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Abstract 

The cardiovascular safety of xanthine oxidase inhibitors in 

complex patient populations has emerged as a critical clinical 

consideration following conflicting evidence from major trials. 

This review synthesizes current evidence on the cardiovascular 

safety of febuxostat versus allopurinol in patient populations 

characterized by comorbidities, including chronic kidney disease, 

diabetes mellitus, and Asian ethnicity. There are raised concerns 

about the increased cardiovascular and all-cause mortality with 

febuxostat in gout patients with cardiovascular disease, while the 

subsequent non-inferior cardiovascular safety in a moderate-risk 

population. Recent evidence revealed heterogeneous effects across 

subgroups: in Asian populations, febuxostat is associated with 

significantly increased risks of acute coronary syndrome and atrial 

fibrillation, with particularly elevated risks among Asian 

subgroups for cardiovascular death and all-cause mortality. In 

patients with chronic kidney disease, evidence suggests that 

febuxostat may decrease cardiovascular events. In contrast, 

association with concomitant diabetes mellitus and chronic kidney 

disease exhibited higher risks of heart failure hospitalization and 

cardiovascular interventions with febuxostat. Interestingly, 

achieving serum urate control below 5 mg/dL appears 

independently associated with reduced cardiovascular risk 

regardless of the agent used. These findings highlight that 

cardiovascular safety comparisons cannot be generalized across 

populations; rather, risk-benefit assessments must integrate 

ethnicity, renal function, diabetic status, and baseline 

cardiovascular disease. Future research should prioritize 

prospective studies in underrepresented populations and elucidate 

mechanisms underlying differential treatment effects. 
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Introduction  

Gout is an inflammatory and metabolic disorder caused by chronic 

hyperuricemia, which leads to deposition of urate crystals in joints 

and soft tissues, forming tophi, acute arthritis, and renal disorders 

(Ragab et al., 2017; Singh & Gaffo, 2020; Grant & Wallace, 2024). 

Also, hyperuricemia may increase the risk of cardiovascular 

diseases such as hypertension, ischemic heart disease, stroke, or 

heart failure, making cardiovascular disease (CVD) a major cause 

of mortality and morbidity in those patients (Tao et al., 2023; 

Kunie et al., 2025).  

A reactive oxygen species (ROS) is increased in patients with gout 

due to the oxidation process of hypoxanthine to xanthine, which 

occurs by the xanthine oxidase (XO) enzyme (Liu et al., 2021; 

Osluf et al., 2024; Morgan et al., 2025). Accordingly, inhibition of 

this enzyme decreases oxidative stress, providing a mechanistic 

rationale for cardiovascular benefit by uric acid lowering (Cicero 

et al., 2020).  

Today, the most common xanthine oxidase inhibitors (XOIs) used 

clinically are the purine analogue allopurinol and febuxostat, 

which is a non‑purine, more selective inhibitor (Wang et al., 2021). 

Allopurinol is safer than febuxostat, while febuxostat is a more 

potent alternative for patients who are intolerant of or insufficiently 

controlled by allopurinol (Lindstrom et al., 2025; Zhang & Wang, 

2025).  

However, cardiovascular outcome trials have produced conflicting 

results. The CARES trial (2018) reported higher rates of 

cardiovascular and all‑cause mortality with febuxostat compared 

with allopurinol, prompting safety warnings (Choi et al., 2018; 

Anunziata & Cussa, 2024). In contrast, the later FAST trial (2020) 

and several meta‑analyses found no significant difference in major 

adverse cardiovascular events between the two drugs (Mackenzie 

et al., 2020; Clark & Foster, 2025). These differences in 

cardiovascular effects among these drugs may be related to several 

factors, including the dose, duration of therapy, sex‑related 

biological and pharmacokinetic factors, in addition to co‑existing 

diseases such as chronic kidney disease, heart failure, and 

hypertension. Understanding these modifiers is essential to clarify 

true drug effects (Si et al., 2021; Wang et al., 2021; Ganea et al., 

2024). This review aims to summarise and interpret available 

evidence regarding the impacts of these factors on cardiovascular 

safety and the efficacy of febuxostat and allopurinol in gout 

patients. 
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Mechanisms of Cardiovascular Action 

Protective Mechanisms of XO Inhibition 

Xanthine oxidase inhibitors decrease the level of reactive oxygen 

species production and serum uric acid concentrations, both of 

which are significant causes of endothelial dysfunction and 

vascular injury (Sekizuka, 2022; Raza et al., 2025). In purine 

catabolism, processes mediated by xanthine oxidase generate 

superoxide and hydrogen peroxide, which scavenge nitric oxide 

(NO), diminish endothelial relaxation, enhance lipid peroxidation, 

and activate inflammatory pathways (George & Struthers, 2009). 

XO inhibition consequently restores NO bioavailability, enhances 

endothelial function, and mitigates vascular stiffness (Liu et al., 

2021; Ribeiro et al., 2024; Ming et al., 2025).  

