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Abstract

Study Objective—To assess the incidence of and risk factors associated with severe adverse
events in elderly patients who used angiotensin-converting enzyme inhibitors (ACEISs) or
angiotensin Il receptor blockers (ARBs) after an acute myocardial infarction (AMI).

Design—Retrospective cohort study.

Data Sources—Centers for Medicare & Medicaid Services Chronic Conditions Data Warehouse
(Medicare service claims database), American Community Survey of the U.S. Census Bureau, and
Multum Lexicon Drug database.

Patients—A total of 101,588 eligible Medicare fee-for-service beneficiaries aged 66 years or
older, who were hospitalized for AMI between January 1, 2008, and December 31, 2009, and used
ACEIs or ARBs within 30 days after discharge.

Measurements and Main Results—Primary outcomes were hospitalizations for acute renal
failure (ARF) and hyperkalemia. The secondary outcome was discontinuation or suspension of
ACEI/ARB therapy after a visit to a health care provider. The primary risk factors of interest were
age, sex, race-ethnicity, and chronic kidney disease (CKD). Cumulative incidence curves and
multivariable Fine-Gray proportional hazards models with 95% confidence intervals (Cls) were
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used with death as a competing risk in both intention-to-treat (ITT) and as-treated (AT) analyses.
In the study cohort, 2.8% experienced ARF, 0.5% experienced hyperkalemia, and 63.7%
discontinued ACEI/ARB therapy within one year after hospital discharge. Approximately half of
the incidence of ARF and hyperkalemia occurred within 6 months after hospital discharge, but the
cumulative incidence increased after 6 months. Patients older than 85 years had a higher rate of
ARF (ITT hazard ratio [HR] 1.15, 95% CI 1.04-1.28) and hyperkalemia (ITT HR 1.33, 95% CI
1.05-1.68) compared with those aged 65-74 years. Patients with baseline CKD had higher rates of
ARF (ITT HR 1.61, 95% CI 1.42-1.82), hyperkalemia (ITT HR 1.41, 95% CI 1.11-1.77), and
ACEI/ARB therapy discontinuation or suspension (ITT HR 1.05, 95% CI 1.02-1.09).

Conclusion—We found a low incidence of ARF and hyperkalemia in elderly patients treated
with ACEIs or ARBs after AMI hospitalization. However, a high rate of treatment discontinuation
might prevent a higher rate of occurrence of these events. Long-term careful monitoring of severe
adverse events and timely discontinuation of ACEIs or ARBs among elderly patients with
advancing age and CKD after an AMI is warranted in clinical practice.
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myocardial infarction; secondary prevention; angiotensin-converting enzyme inhibitor; angiotensin
Il receptor blocker; ACEI; ARB; acute renal failure; acute kidney injury; hyperkalemia; treatment
discontinuation; elderly

In 2010, approximately 819,000 acute myocardial infarction (AMI) hospitalizations
occurred in the United States, with incidence increasing with patient age.! Clinical
guidelines recommend angiotensin-converting enzyme inhibitors (ACEIls) or angiotensin |1
receptor blockers (ARBs) for secondary prevention of AMI, based on randomized controlled
trial data.? Acute renal failure (ARF) and hyperkalemia (HK) are known severe adverse
effects after initiating ACEI and ARB treatment.3 However, like many other interventions,
the elderly are not well represented in clinical trials for ACEIs/ARBs, especially among
patients over the age of 75 years.*~8 Evidence generated in a tightly controlled trial setting
may not reflect clinical practice in real-world settings, particularly for severe adverse events
such as ARF and HK.”11 There is a scarcity of knowledge in clinical practice settings on
the incidence of ARF and HK and the trajectory of the incidence over time among the
elderly who used ACEIs or ARBs after discharge from AMI hospitalization.

Furthermore, identifying factors that increase the risk of ARF and HK in this population is
important for therapeutic treatment decision making and monitoring. Several factors such as
age, race-ethnicity, sex, and presence of chronic kidney disease (CKD) may be of particular
interest. Prior studies showed that increasing age is associated with higher risk of ARF and
HK among the elderly, especially when taking medications that inhibit the renin-angiotensin
system.12-14 Multiple comorbidities and polypharmacy are common among elderly patients.
Differences by sex and racial-ethnic group also exist in the long-term use of secondary
prevention therapies for AMI.15 For example, pharmacologic agents that inhibit the renin-
angiotensin system have differential effects in black patients.316 Studies have suggested that
ACEIs may be less effective in black patients than in white patients for blood pressure
control and reduction of cardiovascular disease outcomes.1’-18 ACEIs and ARBs have both
been recommended for patients with diabetes mellitus and nephropathy to slow the
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progression of CKD.19:20 However, the risks of ARF and HK are also higher among patients
with CKD after ACEI/ARB initiation.321.22 This presents a dilemma for clinicians regarding
the use of ACEIs/ARBs among patients with CKD after AMI.

