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Introduction: The benefit of secondary prevention in hypertensive patients with peripheral arterial disease (PAD) is based on continual simultaneous taking of statins, antiplatelet agents and antihypertensive agents, preferably angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs). Our study was aimed at a) the analysis of the extent of non-persistence with multiple medication classes, and b) identifying factors associated with the likelihood of non-persistence.Methods: In our cohort study, 3,401 hypertensive patients (1,853 females and 1,548 males) aged ≥65 years treated simultaneously with statins, antiplatelet agents and ACEIs/ARBs and in whom PAD was newly diagnosed during 2012 were analysed. A patient was classified as non-persistent when he/she was non-persistent with at least one of the three analysed medication classes. The most important characteristics associated with the probability of non-persistence were identified using the Cox regression.Results: At the end of the follow-up period (mean length 1.8 years), 1,869 (55.0%) patients (including 1,090 females and 779 males) were classified as non-persistent. In the whole study cohort, factors associated with non-persistence were female sex, atrial fibrillation, and being a new user of at least one of the analysed medication classes; in males, they were university education, atrial fibrillation, and epilepsy, and, in females, being a new user.Conclusion: Identification of sex differences in factors associated with non-persistence makes it possible to determine the groups of patients in whom special attention should be paid to improving their persistence with a combination of medicines in order to ensure successful secondary prevention of PAD.Keywords: peripheral arterial disease, non-adherence, non-persistence, new user, general practitioner, statins, antiplatelet agents, angiotensin-converting enzyme inhibitors
1 INTRODUCTION
Peripheral arterial disease (PAD) is caused by narrowing of arteries of lower limbs which is based mostly on accumulation of atherosclerotic plaques in arteries. Lower extremity PAD may lead to limb-related complications like intermittent claudication, ischemic rest pain, ischemic ulcer and gangrene requiring amputation. More than 50% of PAD patients are asymptomatic (Bevan and White Solaru, 2020; Shamaki et al., 2022). According to the Global Burden of Diseases of 2017, the worldwide number of prevalent cases of PAD was 118.1 million and the number of incident cases was 10.8 million (GBD, 2017 disease and injury incidence and prevalence collaborators, 2017; Guidelines for ATC Classification and DDD Assignment, 2018, 2018). PAD is associated with an increased risk of developing coronary artery disease and cerebrovascular disease and of cardiovascular (CV) death (Shamaki et al., 2022). The prevalence of PAD is increasing with an advancing age. According to the study by Kalbaugh et al. (2017), the annual prevalence of PAD ranged from 12.5% in 2003 to 18.5% in 2012 among patients aged ≥75 years, while in patients aged 65–74 years it ranged from 8.0% to 9.0% over the same time frame.
Risk factors of PAD include smoking, diabetes mellitus, hyperlipidaemia, arterial hypertension, chronic kidney disease and a family history of vascular disease. Conservative treatment of PAD includes treatment of modifiable risk factors of PAD (e.g., smoking cessation, antihypertensive and antidiabetic treatment) and administration of secondary preventive medications, namely, statins and antiplatelet agents (Aboyans et al., 2018; Bevan and White Solaru, 2020; Firnhaber and Powell, 2019; Gornik et al., 2024).
Arterial hypertension is one of the most important modifiable risk factors of PAD. In 35%–55% of patients with PAD, hypertension can be found when PAD is diagnosed (Clement et al., 2004). Two randomised clinical trials provided direct evidence to support administration of angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) for blood pressure control among PAD patients (Sleight, 2000; Yusuf et al., 2008). In PAD patients with arterial hypertension, administration of ACEIs/ARBs should be considered as the first line treatment of arterial hypertension (Aboyans et al., 2018). For these patients, administration of ACEIs/ARBs is recommended in order to reduce the risk of major adverse CV events (MACE) including myocardial infarction (MI), stroke, heart failure and CV death (Armstrong et al., 2015; Gornik et al., 2024; Piller et al., 2014; Sleight, 2000; Yusuf et al., 2008).
Adherence to medication is a necessary precondition of successful secondary prevention in PAD patients. Adherence to medications characterises the process by which patients take their medications as prescribed. Adherence includes three interrelated phases: initiation, implementation and persistence (Vrijens et al., 2012). Initiation represents the taking of the first dose of medication. Implementation reflects the extent to which a patient´s dosing corresponds to the prescribed dosing regimen, from initiation until the last dose is taken. Persistence characterises the length of time between initiation and the last dose before discontinuation. Medication non-adherence may occur in any of these phases, e.g., as non-initiation, suboptimal implementation of the dosing regimen (late, skipped, reduced or extra doses, drug holidays) or early discontinuation (non-persistence) (De Geest et al., 2018).
Older age has been reported as a factor associated with non-persistence in several studies focused on CV medications (Alfian et al., 2019a; Chen et al., 2019; Kim et al., 2021). For this reason, our study analysed non-persistence in the subgroup of older patients. Medication-related factors (e.g., increase in the number of medications, increase in the number and severity of adverse effects, cost) and patient-related factors (e.g., vision loss, low cognition skills, forgetfulness, depression, belief that the medicine is not needed) represent reasons for non-adherence in older patients (Doggrell, 2010). Our study was aimed at a) the analysis of the extent of non-persistence with multiple medications (statins, antiplatelet agents and ACEIs/ARBs) among older hypertensive PAD patients, and b) identifying factors associated with the likelihood of non-persistence in the whole study cohort and separately among males and females. Our study is particularly important because proper and regular administration of secondary preventive medications is necessary for achieving the treatment effect consisting in reducing the development of limb-related complications and MACE in PAD patients. Since the treatment of PAD requires a combination of medications, analysing persistence simultaneously with all three medication classes gives a better picture of true adherence than analysing persistence with each medication class separately.
2 MATERIALS AND METHODS
2.1 Database and study population
Our study cohort (n = 3,401) was derived from a group of 21,433 patients in whom PAD was newly diagnosed between 1 January and 31 December 2012. Of this group, 13,082 patients aged ≥65 years were selected. After exclusion of 2,641 patients without arterial hypertension and those without a combination of statin, antiplatelet agent and ACEI/ARB (n = 6,569), there remained a sample of 3,872 older patients with a combination of statin, antiplatelet agent and ACEI/ARB. After exclusion of 424 patients with only a single prescription for statin, antiplatelet agent or ACEI/ARB, and 47 patients who changed their health insurance company during the follow-up period, there remained a sample of 3,401 patients which represented the study cohort for our analyses (Figure 1). Patients with only one prescription for statin, antiplatelet agent or ACEI/ARB were excluded because a single prescription of these medications may be a consequence of adverse effects or intolerance rather than non-persistence. Our study cohort was selected from the database of the General Health Insurance Company which is the largest health insurance provider in the Slovak Republic covering approximately 63% of the population. Our study population may be considered as representative since older and sicker patients, in whom the prevalence of PAD is relatively higher compared to younger population, are insured mostly through the General Health Insurance Company.
[image: Figure 1]FIGURE 1 | Flow chart showing derivation of the study cohort (n = 3,401).
2.2 Analysis of non-persistence
There are several methods to evaluate persistence with multiple medications (Alfian et al., 2019b). First, measuring persistence with “all medications” in which patients are defined as non-persistent when at least one medication has a treatment gap. Second, measuring persistence with “both medications” in which patients are defined as non-persistent when there is a treatment gap in days with both medication A and medication B. Third, measuring persistence with any medication in which patients are defined as non-persistent when there is a treatment gap for all medications, i.e., no medication in the treatment gap period. Since, in order to benefit from the treatment, the patient is to take all recommended medications, represented in our study by a combination of statins, antiplatelet medications, and ACEIs/ARBs, we decided to use the first above-mentioned method.
In our retrospective cohort study, a patient was classified as non-persistent when he/she was non-persistent with at least one of the three analysed medication groups (statins, antiplatelet agents, ACEIs/ARBs). Non-persistence with medication groups mentioned above was identified similarly as in previous studies that focused on separate evaluation of non-persistence with each individual medication class (Wawruch et al., 2019; Wawruch et al., 2021; Wawruch et al., 2022). In these separate analyses, a patient was identified as non-persistent if there was an at least 6-month treatment gap without a prescription for the particular medication. Treatment gaps were observed after the estimated last day covered by the last package of prescribed medication. In the study presented in this manuscript, the length of treatment before treatment gap was identified according to the first medication in which non-persistence occurred. The dosage of medications was not taken into consideration.