Allopurinol causes vasodilation, improves endothelial function of 

coronary vessels, and improves ventricular function independently 

of urate reduction (George & Struthers, 2009; Rekhraj et al., 2013; 

Cuenca-Martínez et al., 2025). XOIs protect mitochondrial 

function by decreasing damage by ROS and increasing energy 

production, and regulating cytokine expression (Liu et al., 2021; 

Mickevičius et al., 2024). 

Cardioprotective mechanisms of XOIS include lowering of 

oxidative stress by decreased superoxide levels and lipid 

peroxidation (Sekizuka, 2022), enhancement of nitric oxide 

bioavailability causing vasodilation (George & Struthers, 2009; 

Jabin & Guthrie, 2025), decrease of vascular inflammation by 

formation of cytokines and endothelial activation (Liu et al., 2021), 

and improvement diastolic function and decreased left ventricular 

mass (Rekhraj et al., 2013; Hsiao et al., 2024). 

Potential Harmful Mechanisms of Febuxostat 

 Febuxostat produces more potent and sustained xanthine oxidase 

inhibition compared with allopurinol, resulting in more profound 

suppression of urate and purine metabolism (Xie et al., 2023). 

Excessive XO inhibition may alter hypoxanthine and xanthine 

recycling, potentially affecting ATP regeneration and reducing 

adenosine-mediated coronary vasodilation (Battelli et al., 2018; 

Xie et al., 2023; Wong et al., 2025).  

Decreasing pathological reactive oxygen species (ROS) has 

cardioprotective effects. Still, excessive decrease of ROS may alter 

physiological redox signaling required for mitochondrial 

homeostasis and endothelial function, so stronger XO inhibition 

with febuxostat, particularly at higher doses, may therefore disrupt 

endothelial adaptive mechanisms more than allopurinol (Pacher et 

al., 2006; Alhossan et al., 2024).  

The CARES trial shows elevated cardiovascular and all-cause 

mortality with febuxostat compared with allopurinol in patients 

with already cardiovascular disease, despite no increase in nonfatal 

major adverse cardiovascular events (White et al., 2018; Novak & 

Dvorak, 2025). Sudden cardiac death may occur due to myocardial 

energy imbalance, electrophysiological instability, or 

microvascular dysfunction (Cicero et al., 2019; Solmell et al., 

2024). Allopurinol has been shown to improve myocardial oxygen 

efficiency, reduce left ventricular workload, and enhance 

endothelial function in cardiovascular disease, effects not 

consistently reproduced with febuxostat (George & Struthers, 

2009; Schneider & Krüger, 2025). Differences in myocardial 

energetics may therefore contribute to divergent clinical outcomes 

in advanced cardiovascular disease. 

Recent in vitro evidence suggests that high-dose febuxostat may 

suppress ROS-dependent signaling necessary for Nrf2 activation, 

mitochondrial biogenesis, and nitric oxide production, thereby 

impairing adaptive antioxidant responses (Miciak & Jurkiewicz, 

2024; Zhang & Wang, 2025). Febuxostat undergoes hepatic 

metabolism primarily via UGT and CYP pathways, which may 

influence oxidative balance differently compared with the renally 

cleared allopurinol and its active metabolite oxypurinol (George & 

Struthers, 2009; Rani & Gehrke, 2025). These pharmacokinetic 

differences may contribute to variable cardiovascular responses in 

patients with hepatic or renal dysfunction. 

Influence of Dose and Duration 

Allopurinol with a high dose (≥300 mg/day) significantly 

decreases xanthine oxidase function, thereby increasing 

antioxidant, endothelial, and cardiac function. In contrast, low 

doses may not provide cardiovascular advantages (Rekhraj et al., 

2013; Iriti et al., 2024). Febuxostat has maximum xanthine oxidase 

inhibition at a low dose of (40–80 mg/day), but doses greater than 

120 mg/day cause inhibition of physiological antioxidant 

pathways. The ideal benefit–to–risk ratio seems to be more 

constrained for febuxostat, particularly in individuals with severe 

cardiovascular disease (White et al., 2018; Alnabulsi et al., 2025).  

Long-term use of xanthine oxidase inhibitors elevates antioxidant 

effects and endothelial functions. However, the FAST study shows 

that long-term febuxostat treatment (>4 years) does not increase 

cardiovascular risk compared with allopurinol in healthy patients 

(Mackenzie et al., 2020; Jaafar et al., 2024). But CARES studies 

exhibit increased mortality over the initial year, possibly 

attributable to inadequate adherence, discontinuation of the drug, 

and disease severity (White et al., 2018). Extended XO inhibition 

(>2 years) caused enhanced vascular outcomes and reduced 

ischemic event rates in an observational cohort study (Saito et al., 

2021; Shen & Bao, 2025). 

Sex Differences and Pharmacokinetics 

Patients' sex may affect xanthine oxidase expression, drug 

metabolism, glomerular filtration rate, and oxidative stress levels. 

