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Background: The association between diuretics and falls in older adult has been reported in previous studies, but discrepancy remains between the different types of diuretics. The association of diuretics with the risk of wrist fractures due to diuretics is also unclear. Therefore, in this study, we determined the association of diuretics with falls and wrist fractures by Mendelian randomization.

Methods: We used a two-sample Mendelian randomization (MR) approach to evaluate the effects of the loop diuretics\potassium-sparing diuretics\thiazide diuretics (LDs\PSDs\TDs) on the risk of falls and wrist fracture using the three diuretic-associated genetically-predicted single nucleotide polymorphisms (SNPs) as genetic tools. The inverse variance weighting (IVW) method was used as the main evaluation method, with odds ratio (OR) as the evaluation criterion. Additionally, weighted median (WME), MR-Egger, weighted mode (WM) and simple mode (SM) methods were used together for the MR analysis, and sensitivity analyses were performed to assess the robustness of the main results.

Result: A total of 35 SNPs were included in this study as instrumental variables to replace LDs, PSDs, and TDs, which were 24, 7, and 4. Genetic substitutions for diuretics associated with increased risk of falls were LDs (OR = 1.012043, 95%CI: 1.001607–1.022588, p = 0.022337), PSDs (OR = 1.023794, 95%CI: 1.005605–1.042312, p = 0.010138). Genetically proxied TDs showed no association with falls, but the use of TDs showed a negative correlation with the incidence of wrist fracture (OR = 0.833, 95%CI: 0.767–0.905, p < 0.001). The Cochran Q-test showed no heterogeneity and MR-PRESSO method excluded data pleiotropy.

Conclusion: Our findings suggest that the use of loop diuretics (LDs) or potassium-sparing diuretics (PSDs) increases the incidence of falls, but there is no causal relationship between thiazide diuretics (TDs) and falls, and TDs may actually reduce the risk of wrist fractures. Clinical use of diuretics necessitates vigilance and appropriate preventive measures to minimize fall-related events.
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1 Introduction

Falls represent a significant global public health issue, with more than 40% of people over 65 years of age experiencing at least one fall per year (1), resulting in a variety of consequences including death, fractures and other problems, significantly impacting quality of life and imposing a substantial burden on healthcare systems worldwide (2, 3). Interest in the prevention and management of falls is growing with the increasing global population aging (4). Wrist fractures, particularly distal radius fractures (DRFs), are the most common type of osteoporotic fractures and are usually caused by straightening of the hand during a forward or backward fall (5). Several studies, including the guidelines for falls prevention and management for older adults by the World Falls Guidelines Task Force, emphasize the need to reduce the incidence of medication-induced falls in the older adult in clinical practice (2, 6), Medication-induced osteoporotic fractures have also long been a concern (7).

Although diuretics are widely used for the treatment of hypertension, heart failure, and kidney disease to reduce extracellular fluid volume and lower blood pressure, they may also pose some potential risks, such as inducing hypotension, electrolyte imbalances, or deterioration of kidney function (8, 9). Several studies have confirmed that the use of diuretics, especially loop diuretics (LDs), increases the risk of falls and fractures in patients (10, 11), but there is a lack of genetic evidence for this association. Therefore, there is a need to investigate whether there is evidence of association through a Mendelian randomization (MR) study. Another important question to answer is whether diuretics have a further effect on the occurrence of DRFs.

Mendelian randomization analysis is a method for causal inference in epidemiology that relies on genome-wide association studies (GWASs) and uses one or more genetic variants as instrumental variables (IVs), which can be independent of confounding factors since they are randomly assigned during gamete formation and are independent of environmental and lifestyle factors (12, 13). MR analysis has been widely used to investigate the association between drug factors and various diseases (14–16). We aimed to use two-sample MR analysis to determine whether genetically predicted use of diuretics is a risk factor for falls and wrist fractures, with the goal of providing evidence-based recommendations for fall prevention from the perspective of drug use.