The index date was the date of the first prescription of analysed medication classes (statin, antiplatelet agent, ACEI/ARB) after PAD was diagnosed. Patients were followed from the index date until the end of the five-year follow-up period, until non-persistence with at least one of the analysed medication classes, or until death, which ever occurred first. Censoring was applied in patients who died to prevent their being incorrectly classified as non-persistent.
2.3 Factors associated with non-persistence
Following factors were analysed as characteristics potentially associated with non-persistence:
a) Socio-demographic characteristics: age, sex, university education, and employment;
b) History of CV events: stroke, transient ischemic attack and MI;
c) Number of comorbid conditions and particular comorbidities identified according to the 10th revision of the International Classification of Diseases (ICD, 1992);
d) Medication-related characteristics:
- whether a patient was a new user of any of the analysed medication classes (statins, antiplatelet agents, ACEIs/ARBs), meaning that treatment with a particular medication class was initiated in association with the diagnosis of PAD;
- patient’s co-payment calculated as a sum of co-payments for the particular analysed medications (statins, antiplatelet agents, ACEIs/ARBs);
- whether the initial prescriber of any of the analysed medication classes was a general practitioner;
e) The overall number of medications and the number of CV medications recorded for a patient, and particular classes of CV medications identified according to the ATC classification (Guidelines for ATC Classification and DDD Assignment, 2018, 2018).
2.4 Statistical analyses
Continuous variables were expressed as means ± standard deviations and categorical variables as frequencies and percentages.
Categorical variables were compared between the two groups using the χ2-test. The comparison of continuous variables between the two groups was performed using the Mann-Whitney U test. This non-parametric test was applied because of non-Gaussian distribution of evaluated variables. The normality of distribution of continuous variables was assessed by the Kolmogorov-Smirnov test.
The Kaplan-Meier model was applied to compare persistence during the 5-year follow-up period between males and females. The log-rank test was used to identify statistically significant difference in the development of persistence between sexes. The Cox proportional hazards model was applied to identify the most important characteristics associated with the probability of non-persistence. For each characteristics the hazard ratio and corresponding 95% confidence interval were calculated. In the Cox model, the time under treatment was considered to be the time under treatment of the medication belonging to one of the three analysed medication classes in which the earliest discontinuation occurred. Because of a significant difference in the development of persistence between sexes in the Kaplan-Meier model we performed Cox regression analyses in the whole study cohort and separately in males and females (Newman, 2001). To evaluate the explanatory power of particular Cox models, the Harrell´s C-index was calculated. The closer the value of this index is to 1, the better explanatory power the model is deemed to have (Harrell et al., 1996; Uno et al., 2011).
All statistical tests were carried out at the level of significance of α = 0.05. The statistical software IBM SPSS for Windows, version 29, was used (IBM SPSS Inc., Armonk, NY, United States).
3 RESULTS
Our study cohort consisted of 3,401 PAD patients aged ≥65 years (1,853 females and 1,548 males) in whom simultaneous administration of statins, antiplatelet agents and ACEIs/ARBs was recorded. Table 1 shows the baseline characteristics of the study cohort.
TABLE 1 | Baseline characteristics of the study cohort.
[image: Table 1]In the whole study cohort, non-persistence with at least one of the analysed medication classes (statins, antiplatelet agents, ACEIs/ARBs) was found during the 1st, 2nd, 3rd, 4th and 5th year of the follow-up period in 1,054 (31.0%), 391 (11.5%), 222 (6.5%), 132 (3.9%), and 70 (2.1%) patients, respectively. During those years of the follow-up period, 423 (27.3%), 162 (10.5%), 100 (6.5%), 66 (4.2%), and 28 (1.8%) males, respectively, became non-persistent. Similarly, 631 (34.0%), 229 (12.3%), 122 (6.6%), 66 (3.6%), and 42 (2.3%) females, respectively, became non-persistent during individual years of the follow-up period. At the end of the follow-up period (mean length 1.8 years), 1,869 (55.0%) patients were non-persistent with at least one of the analysed medication classes. A significantly higher proportion of females was found to be non-persistent with at least one of the three medication classes at the end of the follow-up (1,090 (58.8% of 1,853 females) vs. 779 (50.3% of 1,548 males), p< 0.001 according to the χ2-test). The sharper decline of the survival curve of females in the Kaplan-Meier model also indicated a significantly higher proportion of females becoming non-persistent during the follow-up in comparison with males (p< 0.001 according to the log-rank test) (Figure 2). In the whole study cohort, the medication class discontinued the earliest was most often statins (n = 750), followed by antiplatelet agents (n = 677).
[image: Figure 2]FIGURE 2 | Persistence among the groups of males and females.
Table 2 shows the results of the Cox regression analysis of factors associated with the probability of non-persistence. In the whole study cohort, female sex, atrial fibrillation, and being a new user of at least one of the three medication classes were associated with increased probability of non-persistence, while increasing age, history of MI, Parkinson’s disease, increasing overall number of medications, and administration of beta-blockers and mineralocorticoid receptor antagonists were associated with persistence. Among males, university education, atrial fibrillation, and epilepsy were associated with non-persistence, while history of ischemic stroke or MI, an increasing overall number of medications, and general practitioner as index prescriber of at least one of the analysed medication classes appeared as factors associated with persistence. Among females, being a new user of at least one of the three medication classes was associated with an increased likelihood of non-persistence, while increasing age was associated with persistence. The value of Harrell´s C-index for the Cox model was determined as 0.599 for the whole study cohort; 0.633 and 0.587 for male and female groups, respectively.
TABLE 2 | Multivariate analysis of the association between patient- and medication-related characteristics and the probability of non-persistence in the whole study cohort and in the groups of males and females.
[image: Table 2]4 DISCUSSION
At the end of the five-year follow-up period, non-persistence with at least one of the three analysed medication classes (statins, antiplatelet agents and ACEIs/ARBs) was found in more than half of older patients with PAD in the study cohort. In our previous studies focused on evaluation of non-persistence with individual medication classes, we found lower proportions of non-persistent patients at the end of the 5-year follow-up period: 35.7% of 8,330 statin users (Wawruch et al., 2019), 33.0% of 9,178 users of antiplatelet agents (Wawruch et al., 2021), and 23.2% of 7,080 users of ACEIs/ARBs (Wawruch et al., 2022). This highlights the importance of looking also at the patients’ overall medication used for the treatment of a certain disease. The analysis of persistence/adherence to single medication classes can give inappropriately high estimates of persistence/adherence regarding the treatment of diseases requiring treatment with multiple medications.
More females than males were identified as non-persistent (58.8% vs. 50.3%). There were no factors consistently associated with an increased or decreased probability of non-persistence among females, males and the whole cohort. There were no factors associated with the likelihood of non-persistence consistently among both sexes, either.
Female sex was associated with non-persistence in the whole study cohort. Female sex appeared as a factor associated with non-persistence also in the cohort study by Alfian et al. (2019a) which analysed predictors of non-persistence with antihypertensive drugs among patients taking oral antidiabetic medications. Persistence was lower in women than men in the retrospective cohort study by Koenig et al. (2024) which analysed adherence to and persistence with lipid-lowering therapy in patients with dyslipidaemia. Female sex was also associated with non-persistence in the study by Chen et al. (2019) which analysed long-term adherence to and persistence with statin treatment initiated after discharge from hospital for new onset of atherosclerotic CV disease. According to Venditti et al. (2023), the reasons for sex-related differences in medication adherence are largely unknown. Several factors, e.g., biological, treatment-related, psychosocial, socioeconomic, and mood-related aspects, and their complex interplay, may contribute to these sex-related differences. In comparison with males, females experience adverse drug reactions more frequently, they have lower awareness of their CV risk, harbour more negative perceptions about diseases and treatment, and experience depressive disorders more frequently. That review identified female sex as a risk factor for poorer adherence in patients with type 2 diabetes mellitus or hypercholesterolemia. On the other hand, in the study by Hero et al. (2021), women were less prone to discontinue lipid-lowering therapy at 18 months but not at 36 months. Female sex was associated with persistence also in the study by Tajchman et al. (2021) which evaluated persistence with P2Y12 inhibitors in patients with MI. According to the study by Choi et al. (2017), female sex was a positive predictor of persistence with antihypertensive treatment of naive older patients.