Women typically exhibit less XO activity and decreased renal 

clearance of oxypurinol, so they have increased systemic exposure 

at comparable doses (Chang et al., 2021; Bao et al., 2025). This 

may improve urate-lowering efficacy but also increase the risk of 

hypersensitivity, especially in the elderly or women with renal 

insufficiency. Allopurinol is metabolized to oxypurinol, which is 

the active form, and is mainly excreted by the kidneys and 

possesses a prolonged half-life (Feig et al., 2008). Marginally 

diminished female GFR and variations in body composition may 

consequently lead to elevated drug exposure. Febuxostat is 

extensively metabolized hepatically through UGT and CYP (1A2, 

2C8, 2C9) and exhibits dual excretion by hepatic and renal 

pathways (George & Struthers, 2009; Uneno et al., 2024). 
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 While total exposure is comparable across men and women, 

women exhibit increased plasma concentrations due to decreased 

CYP activity and a smaller volume of distribution (George & 

Struthers, 2009). Moreover, estrogen may lower XO activity and 

oxidative stress, thus decreasing the cardiovascular advantages of 

robust XO inhibition in premenopausal women (Budhiraja et al., 

2003). Significant cardiovascular outcome trials, including 

CARES and FAST, had a restricted percentage of women, hence 

constraining conclusive sex-specific insights (White et al., 2018; 

Mackenzie et al., 2020). Nevertheless, due to pharmacokinetic 

differences and differing baseline risks, personalized dose and 

vigilant monitoring are advisable, particularly for older women and 

individuals with hepatic or renal disease. 

Co-existing Diseases in the Cardiovascular Effects of Febuxostat 

and Allopurinol 

The presence of comorbid conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

changes the cardiovascular safety and effectiveness profile of 

Xanthine oxidase inhibitors. Hypertension, chronic kidney disease 

(CKD), diabetes mellitus, obesity, metabolic syndrome, and 

coronary artery disease (CAD) change drug metabolism, urate 

management, oxidative equilibrium, and vascular responsiveness, 

thus affecting both adverse and therapeutic outcomes (Feig et al., 

2008; George & Struthers, 2009). 

Chronic Kidney Disease (CKD) 

Chronic renal disease is prevalent in gout and significantly changes 

the pharmacokinetics of xanthine oxidase inhibitors. The kidneys 

eliminate allopurinol metabolite (Oxypurinol); buildup transpires 

in chronic kidney disease, so a dosage adjustment is necessary. 

Nevertheless, many studies indicate cardioprotective and 

nephroprotective effects by decreased oxidative stress and 

enhanced endothelial function (Feig et al., 2008; Stern et al., 

2024). Febuxostat is primarily metabolized hepatically, it retains 

efficacy across stages of chronic kidney disease without 

necessitating formal dose adjustments; however, in patients with 

advanced renal failure and significant vascular damage, elevated 

rates of cardiovascular events have been documented in certain 

investigations (White et al., 2018), due to baseline XO activity and 

oxidative stress change, so decreasing physiological ROS 

signaling that required for endothelial homeostasis. 

Hypertension and Endothelial Dysfunction 

Uric acid plays a role in endothelial dysfunction, arterial stiffness, 

and elevated vascular resistance (Feig et al., 2008). Allopurinol has 

been shown to reduce blood pressure and enhance flow-mediated 

dilatation by lowering vascular XO-derived superoxide and 

retaining NO activity (Feig et al., 2008). Febuxostat, although 

efficient in reducing urate levels, exhibits variable endothelial 

advantages due to its primary hepatic action and insufficient 

suppression of vascular XO activity (George & Struthers, 2009). 

Diabetes Mellitus and Metabolic Syndrome 

Chronic inflammation and oxidative stress increase vascular 

damage in diabetes and metabolic disorders (Feig et al., 2008). 

Allopurinol enhances microvascular function, insulin sensitivity, 

and oxidative equilibrium in many experimental and clinical 

studies. 

Febuxostat demonstrates significant urate-lowering efficacy; 

nevertheless, there is limited evidence on its metabolic advantages, 

and it may have a modest impact on hepatic lipid metabolism 

(George & Struthers, 2009). 

Coronary Artery Disease (CAD) and Heart Failure 

(HF) 

In coronary artery disease and heart failure, xanthine oxidase-

derived reactive oxygen species contribute to myocardial 

dysfunction. Allopurinol boosts myocardial function, improves 

exercise tolerance, and decreases left ventricular hypertrophy, 

presumably by inhibition of myocardial xanthine oxidase and the 

decrease of reactive oxygen species (Feig et al., 2008). Febuxostat 

has yielded mixed results: the CARES study indicated an increase 

in cardiac mortality in patients with pre-existing cardiovascular 

disease (White et al., 2018). But the FAST study observed no 

additional risk in more stable and intensively followed individuals 

(Mackenzie et al., 2020). 

Effect of Xanthine Oxidase Inhibitors in a Patient with 

Polypharmacy 

Co-administration with Non-Steroidal Anti-

Inflammatory Drugs 

NSAIDs make vascular damage worse by changing the balance of 

oxidative and nitrosative stress in the endothelial tissue by 

cyclooxygenase inhibition-dependent and -independent processes 

(Mohammad et al., 2025a, 2025b). XO inhibition does not 

completely decrease NSAID-associated cardiovascular risk, 

especially in high-risk patients (Schmidt et al., 2018). 

