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Abstract 

Objective 

Angiotensin-II Receptor Blockers (ARBs) are commonly prescribed; however, their adverse events may 

prompt new drug prescription(s), known as prescribing cascades. We aimed to identify potential ARB-

induced prescribing cascades using high-throughput sequence symmetry analysis. 

Methods 

Using claims data from a national sample of Medicare beneficiaries (2011-2020), we identified new ARB 

users aged ≥66 years with continuous enrollment ≥360 days before and ≥180 days after ARB initiation. 

We screened for initiation of 446 other (non-antihypertensive) 'marker' drug classes within ±90 days of 

ARB initiation, generating sequence ratios (SRs) reflecting proportions of ARB users starting the marker 

class after versus before ARB initiation. Adjusted SRs (aSRs) accounted for prescribing trends over time, 

and for significant aSRs, we calculated the naturalistic number needed to harm (NNTH); significant 

signals were reviewed by clinical experts for plausibility. 

Results  

We identified 320,663 ARB initiators (mean ± SD age 76.0 ± 7.2 years; 62.5% female; 91.5% with 

hypertension). Of the 446 marker classes evaluated, 17 signals were significant, and three (18%) were 

classified as potential prescribing cascades after clinical review. The strongest signals ranked by the 

lowest NNTH included benzodiazepine derivatives (NNTH 2130, 95% CI 1437–4525), adrenergics in 

combination with anticholinergics, including triple combinations with corticosteroids (NNTH 2656, 95% 

CI 1585–10074), and other antianemic preparations (NNTH 9416, 95% CI 6606–23784). The strongest 

signals ranked by highest aSR included other antianemic preparations (aSR 1.7, 95% CI 1.19–2.41), 

benzodiazepine derivatives (aSR 1.18, 95% CI 1.08–1.3), and adrenergics in combination with 

anticholinergics, including triple combinations with corticosteroids (aSR 1.12, 95% CI 1.03–1.22).  

Conclusion 

The identified prescribing cascade signals reflected known and possibly under-recognized ARB adverse 

events in this Medicare cohort. These hypothesis-generating findings require further investigation to 

determine the extent and impact of these prescribing cascades on patient outcomes. 

 

Key Words: Prescribing cascades, ARB, older adults, adverse events, antihypertensive medications, 

prescription sequence symmetry analysis, Medicare 
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Abbreviations Definition List 

 

1. ACEI – Angiotensin-Converting Enzyme Inhibitor 

2. ADE – Adverse Drug Event 

3. ARB – Angiotensin II Receptor Blocker 

4. aSR – Adjusted Sequence Ratio 

5. CCI – Charlson Comorbidity Index 

6. CI – Confidence Interval 

7. FFS – Fee-for-Service 

8. NNTH – Number Needed to Harm 

9. PC – Prescribing Cascade 

10. RAAS – Renin-Angiotensin-Aldosterone System 

11. RCT – Randomized Controlled Trial 

12. SSA – Sequence Symmetry Analysis 

13. STROBE – Strengthening the Reporting of Observational Studies in Epidemiology 

14. WHO ATC – World Health Organization Anatomical Therapeutic Chemical Classification System 
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INTRODUCTION 

Angiotensin II receptor blockers (ARBs) have been developed to selectively inhibit the renin-angiotensin-

aldosterone system (RAAS) by blocking AT1 receptors, the final step in the RAAS cascade. Although ARBs 

share clinical indications with angiotensin-converting enzyme inhibitors (ACEI), they differ 

pharmacologically. Angiotensin-converting enzyme inhibitors reduce the production of angiotensin II, 

thereby indirectly affecting binding to both type 1 (AT1) and type 2 (AT2) receptors.(1-7) In contrast, 

ARBs selectively block AT1 receptors without altering the overall production of angiotensin II and, unlike 

ACEIs, do not increase bradykinin levels.(8-10)  

Studies have shown that ARBs and ACEIs have similar effectiveness in lowering blood pressure, with 

ARBs providing an added benefit of favorable safety profiles, including lower risk of cough, angioedema, 

gastrointestinal bleeding, and acute pancreatitis, and potential benefits in preventing cognitive 

decline.(11-18) Despite differences in safety profiles, hypertension guidelines recommend ACEIs and 

ARBs as primary treatment options for hypertension in adults.(19-21) However, ARBs are preferred over 

ACEI for patients with chronic pulmonary diseases and coughs. Like ACEIs, ARBs are also used in the 

treatment of heart failure and chronic kidney disease.(22-25) As of 2019, ARBs accounted for 17% of the 

antihypertensives dispensed in the United States, with their use as initial agents in the treatment of 

incident hypertension has increased significantly over the last decade.(26) 

Although ARBs have been available since 1995, most data on their adverse drug event (ADE) profile 

come from randomized controlled trials (RCTs), which indicate that ARBs are generally well 

tolerated.(27-30) However, reported adverse events include angioedema, cough, headache, dizziness, 

fatigue, and hyperkalemia.(31-35) If undetected or unknown, adverse events caused by ARBs could 

prompt the prescription of a new medication to manage ARB-related adverse events, a phenomenon 

known as a prescribing cascade. (36) Given their widespread use in diverse patient populations, many 

with multiple comorbidities, the potential impact of ARB-related prescribing cascades could be 

substantial.   

To address this knowledge gap, high-throughput screening of prescribing cascades in a diverse, real-

world population of older adults, who are often underrepresented in RCTs, is needed. Such approach 

would capture not only well-known ARB-related adverse events but also identify new ones. Identifying 

these prescribing cascades is essential for informing deprescribing initiatives and mitigating risks 

associated with polypharmacy. Therefore, we conducted high-throughput signal detection using 
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sequence symmetry analysis (SSA) to identify potential ARB-related prescribing cascades among 

Medicare beneficiaries. 
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METHODS 

Data sources 

We used claims data from a 5% national sample of Medicare beneficiaries with fee-for-service (FFS) 

coverage from to 2011-2015 plus 1 million FFS beneficiaries in Florida and a 15% national sample of 

Medicare FFS beneficiaries plus all FFS beneficiaries in Florida from to 2016-2020. Medicare is a US 

federal insurance program for adults aged ≥65 years and others with qualifying conditions. Medicare FFS 

includes Part A (hospital), Part B (medical), and Part D (prescription drug) services, which capture 

inpatient and outpatient services, pharmacy claims, and beneficiary characteristics. The study was 

considered exempt by the University of Florida ’s Institutional Review Board. We used Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines to ensure appropriate 

reporting.(37) 

Design 

High-throughput SSA was used to identify potential ARB-related prescribing cascades. (38-40) PSSA is a 

hypothesis-free pharmacovigilance approach that employs a case-only study design to assess the 

temporality of an “index” drug initiation (i.e., ARB) relative to initiation of all other "marker" class (i.e., 

all other medication classes), hereafter referred to as ARB-marker class dyads.(41, 42) Included patients 

were ARB initiators who had their first ARB fill between 2011 and 2019, were aged ≥66 years at ARB 

initiation, and had ≥360 days of continuous insurance coverage before (parts A, B, and D) and ≥180 days 

after ARB initiation. We required continuous insurance coverage to ensure genuine new use of ARB and 

to capture all marker class use during the 180 days prior to and after ARB initiation. 

