of summary-level data in MR analysis, while practical, limits the granularity of our findings and may overlook critical genetic variants and interactions. To address these limitations, future research should incorporate individual-level data where feasible. This approach will provide a more detailed understanding of genetic associations and their implications for pain management. Additionally, addressing potential biases due to population stratification and unmeasured confounders is crucial. Implementing advanced statistical methods and collaborating with international biobanks can enhance the robustness and applicability of our results.
The complexity of the pharmacological effects of antihypertensive drugs on pain disorders underscores the necessity of interdisciplinary collaboration. By merging expertise from pharmacology, neurology, and pain medicine, we can develop integrated treatment strategies that offer innovative and effective therapies. This collaborative effort is crucial for advancing our understanding of the interconnections between cardiovascular health and pain, leading to more nuanced treatment options and significant progress in both hypertension management and pain medicine.
Translating our findings into clinical practice requires rigorous validation. Future clinical trials must assess the efficacy and safety of repurposing antihypertensive drugs for pain management, particularly in chronic pain patients with comorbid hypertension. These trials should evaluate the drugs in various clinical settings, focusing on key metrics such as pain reduction, quality of life improvements, and potential adverse effects. Subsequent longitudinal studies will be necessary to assess long-term outcomes and safety. This systematic approach will ensure that our research is both clinically relevant and applicable, supporting precision medicine initiatives.
In conclusion, our study highlights the potential of repurposing antihypertensive drugs for pain management and underscores the importance of a cohesive, evidence-based approach. Addressing the identified limitations through specific methodological enhancements, broader data inclusion, and detailed clinical translation plans will significantly increase the impact and relevance of our findings. A comprehensive and nuanced discussion of these aspects is essential to fully realize the potential of our research and ensure effective translation into clinical practice.
5 CONCLUSION
Our study delves into the repurposing of antihypertensive drugs for pain management, uncovering both beneficial and potential adverse effects on various pain disorders through the MR approach. Adrenergic neuron blockers show promise in protecting against coxarthrosis. Still, they might increase the risk of femgenpain and migraine without aura, indicating a need for careful consideration in their use for pain management. Similarly, while alpha-adrenoceptor blockers are linked to a higher risk of migraine, they, along with renin inhibitors, offer a protective effect against dorsalgianas. Furthermore, our findings suggest that BBs and vasodilator antihypertensives reduce the risk of radiculopathy, with the latter also beneficial for limb pain, and loop diuretics showing a protective impact on panniculitis.
6 LIMITATIONS