Co-administration with Diuretics 

Loop diuretics and thiazides increase uric acid levels by reducing 

renal urate excretion. Diuretic-induced hyperuricemia correlates 

with an increase in gout attacks and endothelial damage (Feig et 

al., 2008). Allopurinol may enhance vascular function and reduce 

left ventricular mass in hypertensive individuals (Rekhraj et al., 

2013). Concurrent thiazide medication may increase the risk of 

allopurinol hypersensitivity syndrome, especially in patients with 

chronic renal disease (Mach et al., 2019).  

Co-administration with Statins 

Statins decrease cardiovascular risk and are recommended for 

patients with gout (Mach et al., 2019). Febuxostat increases 

rosuvastatin exposure by inhibiting its BCRP-mediated efflux in 

the small intestine, while allopurinol has no interaction. Febuxostat 

may serve as a useful index inhibitor of BCRP in drug-drug 

interaction studies in humans. Moreover, concomitant use of 

febuxostat may increase the exposure to BCRP substrate drugs 

and, thus, the risk of dose-dependent adverse effects (Lehtisalo et 

al., 2020).  

Conclusion 
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More and more data indicate that xanthine oxidase inhibitors' 

effects on the heart are not always the same. They are highly 

affected by dose, duration of treatment, sex-related 

pharmacokinetics, other diseases, and medicines taken at the same 

time. Allopurinol helps the heart, blood vessels, and myocardium 

by blocking xanthine oxidase and the antioxidant properties of its 

active metabolite, oxypurinol, especially for people with 

hypertension, chronic kidney impairment, coronary artery disease, 

and heart failure. Besides dropping urate, these benefits also 

include increased nitric oxide bioavailability, lower oxidative 

stress, and better myocardial energetics. 

Febuxostat, on the other hand, has a more urate-lowering effect, 

which is helpful for people who can't handle allopurinol or who 

have a mild renal problem. However, research from high-risk 

groups, especially the CARES trial, shows that too much xanthine 

oxidase inhibition (febuxostat), changed redox signaling, poor 

purine–adenosine homeostasis, and possible mitochondrial and 

electrophysiological instability may all lead to higher 

cardiovascular and all-cause mortality in people who already have 

advanced cardiovascular disease and severe renal dysfunction. The 

FAST study indicates that these adverse effects of febuxostat did 

not occur in healthy groups. This ensures the idea that the 

cardiovascular risk related to febuxostat is specific to each patient's 

state and not a general drug effect. 

Sex effect on xanthine oxidase activity, metabolism, and renal 

function. If patients have other diseases like diabetes, chronic 

kidney disease, or metabolic syndrome, it can also make oxidative 

stress and vascular risk worse. Also, polypharmacy in the elderly, 

especially NSAIDs, statins, and diuretics, can cause 

pharmacological interactions and increase the adverse effects of 

allopurinol and febuxostat. 

The cardiovascular effect of allopurinol and febuxostat is 

determined not only by decreasing uric acid level but also by a 

complex interplay of redox biology, patient sex, comorbidities, and 

co-administered drugs. Further studies are needed to clarify the 

mechanism that links febuxostat to increased mortality in advanced 

CVD. Make randomized trials specifically targeting high-risk 

cardiovascular and CKD subgroups. Explore dose-response 

relationships beyond urate reduction, especially on vascular 

oxidative balance. More trials focusing on cardiovascular risk 

patients and renal problem subgroups, sex-difference outcomes, 

and mechanistic biomarkers (mitochondrial function, oxidative 

stress, and arrhythmia risk) are needed. 

Acknowledgments: The authors are grateful to the University 

of Mosul for provided supervision and support to accomplish this 

study. 

Conflict of interest: None 

Financial support: None 

Ethics statement: The study was approved and registered at 

Postgraduate department In College of Medicine of University of 

Mosul (Approval Order Number 3/7/13363 on 08 Oct 2025). 

 

References 

Alhossan, A., Al Aloola, N., Basoodan, M., Alkathiri, M., 

Alshahrani, R., Mansy, W., & Almangour, T. A.  (2024). 

Assessment of community pharmacy services and 

preparedness in Saudi Arabia during the COVID-19 

pandemic: A cross-sectional study. Annals of Pharmacy 

Education, Safety and Public Health Advocacy, 4, 43–49. 

doi:10.51847/C52qAb0bZW 

Alnabulsi, M., Ali, E. A. A., Alsharif, M. H., Filfilan, N. F., & 

Fadda, S. H. (2025). Medical students’ perceptions, self-

confidence, and willingness to handle in-flight medical 

emergencies. Bulletin of Pioneer Research in Medical and 

Clinical Sciences, 5(2), 63–74. 

doi:10.51847/EQuNo67MNf 

Anunziata, O. A., & Cussa, J. (2024). Development and 

assessment of cyclophosphamide-loaded microspheres for 

enhanced topical drug delivery. Pharmaceutical Sciences 

and Drug Design, 4, 35–42. doi:10.51847/mrkjejeAVc 

Bao, R., Chen, B., Wang, A., Wang, D., Pan, J., Chen, Q., Wu, Y., 

Zhu, Z., Yu, H., Zhang, Y., et al. (2025). Intestinal FXR 

deficiency induces dysregulation of xanthine oxidase and 

accounts for sex differences in hyperuricemia. Free Radical 

Biology and Medicine, 226, 374–388. 

doi:10.1016/j.freeradbiomed.2024.11.040 

Battelli, M. G., Bortolotti, M., Polito, L., & Bolognesi, A. (2018). 