Anatomical Therapeutic Chemical (ATC) codes were used to hierarchically group marker drugs into 

medication classes for high-throughput screening. The ATC classification system is maintained by the 

World Health Organization and classifies medications into five levels: Level 1 indicates the broad 

anatomical group (n = 14 total), Level 4 indicates the chemical subgroup/drug class, and Level 5 

indicates the specific drug/chemical substance (n ≈ 5000 total) (Supplemental Table S1).(43) Among the 

ARB initiators, we identified the first claim for any marker class within a given ATC Level 4 subgroup. If 

an individual filled out multiple different medications (unique ATC Level 5) within a given ATC Level 4 

subgroup during the study period, we only included the first fill within that ATC Level 4 subgroup. We 

required the marker class initiation to occur within ±90 days of ARB initiation for the primary analysis to 

focus on acute onset adverse events, and we excluded all patients initiated on other classes of 

antihypertensive drugs on the same day as ARB initiation. (44) In sensitivity analyses, we extended the 
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marker drug initiation time window to ±180 days to allow the identification of adverse events (and 

subsequent prescribing cascades) with longer induction periods. 

For each ATC Level 4 subgroup, all included patients in the ARB marker class dyad were evaluated using 

the PSSA methodology. These analyses were completed iteratively until all ATC Level 4 subgroups were 

evaluated, excluding ATC Level 4 subgroups representing antihypertensive classes. Baseline 

characteristics (age, sex, calendar year of ARB initiation, Charlson Comorbidity Index, specific ARB 

medication, and other comorbidities) of ARB initiators were measured at the time of ARB initiation or 

360 days prior to ARB initiation.(45, 46) 

Analyses 

For each unique ARB marker class dyad, we determined the crude sequence ratio (cSR) as the number of 

patients who initiated the marker class after ARB initiation divided by the number of patients who 

initiated the marker class before the ARB. Excess initiation of a marker class after ARB, relative to before 

ARB, results in a cSR >1 and may indicate a prescribing cascade. To adjust for background prescribing 

trends, we estimated an adjusted sequence ratio (aSR) with 95% confidence intervals (CI) by dividing the 

cSR by the null-effect ratio for each ARB-marker class dyad.(47) All aSRs with a lower CI limit >1 were 

considered significant signals for further exploration under the assumption that no within-person time-

varying confounding exists. 

Each ARB-marker class dyad was represented graphically by plotting the distribution of the timing of 

marker class initiation (in 10-day intervals) relative to ARB initiation for each exposure window (±90 and 

±180 days) surrounding ARB initiation. In addition, for each ARB-marker class dyad considered 

statistically significant, we estimated the excess risk among exposed individuals and the corresponding 

naturalistic number needed to harm (NNTH) within 1 year. Excess risk was calculated as the difference 

between the number of patients initiated on the marker class after ARB initiation and the number of 

patients initiated on the same marker class before ARB initiation, divided by the total number of ARB 

initiators, standardized to a rate per 1000 person-years accounting for a 90-day exposure window in the 

primary analysis. The NNTH was calculated as the inverse of the excess risk among the exposed, that is, 

the number of patients who needed to be treated with an ARB for one additional patient to experience 

one prescribing cascade within that marker class.  
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Classification of signals 

All statistically significant signals (aSRs with 95% CIs >1) in the primary analysis were manually reviewed 

through a systematic process to differentiate potential prescribing cascades from false positive signals. 

False-positive signals could be attributable to detection bias (i.e., a new condition identified with a 

corresponding new medication initiated during routine monitoring of the ARB), disease progression (i.e., 

new medications initiated to treat the progression of underlying cardiovascular disease), therapeutic 

escalation (i.e., escalation of therapy [2nd or 3rd line treatments] in conditions related to ARB 

indication), or reverse causation (i.e., decreased ARB initiation following the initiation of marker class 

[e.g., reduced ARB treatment following late-stage cancer treatment]). Signals not indicative of potential 

prescribing cascades were classified as “Other,” as these false-positive signals may be due to multiple 

biases. 

Manual review was conducted in two stages. First, pharmacy trainees (n=3) were trained by study 

investigators (SMS & KMS) in the use of primary (e.g., PubMed/MEDLINE searches), secondary (e.g., 

drug monographs, package inserts), and tertiary (e.g., drug information databases) drug information 

sources for assessing potential prescribing cascades and their underlying mechanisms to support signal 

classification. Each significant signal was assigned to the three pharmacy trainees, who independently 

reviewed the signals and assigned an initial classification, as described above, along with supporting 

literature.  Second, two pharmacists with clinical expertise in medication and patient safety then 

independently classified each signal using material developed by pharmacy trainees and ad-hoc 

literature evaluations when needed. In cases of disagreement between the clinically trained 

pharmacists, consensus was reached by the same clinical pharmacists together with senior study 

investigators (SMS, EJM).  

All analyses were conducted using SAS statistical software (version 9.4; SAS Institute, Cary, NC, USA) and 

visualized with R (2023.09.1) and Tableau (2023.06.2+561). 
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RESULTS 

We identified 320,663 ARB initiators; their baseline characteristics are summarized in the Table. Briefly, 

62.5% of the patients were women, and the mean age (± SD) was 76 ± 7.2 years. The majority (78.8%) 

were Non-Hispanic White, 7.3% were black, and 3.4% were Asian/Pacific Islanders. Most patients 

(75.7%) had a Charlson Comorbidity Index score ≥5.  Losartan was the most commonly initiated ARB 

(77.6%) followed by valsartan (15.2%). 