2 Materials and methods


2.1 Study design

An overview of the study design is depicted in Figure 1. The three representative diuretics, LDs, the potassium-sparing diuretics (PSDs) and the thiazide diuretics (TDs) were chosen as exposure variables, with falls and wrist fractures as the outcome variables. The GWAS data for exposure and outcome groups were collected, and MR analysis was performed to determine the causal relationship between different diuretics and falls and wrist fractures. Three key assumptions had to be fulfilled for the MR study: (1) the IVs were strongly correlated with the exposure factors; (2) the IVs were independent of any confounders of the exposure-outcome associations; and (3) the IVs influenced the outcomes only through the exposure factors (13). All data used in this study are publicly available from the FinnGen consortium or from published articles, and do not require additional ethical approval.
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FIGURE 1
 Flowchart of the MR analysis.




2.2 Data sources for exposure and selection of IVs

The genetic data for the exposure variables LDs and PSDs were used in the MR analysis are from a recent study (17), which used a drug-targeted MR approach, using genetic variants near or within drug-target genes associated with systolic blood pressure (SBP) as single nucleotide polymorphisms (SNPs) for antihypertensive drugs. The study included both European and East Asian populations, and the data we used for matching outcome variables is derived solely from the European population. The study modeled diuretic in Europeans using SNPs with genome-wide significance (p < 5 × 10−8) and linkage disequilibrium (r2 < 0.1 within 100 kb) with drug target genes. For the genetic instruments for TDs, we referred to a study on the risk of kidney stones related to TDs (18) that used SLC12A3 as a predictive gene for TDs in the MR analysis. To investigate the causal relationship between diuretics and falls or wrist fractures, SNPs were used as IVs. Summary information on the data sources for the IVs used in this study is provided in Supplementary Table S1.



2.3 Data sources for falls and wrist fractures

Summary statistics for the associations of genetic instruments with falls and wrist fractures were obtained from the FinnGen GWAS results. The publicly available data from the R10 release (DEC 2023) includes 412,181 participants, 21,311,942 variants, and 2,408 endpoints1, which contains falls (102,835 cases and 309,346 controls), and fracture at wrist and hand level (12,701 cases and 366,724 controls), with all study subjects of European descent. A summary of the data sources for the outcome variables used in this study is provided in Supplementary Table S2.



2.4 Statistical analysis

We chose the inverse variance weighting (IVW) as the primary MR analysis (19), it is used as the main analysis method with two or more SNPs to provide relatively stable and accurate causal relationships. The weighted median (WME), MR-Egger, weighted mode (WM), simple mode (SM) methods were used together for MR analysis and to test for horizontal pleiotropy, in order to better assess the causal relationship between exposure and outcome. The WME method is consistent even when up to 50% of the information comes from invalid instrumental variables (20). The MR-Egger method is not affected by the effectiveness of IVs and reflects horizontal pleiotropy through the intercept (21). The WM method can reduce bias due to deviations in the estimation results of certain genetic variations (22). MR-PRESSO tests for horizontal pleiotropy by identifying and removing outlier IVs (23). Subsequently, the Cochrane-Q analysis was used to detect heterogeneity (24) and the leave-one-out method was used to test the MR estimation results after removing each individual SNPs. The R software (4.3.1) was used in this study, including the R packages TwoSampleMR, MR-PRESSO, and forestploter, all of which are freely available on the R software official website2. All reported p-values are two-tailed, and p < 0.05 is considered to indicate a significant difference.




3 Results

In the MR analysis results, the exposure was considered a risk factor for the outcome if OR > 1, and was considered a protective factor if OR < 1. Results are presented as odds ratios (OR) and 95% confidence intervals (95% CIs). The corresponding p-values were used to determine their statistical significance.