Therefore, the objective of this study was to assess the incidence of and risk factors
associated with severe adverse events in elderly patients who used ACEls or ARBs after an
AMI. Specifically, we aimed to investigate the incidence of ARF and HK hospitalizations
among elderly users of ACEIls or ARBs after hospital discharge for AMI and to examine risk
factors associated with ARF and HK hospitalization in elderly patients who used ACEIs or
ARBs after AMI in real-world settings. It is possible that clinicians who closely monitor
their patients may discontinue or suspend therapy before these adverse events occur if
patients present with signs or symptoms related to the adverse effects. Thus, we also
assessed the secondary outcome of discontinuation or suspension of ACEI/ARB therapy
after a visit to a health care provider. These findings will help inform clinicians about which
elderly patients should be more closely monitored and situations where ACEI/ARB therapy
discontinuation may mitigate the risk of these adverse events.12:23

Study Design and Data Sources

The primary data source for this retrospective cohort study was the Centers for Medicare &
Medicaid Services (CMS) Chronic Conditions Data Warehouse (CCW). We used the CCW
beneficiary enrollment summary inpatient, outpatient, skilled-nursing facility, and Part D
prescription drug event research files for the years 2007-2010. This data source contains
100% of the Medicare fee-for-service and prescription claims for beneficiaries hospitalized
for an AMI from 2008-2009. Other data sources used for these analyses included the 2006—
2010 American Community Survey (ACS) of the U.S. Census Bureau 5-year estimates data
at the block group level and the Multum Lexicon Drug database. We linked the ACS data to
CCW beneficiary files by mapping patients’ 9-digit ZIP code to block groups. Multum’s
drug data were linked to CCW Part D prescription drug event data using National Drug
Codes (NDCs). The study was approved by the Institutional Review Board of the University
of North Carolina at Chapel Hill (Chapel Hill, NC).

Cohort Selection

The cohort for this study included elderly Medicare patients who were hospitalized for AMI
between January 1, 2008, and December 31, 2009. We included patients who were at least
66 years of age at the time of AMI; were continuously enrolled in the Medicare fee-for-
service Parts A and B as well as prescription Part D programs at least 12 month prior to the
AMI admission date; and survived for at least 30 days after discharge. Additionally, patients
with end-stage renal disease at baseline, patients discharged to a hospice, and patients with
residence ZIP codes outside of the United States were excluded. Hospitalization with AMI
was defined as having /nternational Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes of 410.x1 as the primary or secondary discharge codes in
Medicare inpatient claims.1® The first AMI hospitalization in the study period was defined
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as the index AMI hospitalization for each patient. The consort diagram in Appendix Figure
Al describes the cohort selection process for these analyses.

Use of ACEls and ARBs

Prescription claims for ACEls and ARBs were identified in the CCW prescription Part D
event files using National Drug Codes (NDCs). Patients were defined as ACEI/ARB users if
they had a prescription claim for an ACEI/ARB within 30 days after hospital discharge or
had ACEI/ARB medication already on hand from before or during the index AMI
hospitalization with sufficient days’ supply to last through 30 days after hospital discharge.

Adverse Event Outcome Measures

The primary outcomes for this study were hospitalizations for ARF and HK. These
outcomes were identified based on a published algorithm for identifying HK and ARF based
on diagnostic codes in claims files.2425 The secondary safety outcome included
discontinuation or suspension of ACEI/ARB treatment after a visit to health care provider. A
gap in therapy was defined as a 14-day grace period with no ACEI/ARB refill at the end of a
prior prescription supply; this gap was then applied to approximate discontinuation or
suspension of treatment due to provider intervention if a patient had a physician office,
outpatient, or hospital visit in the period between the last ACEI/ARB fill and the
discontinuation date. Anchoring discontinuation or suspension on a provider visit was used
to help differentiate normal adherence and persistence patterns from provider-directed
discontinuation. Outcome definitions are presented in Appendix Table Al.

The follow-up period for all events started at whichever of the following events occurred
later: day after the first ACEI/ARB fill or discharge date (for patients who had prescription
for ACEI/ARB filled prior to index AMI hospital admission with at least 30 days supply
remaining after hospital discharge). Follow-up ended on either the date of censoring or
occurrence of an outcome.

