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Abstract

Background: Limited evidence exists regarding differences in outcomes between angiotensin II 

receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors (ACEIs) among older 

nursing home (NH) residents after acute myocardial infarction (AMI). The purpose of our study 
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was to estimate the post-AMI effects of ARBs versus ACEIs on mortality, rehospitalization, and 

functional decline outcomes in this important population.

Methods: This retrospective cohort study used national Medicare claims linked to Minimum 

Data Set assessments. The study population included individuals aged ≥65 years who resided in a 

U.S. NH ≥30 days, were hospitalized for AMI between May 2007 and March 2010, and returned 

to the NH. We compared 90-day mortality, rehospitalization, and functional decline outcomes 

between ARB and ACEI users with inverse-probability-of-treatment-weighted binomial and 

multinomial logistic regression models.

Results: Among 2,765 NH residents, 270 (9.8%) were ARB and 2,495 (90.2%) ACEI users. The 

mean age of ARB versus ACEI users was 82.3 versus 82.7 years. No marked differences existed 

between ARB versus ACEI users for mortality (OR=1.18, 95% CI 0.78–1.79), rehospitalization 

(OR=1.22, 95% CI 0.90–1.65), or functional decline (OR=1.23, 95% CI 0.88–1.74). In subgroup 

analyses, ARBs were associated with increased mortality and rehospitalization in individuals with 

moderate to severe cognitive impairment, and increased rehospitalization in those <85 years.

Conclusions: Our findings concord with prior data and suggest that clinicians can prescribe 

either ARBs or ACEIs post-AMI for secondary prevention in NH residents, though the subgroup 

findings merit further scrutiny and replication. Providers should consider factors like patient 

preferences, class-specific adverse events, and costs to guide prescribing.
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1. INTRODUCTION

Renin-angiotensin-aldosterone system (RAAS) inhibitors, particularly angiotensin II 

receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors (ACEIs), are an 

integral part of guideline-recommended therapy for secondary prevention following an acute 

myocardial infarction (AMI)(1,2). Data from randomized clinical trials (RCTs) and 

observational studies supports a mortality benefit from using either ARBs or ACEIs after 

AMI in older adults ≥65 years (3–10). Clinicians therefore have the option of selecting 

between ARBs and ACEIs. However, data from direct comparisons of the two RAAS classes 

are scarce (11). Such comparative effectiveness data are especially lacking in older adults 

who are frail, multimorbid, and cognitively or functionally impaired, despite the significant 

challenges these conditions present to prescribing and care management by cardiovascular 

and geriatric healthcare professionals.(12,13)

The absence of data is especially marked for older adults residing long-term in nursing 

homes (NHs), as these individuals tend to be the oldest, frailest, and most medically 

complex U.S. subpopulation. Frailty among NH residents manifests as a decreased ability to 

recover from physiologic insults, including medication exposures, and often presents with 

the phenotype of weight loss, sarcopenia, or lack of independence in activities of daily living 

(ADLs)(14–16). Although mechanistically RAAS inhibitors should produce similar effects 

regardless of age, frailty, or other potential physiologic changes post-AMI, confirmatory 
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empirical data are scarce as nearly all frail individuals were excluded from RCTs, even those 

that enrolled older adults (17). An absence of observational studies of ARB versus ACEI use 

among these individuals has also contributed to the lack of relevant data. This absence of 

observational studies is primarily due to a scarcity of sufficiently large, high-quality data 

sources on older NH residents. Therefore, the potential for disparate effects between ARBs 

and ACEIs in this subpopulation should not be overlooked (17). If differences were to exist 

between ARBs and ACEIs, especially for key subgroups, information on the comparative 

effectiveness of the two classes in older NH residents would be necessary to systematically 

optimize health outcomes after AMI. This is especially true for functional outcomes since 

such outcomes have rarely been studied for ARBs and ACEIs.

We compared the effectiveness of ARB versus ACEI use on 90-day mortality, 

rehospitalization, and functional decline among older NH residents after AMI. We 

hypothesized that there would be no meaningful overall differences in those outcomes 

between users of the two drug classes. We anticipated that if this hypothesis were correct, 

our results would help to emphasize that the selection between ARBs and ACEIs for older 

NH residents post-AMI should be based on other important factors like patient preferences, 

known adverse effects (e.g., ACEI-induced cough and angioedema), drug costs, and drug 

availability given increasingly common drug shortages.