Our findings are based on genetic data that predominantly represents European ancestries and relies on existing genetic knowledge, potentially limiting their applicability across diverse global populations. This reliance may overlook critical genetic variants and interactions, affecting the study’s outcomes and the generalizability of our results. Additionally, our study is constrained using summary-level data, which limits the granularity of our findings. The potential for biases due to population stratification and the predominance of European ancestry in the genetic data further restricts the applicability of our conclusions to other populations. Despite rigorous analytical tests, the potential for pleiotropy—where genetic variants influence multiple traits—could introduce confounding effects, highlighting the complexity of genetic associations within our study context. Moreover, translating our findings into clinical practice faces significant challenges. The need for clinical trials to confirm the safety and efficacy of these drugs for pain management underscores that our findings are preliminary steps toward clinical application. Furthermore, the methodological constraints of MR analysis and the focus on broad drug classes and specific pain conditions may oversimplify the intricate interactions between drugs and pain disorders.
DATA AVAILABILITY STATEMENT
All data used in this study were obtained from IEU Open GWAS (https://gwas.mrcieu.ac.uk/).
AUTHOR CONTRIBUTIONS
KD: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing–original draft. AL: Writing–original draft. C-YZ: Writing–original draft. S-ML: Supervision, Funding acquisition, Writing–review and editing. PC: Supervision, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by Capital’s Funds for Health Improvement and Research (No. 2020-2-2231).
ACKNOWLEDGMENTS
We want to acknowledge the participants and investigators of the Finn Gen study and other related consortiums. We are very grateful to Zhenqian Wang for the GWAS data and assistance. Figure 1 was created with BioRender, and the authors have obtained the necessary permissions.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1448319/full#supplementary-material
REFERENCES
 Agius, A. M., Jones, N. S., and Muscat, R. (2013). A Randomized Controlled Trial comparing the efficacy of low-dose amitriptyline, amitriptyline with pindolol and surrogate placebo in the treatment of chronic tension-type facial pain. Rhinology 51, 143–153. doi:10.4193/Rhino12.187
 Ahorukomeye, P., Mahajan, A., Du, J. Y., Yu, C. C., Bhandutia, A. K., and Ahn, N. U. (2023). Association between hypercholesterolemia and neck pain in a cross-sectional population-based study. Spine 48, 137–142. doi:10.1097/BRS.0000000000004485
 Akgün Salman, E., Titiz, L., Akpek, E., and Arslan, G. (2013). Pretreatment with a very low dose of intravenous esmolol reduces propofol injection pain. Agri 25, 13–18. doi:10.5505/agri.2013.29484
 Allen, K. D., Thoma, L. M., and Golightly, Y. M. (2022). Epidemiology of osteoarthritis. Osteoarthr. Cartil. 30, 184–195. doi:10.1016/j.joca.2021.04.020
 Birney, E. (2022). Mendelian randomization. Cold Spring Harb. Perspect. Med. 12, a041302. doi:10.1101/cshperspect.a041302
 Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int. J. Epidemiol. 44, 512–525. doi:10.1093/ije/dyv080
 Brion, M.-J. A., Shakhbazov, K., and Visscher, P. M. (2013). Calculating statistical power in Mendelian randomization studies. Int. J. Epidemiol. 42, 1497–1501. doi:10.1093/ije/dyt179
 Burgess, S., and Thompson, S. G.CRP CHD Genetics Collaboration (2011). Avoiding bias from weak instruments in Mendelian randomization studies. Int. J. Epidemiol. 40, 755–764. doi:10.1093/ije/dyr036
 Cieza, A., Causey, K., Kamenov, K., Hanson, S. W., Chatterji, S., and Vos, T. (2020). Global estimates of the need for rehabilitation based on the global burden of disease study 2019: a systematic analysis for the global burden of disease study 2019. Lancet 396, 2006–2017. doi:10.1016/S0140-6736(20)32340-0
 Curtin, F., and Schulz, P. (1998). Multiple correlations and Bonferroni’s correction. Biol. Psychiatry 44, 775–777. doi:10.1016/s0006-3223(98)00043-2