In this study, increasing age was associated with persistence in the whole study cohort and among females. This result indicates a careful medication-taking behaviour in older hypertensive PAD patients. Similarly to our study, Tajchman et al. (2021) reported advanced age to be associated with persistence with P2Y12 inhibitors. On the other hand, in the study by Alfian et al. (2019a), older age was associated with non-persistence. Older age was an independent predictor of non-persistence also in the cohort study by Kim et al. (2021) which analysed non-persistence with antiplatelet medications in ischemic stroke patients aged ≥75 years. Choi et al. (2017) reported a significantly higher risk for non-persistence with antihypertensive medications in very old patients aged ≥80 years in comparison with older patients aged 65–79 years. Age >75 years was associated with statin non-persistence in the study by Chen et al. (2019). In our study, university education was associated with an increased probability of non-persistence among males. Contrary to this, level of education did not influence the discontinuation of lipid-lowering therapy in the study by Hero et al. (2021).
History of ischemic stroke among males and history of MI in the whole study cohort and among males were associated with persistence. This result may indicate better awareness of the importance of secondary preventive medications in patients after MACE. Diagnosis of acute MI receiving revascularisation as well as coronary heart disease receiving revascularisation were associated with persistence with statins also in the study by Chen et al. (2019).
Among comorbid conditions, atrial fibrillation increased the probability of non-persistence in the whole study cohort and among males. In treatment of atrial fibrillation, anticoagulants are indicated to prevent cardioembolic stroke (Hindricks et al., 2021). The combination of anticoagulants with antiplatelet agents is associated with an increased risk of bleeding. The fear of bleeding among both physicians and patients may be a reason for discontinuation of antiplatelet agents in patients with PAD and atrial fibrillation. Epilepsy appeared as a factor associated with an increased probability of non-persistence among males. In contrast to this finding, epilepsy was associated with persistence in our previous cohort study on non-persistence with antiplatelet agents in older patients after ischaemic stroke (Wawruch et al., 2016).
Increasing overall number of medications was associated with persistence in the whole study cohort and among males. This result may be associated with good persistence in patients with polypharmacy who are used to taking several medications simultaneously. In line with our finding, taking less than four prescribed drugs was associated with non-persistence in the study by Kim et al. (2021) on persistence with antiplatelet therapy among older patients after ischemic stroke.
Similarly to our previous studies on persistence with the individual medication classes (Wawruch et al., 2019; Wawruch et al., 2021; Wawruch et al., 2022), being a new user of at least one of the three medication classes was associated with an increased probability of non-persistence in the whole study cohort and among females. This result may be explained by possible adverse effects or intolerance which may occur at the beginning of treatment. Analogously, prior use of antiplatelet agents and statins was associated with lower probability of discontinuation of antiplatelet agents in the study by Liu et al. (2019) which analysed persistence among patients with acute coronary syndromes.
General practitioner as index prescriber of at least one of the analysed medication classes was associated with persistence among males. This result shows the important role of general practitioners in the management of patients’ adherence to pharmacotherapy. Similarly, family medicine specialty of the prescribing physician was associated with persistence with statins initiated after hospital discharge for atherosclerotic CV disease in a study by Chen et al. (2019).
Administration of beta-blockers and mineralocorticoid receptor antagonists was associated with persistence in the whole study cohort. Similarly, in the study by Tajchman et al. (2021) concomitant pharmacotherapy with ACEIs, statins, beta-blockers, oral anticoagulants, and aspirin was associated with persistence with P2Y12 inhibitors. However, that study analysed patients with MI in whom beta-blockers are indicated as part of secondary preventive therapy (Ibanez et al., 2018). On the other hand, beta-blocking agents as initial drug class were associated with non-persistence with antihypertensive drugs in the cohort study by Alfian et al. (2019a). Also, initially chosen antihypertensive medication class other than beta-blockers was a predictor for persistence in the study by Choi et al. (2017).
We found some differences regarding factors associated with non-persistence between the studies in which the medication classes (statins, antiplatelet agents, ACEIs/ARBs) were evaluated separately (Wawruch et al., 2019; Wawruch et al., 2021; Wawruch et al., 2022) and the study described in this manuscript. For example, atrial fibrillation represented a factor associated with persistence in the study focused on users of ACEIs/ARBs, while it was associated with non-persistence in the study focused on users of antiplatelet agents and in this study focused on patients taking a combination of all three medication classes. Parkinson’s disease was associated with persistence only in the present study on combination treatment while in the studies on individual medication classes it was not associated with the likelihood of persistence. On the other hand, increasing number of medications was associated with persistence while being a new user was associated with non-persistence in all three studies on separate medication classes as well as in this study.
Our study has several limitations which should be considered when the study findings are interpreted. Our study is based on data from the database of the General Health Insurance Company which was created for insurance and reimbursement purposes and not for research analyses. It is impossible to identify the reasons for discontinuation and who was responsible for the discontinuation of the medication, whether it was a physician or a patient. These data do not make it possible to determine whether patients really took their medications. The database of the General Health Insurance Company does not include data on the grade and severity of PAD. These characteristics may also influence adherence to treatment. We did not have access to patients’ data beyond the end of the study period. It was therefore impossible to identify any 6-month treatment gaps during less than 6 months before the end of the study follow up. On the other hand, the large sample size as well as the data covering all administrative regions of the Slovak Republic and detailed and precise data on comorbid conditions and medications represent the strengths of our study. Analysis of the three different medication classes taken together represents another strength of this study. These medication classes are all relevant for the treatment of hypertensive PAD patients and it is therefore important to look at the whole combination, in addition to investigating the medication classes separately.
Despite the limitations mentioned above, our study revealed several findings which have important implications for clinical practice. In younger patients, females, those with lower overall number of medications, patients with atrial fibrillation, those without MI or Parkinson’s disease, those without beta-blockers or mineralocorticoid receptor antagonists, and in new users of at least one of the three analysed medication classes, increased attention should be paid to improving their persistence with the combination of medications in order to ensure successful secondary prevention of PAD.
5 CONCLUSION
Our study revealed that over half of older hypertensive PAD patients became non-persistent with at least one of the analysed medication classes (statins, antiplatelet agents, ACEIs/ARBs) during the 5-year follow-up. Significantly higher proportion of females than males was identified as non-persistent. There were differences in factors associated with increased or decreased likelihood of non-persistence between both sex groups and the whole study cohort. More factors were associated with the probability of non-persistence among males in comparison with females. In females, only two factors were determined, namely, increasing age associated with persistence and being a new user associated with non-persistence. Identification of sex differences in factors associated with non-persistence in our study makes it possible to determine the groups of patients who are risky in terms of non-persistence with multiple medications.
DATA AVAILABILITY STATEMENT
The data analyzed in this study is subject to the following licenses/restrictions: The data that support the findings of this study are available from the General Health Insurance Company but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the authors upon reasonable request and with permission of the General Health Insurance Company. Requests to access these datasets should be directed to Martin Wawruch, martin.wawruch@gmail.com.
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 participant’s legal guardians/next of kin in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
MW: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Validation, Writing–original draft, Writing–review and editing. MP: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Validation, Writing–original draft, Writing–review and editing. DC: Conceptualization, Investigation, Methodology, Writing–original draft, Writing–review and editing. SA: Investigation, Methodology, Writing–original draft, Writing–review and editing. TT: Funding acquisition, Investigation, Methodology, Project administration, Writing–original draft, Writing–review and editing. JM: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Writing–original draft, Writing–review and editing. MT: Investigation, Methodology, Writing–original draft, Writing–review and editing. TP: Investigation, Methodology, Writing–original draft, Writing–review and editing. EA: Conceptualization, Investigation, Methodology, Writing–original draft, 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 research was funded by a grant from the Scientific Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic VEGA 1/0024/21. EA has received funding from the Finnish Cultural Foundation. The funders had no role in the design of the study, in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.