2. METHODS

2.1 Study Design and Data Source

This was a retrospective new-user cohort study using existing (18–24) national Medicare 

data linked to the Minimum Data Set (MDS) version 2.0 and Online Survey Certification 

and Reporting System (OSCAR) data. The MDS is a comprehensive, clinical assessment 

instrument used to document health status of NH residents, including demographic, medical, 

functional status, psychological, and cognitive status information. All NH facilities are 

required to report their residents’ characteristics through MDS assessments at least quarterly 

to receive Medicare or Medicaid funding. These assessments occur more frequently for 

patients with a major recent change in clinical status and those receiving care under the 

Medicare Skilled Nursing Facility (SNF) benefit. The OSCAR data provides facility-level 

information on NH characteristics, staffing levels, and quality indicators. Medicare claims 

include information on inpatient care (Part A), outpatient care (Part B), and prescription 

drug dispensings (Part D). Part D covers over 90% of NH residents and is the sole source of 

prescription drug coverage for nearly all of these individuals. A previously validated 

residential history file algorithm was used to track the timing and location of health service 

use (25). The data employed in our study are subject to a data use agreement with the 

Centers for Medicare and Medicaid Services and cannot be made available to other 

researchers.

2.2 Study Population

The study population was a previously established (18–24) national cohort of long-stay NH 

residents aged ≥65 years who were hospitalized for AMI (ICD-9 codes 410.XX or 411.1 in 

principal or secondary position on inpatient claim), had not taken an ARB or ACEI for at 
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least 12 months before the AMI, and were readmitted to a U.S. NH directly after hospital 

discharge between May 1, 2007 and December 31, 2010 (eFigure 1). We excluded patients 

with extremely poor functional status before the AMI hospitalization (ADL score ≥24) 

because they had little opportunity for further functional decline (see Outcomes below) (18). 

Previous non-users were selected to evaluate the decision to initiate either ARBs or ACEIs 

after AMI, distinct from the decision to continue these agents in patients who had already 

been taking them before their AMI. Additional details of the cohort have been previously 

described (18–24).

2.3 Exposures and Causal Contrast of Interest

ARB or ACEI initiation after AMI was identified in Medicare Part D prescription drug 

claims (individual drugs listed in eTable 1) (18–24). The causal contrast of interest was 

defined as the effect of initiating ARBs versus ACEIs, regardless of subsequent treatment 

discontinuation or switching among treatment groups. This is the observational study 

analogue of the intention-to-treat analyses in randomized controlled trials because patients 

are analyzed according to the treatment that was initially dispensed (26–28).

2.4 Outcomes

The three outcomes were 90-day mortality, all-cause rehospitalization, and functional 

decline. We used data from Medicare Part A and enrollment files to identify hospital 

readmissions and date of death. Functional decline was defined as an increase of 3 points on 

the validated 28-point MDS Morris scale of independence in Activities of Daily Living 

(ADL) between the prehospital baseline assessment and the first available assessment after 

hospitalization up to 3 months after discharge (29). This measure indicates the degree of 

dependence on staff assistance in seven areas of ADL function (bed mobility, transfer, 

locomotion, dressing, eating, toilet use, personal hygiene), which are summed to create a 

validated score that ranges from 0 (no assistance required) to 28 (total dependence in ADL 

functioning)(30). Increases in this score over time have been validated as a measure of 

functional decline, and a 3-point increase corresponds to a major loss of independence in 

one ADL or incremental losses in two or more ADLs (18,29).

2.5 Follow-up

Follow-up started on day 14 (index date) after hospital discharge and continued up to 90 

days. We excluded individuals who died or were hospitalized within 14 days of hospital 

discharge because reliable ascertainment of ARB and ACEI use is difficult in such short-stay 

situations. Follow-up therefore started on day 14 (index date) after hospital discharge and 

continued up to 90 days (18). We chose a primary follow-up period of 90 days because it is 

long enough to be clinically meaningful, but short enough that many of the highly 

vulnerable NH residents in our study population had not yet died. Death is a common 

competing outcome that complicates the interpretation of longer-term functional and 

hospitalization outcomes.

Multinomial outcome variables with three levels were created for the rehospitalization and 

functional decline outcomes. For the rehospitalization outcome, at the end of the 90-day 

follow-up, participants were classified as alive without rehospitalization (level 1 of the 
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multinomial outcome), having had a rehospitalization (level 2), or having died without a 

rehospitalization (level 3). Similarly, for the functional decline outcome, at the end of the 90-

day follow-up period, participants were classified as alive without functional decline, having 

had functional decline documented on an MDS assessment in that period, or having died 

without evidence of functional decline on the MDS. For the death outcome, individuals were 

simply categorized as alive or dead at 90 days.