Baseline Characteristics

A select list of baseline characteristics of the study patients is presented in Table 1, and a full
list of variables considered in the analyses is shown in Appendix Table A2. Baseline patient
characteristics were assessed from the Medicare research files during the 12 months prior to
the index hospitalization for AMI. They included comorbidity levels as measured by the
Charlson comorbidity index,2® condition-specific comorbidities, proxy measures for
functional limitations, measures of health care utilization, and treatment. Additional
covariates included conditions and procedures assessed during the index hospital admission.
Indicators of socioeconomic status (SES; income measured at the U.S. Census block group
level and dual eligibility in Medicare and Medicaid) were also included in the model. The
primary predictors of interest were age, sex, race-ethnicity, and CKD. All clinical conditions
were identified by using algorithms previously validated in the literature.2”-3” The complete
list of baseline characteristics is presented in Appendix Table A2.
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Statistical Analysis

Results

All patient characteristics were measured categorically and summarized using percentages.
Patient characteristics were also stratified by age group, sex, race-ethnicity, and CKD.
Unadjusted cumulative incidence curves using methods that accommodate the competing
risk of mortality were used for the whole study cohort. We used Gray tests to evaluate
differences in the cumulative incidence of outcomes between groups of interest selected a
priori.38 Sensitivity analysis was applied with stratification by ACEls and ARBs.

Intention-to-treat (ITT) and as-treated (AT) analyses were used to identify the predictors of
the safety outcomes. In the ITT analyses, patients were censored at the end of the study
period or when they disenrolled from either Medicare fee-for-service or prescription Part D
plans. In the AT analyses, patients were additionally censored for switching from target
doses in clinical trials to lower doses (or vice versa) or discontinuation. The date of
discontinuation was the date of the end of supply for the last dispensed prescription plus a
grace period of 14 days. Fine-Gray proportional hazards models with death as competing
risk were used to estimate associations between predictive factors and outcomes.3® To assess
unadjusted associations, models where each of the key predictors was the only variable in
the model were used. Second, fully adjusted models that estimated the effect of primary
factors were run twice, once using the ITT approach and second using the AT method.
Additionally, we conducted sensitivity analysis by adjusting for the dose of ACEIS/ARBs as
a covariate in the regression models. The dose variable was calculated as the average daily
dose from the last prescription filled within the 30 days after index AMI hospital discharge.
Last, we also assessed the distribution of provider types (cardiologist, primary care
physician, and other) for the last physician office, outpatient, or hospital visit before
treatment discontinuation.

We used SAS 9.4 statistical analysis software (SAS Institute Inc., Cary, NC) for all analyses.

Baseline Characteristics

In the final analytical cohort, 101,588 patients met our study protocol eligibility. Overall,
39.8% were aged 75-84 years, and 25.3% of patients were aged 85 years of age or older;
59.5% of patients were female, and the majority was white (85.3%). Approximately 20% of
patients had baseline CKD, and 72.4% of patients had a Charlson comorbidity index score
of at least one. Table 1 presents data on patient characteristics at baseline and during the
index hospital admission. Patient characteristics by age, sex, race-ethnicity and CKD are
presented in Appendix Tables A3.1-A3.4.

Adverse Outcome Events

Cumulative incidence rates for all primary and secondary adverse outcome events are
described in Figures 1-4 and Table 2. Overall, the cumulative incidence rate at 12 months
was 2.8% for ARF, 0.5% for HK, and 63.7% for treatment discontinuation. Among the three
age groups, the oldest patients (aged = 85 yrs) had the highest rates of ARF (3.4%) and HK
(0.6%). Female patients had slightly but consistently higher incidence rates of ARF (2.9%
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vs. 2.5% at 12 months), HK (0.49% vs. 0.42%), and treatment discontinuation (63.9% vs.
63.3%) than male patients. Black patients had the highest rate of ARF at 12 months (4.3%)
whereas White patients had the lowest incidence (2.6%). Black (0.84%) and Hispanic
(0.80%) patients experienced high rates of HK whereas White (0.41%) and Asian (0.41%)
patients had the lowest rates. The highest 12-month cumulative incidence of discontinuation
was among Black patients (65.5%) and the lowest among Asians (63.4%). Patients with
baseline CKD had considerably higher rates of ARF (6.1% vs. 1.9%) at 12 months, HK
(0.91% vs. 0.35%) and treatment discontinuation (68.4% vs. 62.5%) compared to patients
without CKD. The Gray’s tests comparing the difference in the cumulative incidence of the
outcomes among patient subgroups by age, sex, race-ethnicity, and CKD were all
statistically significant. In the sensitivity analysis, ARBs only had slightly higher cumulative
incidence of therapy discontinuation than ACEIs but similar incidence rates for ARF or HK
hospitalization (Appendix Figure A2).