ACKNOWLEDGMENTS
We would like to thank the Handling Editor Elisio Costa for excellent support during the whole process of evaluation of the manuscript and the Reviewers for stimulating comments and suggestions which made it possible to improve the manuscript. We thank the General Health Insurance Company, namely, Lubica Hlinkova and Beata Havelkova, for providing data for our study.
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.
REFERENCES
 Aboyans, V., Ricco, J. B., Bartelink, M. E. L., Björck, M., Brodmann, M., Cohnert, T., et al. (2018). 2017 ESC guidelines on the diagnosis and treatment of peripheral arterial diseases, in collaboration with the European Society for Vascular Surgery (ESVS): document covering atherosclerotic disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower extremity arteries Endorsed by: the European Stroke Organization (ESO) the task force for the diagnosis and treatment of peripheral arterial diseases of the European Society of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). Eur. Heart J. 39 (9), 763–816. doi:10.1093/eurheartj/ehx095
 Alfian, S. D., Denig, P., Coelho, A., and Hak, E. (2019a). Pharmacy-based predictors of non-adherence, non-persistence and reinitiation of antihypertensive drugs among patients on oral diabetes drugs in The Netherlands. PLoS One 14 (11), e0225390. doi:10.1371/journal.pone.0225390
 Alfian, S. D., Pradipta, I. S., Hak, E., and Denig, P. (2019b). A systematic review finds inconsistency in the measures used to estimate adherence and persistence to multiple cardiometabolic medications. J. Clin. Epidemiol. 108, 44–53. doi:10.1016/j.jclinepi.2018.12.003
 Armstrong, E. J., Chen, D. C., Singh, G. D., Amsterdam, E. A., and Laird, J. R. (2015). Angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use is associated with reduced major adverse cardiovascular events among patients with critical limb ischemia. Vasc. Med. 20 (3), 237–244. doi:10.1177/1358863X15574321
 Bevan, G. H., and White Solaru, K. T. (2020). Evidence-based medical management of peripheral artery disease. Arterioscler. Thromb. Vasc. Biol. 40 (3), 541–553. doi:10.1161/ATVBAHA.119.312142
 Chen, S. T., Huang, S. T., Shau, W. Y., Lai, C. L., Li, J. Z., Fung, S., et al. (2019). Long-term statin adherence in patients after hospital discharge for new onset of atherosclerotic cardiovascular disease: a population-based study of real world prescriptions in Taiwan. BMC Cardiovasc. Disord. 19 (1), 62. doi:10.1186/s12872-019-1032-4
 Choi, K. H., Yu, Y. M., Ah, Y. M., Chang, M. J., and Lee, J. Y. (2017). Persistence with antihypertensives in uncomplicated treatment-naïve very elderly patients: a nationwide population-based study. BMC Cardiovasc. Disord. 17 (1), 232. doi:10.1186/s12872-017-0665-4
 Clement, D. L., De Buyzere, M. L., and Duprez, D. A. (2004). Hypertension in peripheral arterial disease. Curr. Pharm. Des. 10 (29), 3615–3620. doi:10.2174/1381612043382819
 De Geest, S., Zullig, L. L., Dunbar-Jacob, J., Helmy, R., Hughes, D. A., Wilson, I. B., et al. (2018). ESPACOMP medication adherence reporting guideline (EMERGE). Ann. Intern. Med. 169 (1), 30–35. doi:10.7326/M18-0543
 Doggrell, S. A. (2010). Adherence to medicines in the older-aged with chronic conditions: does intervention by an allied health professional help?Drugs Aging 27 (3), 239–254. doi:10.2165/11532870-000000000-00000
 Firnhaber, J. M., and Powell, C. S. (2019). Lower extremity peripheral artery disease: diagnosis and treatment. Am. Fam. Physician 99 (6), 362–369.
 GBD 2017 disease and injury incidence and prevalence collaborators (2018). Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease study 2017. Lancet 392 (10159), 1789–1858. doi:10.1016/S0140-6736(18)32279-7
 Gornik, H. L., Aronow, H. D., Goodney, P. P., Arya, S., Brewster, L. P., Byrd, L., et al. (2024). 2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/VESS guideline for the management of lower extremity peripheral artery disease: a report of the American college of cardiology/American heart association joint committee on clinical practice guidelines. Circulation 149 (24), e1313–e1410. doi:10.1161/CIR.0000000000001251
 Guidelines for ATC classification and DDD assignment 2018 (2018). WHO Collaborating Centre for Drug Statistics Methodology, 283. 
 Harrell, F. E., Lee, K. L., and Mark, D. B. (1996). Multivariable prognostic models: issues in developing models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat. Med. 15 (4), 361–387. doi:10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
 Hero, C., Karlsson, S. A., Franzén, S., Svensson, A. M., Miftaraj, M., Gudbjörnsdottír, S., et al. (2021). Impact of socioeconomic factors and gender on refill adherence and persistence to lipid-lowering therapy in type 1 diabetes. Diabetes Ther. 12 (9), 2371–2386. doi:10.1007/s13300-021-01115-w
 Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomström-Lundqvist, C., et al. (2021). 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): the task force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 42 (5), 373–498. doi:10.1093/eurheartj/ehaa612
 Ibanez, B., James, S., Agewall, S., Antunes, M. J., Bucciarelli-Ducci, C., Bueno, H., et al. (2018). 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation: the task force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of the European Society of Cardiology (ESC). Eur. Heart J. 39 (2), 119–177. doi:10.1093/eurheartj/ehx393
 ICD (1992). Icd – 10th international statistical classification of diseases and related health problems, 10th revision. Geneva: WHO, 191. 
 Kalbaugh, C. A., Kucharska-Newton, A., Wruck, L., Lund, J. L., Selvin, E., Matsushita, K., et al. (2017). Peripheral artery disease prevalence and incidence estimated from both outpatient and inpatient settings among medicare fee-for-service beneficiaries in the Atherosclerosis Risk in Communities (ARIC) study. J. Am. Heart Assoc. 6 (5), e003796. doi:10.1161/JAHA.116.003796
 Kim, S. J., Kwon, O. D., Choi, H. C., Lee, E. J., and Cho, B. (2021). Effect of antiplatelet persistence on long-term mortality and predictors of non-persistence in ischemic stroke patients 75 years and older: a nationwide cohort study. BMC Geriatr. 21 (1), 232. doi:10.1186/s12877-021-02171-4
 Koenig, W., Lorenz, E. S., Beier, L., and Gouni-Berthold, I. (2024). Retrospective real-world analysis of adherence and persistence to lipid-lowering therapy in Germany. Clin. Res. Cardiol. 113 (6), 812–821. doi:10.1007/s00392-023-02257-6
 Liu, X., He, X., Wu, J., and Luo, D. (2019). Initiation and persistence with antiplatelet agents among the patients with acute coronary syndromes: a retrospective, observational database study in China. Patient prefer. Adherence 13, 2159–2169. doi:10.2147/PPA.S228065
 Newman, S. C. (2001). Biostatistical methods in epidemiology. Chichester: Wiley, 382. 
 Piller, L. B., Simpson, L. M., Baraniuk, S., Habib, G. B., Rahman, M., Basile, J. N., et al. (2014). Characteristics and long-term follow-up of participants with peripheral arterial disease during ALLHAT. J. Gen. Intern. Med. 29 (11), 1475–1483. doi:10.1007/s11606-014-2947-1
 Shamaki, G. R., Markson, F., Soji-Ayoade, D., Agwuegbo, C. C., Bamgbose, M. O., and Tamunoinemi, B. M. (2022). Peripheral artery disease: a comprehensive updated review. Curr. Probl. Cardiol. 47 (11), 101082. doi:10.1016/j.cpcardiol.2021.101082
 Sleight, P. (2000). The HOPE study (heart outcomes prevention evaluation). J. Renin Angiotensin Aldosterone Syst. 1 (1), 18–20. doi:10.3317/jraas.2000.002
 Tajchman, D. H., Nabi, H., Aslam, M., Butt, J. H., Grove, E. L., Engstrøm, T., et al. (2021). Initiation of and persistence with P2Y12 inhibitors in patients with myocardial infarction according to revascularization strategy: a nationwide study. Eur. Heart J. Acute Cardiovasc. Care 10 (7), 774–786. doi:10.1093/ehjacc/zuab043
 Uno, H., Cai, T., Pencina, M. J., D'Agostino, R. B., and Wei, L. J. (2011). On the C-statistics for evaluating overall adequacy of risk prediction procedures with censored survival data. Stat. Med. 30 (10), 1105–1117. doi:10.1002/sim.4154
 Venditti, V., Bleve, E., Morano, S., and Filardi, T. (2023). Gender-related factors in medication adherence for metabolic and cardiovascular health. Metabolites 13 (10), 1087. doi:10.3390/metabo13101087
 Vrijens, B., De Geest, S., Hughes, D. A., Przemyslaw, K., Demonceau, J., Ruppar, T., et al. (2012). A new taxonomy for describing and defining adherence to medications. Br. J. Clin. Pharmacol. 73 (5), 691–705. doi:10.1111/j.1365-2125.2012.04167.x
 Wawruch, M., Murin, J., Tesar, T., Paduchova, M., Petrova, M., Celovska, D., et al. (2021). Non-persistence with antiplatelet medications among older patients with peripheral arterial disease. Front. Pharmacol. 12, 687549. doi:10.3389/fphar.2021.687549
 Wawruch, M., Murin, J., Tesar, T., Paduchova, M., Petrova, M., Celovska, D., et al. (2022). Gender differences in non-persistence with angiotensin-converting enzyme inhibitors and angiotensin receptor blockers among older hypertensive patients with peripheral arterial disease. Biomedicines 10 (7), 1479. doi:10.3390/biomedicines10071479
 Wawruch, M., Wimmer, G., Murin, J., Paduchova, M., Tesar, T., Hlinkova, L., et al. (2019). Patient-associated characteristics influencing the risk for non-persistence with statins in older patients with peripheral arterial disease. Drugs Aging 36 (9), 863–873. doi:10.1007/s40266-019-00689-2
 Wawruch, M., Zatko, D., Wimmer, G., Luha, J., Kuzelova, L., Kukumberg, P., et al. (2016). Factors influencing non-persistence with antiplatelet medications in elderly patients after ischaemic stroke. Drugs Aging 33 (5), 365–373. doi:10.1007/s40266-016-0365-2
 Yusuf, S., Teo, K. K., Pogue, J., Dyal, L., Copland, I., Schumacher, H., et al. (2008). Telmisartan, ramipril, or both in patients at high risk for vascular events. N. Engl. J. Med. 358 (15), 1547–1559. doi:10.1056/NEJMoa0801317
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 Wawruch, Petrova, Celovska, Alfian, Tesar, Murin, Trnka, Paduch and Aarnio. 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-15-1464689-t001.jpg
The whole study cohort Males Females