2.6 Baseline Characteristics

Variables that could potentially confound the relationship between ARBs or ACEIs and 

outcomes were prespecified and all measured prior to the index date. A complete list of 

these 91 characteristics and details about their measurement are provided in eTable 2.

2.7 Statistical Analyses

We adjusted for confounding by baseline covariates using methods that rely on estimating 

the propensity score (i.e., the probability of receiving ARBs versus ACEIs, conditional on 

covariates). We estimated the propensity scores via a flexible logistic regression model that 

used the aforementioned 91 baseline variables (eTable 2) to predict the use of ARBs versus 

ACEIs. The initial model achieved good balance in measured covariates (see below) with 

fair discrimination (c-statistic = 0.74) and was thus used for all analyses. We used the 

propensity score to construct inverse probability of treatment weights (IPTW). Standardized 

mean differences after IPTW weighting were used to assess covariate balance across 

treatment groups. Weighting resulted in good covariate balance based on standardized mean 

differences (eTable 3).

We estimated odds ratios (ORs) with 95% confidence intervals (CIs) using IPTW 

multinomial logistic regression models to compare new ARB users versus ACEI users for 

rehospitalization and functional decline. Multinomial models enabled us to account for the 

competing risk of death. The robust (Huber-White) estimator of the sampling variance was 

employed for those analyses. For the mortality outcome, we used IPTW binomial logistic 

regression models. As an alternative to the ORs, we estimated 90-day risk differences with 

95% CIs calculated using non-parametric bootstrapping with 10,000 replicates. Statistical 

significance was defined as a p-value < 0.05.

Additionally, we conducted stability analyses for 180-day and 365-day post-AMI mortality, 

rehospitalization, and functional decline outcomes to provide confidence in the validity of 

the main findings. To evaluate whether the association between RAAS inhibitor classes and 

outcomes varied across patient characteristics, we conducted pre-specified subgroup 

analyses including 6 subgroups based on age, sex, cognitive function, functional status, 

intensive care unit (ICU)/coronary care unit (CCU) stay, and polypharmacy (31). Sensitivity 

analyses using the E-value were performed to assess potential or unmeasured confounding 

(32). Additional study methods are further described in Appendix I (located in the online 

supplement).
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2.8 Software

Data were analyzed using SAS, version 9.4 (SAS Institute, Inc., Cary, NC) and Stata, 

version 14.0 (Stata Corp., College Station, TX), software.

3. RESULTS

3.1 Study Cohort

Of the 8,437 NH residents who met all other eligibility criteria, 2,765 (32.7%) were initiated 

on a RAAS inhibitor after AMI (eFigure 1). Our study cohort thus included 270 (9.8%) new 

ARB users and 2,495 (90.2%) new ACEI users after AMI (Table 1). Prior to IPT weighting, 

the mean (standard deviation (SD)) age of the study cohort was 82.3 (9.1) years in the ARB 

group versus 82.7 (8.2) years in the ACEI group. The study population was primarily female 

(73.3% vs. 67.8%) and white race (83.0% vs. 82.7%). We observed that 37.8% of the ARB 

group versus 49.3% of the ACEI group had moderate to severe cognitive impairment prior to 

the AMI hospitalization and 24.4% versus 30.5% had extensive impairment in their physical 

functioning. Hypertension, chronic heart failure, Alzheimer’s disease, and diabetes mellitus 

were the most common comorbid conditions across both groups. Approximately 68% of 

ARB users versus 53% of ACEI users were on ≥11 medications. The median (interquartile 

range (IQR)) pre-AMI length of NH stay was 147 (60, 753) days for the ARB group versus 

396 (90, 1,120) days for the ACEI group. After IPT weighting, covariates such as 

comorbidities, medications, and healthcare utilization factors were well-balanced between 

ARB and ACEI users (eTable 3).Most NH facility characteristics were also similar between 

ARB and ACEI users (eTable 4), including NH size, percent occupancy, and quality 

indicators. ARB users were more likely to reside in for-profit NHs than ACEI users (79.3% 

vs. 72.9%).

During 90-day follow-up, 287 of 2,765 participants died (10.4%); 713 (25.8%) were 

rehospitalized; and 473 (17.1%) experienced a significant functional decline.