Table 3 presents estimated associations between patient characteristics of interest and study
adverse outcome events. In the unadjusted ITT and AT analyses, advancing age (= 75 yrs),
sex, race-ethnicity (black), and baseline CKD were all associated with notably higher risk of
ARF. In the adjusted ITT and AT analyses, advancing age and CKD remained significant
factors associated with ARF. Black race was also associated with higher ARF risk in the
adjusted ITT models but it was not statistically significant (hazard ratio [HR] 1.11, 95%
confidence interval [C1] 0.94-1.31) in the adjusted AT analysis.

HK incidence rates were significantly higher among Black and patients of other race
compared to white patients in both the unadjusted ITT and AT models; however, the effect
was attenuated in the adjusted models. Additionally, in multivariable analysis we found that
the risk of HK was significantly associated with older age (= 75 yrs) and more prominent at
85 years or older, black race (HR 1.57, 95% CI 1.24-1.98 in ITT), and CKD (HR 1.41, 95%
Cl 1.11-1.77in ITT, HR 1.62, 95% CI 1.22-2.16 in AT).

Age, sex, race, and baseline CKD were only weakly associated with treatment
discontinuation or suspension in unadjusted analyses. These effects were further attenuated
after controlling for comorbidities and clinical characteristics. In the adjusted models,
ACEI/ARB treatment discontinuation or suspension was significantly associated with black
race in the ITT analysis (HR 1.07, 95% CI 1.04-1.10) but was not statistically significant in
AT analysis (HR 1.03, 95% CI 1.00-1.06). Treatment discontinuation or suspension was
significantly associated with baseline CKD (HR 1.05, 95% CI1 1.02-1.09 in ITT, HR 1.05,
95% CI 1.01-1.09 in AT).

Sensitivity analyses showed very similar and consistent results by additionally adjusting for
the dose of ACEIs/ARBs (Appendix Table A3). Cardiologist accounted for 17.9%, primary

care physician 37.9%, and other provider 44.2% of the last provider a patient visited prior to
a treatment discontinuation.

Pharmacotherapy. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fang et al.

Page 7

Discussion

Using a large, nationally representative cohort of elderly Medicare patients who were treated
with ACElIs or ARBs after an AMI hospitalization, we found that the incidence rates of ARF
and HK were relatively low, but discontinuation or suspension of therapy after hospital
discharge was high: over 51% within 6 months and 64% at 1 year. The trajectory of the
severe adverse events of ARF and HK showed about half the incidence occurred within 6
months after AMI discharge, and the incidence continue to increase in a linear but slower
rate thereafter. The trajectory of therapy discontinuation showed a quick increase within 3
months after AMI discharge but plateaued after 6 months. Of all subgroups investigated,
patients with CKD prior to their AMI hospitalization had some of the highest rates of ARF,
HK, and ACEI/ARB treatment discontinuation or suspension at one year after hospital
discharge. Unadjusted ARF rates were also higher among black than white patients and
among patients older than 85 years old compared to those aged 66—74 years at 12 months
after discharge. HK was also more common among black and Hispanic patients than among
white patients at 12 months. The unadjusted treatment discontinuation or suspension rate
was higher among black patients at 12 months after hospital discharge, but other racial-
ethnic groups had similar rates.

The risk of ARF and HK has been suggested to be elevated in the elderly population.12:13
Several prior studies have indicated that the elderly have a higher risk of ARF and suggest
treatment with ACEI/ARBs in this population should be used with caution.13:14 Previous
studies have estimated that as high as 38% of all HK events among hospitalized patients are
associated with ACEI/ARB use.’” Our study showed much lower incidence rates of ARF and
HK in the older adults after discharge from hospital. Our findings are similar to the results
from a recent study that also showed low rates of ARF and HK among elderly patients who
were treated with aldosterone antagonists.2> Nonetheless, the rates of treatment
discontinuation or suspension after health care provider visits were high, reaching over 50%
at 6 months and over 60% one year after hospitalization. It is possible that these incidence
rates were lower in the noninstitutionalized older population because clinicians were
managing and monitoring the risk of ARF and HK associated with ACEI/ARB therapy.
However, a 50% discontinuation/suspension rate by 6 month after AMI discharge also
indicates a potential marked risk for the severe adverse events. The incidence of ARF and
HK appeared to increase the most during 45-90 days after hospital discharge. The rate of
ACEI/ARB therapy discontinuation/suspension was also high during this time period.
However, when the rate of treatment discontinuation/suspension flattened out after 180 days
after discharge, the incidence of ARF and HK continued to increase at a steady rate. Based
on these findings, clinicians should continue to monitor ACEI/ARB therapy closely in the
long term after AMI hospitalization. Our study also found that the primary care physician
accounted for 38% of the physician visits prior to treatment discontinuation. This raises an
important question for treatment continuity and coordination, and whether more treatment
discontinuation/suspension after primary care physician visit is justified. This question
warrants further investigation.