 Ergil, J., Kavak Akelma, F., Özkan, D., Bumin Aydin, G., Gürel, A., and Akinci, M. (2015). Effects of pretreatment with esmolol and lidocaine on injection pain and rocuronium-induced withdrawal response. Turk J. Med. Sci. 45, 959–963. doi:10.3906/sag-1311-79
 Evangelou, E., Warren, H. R., Mosen-Ansorena, D., Mifsud, B., Pazoki, R., Gao, H., et al. (2018). Genetic analysis of over 1 million people identifies 535 new loci associated with blood pressure traits. Nat. Genet. 50, 1412–1425. doi:10.1038/s41588-018-0205-x
 Fujioka, S., Sasakawa, O., Kishimoto, H., Tsumura, K., and Morii, H. (1991). The antihypertensive effect of calcitonin gene-related peptide in rats with norepinephrine- and angiotensin II-induced hypertension. J. Hypertens. 9, 175–179. doi:10.1097/00004872-199102000-00013
 Greco M, F. D., Minelli, C., Sheehan, N. A., and Thompson, J. R. (2015). Detecting pleiotropy in Mendelian randomisation studies with summary data and a continuous outcome. Stat. Med. 34, 2926–2940. doi:10.1002/sim.6522
 Härkänen, L., Halonen, J., Selander, T., and Kokki, H. (2015). Beta-adrenergic antagonists during general anesthesia reduced postoperative pain: a systematic review and a meta-analysis of randomized controlled trials. J. Anesth. 29, 934–943. doi:10.1007/s00540-015-2041-9
 Hemani, G., Tilling, K., and Davey Smith, G. (2017). Orienting the causal relationship between imprecisely measured traits using GWAS summary data. PLoS Genet. 13, e1007081. doi:10.1371/journal.pgen.1007081
 Hovaguimian, A., and Roth, J. (2022). Management of chronic migraine. BMJ 379, e067670. doi:10.1136/bmj-2021-067670
 Jackson, J. L., Cogbill, E., Santana-Davila, R., Eldredge, C., Collier, W., Gradall, A., et al. (2015). A comparative effectiveness meta-analysis of drugs for the prophylaxis of migraine headache. PLoS One 10, e0130733. doi:10.1371/journal.pone.0130733
 Jackson, J. L., Kuriyama, A., Kuwatsuka, Y., Nickoloff, S., Storch, D., Jackson, W., et al. (2019). Beta-blockers for the prevention of headache in adults, a systematic review and meta-analysis. PLoS One 14, e0212785. doi:10.1371/journal.pone.0212785
 Kauppila, L. I. (2009). Atherosclerosis and disc degeneration/low-back pain – a systematic review. Eur. J. Vasc. Endovascular Surg. 37, 661–670. doi:10.1016/j.ejvs.2009.02.006
 Kawasaki, H., Saito, A., and Takasaki, K. (1990). Age-related decrease of calcitonin gene-related peptide-containing vasodilator innervation in the mesenteric resistance vessel of the spontaneously hypertensive rat. Circ. Res. 67, 733–743. doi:10.1161/01.res.67.3.733
 Kruger, L.,, and Light, A. R. (2010). Translational pain research: from mouse to man (Boca Raton (FL): CRC Press/Taylor & Francis). Available at: http://www.ncbi.nlm.nih.gov/books/NBK57269/ (Accessed February 20, 2024). 
 Kurki, M. I., Karjalainen, J., Palta, P., Sipilä, T. P., Kristiansson, K., Donner, K. M., et al. (2023). FinnGen provides genetic insights from a well-phenotyped isolated population. Nature 613, 508–518. doi:10.1038/s41586-022-05473-8
 Li, M., Zeng, Y., Nie, Y., Wu, Y., Liu, Y., Wu, L., et al. (2021). The effects of different antihypertensive drugs on pain and joint space width of knee osteoarthritis – a comparative study with data from Osteoarthritis Initiative. J. Clin. Hypertens. 23, 2009–2015. doi:10.1111/jch.14362
 Malha, L., and Mann, S. J. (2016). Loop diuretics in the treatment of hypertension. Curr. Hypertens. Rep. 18, 27. doi:10.1007/s11906-016-0636-7
 Manzoni, G. C., and Torelli, P. (2008). Migraine with and without aura: a single entity?Neurol. Sci. 29, 40–43. doi:10.1007/s10072-008-0884-7
 Morrison, L. K., Rapini, R., Willison, C. B., and Tyring, S. (2010). Infection and panniculitis. Dermatol. Ther. 23, 328–340. doi:10.1111/j.1529-8019.2010.01333.x