3.1 Association between genetically predicted diuretics and falls

The MR analysis results for the three influences on falls are shown in the forest plot in Figure 2, with the IVW results as the main outcome. The genetically predicted LDs (p = 0.024) and PSDs (p = 0.010) are associated with an increased risk of falls, while the results did not reveal a significant effect of TD on falls. The leave-one-out analysis also indicated that the basic causal effect did not change regardless of which SNP was left out, confirming the robustness of the MR analysis (Supplementary Figure S1). Our analysis did not find significant heterogeneity as indicated by the Cochrane-Q statistic, and there was no significant evidence of pleiotropy in the MR-Egger regression, as indicated by the MR-Egger intercept test. Additionally, the MR-PRESSO analysis results suggested no horizontal pleiotropy in the data (Supplementary Table S3).
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FIGURE 2
 Forest plot of Mendelian randomization for the relationship between diuretics and falls. The random effects inverse-variance weighted (IVW) method was utilized in the main MR analysis.




3.2 Association between genetically predicted diuretics and wrist fractures

We further analyzed the causal relationship between genetic instruments for diuretics and wrist fractures. The preliminary results suggest that the use of TDs can on average reduce the risk of wrist fractures by 16.67%, while the use of LDs and PSDs IVs are not associated with wrist fractures, as shown in Figure 3. The statistical results are presented in Supplementary Table S4 and Supplementary Figure S2.
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FIGURE 3
 Forest plot of Mendelian randomization for the relationship between diuretics and wrist fractures. The random effects inverse-variance weighted (IVW) method was utilized in the main MR analysis.





4 Discussion

This study revealed the causal relationships between three types of genetically proxied diuretics and the risk of falls and wrist fractures. MR analysis predicted that the use of LDs and PSDs increases the risk of falls, and neither of the two diuretics has an impact on the risk of wrist fractures. However, these findings mainly indicate a potential association. The use of TDs does not affect the incidence of falls, but it can reduce the risk of wrist fracture by an average of 16.67%.

Diuretics are considered as clinically important antihypertensive drugs, and the latest guidelines emphasize their significance in the treatment of antihypertension, particularly in refractory hypertension where they play an irreplaceable role (25). The three most commonly used diuretics have different mechanisms of action, and irrational use will cause some complications. Falls have become the most unpredictable injuries in the older adult and are closely associated with psychiatric disorders, cerebrovascular disease, and skeletal muscle disease, etc. Several meta-analyses studies have demonstrated the risk of falls from neurological medications, cardiovascular/circulatory system medications, and other medications (10, 26–28). Among them, LDs have been identified as a significant factor in increasing the risk of falls, which is consistent with our study. First, it is evident that the use of diuretics can easily lead to insufficient blood volume, particularly in older adult patients, resulting in orthostatic hypotension or syncope, thereby increasing the risk of falls (29). Second, the action of all diuretics affects the electrolyte balance. LDs such as furosemide inhibit the active reabsorption of NaCl by blocking the Na + -K + -Cl− co-transporter, resulting in hyponatremia, hypokalemia, and hypocalcemia (30), causing muscle pain, spasms, and instability in walking, leading to falls. Additionally, PSDs may cause hyperkalemia, and TDs increase calcium reabsorption, leading to hypercalcemia. Bumetanide (an LD) impairs myogenic differentiation and exercise-induced muscle hypertrophy, leading to muscle wasting (31), and also has a sedative effect (32), which can cause patients to faint after taking the medication, thus increasing the risk of falls. Finally, the frequency of patient urination increases after treatment with diuretics, studies have shown that environmental factors such as bed height, toilet handles, and slippery and uneven surfaces, also influence the probability of falling (3), leading to more falls during the process of walking from the bed to the toilet. Although we concluded that diuretics increased fracture risk, the OR value was modest, compared to 1.185 for diuretics (33) or 1.36 for LDs (10). In our study, TDs had no impact on the risk of falls, which remains controversial. A study by Ravioli et al. (34) suggests that the risk of falls increased after the use of TDs, while another meta-analysis combining multiple studies found no evidence of such risk (10). World guidelines for falls prevention and management for older adults recommend to identify and appropriate deprescribing fall risk increasing drugs (6).