All high-throughput screening results are interactively displayed at: 

https://public.tableau.com/app/profile/cvmedlab/viz/ARBs_newdata/TableofContentsFlowchart2, with 

significant aSRs presented in Supplemental Table S2, non-significant signals in Supplemental Table S3, 

and the result of all sensitivity analyses in Supplemental Table S4. For the primary analysis, among 446 

marker drug classes analyzed, we found 17 statistically significant signals (Figure 1 & 2).  Among these 

17 significant signals, only three were classified as potential prescribing cascades following a clinical 

review: other antianemic preparations (B03XA), benzodiazepine derivatives (N03AE), and adrenergics in 

combination with anticholinergics, including triple combinations with corticosteroids (R03AL) (Figure 1). 

Figure 2 summarizes the statistically significant signals ranked by the lowest NNTH.   

Figure 3 summarizes the statistically significant ARB inhibitor-marker class dyads by NNTH and aSR, and 

highlights those that were classified as potential prescribing cascades. All potential prescribing cascades 

had an aSR <2 and NNTH<10,000.  
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DISCUSSION 

Using population-based high-throughput prescription sequence symmetry analysis (SSA), we identified 

medication classes that were prescribed more frequently after ARB initiation than before. Among the 

446 marker classes evaluated, we identified 17 significant signals, of which three were considered 

potential ARB prescribing cascades after clinical review. Signals were ranked based on (1) aSR, as a 

measure of the magnitude of the signal, and (2) NNTH or excess risk to the exposed, as a measure of the 

impact within the population. When determining which prescribing cascades have a significant clinical 

impact on most patients, NNTH or excess risk among exposed patients is straightforward and useful for 

clinical decision-making and has been used in prior high-throughput SSA screening evaluation.(41)  

Ranking the signals using NNTH, the strongest signal classified as a potential prescribing cascade was 

benzodiazepine derivatives (N03AE). An association between RAS inhibitors and depression or anxiety 

has been reported in several studies (48-50). Recent studies have highlighted the link between the 

renin-angiotensin system and mood disorders, emphasizing the role of Angiotensin II-induced 

Nicotinamide Adenine Dinucleotide Phosphate (NADPH) oxidase-derived oxidative stress in the central 

nervous system as a potential mechanism underlying the pathogenesis of these conditions.(51) 

Mamdani et al. reported a nested case-control study using real-world data that found that patients 

receiving ARBs had a greater risk of suicide than those receiving ACEIs.(49) Our findings contribute to 

the growing body of evidence and highlight the need for further rigorous study designs, including 

randomized clinical trials, to confirm these observations and better inform clinical prescription practices. 

Although less prevalent than in ACEIs, ARBs can cause life-threatening angioedema. (52, 53) ARB-

induced angioedema could explain the excess prescription of salbutamol, formoterol and fluticasone 

(adrenergics in combination with anticholinergics [R03AL]) for treating bronchospasm and other upper 

airway manifestation.(54-56) While the incidence of angioedema is generally lower with ARBs than with 

ACEIs, there is a need for ongoing post-marketing surveillance to better define the true incidence of 

angioedema associated with ARBs and its potential for downstream prescribing cascades. 

Angiotensin II receptor blockers, particularly losartan, may decrease erythropoietin (57-66). The adverse 

effects are heightened in the presence of chronic kidney disease due to the accumulation of N-acetyl-

seryl-aspartyl-lysyl-proline.(57) The resulting suppression of erythropoiesis may trigger a prescribing 

cascade involving antianemic preparations (B03XA) such as erythropoietin and darbepoetin alfa. 
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Monitoring hematologic parameters in patients on ARBs, particularly those with chronic kidney disease 

or undergoing kidney transplant, is key to mitigating risks. 

In one of our studies using the same patient population, we identified 42 potential prescribing cascades 

among ACEI initiators compared to only three among ARB initiators.(67) Research has consistently 

demonstrated that ARBs have a more favorable safety profile, with patients experiencing lower risks of 

angioedema and cough among other side effects.(11-18) The observed differences in prescribing 

cascades between ACEIs and ARBs could be due to the mechanism of action and clinical practice or a 

combination of both. Mechanistically, ACEIs inhibit ACE and reduce angiotensin II levels, but increase 

bradykinin, which is associated with adverse effects such as dry cough and angioedema.(1-7, 28, 68-84) 

Such adverse events lead to prescribing cascades involving antitussives, bronchodilators, or 

corticosteroids.(67, 85-88) In contrast, ARBs block angiotensin II type 1 receptors without altering 

bradykinin levels, resulting in fewer side effects and, consequently, fewer prescribing cascades. (8-10) 

Clinical practice patterns also contribute to this difference. Angiotensin-converting enzyme inhibitors 

have been on the market for a longer time, leading to greater familiarity among physicians, who may 

prescribe them more frequently and address their adverse effects with additional medications, whereas 

the milder adverse events associated with ARBs often require fewer interventions. (89, 90) In addition, 

ARBs are often prescribed to patients who have previously experienced ACEI-related adverse events, 

leading to closer monitoring and stricter health surveillance. (91-93) For older adults at high risk of 

polypharmacy, an additional advantage of ARBs is their potential to minimize the risk of prescribing 

cascade and its downstream consequences. Our findings add to the growing body of evidence 

supporting ARBs as a preferred first-line option over ACEIs for hypertension management owing to a 

favorable safety profile.(16, 94) 

After reviewing the 17 identified signals, we classified 14 (82%) as unlikely to be a prescription cascade. 

Several factors contributed to this classification, including the pharmacological profile of the medication, 

the expected timeframe for an adverse event to occur after the index drug was used, the possibility of 

reverse causation, and whether the signal was perceived to be more likely due to disease progression 

rather than managing an adverse drug event. For example, signals observed for various diabetes 

medications, such as sodium-glucose co-transporter 2 (SGLT2) inhibitors (A10BK) and glucagon-like 

peptide-1 (GLP-1) analogs (A10BJ), were thought to be attributed more to disease progression or 

confounding by indication. Hypertension is an independent risk factor for diabetes(95-97) and 

individuals with or at risk for diabetes may be selectively prescribed RAS inhibitors to reduce the risk of 
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macro- and microvascular events. Additionally, we identified signals such as specific immunoglobulins 

(e.g., varicella/zoster immunoglobulin varicella/zoster immunoglobulin) and tetanus vaccines (J07AM), 

which were perceived to be likely due to detection bias. For example, these observed signals could be 

due to enhanced health surveillance that occurs when patients begin new medications and are hence 

more frequently monitored within the health system. 