Al Persistent  Non- AL Persistent  Non- Al Persistent  Non-
(n=3401) (n=1532) persistent (n=1548) (n=769) persistent (n=1853) (n=763) persistent
(n = 1,869) (n =779) (n =1,090)
Socio-demographic characteristics

Age 3263 72267 75458 <0001 732260 77263 n7es7 o7 71e63 | 767267 740458 <0001*
Female sex 1853 645) | 763 (495) 109 (83) <0001
Universty education 260 (76) 100 66) 159 85) 0037 200(129) 79.103) 121055 0002 062) 209 385 071
Employed patints 172 6.) 7146 1004 0308 12209) 53(69) 9 ©9) 0151 50@7) 18 24) 209 0451
History of CV events®
Hisory of ischemic stoke | 683 (20.1) 352230 3 (77) <0001 325 (210) 193 (25 132 (169) 0001 358 (193) 159 (208) 199 (183) 0166
Hisory of TIA 261 07) 116 7:6) 145 (7.9) 089 94 (61) 1660) 862) 0882167 (90) 702) 9769 0839
History of MI 287 (54) 7 116 62) 000 14302 92 (120) 51665) 0001 14408 9 (104) 6560) <0001
Comorbid conditions

Nunber of comorbid 29216 30+16 28215 wmr 26215 29215 2215 w00 31+16 32218 30415 oos
condions