In orthopedic research, the risk of wrist fractures, represented by DRFs, is associated with falls (5). Although diuretics increase the risk of falls, current research indicates that they do not increase the incidence of DRFs (35), but the existence of a positive correlation between TDs and hip fractures has been reported, and the effect disappears within 4 months after use is discontinued (36). In contrast, our MR analysis suggests that the use of TDs can reduce the occurrence of wrist fractures, possibly due to their positive effect on bone health and structure. The direct effects of TDs include stimulating the production of runt-related transcription factor 2 (RUNX2) and osteopontin to promote osteoblast differentiation while reducing the production of osteoclasts (37). Indirectly, TDs increases blood calcium (38) and enhances the formation of mineralized nodules (39). In certain patient populations, such as those with hyperparathyroidism and hypercalciuria, TDs can normalize parathyroid hormone levels, thereby slowing down bone resorption and the dissolution of bone matrix (40). DRF is a common osteoporotic fracture, and prevention of osteoporosis is an effective measure to reduce this type of fractures. An MR study found a positive correlation between TDs and calcaneal bone density (41), which partly explains the reduction in the occurrence of wrist fractures with TDs.

Fall prevention has become a critical public health issue, with peak of concentrations reached within 0.5–2 h of taking LDs (42). The daily dose of diuretics needs to be strictly controlled, as it is significantly associated with adverse outcomes (43). The side effects of the drug must be closely monitored, such as hypokalemia, upright hypotension and dizziness, must be closely monitored, with the moment of standing up being the most dangerous. Additionally, regular review of electrolyte levels for medication adjustment is an effective measure to prevent falls (30). Regarding the issue of increased urination frequency, the authors believe that emptying the bladder before taking the medication can help avoid an increased risk of falling after taking the medication. If the patients feel weakness in the limbs after taking the medication, it is best to use a bedside commode. For patients at high risk of hypertension combined with osteoporosis, TDs are more recommended in the selection of diuretics (44).

This study has inherent limitations in MR analysis. For instance, the genetic instrumental variables obtained from GWAS may not be the same as those in clinical practice, thus the main purpose of our MR analysis was to assess causality rather than quantify the effect size, the influence of the study’s objective on clinical practice still needs to be further demonstrated. Although evidence of the association of the use of diuretics being with falls was observed in our study, it was better suitable for older persons, the estimation of the genetic effects of the medication cannot be explained as the clinical effects of the medication, especially in the case of initial use or dosage adjustments. The MR analysis cannot evaluate the effect indicators of the risk of falls for the choice between intravenous injection or oral medication, or for combination therapy with multiple drugs. For non-European populations, we did not perform the analysis due to the lack of appropriate outcome data, and the effects of this result on other ethnic groups remain to be investigated.



5 Conclusion

The results of our study indicate that diuretics, a classical medication, such as LDs and PSDs increase the risk of falls occurrence but does not have an effect on wrist fractures incidence. In contrast, TDs may not be causally related to the occurrence of falls and may reduce the risk of wrist fractures. MR analysis is not limited by the short follow-up period of clinical trials. It is necessary to further investigate the impact of diuretics on falls and guide clinical practice to avoid diuretic-induced falls as much as possible through rational use of drugs, patient education, and other means.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary material.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

FL: Conceptualization, Methodology, Visualization, Writing – original draft. J-zD: Writing – original draft. X-xD: Methodology, Software, Writing – original draft. R-sC: Writing – review & editing. Y-zC: Writing – review & editing. C-lW: Conceptualization, Funding acquisition, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by Wangjing Hospital, China Academy of Chinese Medical Sciences, High-level TCM Hospital construction project, TCM clinical evidence-based research project, grant number WJYY-XZKT-2023-14.



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.



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/fpubh.2024.1381486/full#supplementary-material



Footnotes

1   https://r10.finngen.fi/, accessed on 07 January 2024.