3.2 Outcomes of ARB versus ACEI Use

Before IPT weighting, outcomes (Table 2) were not markedly different between ARB and 

ACEI users for 90-day mortality (OR=0.83, 95% CI 0.53–1.28) and re-hospitalization 

(OR=1.29, 95% CI 0.98–1.71), though ARB users had a greater risk of functional decline 

(OR=1.45, 95%CI 1.07–1.98). After IPT weighting, outcomes remained comparable 

between treatment groups for 90-day mortality (IPTW adjusted OR=1.18, 95% CI 0.78–

1.79) and re-hospitalization (IPTW adjusted OR=1.22, 95% CI 0.90–1.65). The IPTW 

estimate for functional decline attenuated toward the null (IPTW adjusted OR=1.23, 95% CI 

0.88–1.74), suggesting no marked difference between ARB and ACEI users.

3.3 Treatment Effects in Subgroups

In the IPTW weighted cohort, we observed that ARB use was associated with an increased 

likelihood of 90-day mortality (Figure 1) compared to ACEI use among individuals with 

moderate to severe cognitive impairment (OR=1.75, 95%CI 1.07–2.88), but not among 

individuals with intact cognition to mild impairment (OR=0.57, 95%CI 0.25–1.33)(p 

value=0.03 for effect modification by cognitive impairment). We observed a similar pattern 
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for the rehospitalization outcome (Figure 2)(p value=0.02 for effect modification by 

cognitive impairment). Additionally, we found that ARB use was associated with an 

increased likelihood of 90-day rehospitalization (Figure 2) compared to ACEI use among 

individuals aged <85 (OR=1.70, 95%CI 1.16–2.47), but not among those aged ≥85 

(OR=0.70, 95%CI 0.40–1.19)(p value=0.03 for effect modification by age). Functional 

decline between ARB and ACEI users was similar across a variety of patient characteristics 

(Figure 3).

3.4 Stability Analyses

The 180-day and 365-day mortality, rehospitalization, and functional decline results were 

consistent with the results of the main analysis (eTables 5 and 6).

3.5 Sensitivity Analyses

The E-values were 2.90 for the 90-day mortality estimate among individuals with moderate 

to severe cognitive impairment, 1.94 for the 90-day rehospitalization estimate among 

individuals with moderate to severe cognitive impairment, and 1.93 for the 90-day 

rehospitalization estimate among individuals aged <85, suggesting moderate sensitivity of 

the subgroup findings to unmeasured confounding.

4. DISCUSSION

In this national retrospective cohort study, we found that 90-day mortality, rehospitalization, 

and functional decline outcomes did not markedly differ between older ARB and ACEI 

users residing in NHs after AMI. However, in subgroup analyses, we observed that ARBs 

were associated with increased mortality and rehospitalization in individuals with moderate 

to severe cognitive impairment, and increased rehospitalization in those <85 years. Given the 

absence of a clear mechanism or explanation for the subgroup findings, they merit further 

scrutiny and replication. Since use of either ARBs or ACEIs resulted in comparable 

outcomes post-AMI in our overall NH population, providers, patients, and caregivers should 

consider basing their decisions about which class to use on other considerations. These 

considerations might include patient preferences, known adverse events specific to one of 

the two medication classes (e.g., ACEI-induced cough and angioedema), drug costs based on 

patients’ individual insurance and prescription drug coverage, and medication availability in 

the face of drug shortages and recalls.

Data on the comparative effectiveness of ARBs and ACEIs among older NH residents are 

scarce, both after AMI and in general. The two landmark trials comparing ARBs and ACEIs, 

the Valsartan in Acute Myocardial Infarction (VALIANT) trial and the Optimal Trial in 

Myocardial Infarction with Angiotensin II Antagonist Losartan (OPTIMAAL), enrolled 

study populations with mean ages of 65 and 67 years, respectively (versus 83 in our study)

(33–35). Neither study provided explicit information on trial participants’ frailty status, 

cognitive status, functional status, multimorbidity, or polypharmacy (34,35). Both studies 

observed no difference in all-cause mortality between ARB and ACEI users. Despite arising 

from a much frailer and older population, our results are consistent with the estimates from 

Zullo et al. Page 7

Drugs Aging. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



VALIANT and OPTIMAAL, providing evidence to support our hypothesis that outcomes 

should not differ between ARBs and ACEIs.