The role of xanthine oxidoreductase and uric acid in 

metabolic syndrome. Biochimica et Biophysica Acta - 

Molecular Basis of Disease, 1864(8), 2557–2565. 

doi:10.1016/j.bbadis.2018.05.003 

Budhiraja, R., Kayyali, U. S., Karamsetty, M., Fogel, M., Hill, N. 

S., Chalkley, R., Finlay, G. A., & Hassoun, P. M. (2003). 

Estrogen modulates xanthine dehydrogenase/xanthine 

oxidase activity by a receptor-independent mechanism. 

Antioxidants & Redox Signaling, 5(6), 705–711. 

doi:10.1089/152308603770380007 

Chang, P.-Y., Chang, Y.-W., Lin, Y.-F., & Fan, H.-C. (2021). Sex-

specific association of uric acid and kidney function decline 

in Taiwan. Journal of Personalized Medicine, 11(5). 

doi:10.3390/jpm11050415 

Choi, H., Neogi, T., Stamp, L., Dalbeth, N., & Terkeltaub, R. 

(2018). New perspectives in rheumatology: Implications of 

the cardiovascular safety of febuxostat and allopurinol in 

patients with gout and cardiovascular morbidities trial and 

the associated Food and Drug Administration public safety 

alert. Arthritis & Rheumatology, 70(11), 1702–1709. 

doi:10.1002/art.40583 

Cicero, A. F. G., Cosentino, E. R., Kuwabara, M., Degli Esposti, 

D., & Borghi, C. (2019). Effects of allopurinol and 

febuxostat on cardiovascular mortality in elderly heart 

failure patients. Internal and Emergency Medicine, 14(6), 

949–956. doi:10.1007/s11739-019-02070-y 

Cicero, A. F. G., Fogacci, F., Cincione, R. I., Tocci, G., & Borghi, 

C. (2020). Clinical effects of xanthine oxidase inhibitors in 

hyperuricemic patients. Medical Principles and Practice, 

30(2), 122–130. doi:10.1159/000512178 

Clark, A., & Foster, H. (2025). Network pharmacology integration 

and experimental verification to elucidate the molecular 

mechanisms of triptolide in treating membranous 

https://doi.org/10.51847/C52qAb0bZW
https://doi.org/10.51847/EQuNo67MNf
https://doi.org/10.51847/mrkjejeAVc
https://doi.org/10.1016/j.freeradbiomed.2024.11.040
https://doi.org/10.1016/j.bbadis.2018.05.003
https://doi.org/10.1089/152308603770380007
https://doi.org/10.3390/jpm11050415
https://doi.org/10.1002/art.40583
https://doi.org/10.1007/s11739-019-02070-y
https://doi.org/10.1159/000512178


J Biochem Technol (2026) 17(1): 108-113                                                                                                                                                  112 
 

 

 

nephropathy. Pharmaceutical Sciences and Drug Design, 5, 

33–47. doi:10.51847/X9UVmVSJ4E 

Cuenca-Martínez, F., Herranz-Gómez, A., Madroñero-Miguel, B., 

Reina-Varona, Á., Touche, R. L., Angulo-Díaz-Parreño, S., 

Pardo-Montero, J., Corral, T. D., & López-de-Uralde-

Villanueva, I. (2025). A systematic review of the literature 

on the connection between cervical spine abnormalities and 

internal disorders of the temporomandibular joint. Journal 

of Current Research in Oral Surgery, 5, 1–10. 

doi:10.51847/e4CoCM6iSZ 

Feig, D. I., Kang, D.-H., & Johnson, R. J. (2008). Uric acid and 

cardiovascular risk. New England Journal of Medicine, 

359(17), 1811–1821. doi:10.1056/NEJMra0800885 

Ganea, M., Horvath, T., Nagy, C., Morna, A. A., Pasc, P., Szilagyi, 

A., Szilagyi, G., Sarac, I., & Cote, A.  (2024). Rapid method 

for microencapsulation of Magnolia officinalis oil and its 

medical applications. Special Journal of Pharmacognosy, 

Phytochemistry and Biotechnology, 4, 29–38. 

doi:10.51847/UllqQHbfeC 

George, J., & Struthers, A. D. (2009). Role of urate, xanthine 

oxidase, and the effects of allopurinol in vascular oxidative 

stress. Vascular Health and Risk Management, 5, 265–272. 

doi:10.2147/vhrm.s4265 

Grant, O., & Wallace, E. (2024). The influence of diversity-

focused leadership on employee advocacy in selected Indian 

Fortune companies: The mediating roles of symmetrical 

internal communication and work engagement. Annals of 

Organizational Culture, Leadership and External 

Engagement Journal, 5, 159–173. 

doi:10.51847/X2YHdX2Qz7 

Hsiao, F. H., Chen, P. L., Ho, C. C., Ho, R. T. H., Lai, Y. M., & 

Wu, J. L. (2024). Exploring the impact of cognitive-

behavioral therapy on anxiety disorders in children and 

adolescents. International Journal of Social Psychological 

Aspects of Healthcare, 4, 26–31. 

doi:10.51847/jcgvRFfQPM 

Iriti, A., Lupo, M., & Khazaal, E. (2024). Perspectives and 

apprehensions of healthy individuals toward post-mortem 

brain donation: A qualitative study across Italy. Asian 

Journal of Ethics in Health and Medicine, 4, 68–80. 

doi:10.51847/p7nqk1jS4l 

Jaafar, N. H., Rahman, I. A., Ter, K. Z., & Ahmad, B. (2024). The 

impact of non-classroom teaching on musculoskeletal pain 

in university students amid the COVID-19 pandemic. 