 Nakafero, G., Grainge, M., Valdes, A., Townsend, N., Mallen, C., Zhang, W., et al. (2019). Do β-adrenoreceptor blocking drugs associate with reduced risk of symptomatic osteoarthritis and total joint replacement in the general population? A primary care-based, prospective cohort study using the Clinical Practice Research Datalink. BMJ Open 9, e032050. doi:10.1136/bmjopen-2019-032050
 Nakafero, G., Grainge, M. J., Valdes, A. M., Townsend, N., Mallen, C., Zhang, W., et al. (2021). β-blocker prescription is associated with lower cumulative risk of knee osteoarthritis and knee pain consultations in primary care: a propensity score-matched cohort study. Rheumatol. Oxf. 60, 5686–5696. doi:10.1093/rheumatology/keab234
 Patel, R., Montagut-Bordas, C., and Dickenson, A. H. (2018). Calcium channel modulation as a target in chronic pain control. Br. J. Pharmacol. 175, 2173–2184. doi:10.1111/bph.13789
 Raja, S. N., Carr, D. B., Cohen, M., Finnerup, N. B., Flor, H., Gibson, S., et al. (2020). The revised International Association for the Study of Pain definition of pain: concepts, challenges, and compromises. Pain 161, 1976–1982. doi:10.1097/j.pain.0000000000001939
 Russell, F. A., King, R., Smillie, S.-J., Kodji, X., and Brain, S. D. (2014). Calcitonin gene-related peptide: physiology and pathophysiology. Physiol. Rev. 94, 1099–1142. doi:10.1152/physrev.00034.2013
 Schlereth, T., and Birklein, F. (2008). The sympathetic nervous system and pain. Neuromol Med. 10, 141–147. doi:10.1007/s12017-007-8018-6
 Slob, E. A. W., and Burgess, S. (2020). A comparison of robust Mendelian randomization methods using summary data. Genet. Epidemiol. 44, 313–329. doi:10.1002/gepi.22295
 Starr, J. B., Backonja, M., and Rozet, I. (2019). Beta-blocker use is associated with a reduction in opioid use 30 Days after total knee arthroplasty. Pain Physician 22, E395–E406.
 Strong, J. A., Zhang, J.-M., and Schaible, H.-G. (2020). “The sympathetic nervous system and pain,” in The oxford handbook of the neurobiology of pain ed . Editor J. N. Wood ( Oxford University Press), 0. doi:10.1093/oxfordhb/9780190860509.013.6
 Supowit, S. C., Hallman, D. M., Zhao, H., and DiPette, D. J. (1998). Alpha 2-adrenergic receptor activation inhibits calcitonin gene-related peptide expression in cultured dorsal root ganglia neurons. Brain Res. 782, 184–193. doi:10.1016/s0006-8993(97)01277-8
 Suri, P., Elgaeva, E. E., Williams, F. M. K., Freidin, M. B., Zaytseva, O. O., Aulchenko, Y. S., et al. (2023). Evidence of causal effects of blood pressure on back pain and back pain on type II diabetes provided by a bidirectional Mendelian randomization study. Spine J. 23, 1161–1171. doi:10.1016/j.spinee.2023.04.001
 Tchivileva, I. E., Lim, P. F., Smith, S. B., Slade, G. D., Diatchenko, L., McLean, S. A., et al. (2010). Effect of catechol-O-methyltransferase polymorphism on response to propranolol therapy in chronic musculoskeletal pain: a randomized, double-blind, placebo-controlled, crossover pilot study. Pharmacogenetics Genomics 20, 239–248. doi:10.1097/FPC.0b013e328337f9ab
 Tfelt-Hansen, P., and Tfelt-Hansen, J. (2009). Verapamil for cluster headache. Clinical pharmacology and possible mode of action. Headache J. Head Face Pain 49, 117–125. doi:10.1111/j.1526-4610.2008.01298.x
 Toikumo, S., Vickers-Smith, R., Jinwala, Z., Xu, H., Saini, D., Hartwell, E., et al. (2023). The genetic architecture of pain intensity in a sample of 598,339 U.S. veterans. Available at: https://dx.doi.org/10.1101/2023.03.09.23286958 (Accessed March 13, 2023). 
 Valdes, A. M., Abhishek, A., Muir, K., Zhang, W., Maciewicz, R. A., and Doherty, M. (2017). Association of beta-blocker use with less prevalent joint pain and lower opioid requirement in people with osteoarthritis. Arthritis Care Res. Hob. 69, 1076–1081. doi:10.1002/acr.23091