Some observational studies have attempted to extend the findings of VALIANT and 

OPTIMAAL to older adults in real-world settings, though like the RCTs, their study 

populations were not as old or frail as ours. One such study used 1994–2004 Medicare Parts 

A and B claims linked to prescription drug data for New Jersey and Pennsylvania residents 

to examine 1-year all-cause mortality between ARB and ACEI users post-AMI (10). In an 

analysis restricting to new users, the investigators found no difference in 1-year mortality 

between ARB and ACEI users (multivariable-adjusted HR=1.09, 95%CI 0.85–1.39). The 

population of this study may be most comparable to our own. Yet, their study population 

was an average of about 3 years younger than ours, less than 6% of their population versus 

100% of ours resided in a NH, and the 1-year mortality of their population was 14.3% versus 

39.2% in ours, all of which suggests our study population was much frailer. Despite the 

greater importance of all-cause mortality, all-cause rehospitalization, and functional 

outcomes to many older adults, other observational studies have focused on cardiovascular 

or other cause-specific mortality or rehospitalization outcomes (36,37). Little attention has 

been paid to functioning. Also of note, few studies have examined use of RAAS inhibitors in 

the immediate post-acute AMI period, though use may be particularly impactful during that 

critical time period.

The differential effects of ARBs versus ACEIs we observed in subgroups defined by 

cognitive impairment and age were surprising. The most likely explanation for the finding 

that ARBs were associated with worse outcomes is residual or unmeasured confounding, 

especially given the magnitude of the estimates. An alternative, though less likely, 

explanation is that there may truly be some biological effects that differ between ARBs and 

ACEIs. The biological mechanisms for such effects are unclear. Related to the cognitive 

impairment subgroup findings, a number of studies have examined the effects of RAAS 

agents on cognition and dementia, but few have directly compared how the effects of ARBs 

and ACEIs differ or if cognitive status might modify effects (38–41). However, the RAAS 

does exist in the brain (42).

4.1 Limitations

The findings of our study must be interpreted in light of several limitations.

First, due to the observational nature of our study, we cannot rule out the possibility of 

residual confounding. For example, we were unable to measure baseline left ventricular 

ejection fraction (LVEF), baseline severity of CHF, baseline renal function, or accurately 

differentiate ST-segment–elevation MI from non–ST-segment–elevation MI, which may 

have influenced prescribing of ACEIs over ARBs as relevant guidelines differentiate size 

and precision of treatment effect based on the aforementioned factors (1,2,43,44). Disease-

related concerns for ARB or ACEI use that may warrant close monitoring or avoiding the 

drug classes altogether (e.g., history of bilateral renal artery stenosis) and procedures 

conducted during the index hospital admission (e.g., percutaneous coronary intervention, 

coronary catheterization, coronary artery bypass graft) were also challenging to accurately 

measure. Additionally, prior studies have demonstrated substantial geographic variation in 
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ARB versus ACEI prescribing (45). Since census region was the smallest geographic unit we 

could include in our propensity score estimation models due to the relatively limited number 

of ARB users, residual confounding by smaller geographic units may remain.

Second, the small number of ARB users relative to ACEI users limited our statistical power 

and served as a barrier to detecting small or moderate magnitude effects. The smaller 

number of ARB users is understandable given that guidelines for both ST-segment–elevation 

MI and non–ST-segment–elevation MI generally recommended ACEIs as first-line and 

ARBs for those who were ACEI intolerant (1,2,46). Nonetheless, to our knowledge, this is 

the largest study of older NH residents comparing ARBs and ACEIs.

Third, we did not have a validated measure of cardiovascular cause-specific mortality. It is 

possible that ARBs and ACEIs have differential effects on cardiovascular disease mortality, 

but not all-cause mortality. Additionally, due to the relatively small size of the ARB group 

and the absence of well-validated measures, we were not able to examine adverse event 

outcomes like hypotension, hyperkalemia, renal dysfunction, or cough. To enable robust 

assessment of ARB and ACEI exposure, we also excluded patients who died or were 

rehospitalized within the first 14 days of hospital discharge. This exclusion prevented us 

from evaluating the effect of medication on outcomes during this period.

Fourth, we did not examine the comparative effectiveness of individual drugs within or 

between the ARB and ACEI classes, though some evidence from less frail populations than 

our own has suggested effects may differ by individual drug (47). We also were unable to 

conduct analyses of ARB and ACEI doses due to the nature of our data.

Fifth, our study used older data from 2007 to 2010, which may affect the generalizability of 

our results to more recent time periods if the distributions of important treatment effect 

modifiers have changed over time.

Finally, data on functional outcomes assessments was limited to intermittent reporting 

through MDS assessments. We were unable to measure functional decline continuously like 

mortality and rehospitalization. If functional decline occurred between an MDS assessment 

and death, that outcome would have been unmeasured. However, it is unlikely that this issue 

would have differentially affected ARB or ACEI users. Other limitations of the datasets and 

study cohort have been previously discussed (18–24).