Results from our study suggest that AMI survivors who were 75 years and older or having
CKD may have a considerably increased risk of ARF and HK beyond the 3-month
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postdischarge period and that these patients should continue to be monitored closely for their
ACEI/ARB therapy. Previous studies also showed that patients with baseline CKD were
more likely to develop ARF.40 Our findings are consistent with these earlier reports and
indicate that, despite controlling for variety of other comorbidities and clinical conditions,
CKD remains a serious risk factor for ARF. In our adjusted ITT analysis, higher risk of ARF
was also found to be associated with black race. However, in the AT analysis, where
treatment discontinuation/suspension were incorporated into the analysis, this effect was
attenuated and became statistically insignificant. In other words, among users who can
tolerate ACEI/ARBS, there is no significant difference in ARF incidence between black and
white patients. Among users who cannot tolerate ACE inhibitors/ARBs, black patients may
be more likely to have ARF than white patients. This aligns with our finding that black
patients have the highest discontinuation/suspension rates. The higher risk of ARF among
black patients found in the ITT analysis but not in the AT analysis is worth pondering. One
explanation is that among black patients who could not tolerate ACEIs/ARBS,
discontinuation or suspension may not have been soon enough or timely enough to prevent
their association with events of ARF. Thus, the importance of timely discontinuation/
suspension as a prevention of severe adverse outcomes needs to be emphasized.

A number of previous studies linked ACEI/ARB treatment to HK.41-46 Additional
investigations showed that elderly patients treated with potassium-altering therapy, such as
ACElIs, are particularly predisposed for development of HK. 1247 Our study concurs with
earlier findings and shows that advancing age is a key factor contributing to the elevated risk
of HK. The results for the association between race and the rates of HK were similar to our
findings for ARF—in the ITT analyses, black patients were more likely to experience HK
compared to white patients; however, in analyses adjusted for treatment discontinuation/
suspension, this effect was attenuated. Additionally, in line with previous studies, our
analyses indicate that patients with CKD are at higher risk of HK. 4244

A notable secondary finding from our study was the fact that, after adjustment for
comorbidities, advancing age was not independently associated with treatment
discontinuation or suspension. Similarly, no significant differences in the incidence of
discontinuation/suspension were found between men and women. Based on our findings,
black patients had a slightly higher chance of discontinuation/suspension — a result that is in
concordance with an earlier study that found that elderly black patients had higher odds of
suboptimal persistence while treated with statins.*8 However, the association between black
race and discontinuation/suspension became statistically insignificant in the AT analysis.
Our study also pointed out that patients of Hispanic origin have marginally lower rates of
therapy discontinuation/suspension than white patients. CKD also found to be weakly
associated with treatment discontinuation.

This study has several limitations. First, there was the possibility of variable
misclassification using administrative claims data. We followed existing standards using
secondary claims data for health services research to mitigate misclassification. Second,
time to treatment discontinuation/suspension may have been underestimated if prescriptions
were later paid for outside of the Medicare Part D plan after inclusion in the study. However,
research has shown that this does not happen often for Medicare beneficiaries, and even
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when it does, these claims are often adjudicated into Part D records#®-51; Medicare patients
are also less likely to use medication samples than those in the privately insured
population.®2 Third, patients may discontinue or suspend therapy without a clinician asking
them to stop, leading to misclassification. Additionally, we do not have data on concurrent
use of over-the-counter nonsteroidal anti-inflammatory drugs with ACEIs/ARBs, which may
increase the risk of ARF and treatment discontinuation. Further study is warranted to
investigate key risk factors for treatment discontinuation.

This study possesses several strengths as well. Our study included a nationally representative
sample of all Medicare fee-for-service beneficiaries who had an AMI. To our best
knowledge, this is the first study that included a comprehensive examination of the incidence
of ARF and HK as well as rates of treatment discontinuation among elderly patients treated
with ACEI/ARBs after an AMI.