Bulletin of Pioneer Research in Medical and Clinical 

Sciences, 4(1), 50–57. doi:10.51847/UZ9DyvWUrn 

Jabin, A., & Guthrie, A. (2025). Understanding treatment gaps in 

type 2 diabetes: A qualitative study on why patients stop and 

restart care. International Journal of Social Psychological 

Aspects of Healthcare, 5, 24–34. 

doi:10.51847/K4r85uzgEQ 

Kunie, K., Kawakami, N., Shimazu, A., Yonekura, Y., & 

Miyamoto, Y. (2025). Examining the impact of managerial 

communication on the link between nurses' job performance 

and psychological empowerment. Annals of Organizational 

Culture, Leadership and External Engagement Journal, 6, 

1–7. doi:10.51847/SF5ZX3J4OT 

Lehtisalo, M., Keskitalo, J. E., Tornio, A., Lapatto-Reiniluoto, O., 

Deng, F., Jaatinen, T., Viinamäki, J., Neuvonen, M., 

Backman, J. T., & Niemi, M. (2020). Febuxostat, but not 

allopurinol, markedly raises the plasma concentrations of 

the breast cancer resistance protein substrate rosuvastatin. 

Clinical and Translational Science, 13(6), 1236–1243. 

doi:10.1111/cts.12809 

Lindstrom, H., Jansson, S., & Lundgren, P. (2025). Hospital 

pharmacists’ knowledge, attitudes, and practices toward 

clinically significant drug interactions: A multi-center 

regional survey in Indonesia. Annals of Pharmacy Practice 

and Pharmacotherapy, 5, 13–22. 

doi:10.51847/AtEgvCNECd 

Liu, N., Xu, H., Sun, Q., Yu, X., Chen, W., Wei, H., Jiang, J., Xu, 

Y., & Lu, W. (2021). The role of oxidative stress in 

hyperuricemia and xanthine oxidoreductase inhibitors. 

Oxidative Medicine and Cellular Longevity, 2021(1), 

1470380. doi:10.1155/2021/1470380 

Mach, F., Baigent, C., Catapano, A. L., Koskinas, K. C., Casula, 

M., Badimon, L., Chapman, M. J., De Backer, G. G., 

Delgado, V., Ference, B. A., et al. (2019). 2019 ESC/EAS 

guidelines for the management of dyslipidaemias: Lipid 

modification to reduce cardiovascular risk. European Heart 

Journal, 41(1), 111–188. doi:10.1093/eurheartj/ehz455 

Mackenzie, I. S., Ford, I., Nuki, G., Hallas, J., Hawkey, C. J., 

Webster, J., Ralston, S. H., Walters, M., Robertson, M., De 

Caterina, R., et al. (2020). Long-term cardiovascular safety 

of febuxostat compared with allopurinol in patients with 

gout (FAST). The Lancet, 396(10264), 1745–1757. 

doi:10.1016/S0140-6736(20)32234-0 

Miciak, M., & Jurkiewicz, K. (2024). Recent advances in the 

diagnostics and management of medullary thyroid 

carcinoma. Archives of International Journal of Cancer and 

Allied Sciences, 4(1), 17–23. doi:10.51847/ar1ylTQfNa 

Mickevičius, I., Astramskaitė, E., & Janužis, G. (2024). A 

systematic review of the implant success rate following 

immediate implant placement in infected sockets. Journal 

of Current Research in Oral Surgery, 4, 20–31. 

doi:10.51847/PcPJL1v1XF 

Ming, S., Lei, Z., & Jie, W. (2025). Peripheral neuropathy in 

diabetes patients at Jimma University Medical Center: 

Magnitude and contributing factors. Interdisciplinary 

Research in Medical Sciences Special, 5(2), 1–9. 

doi:10.51847/2aT3p1KejS 

Mohammad, N. B. A., Darweesh, O., & Merkhan M. M. (2025a). 

Analgesics misuse and the community pharmacists' possible 

interventions. Journal of Advanced Pharmacy Education 

and Research, 15(4), 8–14. doi:10.51847/zOZ0xnV82L 

Mohammad, N. B. A., Darweesh, O., & Merkhan M. M. (2025b). 

The impact of disease-modifying medications on the lipid 

profile of patients with ischemic heart disease. Georgian 

Medical News, 363, 175–178. 