Key strengths of the study include being the first high-throughput SSA screening for prescribing cascades 

associated with ARBs conducted in the US, and focusing on one of the most prescribed drug classes 

using a nationally representative sample of the older population. We classified all significant signals and 

used an approach that allowed the assessment of signals affecting relatively few patients. In addition, 

we publicly report our aggregate findings, allowing for transparency. 

Our study also had important limitations. Signal classification was based on data and clinical knowledge 

and may be subject to misclassification, though multiple evaluators and consensus review were used. 

The findings may be overestimated due to within-person time-varying bias, such as disease progression 

or a new diagnosis, which we attempted to minimize by restricting marker initiation to a 90-day 

exposure around ARB initiation. The cohort consisted of Medicare beneficiaries, potentially limiting 

generalizability to younger populations or those with different health insurance coverage. Importantly, 

these findings are hypothesis generating, and additional confirmation in a traditional cohort study is 

needed. Future studies should incorporate negative controls to reduce within-patient time-varying 

confounding factors such as hypertension progression or age-related changes.(98-100) Finally, we did 

not adjust for multiple testing, which could increase the risk of spurious associations; however, previous 

studies suggest such corrections may not always be optimal.(40, 41, 101, 102) 

All potential prescribing cascades identified in this study require validation in well-designed cohort 

studies, with priority given to medication classes classified as potentially inappropriate for older adults 

by the Beers Criteria, those with low NNTH values, and those frequently prescribed to large patient 

populations.(103)  After validation, studies should assess the risks and benefits of the prescribing 

cascades to determine their clinical appropriateness and identify potentially problematic prescribing 

cascades.(104-106) Further evaluations should examine clinical relevance, identify predictors and 

characterize high-risk subpopulations. Future research could also investigate drug classes prescribed less 

frequently following ARB initiation to identify opportunities for drug repurposing. 
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CONCLUSION 

Using high-throughput SSA screening in a population of Medicare beneficiaries, we identified previously 

known prescribing cascades, new potential prescribing cascades based on known ARB adverse events, 

and new potential prescribing cascades based on previously unknown adverse events. While this 

approach to identifying prescribing cascades should be considered hypothesis generating, our findings 

could initiate discussions in clinical settings to ensure that the benefits of ARB are optimized while 

minimizing the risks of potentially harmful prescribing practices. 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


16 
 

REFERENCES 

1. Messerli FH, Bangalore S, Bavishi C, Rimoldi SF. Angiotensin-Converting Enzyme Inhibitors in 
Hypertension: To Use or Not to Use? J Am Coll Cardiol. 2018;71(13):1474-82. 
2. Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Jr., Ganiats TG, Holmes DR, Jr., et al. 2014 
AHA/ACC guideline for the management of patients with non-ST-elevation acute coronary syndromes: 
executive summary: a report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. Circulation. 2014;130(25):2354-94. 
3. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al. 2019 ESC 
Guidelines for the diagnosis and management of chronic coronary syndromes: the Task Force for the 
diagnosis and management of chronic coronary syndromes of the European Society of Cardiology (ESC). 
European heart journal. 2020;41(3):407-77. 
4. Kushner FG, Hand M, Smith SC, Jr., King SB, 3rd, Anderson JL, Antman EM, et al. 2009 focused 
updates: ACC/AHA guidelines for the management of patients with ST-elevation myocardial infarction 
(updating the 2004 guideline and 2007 focused update) and ACC/AHA/SCAI guidelines on percutaneous 
coronary intervention (updating the 2005 guideline and 2007 focused update) a report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am 
Coll Cardiol. 2009;54(23):2205-41. 
5. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 International 
Society of Hypertension global hypertension practice guidelines. Hypertension. 2020;75(6):1334-57. 
6. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 ESC 
Guidelines for the diagnosis and treatment of acute and chronic heart failure: Developed by the Task 
Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of 
Cardiology (ESC) With the special contribution of the Heart Failure Association (HFA) of the ESC. 
European heart journal. 2021;42(36):3599-726. 
7. Erdos E. The angiotensin I-converting enzyme. Lab Invest. 1987;56:345-8. 
8. Burnier M, Brunner HR. Angiotensin II receptor antagonists. The Lancet. 2000;355(9204):637-45. 
9. Barreras A, Gurk-Turner C, editors. Angiotensin II receptor blockers. Baylor University Medical 
Center Proceedings; 2003: Taylor & Francis. 
10. Schmieder RE. Mechanisms for the clinical benefits of angiotensin II receptor blockers. American 
journal of hypertension. 2005;18(5):720-30. 
11. Matchar DB, McCrory DC, Orlando LA, Patel MR, Patel UD, Patwardhan MB, et al. Systematic 
review: comparative effectiveness of angiotensin-converting enzyme inhibitors and angiotensin II 
receptor blockers for treating essential hypertension. Ann Intern Med. 2008;148(1):16-29. 
12. Li EC, Heran BS, Wright JM. Angiotensin converting enzyme (ACE) inhibitors versus angiotensin 
receptor blockers for primary hypertension. Cochrane Database Syst Rev. 2014;2014(8):Cd009096. 
13. Psaty BM, Lumley T, Furberg CD, Schellenbaum G, Pahor M, Alderman MH, et al. Health 
outcomes associated with various antihypertensive therapies used as first-line agents: a network meta-
analysis. Jama. 2003;289(19):2534-44. 
14. Van Vark LC, Bertrand M, Akkerhuis KM, Brugts JJ, Fox K, Mourad J-J, et al. Angiotensin-
converting enzyme inhibitors reduce mortality in hypertension: a meta-analysis of randomized clinical 
trials of renin–angiotensin–aldosterone system inhibitors involving 158 998 patients. European heart 
journal. 2012;33(16):2088-97. 
15. Sanders GD, Coeytaux R, Dolor RJ, Hasselblad V, Patel UD, Powers B, et al. Angiotensin-
converting enzyme inhibitors (ACEIs), angiotensin II receptor antagonists (ARBs), and direct renin 
inhibitors for treating essential hypertension: an update. 2011. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