Chronic hear filure 277 1) 157 102) 120 (64) 0001 15 0.4) 7305 264 o2 162(67) 010 02 o004
Avial brlion w6s) 189023 217 (16 osic w07 91 17) o 25020 | 9030 126 (16) 0359
Disbetes mlls 16y 03 w00 (128) 0001 @3y 738 mEy s sows a0 80 (440) <0001
Hyperdholesterlemia 1577 6h T2 63) 865 (163) 0910 6629 360468 WE0) 0wz oMy 6 561 615) oo
Dementia 25 05) 1104 159) <0001 98 (63) .09 7 47) 000 157 85) 5 (109) 768 002
Depresion w17 18020 21013 0 10266 @6y 061 000 | 26060 | 121063 172059 0785
Ansicty disorders w90y 452099 577 (09) 0w s | 1eeL) OGSO o2 (92 | 290 (80) 7 (0) 0366
Parkinson's disease 7 43 860 ) 000 5500) 35 (16) 0@ [ 863 @0, o0
Epilepsy 109.62) 204 5760 050 5165) 2161 069 [ 367 7@ 0137
Bronchial asthma/COPD | 672.(198) 309 (202) 363 194) 038 @0y | 172024 12082 oo U9y | 137(180) 21 03) o3
oV comedication

Number of medicaions | 85 +23 57222 84225 <0001 52126 56223 78228 w00 88x21 59221 87222 oasr
Number of CV medicaions | 5.4 %21 621 52220 <0001 51220 sax21 45219 w00 56x21 5222 5220 o008t
Candinc glycosides 211 62) 12562 86 (1) <0001 75(18) 2669 %00 w00 13603 700 © 68 o002
Antarhythnic agens | 240 (1) 19078 11 69) 0 w0y 609 5267 o0 12769 58.(76) © 63 0286
Beta-blockers s s 356 (190) o3 saen 173 masy w0 as@) 182039 1015 0226
Loop diuetics o102 409.67) 352 (188) <0001 698 19047 US(49) oo | ass@i6)  219087) 26 017) <0001
Thiaside diurics su@s) ey " @6 0wy sy 121 was) o seee | m@ 01 (76) 0985
Mineralocorticod receplor | 259 7.6) 166 108) 9350 w1209 5 008) »60) w0 13700 5 (109) 5160, <0001
amagonists