Morgan, A. L., Foster, D. K., & Collins, I. J. (2025). Disparities in 

HER2-targeted therapy adoption and survival impact in 

metastatic HR−/HER2+ breast cancer: NCDB cohort study. 

Asian Journal of Current Research in Clinical Cancer, 5(2), 

1–11. doi:10.51847/AZI4JURGlQ 

Novak, T. J., & Dvorak, P. M. (2025). A spatiotemporal neural 

network framework for EEG-based emotion recognition in 

https://doi.org/10.51847/X9UVmVSJ4E
https://doi.org/10.51847/e4CoCM6iSZ
https://doi.org/10.1056/NEJMra0800885
https://doi.org/10.51847/UllqQHbfeC
https://doi.org/10.2147/vhrm.s4265
https://doi.org/10.51847/X2YHdX2Qz7
https://doi.org/10.51847/jcgvRFfQPM
https://doi.org/10.51847/p7nqk1jS4l
https://doi.org/10.51847/UZ9DyvWUrn
https://doi.org/10.51847/K4r85uzgEQ
https://doi.org/10.51847/SF5ZX3J4OT
https://doi.org/10.1111/cts.12809
https://doi.org/10.51847/AtEgvCNECd
https://doi.org/10.1155/2021/1470380
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/S0140-6736(20)32234-0
https://doi.org/10.51847/ar1ylTQfNa
https://doi.org/10.51847/PcPJL1v1XF
https://doi.org/10.51847/2aT3p1KejS
https://doi.org/10.51847/zOZ0xnV82L
https://doi.org/10.51847/AZI4JURGlQ


113                                                                                                                                                  J Biochem Technol (2026) 17(1): 108-113 
 

 

 

depression assessment. Journal of Medical Sciences and 

Interdisciplinary Research, 5(2), 24–38. 

doi:10.51847/A2pBOYHJW1 

Osluf, A. S. H., Shoukeer, M., & Almarzoog, N. A. (2024). Case 

report on persistent fetal vasculature accompanied by 

congenital hydrocephalus. Asian Journal of Current 

Research in Clinical Cancer, 4(1), 25–30. 

doi:10.51847/0gjOEudJNr 

Pacher, P., Nivorozhkin, A., & Szabó, C. (2006). Therapeutic 

effects of xanthine oxidase inhibitors: Renaissance half a 

century after the discovery of allopurinol. Pharmacological 

Reviews, 58(1), 87–114. doi:10.1124/pr.58.1.6 

Ragab, G., Elshahaly, M., & Bardin, T. (2017). Gout: An old 

disease in a new perspective – A review. Journal of 

Advanced Research, 8(5), 495–511. 

doi:10.1016/j.jare.2017.04.008 

Rani, N., & Gehrke, P. (2025). Promoting intercultural 

competence in German medical students via innovative 

medical ethics education focused on Muslim patients. Asian 

Journal of Ethics in Health and Medicine, 5, 1–12. 

doi:10.51847/0foncaeXr1 

Raza, S., Khan, A., Mehmood, F., & Farooq, U. (2025). 

Nationwide implementation of essential pharmacogenomic 

testing in the Netherlands: A decision-analytic model of 

lives saved and cost-effectiveness. Special Journal of 

Pharmacognosy, Phytochemistry and Biotechnology, 5, 39–

49. doi:10.51847/PUWEymkYkk 

Rekhraj, S., Gandy, S. J., Szwejkowski, B. R., Nadir, M. A., 

Noman, A., Houston, J. G., Lang, C. C., George, J., & 

Struthers, A. D. (2013). High-dose allopurinol reduces left 

ventricular mass in patients with ischemic heart disease. 

Journal of the American College of Cardiology, 61(9), 926–

932. doi:10.1016/j.jacc.2012.09.066 

Ribeiro, A., Martins, S., & Fonseca, T. (2024). Progress and gaps 

in national medicines policy implementation in SADC 

member states: A comprehensive desktop review. 

Interdisciplinary Research in Medical Sciences Special, 

4(1), 42–56. doi:10.51847/0eVBxAI8y0 

Saito, H., Tanaka, K., Iwasaki, T., Oda, A., Watanabe, S., Kanno, 

M., Kimura, H., Shimabukuro, M., Asahi, K., Watanabe, T., 

et al. (2021). Xanthine oxidase inhibitors are associated with 

reduced risk of cardiovascular disease. Scientific Reports, 

11(1), 1380. doi:10.1038/s41598-020-80835-8 

Schmidt, M., Sørensen, H. T., & Pedersen, L. (2018). Diclofenac 

use and cardiovascular risks: A series of nationwide cohort 

studies. BMJ, 362. doi:10.1136/bmj.k3426 

Schneider, T. L., & Krüger, B. E. (2025). Breast cancer-specific 

mortality in stage IV patients with small tumors: Insights 

from a population-based cohort. Archives of International 

Journal of Cancer and Allied Sciences, 5(2), 1–12. 

doi:10.51847/b9vFcweAVg 

Sekizuka, H. (2022). Uric acid, xanthine oxidase, and vascular 

damage: Potential of xanthine oxidoreductase inhibitors to 

prevent cardiovascular diseases. Hypertension Research, 

45(5), 772–774. doi:10.1038/s41440-022-00891-7 

Shen, F., & Bao, L. (2025). Studying the effects of music on the 

time to gain independent oral feeding in premature infants. 