17 
 

16. Chen R, Suchard MA, Krumholz HM, Schuemie MJ, Shea S, Duke J, et al. Comparative first-line 
effectiveness and safety of ACE (angiotensin-converting enzyme) inhibitors and angiotensin receptor 
blockers: a multinational cohort study. Hypertension. 2021;78(3):591-603. 
17. den Brok MG, van Dalen JW, Abdulrahman H, Larson EB, van Middelaar T, van Gool WA, et al. 
Antihypertensive medication classes and the risk of dementia: a systematic review and network meta-
analysis. Journal of the American Medical Directors Association. 2021;22(7):1386-95. e15. 
18. Marcum ZA, Cohen JB, Zhang C, Derington CG, Greene TH, Ghazi L, et al. Association of 
Antihypertensives That Stimulate vs Inhibit Types 2 and 4 Angiotensin II Receptors With Cognitive 
Impairment. JAMA Network Open. 2022;5(1):e2145319-e. 
19. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 
evidence-based guideline for the management of high blood pressure in adults: report from the panel 
members appointed to the Eighth Joint National Committee (JNC 8). Jama. 2014;311(5):507-20. 
20. Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins KJ, Dennison Himmelfarb C, et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in Adults: Executive Summary: A Report of the 
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. 
Hypertension. 2018;71(6):1269-324. 
21. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 ESC/ESH 
Guidelines for the management of arterial hypertension: The Task Force for the management of arterial 
hypertension of the European Society of Cardiology (ESC) and the European Society of Hypertension 
(ESH). European heart journal. 2018;39(33):3021-104. 
22. Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor blocker valsartan in chronic 
heart failure. N Engl J Med. 2001;345(23):1667-75. 
23. Ripley TL. Valsartan in Chronic Heart Failure. Annals of Pharmacotherapy. 2005;39(3):460-9. 
24. Bhandari S, Mehta S, Khwaja A, Cleland JG, Ives N, Brettell E, et al. Renin–angiotensin system 
inhibition in advanced chronic kidney disease. New England Journal of Medicine. 2022;387(22):2021-32. 
25. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, et al. Effects of losartan 
on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med. 
2001;345(12):861-9. 
26. Desai RJ, Sarpatwari A, Gautam N, Lii J, Fischer MA, Gagne JJ. Changes in Utilization of Generic 
Angiotensin Receptor Blockers Following Product Recalls in the United States. JAMA. 2020;323(1):87-9. 
27. Makani H, Messerli FH, Romero J, Wever-Pinzon O, Korniyenko A, Berrios RS, et al. Meta-
analysis of randomized trials of angioedema as an adverse event of renin-angiotensin system inhibitors. 
Am J Cardiol. 2012;110(3):383-91. 
28. Toh S, Reichman ME, Houstoun M, Ross Southworth M, Ding X, Hernandez AF, et al. 
Comparative risk for angioedema associated with the use of drugs that target the renin-angiotensin-
aldosterone system. Arch Intern Med. 2012;172(20):1582-9. 
29. Rasmussen ER, Pottegård A, Bygum A, von Buchwald C, Homøe P, Hallas J. Angiotensin II 
receptor blockers are safe in patients with prior angioedema related to angiotensin-converting enzyme 
inhibitors - a nationwide registry-based cohort study. J Intern Med. 2019;285(5):553-61. 
30. Timmermans PB, Duncia JV, Carini DJ, Chiu AT, Wong PC, Wexler RR, et al. Discovery of losartan, 
the first angiotensin II receptor antagonist. J Hum Hypertens. 1995;9 Suppl 5:S3-18. 
31. Markham A, Goa KL. Valsartan: a review of its pharmacology and therapeutic use in essential 
hypertension. Drugs. 1997;54:299-311. 
32. Oparil S, Dyke S, Harris F, Kief J, James D, Hester A, et al. The efficacy and safety of valsartan 
compared with placebo in the treatment of patients with essential hypertension. Clinical Therapeutics. 
1996;18(5):797-810. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


18 
 

33. Gillis JC, Markham A. Irbesartan: a review of its pharmacodynamic and pharmacokinetic 
properties and therapeutic use in the management of hypertension. Drugs. 1997;54:885-902. 
34. Holwerda NJ, Fogari R, Angeli P, Porcellati C, Hereng C, Oddou-Stock P, et al. Valsartan, a new 
angiotensin II antagonist for the treatment of essential hypertension: efficacy and safety compared with 
placebo and enalapril. Journal of hypertension. 1996;14(9):1147-51. 
35. Goldberg AI, Dunlay MC, Sweet CS. Safety and tolerability of losartan potassium, an angiotensin 
II receptor antagonist, compared with hydrochlorothiazide, atenolol, felodipne ER, and angiotensin-
converting enzyme inhibitors for the treatment of systemic hypertension. The American journal of 
cardiology. 1995;75(12):793-5. 
36. Rochon PA, Gurwitz JH. The prescribing cascade revisited. The Lancet. 2017;389(10081):1778-
80. 
37. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Bulletin of the World Health Organization. 2007;85:867-72. 
38. Hallas J. Evidence of depression provoked by cardiovascular medication: a prescription sequence 
symmetry analysis. Epidemiology. 1996;7(5):478-84. 
39. Morris EJ, Hollmann J, Hofer A-K, Bhagwandass H, Oueini R, Adkins LE, et al. Evaluating the use 
of prescription sequence symmetry analysis as a pharmacovigilance tool: A scoping review. Research in 
Social and Administrative Pharmacy. 2021. 
40. Vouri SM, Morris EJ, Walsh M, Agalliu J, Dempsey A, Hochleitner L, et al. High‐throughput 
screening for prescribing cascades among real world statin initiators. Pharmacoepidemiology and Drug 
Safety. 2023. 
41. Hallas J, Wang SV, Gagne JJ, Schneeweiss S, Pratt N, Pottegård A. Hypothesis-free screening of 
large administrative databases for unsuspected drug-outcome associations. European journal of 
epidemiology. 2018;33:545-55. 
42. Hellfritzsch M, Rasmussen L, Hallas J, Pottegård A. Using the symmetry analysis design to screen 
for adverse effects of non-vitamin K antagonist oral anticoagulants. Drug Safety. 2018;41:685-95. 
43. Organization WH. Anatomical therapeutic chemical (ATC) classification system. ACCESSED ON 
[DATE] AVAILABLE FROM:[URL]. 2018. 
44. Vouri SM, Morris EJ, Jiang X, Hofer AK, Schmidt S, Pepine C, et al. Evaluation of a Beta-Blocker-
Edema-Loop Diuretic Prescribing Cascade: A Prescription Sequence Symmetry Analysis. Am J Hypertens. 
2022;35(7):601-9. 
45. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of 
blood cholesterol: a report of the American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. Circulation. 2019;139(25):e1082-e143. 
46. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, et al. Coding algorithms for 
defining comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care. 2005:1130-9. 
47. Morris EJ, Hollmann J, Hofer A-K, Bhagwandass H, Oueini R, Adkins LE, et al. Evaluating the use 
of prescription sequence symmetry analysis as a pharmacovigilance tool: A scoping review. Research in 
Social and Administrative Pharmacy. 2022;18(7):3079-93. 
48. Welcome MO, Mastorakis NE. Stress-induced blood brain barrier disruption: Molecular 
mechanisms and signaling pathways. Pharmacological Research. 2020;157:104769. 
49. Mamdani M, Gomes T, Greaves S, Manji S, Juurlink DN, Tadrous M, et al. Association between 
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and suicide. JAMA network 
open. 2019;2(10):e1913304-e. 
50. Vian J, Pereira C, Chavarria V, Köhler C, Stubbs B, Quevedo J, et al. The renin–angiotensin 
system: a possible new target for depression. BMC medicine. 2017;15:1-13. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