Calcium channel blockers | 1058 (311 | 496 (324 s62 (01) ous 41609 216 @8N WEs) 0 6Bl W06 362 (332) o
Antcoagulnts I IR 351 85) oo s 17 @17 BeO7S e i@l 16a) 215 0197) ooy
Lipid-oweing agents other | 330 97) 14203 188 (101) 019 1802 7699 766 o waon | esen 21 o085
than satins”

Study medication-related characteristcs

Parient's co-payment 57241 S641 [s7201 o5 57241 57240 sl osi 56241 S5zl 57241 0303
@Ry

New user' s 3902 13 (33) 0027 3003 16008 99055 007 6@y | 190195 2 017) 0218
Genenl pracitoneras | UM O21) | 14B(29) | 171015 049 L2802 725043 W02 000 1706(2) 69801 1008925 | 0435

index prescriber

1 the case of categoricalvariables,values rpresent he frequency and th percentagesar providd in parentheses (%of ). I the caseof continuous variables, means + standrd deviations e provided. CV. cardiovasclar TIA, ransientischemic tacks M, myocardial
infarcton; COPD,chronicabstuctve pulmonary disase p-staisticalsignifcancebetween peristentand non- persstent patents according1o th et statistical ignficanceaccording o the Mann-Whitney U tes; i the caseof statstical significance (p< 0.0, the
alues are expressed in bold.

“The time period covered by “istory” - 5 years before the index date of this study.

Lipid lowering agents other than satns-czetimibe and fibates,

Co-payment-calculaed a5 2 sum of co-payments o paricuar analysed medications (satins, antiplatlet agents, ACEIS/ARBS) paid by the ptiet per month.