2   https://www.r-project.org/




References

 1. Rubenstein, LZ. Falls in older people: epidemiology, risk factors and strategies for prevention. Age Ageing. (2006) 35:ii37–41. doi: 10.1093/ageing/afl084 

 2. Shaver, AL, Clark, CM, Hejna, M, Feuerstein, S, Wahler, RG, and Jacobs, DM. Trends in fall-related mortality and fall risk increasing drugs among older individuals in the United States, 1999–2017. Pharmacoepidemiol Drug Saf. (2021) 30:1049–56. doi: 10.1002/pds.5201, 

 3. Wang, J, Chen, Z, and Song, Y. Falls in aged people of the Chinese mainland: epidemiology, risk factors and clinical strategies. Ageing Res Rev. (2010) 9:S13–7. doi: 10.1016/j.arr.2010.07.002 

 4. Tinetti, ME, and Kumar, C. The patient who falls: “It’s always a trade-off”. JAMA. (2010) 303:258–66. doi: 10.1001/jama.2009.2024 

 5. Flinkkila, T, Sirnio, K, Hippi, M, Hartonen, S, Ruuhela, R, Ohtonen, P , et al. Epidemiology and seasonal variation of distal radius fractures in Oulu, Finland. Osteoporos Int. (2011) 22:2307–12. doi: 10.1007/s00198-010-1463-3 

 6. Montero-Odasso, M, van der Velde, N, Martin, FC, Petrovic, M, Tan, MP, Ryg, J , et al. World guidelines for falls prevention and management for older adults: a global initiative. Age Ageing. (2022) 51:afac205. doi: 10.1093/ageing/afac205 

 7. Nguyen, KD, Bagheri, B, and Bagheri, H. Drug-induced bone loss: a major safety concern in Europe. Expert Opin Drug Saf. (2018) 17:1005–14. doi: 10.1080/14740338.2018.1524868 

 8. Felker, GM, Ellison, DH, Mullens, W, Cox, ZL, and Testani, JM. Diuretic therapy for patients with heart failure. J Am Coll Cardiol. (2020) 75:1178–95. doi: 10.1016/j.jacc.2019.12.059 

 9. Sica, DA. Diuretic use in renal disease. Nat Rev Nephrol. (2012) 8:100–9. doi: 10.1038/nrneph.2011.175 

 10. de Vries, M, Seppala, LJ, Daams, JG, van de Glind, EMM, Masud, T, van der Velde, N , et al. Fall-risk-increasing drugs: a systematic review and Meta-analysis: I. Cardiovascular drugs. J Am Med Dir Assoc. (2018) 19:371.e1–9. doi: 10.1016/j.jamda.2017.12.013 

 11. Velliou, M, Sanidas, E, Zografou, A, Papadopoulos, D, Dalianis, N, and Barbetseas, J. Antihypertensive drugs and risk of bone fractures. Drugs Aging. (2022) 39:551–7. doi: 10.1007/s40266-022-00955-w 

 12. Skrivankova, VW, Richmond, RC, Woolf, BAR, Yarmolinsky, J, Davies, NM, Swanson, SA , et al. Strengthening the reporting of observational studies in epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236

 13. Sanderson, E, Glymour, MM, Holmes, MV, Kang, H, Morrison, J, Munafò, MR , et al. Mendelian randomization. Nat Rev Methods Primers. (2022) 2:2. doi: 10.1038/s43586-021-00092-5 

 14. Gonzalez-Lleo, AM, Sanchez-Hernandez, RM, Plana, N, Ibarretxe, D, Rehues, P, Ribalta, J , et al. Impact of PCSK9 inhibitors in glycaemic control and new-onset diabetes. Cardiovasc Diabetol. (2024) 23:4. doi: 10.1186/s12933-023-02077-y 

 15. Jiang, J, Hu, D, Zhang, Q, and Lin, Z, μ-Biomedical Data Investigation Group (Mu-BioDig). Genetically Proxied therapeutic effect of metformin use, blood pressure, and Hypertension's risk: a drug target-based Mendelian randomization study. J Cardiovasc Transl Res. (2024) 17:716–22. doi: 10.1007/s12265-023-10460-z 