Conclusion

Our study found a low incidence of ARF and HK among elderly patients treated with
ACEIs/ARBs after AMI hospitalization. Approximately half of the incidence occurred
within 6 months after hospital discharge, but the cumulative incidence continued to increase
after 6 months. However, timely treatment discontinuation or suspension might prevent a
higher rate of occurrence of these serious adverse events. Advancing age was found to be a
strong, independent factor associated with increased incidence of both ARF and HK,
whereas CKD was the most important factor affecting these outcomes as well as treatment
discontinuation. Long-term careful monitoring of severe adverse events and timely
discontinuation of ACEIs or ARBs among high-risk elderly patients after an AMI is
warranted in clinical practice.
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Cumulative incidence of acute renal failure, hyperkalemia hospitalization, and angiotensin-
converting enzyme inhibitor or angiotensin Il receptor blocker treatment discontinuation

after AMI hospital discharge. Cl = confidence interval.
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Cumulative incidence of acute renal failure stratified by select patient characteristics. CUM
Inc Func = cumulative incidence function; CI = confidence interval; grp = group; CKD =

chronic kidney disease.
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Cumulative incidence of hyperkalemia hospitalization stratified by select patient
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Cumulative incidence of angiotensin-converting enzyme inhibitor or angiotensin Il receptor

blocker treatment discontinuation after AMI hospital discharge. CUM Inc Func =
cumulative incidence function; CI = confidence interval; grp = group; CKD = chronic
kidney disease.
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Figure Al.

Study cohort selection criteria. CMS = Centers for Medicare & Medicaid Services; AMI =
acute myocardial infarction; ICD9 = /nternational Classification of Diseases, Ninth
Revisiom, ESRD = end-stage renal disease; ACEI = angiotensin-converting enzyme
inhibitor; ARB = angiotensin Il receptor blocker.
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Select Patient Characteristics at Baseline and During the Index Hospital Admission

Table 1

Characteristic No. (%0) of Patients

ACEI or ARB use during exposure period

ARB 23,022 (22.7)
ACEI 78,566  77.3%
Sociodemographic covariates
Age (yrs)
66-74 35,536  35.0%
75-84 40,397 39.8%
=85 25,655 25.3%
Sex
Male 41,174  40.5%
Female 60,414 59.5%
Race-Ethnicity
White 86,662 85.3%
Black 8,317 8.2%
Hispanic 2,883 2.8%
Asian 1,968 1.9%
Other 1,758 1.7%
Prescription benefit gap (Part D Donut hole) 11,530 11.3%
Dual eligibility in Medicare and Medicaid 28,481 28.0%
Median household income at census block groups level ($)
< 30,000 48,315 47.6%
30,001-60,000 41,767 41.1%
60,001-100,000 9336  9.2%
100,001-150,000 1,663 1.6%
2 150,001 507 0.5%
Conditions at index admission
Angiocardiography 55,938 55.1%
Acute renal failure 12,304 12.1%
Coronary artery bypass grafting 6,636 6.5%
Cardiac catheterization 56,598 55.7%
Cardiac dysrhythmias 32,044 31.5%
Congestive heart failure 37,487 36.9%
Cardiogenic shock 2,599 2.6%
Hypotension 5,166 5.1%
Subendocardial infarction 75,782 74.6%
Platelet inhibitors 4,616 4.5%
Percutaneous transluminal coronary angioplasty 37,806 37.2%
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Characteristic

No. (%) of Patients

Stent 34,683 34.1%
Length of stay (days)
1 4,480 4.4%
2-5 58,577 57.7%
6-10 27,153  26.7%
=11 11,378  11.2%
Days in intensive care unit
0 47,236  46.5%
1-3 31,727 31.2%
4-10 19,822 19.5%
211 2,803 2.8%
Days in coronary care unit
0 64,435 63.4%
1-3 22,349 22.0%
4-10 13,264 13.1%
211 1,540 1.5%
Baseline Charlson comorbidity index score
0 28,031 27.6%
1-2 32,183 31.7%
3-5 27,362  26.9%
6-8 10,818 10.6%
29 3,194 3.1%
Baseline comorbidities
Acute myocardial infarction 5,314 5.2%
Cancer 10,732 10.6%
Cerebrovascular disease 15,957 15.7%
Congestive heart failure 24,841 24.5%
Chronic obstructive pulmonary disease 23,784  23.4%
Dementia 4,836 4.8%
Diabetes with complications 13,844 13.6%
Diabetes without complications 26,789  26.4%
AIDS/HIV 69 0.1%
Metastatic carcinoma 1,274 1.3%
Mild liver disease 1,538 1.5%
Moderate or severe liver disease 139 0.1%
Paralysis 1,164 1.1%
Peptic ulcer disease 1,582 1.6%
Peripheral vascular disease 18,551 18.3%
Chronic kidney disease 20,620 20.3%
Connective tissue disease/Rheumatic disease 3,581  3.5%
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Characteristic