51. Liu F, Havens J, Yu Q, Wang G, Davisson RL, Pickel VM, et al. The link between angiotensin II-
mediated anxiety and mood disorders with NADPH oxidase-induced oxidative stress. Int J Physiol 
Pathophysiol Pharmacol. 2012;4(1):28-35. 
52. Pylypchuk GB. ACE Inhibitor—Versus Angiotensin II Blocker–Induced Cough and Angioedema. 
Annals of Pharmacotherapy. 1998;32(10):1060-6. 
53. van Rijnsoever EW, Kwee-Zuiderwijk WJ, Feenstra J. Angioneurotic edema attributed to the use 
of losartan. Archives of internal medicine. 1998;158(18):2063-5. 
54. Szmidt M, Minc P. [Cough, bronchoconstriction and bronchial hyperreactivity in relation to 
treatment with angiotensin-converting enzyme]. Pol Merkur Lekarski. 1999;6(35):281-5. 
55. Goh TC, Ong YY. Bronchial hyperreactivity induced by angiotensin converting enzyme inhibitor. 
Singapore Med J. 1991;32(3):183-4. 
56. Overlack A, Müller B, Schmidt L, Scheid ML, Müller M, Stumpe KO. Airway responsiveness and 
cough induced by angiotensin converting enzyme inhibition. J Hum Hypertens. 1992;6(5):387-92. 
57. Sica DA. Angiotensin-converting enzyme inhibitors side effects--physiologic and non-physiologic 
considerations. J Clin Hypertens (Greenwich). 2004;6(7):410-6. 
58. Sica DA, Gehr TW. The pharmacokinetics and pharmacodynamics of angiotensin-receptor 
blockers in end-stage renal disease. Journal of the Renin-Angiotensin-Aldosterone System. 
2002;3(4):247-54. 
59. Rasoul S, Carretero OA, Peng H, Cavasin MA, Zhuo J, Sanchez-Mendoza A, et al. Antifibrotic 
effect of Ac-SDKP and angiotensin-converting enzyme inhibition in hypertension. Journal of 
hypertension. 2004;22(3):593. 
60. Wang AYM, Yu AWY, Lam CWK, Yu LM, Li PKT, Goh J, et al. Effects of losartan or enalapril on 
hemoglobin, circulating erythropoietin, and insulin-like growth factor-1 in patients with and without 
posttransplant erythrocytosis. American Journal of Kidney Diseases. 2002;39(3):600-8. 
61. Klaassen RJ, van Gelder T, Rischen-Vos J, Deinum J, Man't Veld AJ, Weimar W. Losartan, an 
angiotensin-II receptor antagonist, reduces hematocrits in kidney transplant recipients with 
posttransplant erythrocytosis. Transplantation. 1997;64(5):780-2. 
62. Julian BA, Brantley Jr RR, Barker CV, Stopka T, Gaston RS, Curtis JJ, et al. Losartan, an angiotensin 
II type 1 receptor antagonist, lowers hematocrit in posttransplant erythrocytosis. Journal of the 
American Society of Nephrology. 1998;9(6):1104-8. 
63. Midtvedt K, Stokke E, Hartmann A. Successful long-term treatment of post-transplant 
erythrocytosis with losartan. Nephrology Dialysis Transplantation. 1996;11(12):2495-7. 
64. Zhu X, Chen J, Han F, Cheng M, Xu L, Zhang L, et al. Efficacy and Safety of Losartan in Treatment 
of Hyperuricemia and Posttransplantation Erythrocytosis: Results of a Prospective, Open, Randomized, 
Case-Control Study. Transplantation Proceedings. 2009;41(9):3736-42. 
65. Vlahakos DV, Marathias KP, Agroyannis B, Madias NE. Posttransplant erythrocytosis. Kidney Int. 
2003;63(4):1187-94. 
66. Yildiz A, Cine N, Akkaya V, Sahin S, Ismailoğlu V, Türk S, et al. Comparison of the effects of 
enalapril and losartan on posttransplantation erythrocytosis in renal transplant recipients: prospective 
randomized study. Transplantation. 2001;72(3):542-4. 
67. Ndai AM SK, Keshwani S, Choi J, Luvera M, Hunter J, Galvan R, Beachy T, Molk M, Wright S, 
Calvet M, Pepine CJ, Schmidt S, Vouri SM, Morris EJ, Smith SM. . High-throughput screening for 
prescribing cascades among real-world angiotensin-converting enzyme inhibitor initiators. 
Pharmacoepidemiol Drug Saf In press. 2025. 
68. Brown NJ, Vaughan DE. Angiotensin-converting enzyme inhibitors. Circulation. 
1998;97(14):1411-20. 
69. Lévy BI, Mourad JJ. Renin angiotensin blockers and cardiac protection: from basics to clinical 
trials. American Journal of Hypertension. 2022;35(4):293-302. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 
 