 16. Li, T, Hu, K, Ye, L, Ma, J, Huang, L, Guo, C , et al. Association of antipsychotic drugs with venous thromboembolism: data mining of food and drug administration adverse event reporting system and Mendelian randomization analysis. J Atheroscler Thromb. (2024) 31:396–418. doi: 10.5551/jat.64461 

 17. Wang, Z, Lu, J, and Hu, J. Association between antihypertensive drugs and hepatocellular carcinoma: a trans-ancestry and drug-target Mendelian randomization study. Liver Int. (2023) 43:1320–31. doi: 10.1111/liv.15566 

 18. Triozzi, JL, Hsi, RS, Wang, G, Akwo, EA, Wheless, L, Chen, HC , et al. Mendelian randomization analysis of genetic proxies of thiazide diuretics and the reduction of kidney stone risk. JAMA Netw Open. (2023) 6:e2343290. doi: 10.1001/jamanetworkopen.2023.43290 

 19. EPIC-InterAct ConsortiumBurgess, S, Scott, RA, Timpson, NJ, Davey Smith, G, and Thompson, SG. Using published data in Mendelian randomization: a blueprint for efficient identification of causal risk factors. Eur J Epidemiol. (2015) 30:543–52. doi: 10.1007/s10654-015-0011-z 

 20. Bowden, J, Davey Smith, G, Haycock, PC, and Burgess, S. Consistent estimation in Mendelian randomization with some invalid instruments using a weighted median estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965 

 21. Bowden, J, Davey Smith, G, and Burgess, S. Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080 

 22. Hartwig, FP, Davey Smith, G, and Bowden, J. Robust inference in summary data Mendelian randomization via the zero modal pleiotropy assumption. Int J Epidemiol. (2017) 46:1985–98. doi: 10.1093/ije/dyx102 

 23. Verbanck, M, Chen, CY, Neale, B, and Do, R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7 

 24. Greco, MF, Minelli, C, Sheehan, NA, and Thompson, JR. Detecting pleiotropy in Mendelian randomisation studies with summary data and a continuous outcome. Stat Med. (2015) 34:2926–40. doi: 10.1002/sim.6522 

 25. Carey, RM, Calhoun, DA, Bakris, GL, Brook, RD, Daugherty, SL, Dennison-Himmelfarb, CR , et al. Resistant hypertension: detection, evaluation, and management: a scientific statement from the American Heart Association. Hypertension. (2018) 72:e53–90. doi: 10.1161/HYP.0000000000000084 

 26. Seppala, LJ, Wermelink, A, de Vries, M, Ploegmakers, KJ, van de Glind, EMM, Daams, JG , et al. Fall-risk-increasing drugs: a systematic review and Meta-analysis: II. Psychotropics. J Am Med Dir Assoc. (2018) 19:371.e11–7. doi: 10.1016/j.jamda.2017.12.098 

 27. Zhou, S, Jia, B, Kong, J, Zhang, X, Lei, L, Tao, Z , et al. Drug-induced fall risk in older patients: a pharmacovigilance study of FDA adverse event reporting system database. Front Pharmacol. (2022) 13:1044744. doi: 10.3389/fphar.2022.1044744 

 28. Seppala, LJ, van de Glind, EMM, Daams, JG, Ploegmakers, KJ, de Vries, M, Wermelink, A , et al. Fall-risk-increasing drugs: a systematic review and Meta-analysis: III. Others. J Am Med Dir Assoc. (2018) 19:372.e1–8. doi: 10.1016/j.jamda.2017.12.099 

 29. Rivasi, G, Rafanelli, M, Mossello, E, Brignole, M, and Ungar, A. Drug-related orthostatic hypotension: beyond anti-hypertensive medications. Drugs Aging. (2020) 37:725–38. doi: 10.1007/s40266-020-00796-5 

 30. Sarafidis, PA, Georgianos, PI, and Lasaridis, AN. Diuretics in clinical practice. Part II: electrolyte and acid-base disorders complicating diuretic therapy. Expert Opin Drug Saf. (2010) 9:259–73. doi: 10.1517/14740330903499257 