No. (%) of Patients

Angioedema

Atrial fibrillation

Asthma

Coronary artery bypass grafting
Hyperkalemia

Hyperlipidemia

Hypotension

Hypertension

Ischemic heart disease

Osteoporosis

Percutaneous transluminal coronary angioplasty

Rhabdomyolysis

Sinus bradycardia and heart block

Stent

Unstable angina

180
11,098
5,946
530
2,787
56,039
4,620
78,314
46,271
7,678
3,363
454
14,758
3,900
6,037

0.2%
10.9%
5.9%
0.5%
2.7%
55.2%
4.5%
77.1%
45.5%
7.6%
3.3%
0.4%
14.5%
3.8%
5.9%
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ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; AIDS/HIV = acquired immunodeficiency syndrome/

human immunodeficiency virus.
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Associations between Patient Characteristics of Interest and Outcomes of Acute Renal Failure, Hyperkalemia,

Table 3

and ACEI or ARB Treatment Discontinuation

Characteristic

Intention-to-Treat Analysis®

Crude
HR (95% ClI)

Adjusted®
HR (95% CI)

As-Treated Analysis

Crude
HR (95% ClI)

b

Adjusted®
HR (95% CI)

Acute renal failure

Age (yrs)
66-74
75-84
=85

Female (Male as reference)

Race-Ethnicity
White
Asian
Black
Hispanic
Other

Baseline CKD

Reference

1.24 (1.14, 1.34)
1.43 (1.32, 1.56)
1.17 (1.09, 1.25)

Reference

1.21 (0.96, 1.51)
1.78 (1.62, 1.96)
1.05 (0.86, 1.28)
1.12 (0.88, 1.44)
3.21(3.01, 3.43)

Reference

1.10 (1.0, 1.19)
1.15 (1.04, 1.28)
1.04 (0.96, 1.12)

Reference

1.05 (0.83, 1.32)
1.30 (1.18, 1.45)
0.84 (0.68, 1.02)
0.99 (0.77, 1.27)
1.61 (1.42, 1.82)

Reference

1.32 (1.17, 1.49)
1.54 (1.35, 1.75)
1.18 (1.06, 1.30)

Reference

1.19 (0.84, 1.67)
1.55 (1.33, 1.80)
0.97 (0.71, 1.33)
1.21(0.85, 1.73)
3.18 (2.88, 3.52)

Reference

1.17 (1.03, 1.32)
1.19 (1.02, 1.39)
1.05 (0.94, 1.18)

Reference

0.99 (0.70, 1.41)
1.11 (0.94, 1.31)
0.76 (0.55, 1.04)
1.04 (0.73, 1.49)
1.57 (1.30, 1.88)

Hyperkalemia Hospitalization

Age (yrs)
66-74
75-84
285

Female (Male as reference)

Race-Ethnicity
White
Asian
Black
Hispanic
Other

Baseline CKD

Reference

1.21 (1.00, 1.47)
1.36 (1.11, 1.67)
1.19 (1.01, 1.41)

Reference

1.07 (0.59, 1.94)
2.29 (1.85, 2.85)
1.87 (1.27, 2.73)
1.97 (1.23, 3.16)
2.52 (2.14, 2.97)

Reference

1.20 (0.98, 1.47)
1.33 (1.05, 1.68)
0.96 (0.80, 1.14)

Reference

0.89 (0.49, 1.64)
1.57 (1.24, 1.98)
1.24 (0.83, 1.86)
1.54 (0.96, 2.47)
1.41 (1.11, 1.77)

Reference

1.37 (1.04, 1.81)
1.45 (1.07, 1.97)
1.09 (0.86, 1.38)

Reference

0.97 (0.40, 2.35)
1.84 (1.31, 2.57)
1.99 (1.18, 3.36)
1.96 (1.01, 3.81)
2.72 (2.16, 3.43)

Reference

1.40 (1.05, 1.87)
1.51 (1.08, 2.11)
0.88(0.69, 1.13)

Reference

0.71 (0.29, 1.73)
1.25 (0.88, 1.78)
1.32 (0.75, 2.32)
1.52 (0.78, 2.95)
1.62 (1.22, 2.16)

ACEI/ARB therapy discontinuation/suspension

Age (yrs)