However, several factors support the robustness of our findings. We collected extensive data 

on 91 measured covariates and many covariates were well-balanced between treatment 

groups even before IPT weighting. Furthermore, in prior work, we conducted a companion 

validation study using national data from the Department of Veterans Affairs, which contains 

information on vital signs (e.g., blood pressure, pulse), laboratory test results (e.g., estimated 

glomerular filtration rate (eGFR), peak troponin), procedures (e.g., revascularization 

procedure during index AMI hospitalization) and measures of cardiac function (e.g., LVEF) 

that was missing from our linked Medicare and MDS data (18). Those analyses suggest that 

our results would not be substantially altered by the inclusion of these missing variables 

(e.g., LVEF, eGFR). Finally, comparing two active treatments with a shared indication (i.e., 
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an active-comparator design) rather than an active treatment versus no treatment reduces 

both measured and unmeasured confounding.

4.2 Conclusion

In summary, use of an ARB or ACEI was associated with similar 90-day mortality, 

rehospitalization, and functional decline outcomes in older NH residents post-AMI. Our 

findings concord with prior data and suggest that clinicians can reasonably prescribe either 

an ARB or ACEI after AMI for secondary prevention. Carefully designed randomized 

controlled trials could be considered to further evaluate if cognitive status truly modifies the 

effects of ARBs versus ACEIs on rehospitalization and mortality outcomes. In the 

meantime, providers, patients, and their caregivers should consider other factors like patient 

preferences, known adverse events specific to one of the two medication classes or 

individual drugs within them, and drug costs to guide their selection between ARBs and 

ACEIs.
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Key Points:

1. Limited evidence exists regarding differences in outcomes between ARBs and 

ACEIs among older nursing home residents after AMI.

2. No marked differences existed between ARB versus ACEI users for mortality 

(OR=1.18, 95% CI 0.78–1.79), rehospitalization (OR=1.22, 95% CI 0.90–

1.65), or functional decline (OR=1.23, 95% CI 0.88–1.74).

3. Clinicians should decide between ARBs or ACEIs for older nursing home 

residents post-AMI based on factors other than effectiveness.
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Figure 1. Subgroup analyses of the effect of ARB use versus ACEI use on mortality among older 
NH residents after myocardial infarction.
Functional impairment measured using the Minimum Data Set 28-point Activities of Daily 

Living (ADL) Scale; Independent to mild impairment is represented by an ADL score of 0 

to 14 (independent to limited assistance required with ADLs), moderate impairment is 

represented by an ADL score of 15 to 19 (extensive assistance required with ADLs), and 

severe impairment is represented by an ADL score of ≥20 (extensive dependency in ADLs).

Cognitive impairment measured using the Minimum Data Set Cognitive Performance Score 

(CPS); Intact to Mild Impairment is represented by a CPS score of 0 to 2, and Moderate to 

Severe Impairment is a score of ≥3 (roughly equivalent to a Folstein Mini-Mental State 

Examination score of ≤14 of 30).

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CCU 
coronary care unit, CI confidence interval, ICU intensive care unit, NH nursing home, OR 
odds ratio.

P Values for effect modification by subgroup characteristic.
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Figure 2. Subgroup analyses of the effect of ARB use versus ACEI use on rehospitalization 
among older NH residents after myocardial infarction.
Functional impairment measured using the Minimum Data Set 28-point Activities of Daily 

Living (ADL) Scale; Independent to mild impairment is represented by an ADL score of 0 

to 14 (independent to limited assistance required with ADLs), moderate impairment is 

represented by an ADL score of 15 to 19 (extensive assistance required with ADLs), and 

severe impairment is represented by an ADL score of ≥20 (extensive dependency in ADLs).

Cognitive impairment measured using the Minimum Data Set Cognitive Performance Score 

(CPS); Intact to Mild Impairment is represented by a CPS score of 0 to 2, and Moderate to 

Severe Impairment is a score of ≥3 (roughly equivalent to a Folstein Mini-Mental State 

Examination score of ≤14 of 30).

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CCU 
coronary care unit, CI confidence interval, ICU intensive care unit, NH nursing home, OR 
odds ratio.

P Values for effect modification by subgroup characteristic.
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Figure 3. Subgroup analyses of the effect of ARB use versus ACEI use on functioning among 
older NH residents after myocardial infarction.
Functional impairment measured using the Minimum Data Set 28-point Activities of Daily 

Living (ADL) Scale; Independent to mild impairment is represented by an ADL score of 0 

to 14 (independent to limited assistance required with ADLs), moderate impairment is 

represented by an ADL score of 15 to 19 (extensive assistance required with ADLs), and 

severe impairment is represented by an ADL score of ≥20 (extensive dependency in ADLs).