 31. Mandai, S, Furukawa, S, Kodaka, M, Hata, Y, Mori, T, Nomura, N , et al. Loop diuretics affect skeletal myoblast differentiation and exercise-induced muscle hypertrophy. Sci Rep. (2017) 7:46369. doi: 10.1038/srep46369 

 32. van Poelgeest, EP, Handoko, ML, Muller, M, and van der Velde, N, On behalf of the EUGMS Task & Finish group on Fall-risk-increasing drugs. Diuretics, SGLT2 inhibitors and falls in older heart failure patients: to prescribe or to deprescribe? A clinical review. Eur Geriatr Med. (2023) 14:659–74. doi: 10.1007/s41999-023-00752-7 

 33. Bai, X, Han, B, Zhang, M, Liu, J, Cui, Y, and Jiang, H. The association between diuretics and falls in older adults: a systematic review and meta-analysis. Geriatr Nurs. (2023) 52:106–14. doi: 10.1016/j.gerinurse.2023.05.009 

 34. Ravioli, S, Bahmad, S, Funk, GC, Schwarz, C, Exadaktylos, A, and Lindner, G. Risk of electrolyte disorders, Syncope, and falls in patients taking thiazide diuretics: results of a cross-sectional study. Am J Med. (2021) 134:1148–54. doi: 10.1016/j.amjmed.2021.04.007 

 35. Xiao, F, Qu, X, Zhai, Z, Jiang, C, Li, H, Liu, X , et al. Association between loop diuretic use and fracture risk. Osteoporos Int. (2015) 26:775–84. doi: 10.1007/s00198-014-2979-8 

 36. Schoofs, MW, van der Klift, M, Hofman, A, de Laet, CE, Herings, RM, Stijnen, T , et al. Thiazide diuretics and the risk for hip fracture. Ann Intern Med. (2003) 139:476–82. doi: 10.7326/0003-4819-139-6-200309160-00010 

 37. van der Burgh, AC, de Keyser, CE, Zillikens, MC, and Stricker, BH. The effects of osteoporotic and non-osteoporotic medications on fracture risk and bone mineral density. Drugs. (2021) 81:1831–58. doi: 10.1007/s40265-021-01625-8 

 38. Charkos, TG, Liu, Y, Jin, L, and Yang, S. Thiazide use and fracture risk: an updated Bayesian Meta-analysis. Sci Rep. (2019) 9:19754. doi: 10.1038/s41598-019-56108-4 

 39. Zhang, R, Yin, H, Yang, M, Lei, X, Zhen, D, and Zhang, Z. Advanced Progress of the relationship between antihypertensive drugs and bone metabolism. Hypertension. (2023) 80:2255–64. doi: 10.1161/HYPERTENSIONAHA.123.21648

 40. Nicoli, F, Dito, G, Guabello, G, Longhi, M, and Corbetta, S. Hypercalciuria in postmenopausal women with reduced bone mineral density is associated with different mineral metabolic profiles: effects of treatment with thiazides and anti-resorptives. Front Med. (2021) 8:780087. doi: 10.3389/fmed.2021.780087 

 41. Huang, X, Zhang, T, Guo, P, Gong, W, Zhu, H, Zhao, M , et al. Association of antihypertensive drugs with fracture and bone mineral density: a comprehensive drug-target Mendelian randomization study. Front Endocrinol. (2023) 14:1164387. doi: 10.3389/fendo.2023.1164387 

 42. Ellison, DH. Clinical pharmacology in diuretic use. Clin J Am Soc Nephrol. (2019) 14:1248–57. doi: 10.2215/CJN.09630818 

 43. Ezekowitz, J, Alemayehu, W, Edelmann, F, Ponikowski, P, Lam, CSP, O'Connor, CM , et al. Diuretic use and outcomes in patients with heart failure with reduced ejection fraction: insights from the VICTORIA trial. Eur J Heart Fail. (2024) 26:628–37. doi: 10.1002/ejhf.3179 