70. Israili ZH, Hall WD. Cough and angioneurotic edema associated with angiotensin-converting 
enzyme inhibitor therapy: a review of the literature and pathophysiology. Annals of internal medicine. 
1992;117(3):234-42. 
71. Jett GK. Captopril-induced angioedema. Ann Emerg Med. 1984;13:489-90. 
72. Agah R, Bandi V, Guntupalli K. Angioedema: the role of ACE inhibitors and factors associated 
with poor clinical outcome. Intensive care medicine. 1997;23:793-6. 
73. Slater EE, Merrill DD, Guess HA, Roylance PJ, Cooper WD, Inman WH, et al. Clinical profile of 
angioedema associated with angiotensin converting-enzyme inhibition. Jama. 1988;260(7):967-70. 
74. Vleeming W, van Amsterdam JG, Stricker BHC, de Wildt DJ. ACE inhibitor-induced angioedema: 
incidence, prevention and management. Drug Safety. 1998;18:171-88. 
75. Miller DR, Oliveria SA, Berlowitz DR, Fincke BG, Stang P, Lillienfeld DE. Angioedema incidence in 
US veterans initiating angiotensin-converting enzyme inhibitors. Hypertension. 2008;51(6):1624-30. 
76. Kostis JB, Packer M, Black HR, Schmieder R, Henry D, Levy E. Omapatrilat and enalapril in 
patients with hypertension: the Omapatrilat Cardiovascular Treatment vs. Enalapril (OCTAVE) trial. Am J 
Hypertens. 2004;17(2):103-11. 
77. Garcia-Saucedo JC, Trejo-Gutierrez JF, Volcheck GW, Park MA, Gonzalez-Estrada A. Incidence 
and risk factors of angiotensin-converting enzyme inhibitor-induced angioedema: A large case-control 
study. Ann Allergy Asthma Immunol. 2021;127(5):591-2. 
78. Agostoni A, Cicardi M, Cugno M, Zingale LC, Gioffré D, Nussberger J. Angioedema due to 
angiotensin-converting enzyme inhibitors. Immunopharmacology. 1999;44(1-2):21-5. 
79. Weiner J. Failure to recognise the association of life-threatening angio-oedema and angiotensin-
converting enzyme inhibitor therapy. Australian and New Zealand journal of medicine. 1995;25(3):241-
2. 
80. Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, Schumacher H, et al. Telmisartan, ramipril, or both in 
patients at high risk for vascular events. N Engl J Med. 2008;358(15):1547-59. 
81. Wood R. Bronchospasm and cough as adverse reactions to the ACE inhibitors captopril, enalapril 
and lisinopril. A controlled retrospective cohort study. Br J Clin Pharmacol. 1995;39(3):265-70. 
82. Bangalore S, Kumar S, Messerli FH. Angiotensin-converting enzyme inhibitor associated cough: 
deceptive information from the Physicians' Desk Reference. Am J Med. 2010;123(11):1016-30. 
83. Fu J, Tomlinson G, Feig DS. Increased risk of major congenital malformations in early pregnancy 
use of angiotensin-converting-enzyme inhibitors and angiotensin-receptor-blockers: a meta-analysis. 
Diabetes Metab Res Rev. 2021;37(8):e3453. 
84. Bullo M, Tschumi S, Bucher BS, Bianchetti MG, Simonetti GD. Pregnancy outcome following 
exposure to angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists: a systematic 
review. Hypertension. 2012;60(2):444-50. 
85. Wright S, Bardolia C, Bankes D, Amin NS, Turgeon J. Angiotensin converting enzyme (ACE) 
inhibitor-induced cough resulting in prescribing cascade. Clin Case Rep J. 2020;10:1368. 
86. Vegter S, de Jong-van den Berg LT. Misdiagnosis and mistreatment of a common side-effect--
angiotensin-converting enzyme inhibitor-induced cough. Br J Clin Pharmacol. 2010;69(2):200-3. 
87. Hahn J, Trainotti S, Hoffmann TK, Greve J. Drug-induced inhibition of angiotensin converting 
enzyme and dipeptidyl peptidase 4 results in nearly therapy resistant bradykinin induced angioedema: a 
case report. The American journal of case reports. 2017;18:576. 
88. Awsare S, Chirikian D, Rogers J. Administration of tranexamic acid as treatment for angiotensin 
converting enzyme inhibitor-induced angioedema: a case report. Case Reports in Acute Medicine. 
2021;4(2):71-5. 
89. Smith SM, Winterstein AG, Gurka MJ, Walsh MG, Keshwani S, Libby AM, et al. Initial 
antihypertensive regimens in newly treated patients: real world evidence from the OneFlorida+ Clinical 
Research Network. Journal of the American Heart Association. 2023;12(1):e026652. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 
 