Cognitive impairment measured using the Minimum Data Set Cognitive Performance Score 

(CPS); Intact to Mild Impairment is represented by a CPS score of 0 to 2, and Moderate to 

Severe Impairment is a score of ≥3 (roughly equivalent to a Folstein Mini-Mental State 

Examination score of ≤14 of 30).

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CCU 
coronary care unit, CI confidence interval, ICU intensive care unit, NH nursing home, OR 
odds ratio.

P Values for effect modification by subgroup characteristic.

Zullo et al. Page 17

Drugs Aging. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zullo et al. Page 18

Table 1.

Characteristics of new ARB and ACEI users among older NH residents hospitalized for AMI.

No. (%)
a

Characteristics ARBs (n=270) ACEIs (n=2495)

Age, mean (SD), years 82.3 (9.1) 82.7 (8.2)

 65 to <85 157 (58.2) 1,406 (56.4)

 ≥85 113 (41.9) 1,089 (43.7)

Male sex 72 (26.7) 803 (32.2)

Race

 White 224 (83.0) 2064 (82.7)

 Non-White
b 46 (17.0) 431 (17.3)

Body Mass Index mean (SD), kg/m2 26.8 (6.8) 26.2 (6.4)

Chronic Conditions

 Chronic Heart Failure 154 (57.0) 1429 (57.3)

 Atrial Fibrillation 71 (26.3) 656 (26.3)

 Alzheimer’s Disease 81 (30.0) 967 (38.8)

 Angina Pectoris 30 (11.1) 209 (8.4)

 Chronic Obstructive Pulmonary Disease 78 (28.9) 660 (26.5)

 Diabetes Mellitus 93 (34.4) 759 (30.4)

 Dyslipidemia 72 (26.7) 551 (22.1)

 Hypertension 184 (68.1) 1454 (58.3)

 Peripheral Vascular Disease 33 (12.2) 209 (8.4)

 Tachyarrhythmias 22 (8.1) 127 (5.1)

 Unstable Angina 30 (11.1) 223 (8.9)

Elixhauser comorbidity score

 0 to 2 66 (24.4) 736 (29.5)

 3 to 4 157 (58.1) 1388 (55.6)

 ≥5 47 (17.4) 371 (14.9)

ADL status before hospitalization
c

 Independent to limited assistance required 113 (41.9) 987 (39.6)

 Extensive assistance required 91 (33.7) 748 (30.0)

 Extensive dependency 66 (24.4) 760 (30.5)

Cognitive status before hospitalization
d

 Intact cognition 79 (29.3) 439 (17.6)

 Borderline intact to mild impairment 89 (33.0) 826 (33.1)

 Moderate to severe impairment 102 (37.8) 1230 (49.3)

CHESS score before hospitalization
e

 No health instability (0) 135 (50.0) 1415 (56.7)
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No. (%)
a

Characteristics ARBs (n=270) ACEIs (n=2495)

 Minimal health instability (1) 91 (33.7) 705 (28.3)

 Low to high health instability (2 to 4) 44 (16.3) 375 (15.0)

Number of medications before hospitalization, mean (SD) 13.0 (4.9) 11.2 (4.9)

 0 to 10 87 (32.2) 1172 (47.0)

 11 to 14 81 (30.0) 758 (30.4)

 ≥15 102 (37.8) 565 (22.6)

Medication use before hospitalization

 Anticoagulant 16 (5.9) 211 (8.5)

 Antiplatelet 26 (9.6) 270 (10.8)

 Calcium channel blockers 46 (17.0) 365 (14.6)

 Loop diuretic 62 (23.0) 675 (27.1)

 Thiazide diuretic 14 (5.2) 104 (4.2)

 Vasodilator 32 (11.9) 332 (13.3)

 Alpha blocker 15 (5.6) 137 (5.5)

 Nitrate 30 (11.1) 315 (12.6)

 Selective serotonin reuptake inhibitor 63 (23.3) 733 (29.4)

 Atypical antipsychotic 16 (5.9) 238 (9.5)

 Hypnotic 15 (5.6) 196 (7.9)

NH length of stay before AMI, median (IQR), days 147 (60, 753) 396 (90, 1120)

Length of hospital stay for AMI, median (IQR), days 7 (5, 10) 6 (4, 9)

No. of days in ICU or CCU

 0 110 (40.7) 927 (37.2)

 1–2 63 (23.3) 696 (27.9)

 ≥3 97 (35.9) 872 (34.9)

a
Percentages have been rounded and may not total 100.