 44. Colon-Emeric, CS, and Lee, R. Cardiovascular medications and fractures: dodging complexity. JAMA Intern Med. (2017) 177:77–8. doi: 10.1001/jamainternmed.2016.7040 


Copyright
 © 2024 Liu, Dai, Deng, Cao, Cheng and Wang. 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/fpubh-12-1381486-g003.jpg
Exposure Method nSNP P.value OR(95%Cl)

LDs Inverse variance weighted 24 0.623 + 0.99(0.97 to 1.02)
MR Egger 24 0004 i+ 1.11(1.04 to 1.18)
Simple mode 24 0.885 == 1.00(0.93 to 1.06)
Weighted median 24 0.979 + 1.00(0.97 to 1.03)
Weighted mode 24 0.151 + 1.03(0.99 to 1.08)
PCDs Inverse variance weighted 7 0.757 = f 0.99(0.93 to 1.05)
MR Egger 7 0.955 — 0.99(0.82 to 1.21)
Simple mode 7 0.417 sl 0.95(0.85 to 1.07)
Weighted median il 0.566 O 0.98(0.92 to 1.04)
Weighted mode 7 0.539 = 0.97(0.88 to 1.07)
TDs Inverse variance weighted 4 <0.001 G 0.83(0.77 t0 0.91)
MR Egger 4 0.299 — 0.85(0.67 to 1.07)
Simple mode 4 0.075 st 0.83(0.72 to 0.95)
Weighted median 4 <0.001 -+ 0.83(0.75 t0 0.92)
Weighted mode 0.068 el 0.83(0.73 to 0.95)

P<0.05 was consrdered statistically SIgmf/canr o5 1\ A%





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of diuretics with falls and wrist fractures: a Mendelian randomization study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Data sources for exposure and selection of IVs



		2.3 Data sources for falls and wrist fractures



		2.4 Statistical analysis









		3 Results



		3.1 Association between genetically predicted diuretics and falls



		3.2 Association between genetically predicted diuretics and wrist fractures









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-12-1381486-g001.jpg
Data sources for exposureand outcomes
Exposure: article of drug-target
mendelian randomization

| Outcomes: FinnGenGWAS results

¥

MR analysis
inverse varianceweighting (IVW)
weighted median (WME)
MR-Egger

weighted mode (WM)

simple mode (SM) )

¥

( Sensitivity analysis )
Cochrane-Qanalysis

* MR-PRESSO

* MR-Egger

\_*_leave-one-out method )

(oo o0 )






OPS/images/fpubh-12-1381486-g002.jpg
Exposure Method nSNP P.value OR(95%Cl)

LDs Inverse variance weighted 24 0.024 faal 1.01(1.00 to 1.02)
MR Egger 24 0810 —— 1.00(0.97 to 1.04)
Simple mode 24 0.228 Ea= 1.02(0.99 to 1.05)
Weighted median 24 0.043 H 1.01(1.00 to 1.03)
Weighted mode 24 0.329 G 1.01(0.99 to 1.03)
PCDs Inverse variance weighted 7 0.010 - 1.02(1.01 to 1.04)
MR Egger 7 0.181 ~—+—— 1.04(0.99 0 1.10)
Simple mode i 0.225 ——l— 1.03(0.99 to 1.07)
Weighted median 7 0.014 o 1.03(1.01 to 1.05)
Weighted mode 7 0.171 —+— 1.03(0.99 to 1.07)
TDs Inverse variance weighted 4 0.515 =t 0.99(0.95 to 1.03)
MR Egger 4 0571 «—+————— 0.95(0.83 to 1.09)
Simple mode 4 0.681 -—f——- 0.99(0.93 to 1.05)
Weighted median 4 0.635 —t— 0.99(0.95 to 1.03)
Weighted mode 0.641 = : 0.99(0.93 to 1.04)
L —

P<0.05 was consrdered statistically stgnlﬂcant “





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Association of diuretics with falls
and wrist fractures: a Mendelian
randomization study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