90. Sica DA, Giles TD, Black HR, Campese VM. ACE inhibitors: over two decades of use. J Clin 
Hypertens (Greenwich). 2005;7(9):531-7. 
91. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA 
guideline for the management of heart failure: a report of the American College of Cardiology/American 
Heart Association Joint Committee on Clinical Practice Guidelines. Journal of the American College of 
Cardiology. 2022;79(17):e263-e421. 
92. Cheung AK, Chang TI, Cushman WC, Furth SL, Hou FF, Ix JH, et al. KDIGO 2021 clinical practice 
guideline for the management of blood pressure in chronic kidney disease. Kidney International. 
2021;99(3):S1-S87. 
93. Hill RD, Vaidya PN. Angiotensin II receptor blockers (ARB). 2019. 
94. Abbasi J. Choose ARBs over ACE inhibitors for first-line hypertension treatment, large new 
analysis suggests. JAMA. 2021;326(13):1244-5. 
95. Laakso M. Cardiovascular disease in type 2 diabetes from population to man to mechanisms: the 
Kelly West Award Lecture 2008. Diabetes care. 2010;33(2):442-9. 
96. Perreault L, Pan Q, Aroda V, Barrett‐Connor E, Dabelea D, Dagogo‐Jack S, et al. Exploring residual 
risk for diabetes and microvascular disease in the Diabetes Prevention Program Outcomes Study 
(DPPOS). Diabetic Medicine. 2017;34(12):1747-55. 
97. Tsimihodimos V, Gonzalez-Villalpando C, Meigs JB, Ferrannini E. Hypertension and diabetes 
mellitus: coprediction and time trajectories. Hypertension. 2018;71(3):422-8. 
98. Vouri SM, Jiang X, Morris EJ, Brumback BA, Winterstein AG. Use of negative controls in a 
prescription sequence symmetry analysis to reduce time‐varying bias. Pharmacoepidemiology and drug 
safety. 2021;30(9):1192-9. 
99. Ndai AM, Morris EJ, Winterstein AG, Vouri SM. Evaluating Provider and Pharmacy Discordance in 
Potential Calcium Channel Blocker–Loop Diuretic Prescribing Cascade. Drugs & Aging. 2024:1-10. 
100. Vouri SM, Jiang X, Manini TM, Solberg LM, Pepine C, Malone DC, et al. Magnitude of and 
Characteristics Associated With the Treatment of Calcium Channel Blocker-Induced Lower-Extremity 
Edema With Loop Diuretics. JAMA Netw Open. 2019;2(12):e1918425. 
101. Lai EC-C, Pratt N, Hsieh C-Y, Lin S-J, Pottegård A, Roughead EE, et al. Sequence symmetry 
analysis in pharmacovigilance and pharmacoepidemiologic studies. European journal of epidemiology. 
2017;32:567-82. 
102. Rothman KJ. Six persistent research misconceptions. Journal of general internal medicine. 
2014;29:1060-4. 
103. Panel BtAGSBCUE. American Geriatrics Society 2023 updated AGS Beers Criteria® for potentially 
inappropriate medication use in older adults. Journal of the American Geriatrics Society. 
2023;71(7):2052-81. 
104. McCarthy LM, Savage R, Dalton K, Mason R, Li J, Lawson A, et al. ThinkCascades: A Tool for 
Identifying Clinically Important Prescribing Cascades Affecting Older People. Drugs Aging. 
2022;39(10):829-40. 
105. Dreischulte T, Shahid F, Muth C, Schmiedl S, Haefeli WE. Prescribing cascades: how to detect 
them, prevent them, and use them appropriately. Deutsches ärzteblatt international. 2022;119(44):745. 
106. Mohammad AK, Hugtenburg JG, Vanhommerig JW, van den Bemt PM, Denig P, Karapinar‐Carkıt 
F. Identifying and quantifying potentially problematic prescribing cascades in clinical practice: A mixed‐
methods study. Journal of the American Geriatrics Society. 2024;72(12):3681-94. 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 
 

Table. Baseline characteristics of ARB initiators included in the cohort. 

Patient Characteristics Angiotensin II Receptor Blockers Initiators (n = 
320,663) 

Age, years  
  Mean (SD) 76. 2 (7.2) 
  65-74 152,917 (47.7%) 
  75-84 120,058 (37.4%) 
  85-94 44,194 (13.8%) 
  ≥95 3,494 (1.1%) 

Female 200, 492 (62.5%) 

Race  

  American Indian/Alaska Native 919 (0.3%) 
  Asian/Pacific Islander 10,925 (3.4%) 
  Black 23,398 (7.3%) 
  Hispanic 26,465 (8.3%) 
  Non-Hispanic White 252,562 (78.8%) 
  Other 2,504 (0.8%) 
  Unknown 3,890 (1.2%) 

Charlson’s Comorbidity Index  

  3-4 77,946 (24.3%) 
  ≥5 242,717 (75.7%) 

Comorbidities  

  Atrial Fibrillation 55,333 (17.2%) 
  Cerebrovascular Disease 67,235 (21.0%) 
  Chronic Obstructive Pulmonary Disease 87,143 (27.2%) 
  Chronic Renal Failure 65,378 (20.4%) 
  Congestive Heart Failure 55,415 (17.3%) 
  Dementia 17,297 (5.4%) 
  Diabetes Mellitus 120,573 (37.6%) 
  Hypertension 293,357 (91.5%) 
  Ischemic Heart Disease 109,975 (34.3%) 
  Malignancy Lymphoma Leukemia 49,121 (15.3%) 
  Myocardial Infarction 25,682 (8.0%) 
  Peripheral Vascular Disease 66,222 (20.7%) 
  Rheumatic Disease 18,747 (5.9%) 
  Transient Ischemic Attack 31,526 (9.83%) 

Index Year of ARB Initiation  

  2012 25,039 (7.8%) 
  2013 22,817 (7.1%) 
  2014 25,015 (7.8%) 
  2015 24,701 (7.7%) 
  2016 28,158 (8.8%) 
  2017 77,217 (24.1%) 
  2018 78,587 (24.5%) 
  2019 39,129 (12.2%) 

Angiotensin II Receptor Blocker Type  

  Candesartan 1,863 (0.6%) 
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  Eprosartan 13 (0.0%) 
  Irbesartan 13,801 (4.3%) 
  Losartan 258,828 (77.6%) 
  Telmisartan 7,386 (2.3%) 
  Valsartan 48,772 (15.2%) 

Data represents mean ± standard deviation or n (%). 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 11, 2025. ; https://doi.org/10.1101/2025.03.10.25323711doi: medRxiv preprint 

https://doi.org/10.1101/2025.03.10.25323711
http://creativecommons.org/licenses/by-nc-nd/4.0/


24 
 

 

 

Figure 1. Significant signals from sequence symmetry analyses of ARB-marker class dyads by adjusted 

sequence ratio. ATC4, Anatomical Therapeutic Chemical - Level 4, NNTH, Naturalistic Number Needed to 

Harm (within 1 year); PC, Prescribing Cascade CI, Confidence Interval. 
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Figure 2. Significant signals from sequence symmetry analyses of ARB-marker class dyads by naturalistic 

number need to harm. ATC4, Anatomical Therapeutic Chemical - Level 4, NNtH, naturalistic number 

needed to harm (within 1 year); PC, Prescribing Cascade CI, confidence interval. 
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Figure 3. Significant ARB inhibitor-marker class dyad signals by adjusted sequence ratio and naturalistic 

number needed to harm. Dyads are grouped (color-coded) at the Anatomical Therapeutic Chemical 

Level 1 category. The faded dots are dyads classified as ‘other’ while the colored dots are dyads 

classified as potential prescribing cascades weighted by the total number of prescriptions. All results 

from the high-throughput screening are displayed interactively at 

https://public.tableau.com/app/profile/cvmedlab/viz/ARBs_newdata/TableofContentsFlowchart2 
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