New user-patint in whom at less one ofthe analysed medications statns, antplatlet agens, ACEI/ARB) was iitated i associaion with the diagnosis of peripheal arteral dscase,

B N b O i R T G P P 7 o R S e






OPS/images/fphar-15-1464689-t002.jpg
The whole study cohort (n = 3,401) Males emales (n

Socio-demographic characteristics

Age 0.99 (0.98-0.99) 101 (0.99-1.02) 0.98 (0.97-0.99)
Female sex 1.34 (1.21-1.48)

University education 1.16 (0.98-1.38) 1.26 (1.03-1.55) 0.89 (0.63-1.26)
Employed patients 0.97 (0.78-1.20) 1.00 (0.77-131) 0.95 (0.66-137)

History of CV events®

History of ischemic stroke 0.95 (0.84-1.08) 0.78 (0.64-0.95) 109 (0.93-129)
History of TIA 1.08 (0.90-1.28) 1.10 (0.81-1.50) 1.06 (0.85-1.32)
History of MI 0.7 (0.64-0.94) 0.71 (0.53-0.96) 0.83 (0.64-1.07)

Comorbid conditions

Number of comorbid conditions 0.97 (088-1.07) 099 (086-1.15) 0.96 (0.84-1.09)
Chronic heart failure 113 (0.91-142) 1.16 (0.80-168) 118 (0.88-156)
Atrial fibrillation 1.24 (1.02-151) 1.40 (1.04-1.89) 112 (0.86-146)
Diabetes mellitus 0.87 (0.76-1.00) 093 (075-1.14) 0.86 (0.71-1.04)
Hypercholesterolemia 0.98 (0.85-1.13) 0.82 (0.66-1.01) 1.09 (0.91-1.32)
Dementia 0.92 (074-1.14) 081 (055-1.19) 096 (072-1.26)
Depression 103 (0.86-124) 091 (0.64-130) 1.08 (0.87-135)
Anxiety disorders 112 (0.97-130) 103 (081-1.32) 117 (0.96-142)
Parkinson’s disease 075 (0.57-0.99) 078 (0.48-126) 076 (0.54-1.07)
Epilepsy 1.27 (0.95-1.71) 1.68 (1.11-2.53) 1.05 (0.68-1.62)
Bronchial asthma/COPD 109 (0.93-127) 094 (074-121) 119 (0.96-146)

CV co-medication

Number of medications 094 (0.92-0.97) 0.92 (0.88-0.95) 0.98 (0.94-1.01)
Number of CV medications 103 (0.99-1.08) 100 (0.93-1.09) 1.04 (0.98-1.10)
Cardiac glycosides 0.95 (075-121) 0.98 (0.62-1.56) 099 (074-132)
Antiarthythmic agents 107 (0.86-133) 114 (082-161) 1.06 (0.80-1.42)
Beta-blockers 0.85 (0.75-0.98) 087 (0.69-109) 0.88 (0.74-1.04)
Loop diuretics 101 (0.87-1.17) 095 (0.73-123) 101 (085-121)
‘Thiazide diuretics 0.99 (087-1.12) 097 (0.79-1.19) 098 (0.84-1.15)
Mineralocorticoid receptor antagonists 0.76 (0.60-0.96) 071 (049-104) 081 (0.60-1.11)
Calcium channel blockers 0.97 (086-1.10) 107 (0.88-131) 092 (079-1.07)
Anticoagulants 0.92 (080-1.05) 101 (0.82-126) 0.90 (0.76-1.07)
Lipid-lowering agents other than statins® 100 (0.84-1.17) 085 (065-1.12) 111 (0.90-136)

Study medication-related characteristics

Patients co-payment (EUR)* 100 (0.99-1.02) 100 (0.99-1.02) 100 (0.99-1.02)
New user 117 (1.03-1.34) 096 (0.78-1.18) 136 (1.14-161)
General practitioner as index prescriber® 0.96 (0.81-1.14) 0.74 (0.58-0.96) 1.21 (0.95-1.54)

Values represent hazard ratios (95% confidence intervals). I the case of statistical significance (p< 0.05), the values are expressed in bold. CV, cardiovascular; TIA, transient ischemic attack; M1,
myocardial infarction; COPD, chronic obstructive pulmonary disease.

“The time period covered by “history” - 5 years before the index date of this study.

"Lipid lowering agents other than statins-ezetimibe and fibrates.

“Co-payment-calculated as a sum of co-payments of particular analysed medications (statins, antiplatelet agents, ACEIS/ARBs) paid by the patient per month.

“New user-patient in whom at least one of the analysed medications (statins, antiplatelet agents, ACEIS/ARBS) was initiated in association with the diagnosis of peripheral arterial disease.
s inilns peascaar b b St Sestes e oF any-of the analbund mation i dhise Gitation:-anitoliiit sesnts; A RE wes & oanirsl Brast e






OPS/xhtml/nav.xhtml
Contents

		Cover

		Non-persistence with multiple secondary prevention medications for peripheral arterial disease among older hypertensive patients		Introduction

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods		2.1 Database and study population

		2.2 Analysis of non-persistence

		2.3 Factors associated with non-persistence

		2.4 Statistical analyses





		3 Results

		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









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

Non-persistence with multiple
secondary prevention
medications for peripheral
arterial disease among older
hypertensive patients





OPS/images/fphar-15-1464689-g001.gif
Paticats with newly diagnosed
AD
=2
Puicns aged <65 yeurs
awst
Patins ged 265 yars
=102
Patints ot by pension
=641
Puins ot combination of
s and il agnt and
— ACEUARD
Patcts with combinmion o o6
‘i snd sniplatlet aentand
ACEUARD
e
Patens with oty one
prescripon o st o
aniplatletagentor ACEUARI
s
Paens whochanged e
company.
a-i
Sty cohot
3401
Pensent Nonpenisent

1560

neis

PAD - peipheral il disas ACEL - agitesinconsein cnryme nibior:

R






OPS/images/fphar-15-1464689-g002.gif









OPS/images/crossmark.jpg
©

|





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