 van der Harst, P., and Verweij, N. (2018). Identification of 64 novel genetic loci provides an expanded view on the genetic architecture of coronary artery disease. Circ. Res. 122, 433–443. doi:10.1161/CIRCRESAHA.117.312086
 Verbanck, M., Chen, C.-Y., Neale, B., and Do, R. (2018). Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat. Genet. 50, 693–698. doi:10.1038/s41588-018-0099-7
 Waliszewska-Prosół, M., Straburzyński, M., Czapińska-Ciepiela, E. K., Nowaczewska, M., Gryglas-Dworak, A., and Budrewicz, S. (2023). Migraine symptoms, healthcare resources utilization and disease burden in a large Polish migraine cohort: results from 'Migraine in Poland'-a nationwide cross-sectional survey. J. Headache Pain 24, 40. doi:10.1186/s10194-023-01575-4
 Wang, Z., Lu, J., and Hu, J. (2023). Association between antihypertensive drugs and hepatocellular carcinoma: a trans-ancestry and drug-target Mendelian randomization study. Liver Int. 43, 1320–1331. doi:10.1111/liv.15566
 Williams, A., Kamper, S. J., Wiggers, J. H., O’Brien, K. M., Lee, H., Wolfenden, L., et al. (2018). Musculoskeletal conditions may increase the risk of chronic disease: a systematic review and meta-analysis of cohort studies. BMC Med. 16, 167. doi:10.1186/s12916-018-1151-2
 Yarmolinsky, J., Díez-Obrero, V., Richardson, T. G., Pigeyre, M., Sjaarda, J., Paré, G., et al. (2022). Genetically proxied therapeutic inhibition of antihypertensive drug targets and risk of common cancers: a mendelian randomization analysis. PLoS Med. 19, e1003897. doi:10.1371/journal.pmed.1003897
 Yavascaoglu, B., Kaya, F. N., and Ozcan, B. (2007). Esmolol pretreatment reduces the frequency and severity of pain on injection of rocuronium. J. Clin. Anesth. 19, 413–417. doi:10.1016/j.jclinane.2007.02.011
 Zhou, L., Kwoh, C. K., Ran, D., Ashbeck, E. L., and Lo-Ciganic, W.-H. (2020). Lack of evidence that beta blocker use reduces knee pain, areas of joint pain, or analgesic use among individuals with symptomatic knee osteoarthritis. Osteoarthr. Cartil. 28, 53–61. doi:10.1016/j.joca.2019.08.008
 Zimmer, Z., Fraser, K., Grol-Prokopczyk, H., and Zajacova, A. (2022). A global study of pain prevalence across 52 countries: examining the role of country-level contextual factors. Pain 163, 1740–1750. doi:10.1097/j.pain.0000000000002557
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Du, Li, Zhang, Li and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1448319-g003.gif
LO900OC0BVVNAOOLOBGIRONHDOE semmmmmssem.
000000000000000OOO0OOOOOO0DO0 memmmmiean
©0000000000000000000G00OOOOO0 remmimmmarme
000000000000CO00OOO0OBGOVOQ OO ermmymrmsisen
©0000000@00000000000OB0OOVOO0 Mummummar
0000000000000O00000VOOOCOOCOV twmmmmman
©000000000000000000OOOOOO0OO0 s smmwens
©00000000C000O00OO0O00SDOOOO imames
©00000000000000C0O0OOOOOOVOO T
©006000080000800TO00OOOGOO OV massemmmnn
000806080000000000080080000O rmmeen

V4






OPS/xhtml/nav.xhtml
Contents

		Cover

		Repurposing antihypertensive drugs for pain disorders: a drug-target mendelian randomization study		Objective

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods		2.1 Study design and assumptions

		2.2 Data sources and populations

		2.3 Statistical analysis

		2.4 Sensitivity analysis





		3 Results		3.1 Genetic instrument selection

		3.2 Strong evidence for the association between antihypertensive drugs and pain disorders

		3.3 Suggestive evidence for the association between antihypertensive drugs and pain disorders





		4 Discussion

		5 Conclusion

		6 Limitations

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Repurposing antihypertensive
drugs for pain disorders: a drug-
target mendelian randomization

study





OPS/images/fphar-15-1448319-g001.gif
s

v

o 1
i j i B






OPS/images/fphar-15-1448319-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