Journal of Integrated Nursing and Palliative Care, 6, 1–6. 

doi:10.51847/xBTC4CiH10 

Si, K., Wei, C., Xu, L., Zhou, Y., Lv, W., Dong, B., Wang, Z., 

Huang, Y., Wang, Y., & Chen, Y. (2021). Hyperuricemia 

and the risk of heart failure: Pathophysiology and 

therapeutic implications. Frontiers in Endocrinology, 12. 

doi:10.3389/fendo.2021.770815 

Singh, J. A., & Gaffo, A. (2020). Gout epidemiology and 

comorbidities. Seminars in Arthritis and Rheumatism, 50(3 

Suppl), S11–S16. doi:10.1016/j.semarthrit.2020.04.008 

Solmell, O., Sterner, P. D., & Berg, S. (2024). MRI of chronic low 

back pain: Correlation between pain, disability, and disc 

herniation. Journal of Medical Sciences and 

Interdisciplinary Research, 4(1), 22–27. 

doi:10.51847/hTOnlU7PdK 

Stern, L., Johnson, R. J., Shakouri, P., Athavale, A., Padnick-

Silver, L., LaMoreaux, B., Marder, B. A., & Mandayam, S. 

(2024). Prevalence and influence of gout in patients with 

advanced chronic kidney disease. Gout, Urate, and Crystal 

Deposition Disease, 2(1), 77–85. 

doi:10.3390/gucdd2010008 

Tao, H., Mo, Y., Liu, W., & Wang, H. (2023). A review on gout: 

Looking back and looking ahead. International 

Immunopharmacology, 117, 109977. 

doi:10.1016/j.intimp.2023.109977 

Uneno, Y., Morita, T., Watanabe, Y., Okamoto, S., Kawashima, 

N., & Muto, M. (2024). Supportive care requirements of 

elderly patients with cancer. Journal of Integrated Nursing 

and Palliative Care, 5, 42–47. doi:10.51847/lmadKZ2u1J 

Wang, M., Zhang, Y., Zhang, M., Li, H., Wen, C., Zhao, T., Xie, 

Z., & Sun, J. (2021). The major cardiovascular events of 

febuxostat versus allopurinol. Annals of Palliative 

Medicine, 10(10), 10327–10337. doi:10.21037/apm-21-

1564 

White, W. B., Saag, K. G., Becker, M. A., Borer, J. S., Gorelick, 

P. B., Whelton, A., Hunt, B., Castillo, M., & 

Gunawardhana, L. (2018). Cardiovascular safety of 

febuxostat or allopurinol in patients with gout. New England 

Journal of Medicine, 378(13), 1200–1210. 

doi:10.1056/NEJMoa1710895 

Wong, Y., Lin, S., Cheng, H., Hsieh, T., Hsiue, T., Chung, H., 

Tsai, M., & Wang, M. (2025). Understanding the impact of 

medical humanities on internship training and performance. 

Annals of Pharmacy Education, Safety and Public Health 

Advocacy, 5, 12–21. doi:10.51847/Z1fogzPksy 

Xie, H., Hu, N., Pan, T., Wu, J.-C., Yu, M., & Wang, D.-C. (2023). 

Effectiveness and safety of different doses of febuxostat 

compared with allopurinol. BMC Pharmacology and 

Toxicology, 24(1), 79. doi:10.1186/s40360-023-00723-5 

Zhang, F., & Wang, Y. (2025). The efficacy and safety of different 

doses of febuxostat and allopurinol. Joint Diseases and 

Related Surgery, 36(3), 562–576. 

doi:10.52312/jdrs.2025.1976

 

https://doi.org/10.51847/A2pBOYHJW1
https://doi.org/10.51847/0gjOEudJNr
https://doi.org/10.1124/pr.58.1.6
https://doi.org/10.1016/j.jare.2017.04.008
https://doi.org/10.51847/0foncaeXr1
https://doi.org/10.51847/PUWEymkYkk
https://doi.org/10.1016/j.jacc.2012.09.066
https://doi.org/10.51847/0eVBxAI8y0
https://doi.org/10.1038/s41598-020-80835-8
https://doi.org/10.1136/bmj.k3426
https://doi.org/10.51847/b9vFcweAVg
https://doi.org/10.1038/s41440-022-00891-7
https://doi.org/10.51847/xBTC4CiH10
https://doi.org/10.3389/fendo.2021.770815
https://doi.org/10.1016/j.semarthrit.2020.04.008
https://doi.org/10.51847/hTOnlU7PdK
https://doi.org/10.3390/gucdd2010008
https://doi.org/10.1016/j.intimp.2023.109977
https://doi.org/10.51847/lmadKZ2u1J
https://doi.org/10.21037/apm-21-1564
https://doi.org/10.21037/apm-21-1564
https://doi.org/10.1056/NEJMoa1710895
https://doi.org/10.51847/Z1fogzPksy
https://doi.org/10.1186/s40360-023-00723-5
https://doi.org/10.52312/jdrs.2025.1976