b
Due to the Data Use Agreement with and the Cell Size Suppression Policy of the Centers for Medicare and Medicaid Services, we are unable to 

report groups containing 0–10 participants and therefore cannot further stratify the “Non-White” race category.

c
Measured by the Morris 28-point scale of independence in ADLs and categorized as 0 to 14 (independent to limited assistance required), 15 to 19 

(extensive assistance required), and 20 or higher (extensive dependency).

d
Measured by the Cognitive Performance Scale and trichotomized as 0 (intact), 1 to 2 (borderline intact to mild impairment), and 3 to 5 (moderate 

to severe impairment; roughly equivalent to a Folstein Mini-Mental State Examination score of ≤14 of 30).

e
Scores ranging from 0 to 5, with higher scores indicating greater health instability.

ACEI angiotensin-converting enzyme inhibitor, ADL activities of daily living, AMI acute myocardial infarction, ARB angiotensin II receptor 
blocker, CCU coronary care unit, CHESS Changes in Health, End-stage Disease, Signs, and Symptoms, ICU intensive care unit, IQR interquartile 
range, NH nursing home, SD standard deviation.

Drugs Aging. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zullo et al. Page 20

Ta
b

le
 2

.

E
ff

ec
t o

f 
A

R
B

 u
se

 v
er

su
s 

A
C

E
I 

us
e 

fo
llo

w
in

g 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

on
 9

0-
da

y 
ou

tc
om

es
 a

m
on

g 
ol

de
r 

N
H

 r
es

id
en

ts
 b

ef
or

e 
an

d 
af

te
r 

IP
T

W
.

P
er

ce
nt

 w
it

h 
O

ut
co

m
e 

(%
)

U
nw

ei
gh

te
d 

O
R

 (
95

%
 C

L
s)

IP
T

W
 O

R
 (

95
%

 C
L

s)
U

nw
ei

gh
te

d 
A

bs
ol

ut
e 

R
is

k 
D

if
fe

re
nc

e 

(9
5%

 C
L

s)
a,

b
IP

T
W

 A
bs

ol
ut

e 
R

is
k 

D
if

fe
re

nc
e 

(9
5%

 

C
L

s)
a,

b

O
ut

co
m

e
A

R
B

A
C

E
I

M
or

ta
lit

y
8.

9
10

.5
0.

83
 (

0.
53

–1
.2

8)
1.

18
 (

0.
78

–1
.7

9)
−

1.
65

 (
−

5.
49

, 2
.1

8)
1.

68
 (

−
3.

48
, 6

.8
4)

R
eh

os
pi

ta
liz

at
io

n
30

.7
25

.3
1.

29
 (

0.
98

–1
.7

1)
1.

22
 (

0.
90

–1
.6

5)
5.

61
 (

−
0.

15
, 1

1.
37

)
3.

71
 (

−
2.

84
, 1

0.
26

)

Fu
nc

tio
na

l D
ec

lin
e

22
.6

16
.5

1.
45

 (
1.

07
–1

.9
8)

1.
23

 (
0.

88
–1

.7
4)

6.
08

 (
0.

88
, 1

1.
28

)
2.

78
 (

−
2.

76
, 8

.3
3)

a R
ep

or
te

d 
as

 a
 p

er
ce

nt
 r

at
he

r 
th

an
 a

 p
ro

po
rt

io
n.

b C
on

fi
de

nc
e 

in
te

rv
al

s 
es

tim
at

ed
 u

si
ng

 b
oo

ts
tr

ap
pi

ng
 w

ith
 1

0,
00

0 
re

pl
ic

at
es

.

A
C

E
I a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e 
in

hi
bi

to
r, 

A
R

B
 a

ng
io

te
ns

in
 I

I 
re

ce
pt

or
 b

lo
ck

er
, C

L
 c

on
fi

de
nc

e 
lim

it,
 IP

T
W

 in
ve

rs
e 

pr
ob

ab
ili

ty
 o

f 
tr

ea
tm

en
t-

w
ei

gh
te

d,
 O

R
 o

dd
s 

ra
tio

.

Drugs Aging. Author manuscript; available in PMC 2021 October 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Design and Data Source
	Study Population
	Exposures and Causal Contrast of Interest
	Outcomes
	Follow-up
	Baseline Characteristics
	Statistical Analyses
	Software

	RESULTS
	Study Cohort
	Outcomes of ARB versus ACEI Use
	Treatment Effects in Subgroups
	Stability Analyses
	Sensitivity Analyses

	DISCUSSION
	Limitations
	Conclusion

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