66-74

75-84

285
Female (Male as reference)
Race-Ethnicity

White

Reference

1.05 (1.04, 1.07)
1.06 (1.04, 1.08)
1.03 (1.01, 1.04)

Reference

Reference

1.01 (0.99, 1.03)
1.00 (0.98, 1.03)
1.01 (0.99, 1.02)

Reference

Reference

1.06 (1.04, 1.08)
1.09 (1.07, 1.11)
0.99 (0.98, 1.01)

Reference

Reference

1.02 (1.00, 1.04)
1.02 (1.00, 1.05)
0.98 (0.96, 1.00)

Reference
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Characteristic

Intention-to-Treat Analysis®

Crude
HR (95% ClI)

Adjusted®
HR (95% CI)

As-Treated Analysis

Crude
HR (95% ClI)

b

Adjusted®
HR (95% CI)

Asian
Black
Hispanic
Other
Baseline CKD

1.00 (0.94, 1.05)
1.06 (1.03, 1.09)
1.00 (0.96, 1.05)
1.03 (0.97, 1.09)
117 (1.15, 1.19)

1.00 (0.95, 1.06)
1.07 (1.04, 1.10)
0.99 (0.95, 1.04)
1.04 (0.99, 1.11)
1.05 (1.02, 1.09)

0.97 (0.91, 1.03)
1.01 (0.98, 1.04)
0.91 (0.87, 0.95)
0.98 (0.92, 1.04)
1.16 (1.13, 1.18)

1.00 (0.94, 1.06)
1.03 (1.00, 1.06)
0.92 (0.87,0.97)
1.01 (0.94, 1.07)
1.05 (1.01, 1.09)

Page 24

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; HR = hazard ratio; CI = confidence interval; CKD =

chronic kidney disease.

a . . . . . . .
In the intention-to-treat analyses, patients were censored at the end of the study period or when they disenrolled from either Medicare fee-for-
service or prescription Part D plans.

b . i o .
In the as-treated analyses, patients were additionally censored for switching from an ACEI to ARB (or vice versa) or for treatment

discontinuation.

cFuIIy adjusted models were adjusted for all the variables listed in Table 1.
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Study Outcome Definitions

Page 25

Table A1

Provider Visit

Outcome Type | Outcome Outcome Algorithm
. Hyperkalemia Primary or secondary diagnosis code of 276.7 in inpatient claims
primary Acute Renal Failure Diagnosis code of 584.x, 586.x or 788.5 in any position in inpatient claims
Discontinuation of Discontinuation of ACEI/ARB treatment after a visit to a health care provider: identified
Secondary ACEI/ARB after Health Care if a patient had a physician office, outpatient, or hospital visit in the period between last

fill and discontinuation date. Discontinuation date was defined as last prescription fill date
+ no. of days of last prescription supply + 14 days

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker.
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Table A2

List of All Covariates Considered in the Models

Variable Group

Variable List

Key predictors

Age, sex, race-ethnicity, chronic kidney disease

Sociodemographics

Average household income at census block group level, status of Medicare Part D benefit gap (donut
hole), dual eligibility in Medicare and Medicaid

Conditions at index admission

Angiocardiography, acute renal failure, coronary artery bypass grafting, cardiac catheterization, cardiac
dysrhythmias, congestive heart failure, cardiogenic shock, hypotension, echocardiography, subendocardial
infarction, platelet inhibitors, percutaneous transluminal coronary angioplasty, stent, thrombolytic therapy,
length of stay, number of days in intensive care unit, number of days in coronary care unit

Treatment after acute myocardial
infarction

Angiotensin-converting enzyme inhibitor, angiotensin 11 receptor blocker

Baseline comorbidities

Charlson comorbidity index score, acute myocardial infarction, cancer, cerebrovascular disease,
congestive heart failure, renal disease, chronic obstructive pulmonary disease, dementia, diabetes,
acquired immunodeficiency syndrome/human immunodeficiency virus, metastatic carcinoma, liver
disease, paralysis, peptic ulcer, peripheral vascular disease, connective tissue disease/rheumatic disease

Baseline clinical conditions

Angioedema, atrial fibrillation, asthma, coronary artery bypass grafting, hyperkalemia, hyperlipidemia,
hypotension, hypertension, ischemic heart disease, osteoporosis, percutaneous transluminal coronary
angioplasty, rhabdomyolysis, sinus bradycardia and heart block, stent, unstable angina

Baseline frailty indicators

Substance abuse, cute respiratory failure, use of other assistive devices (aids), blood loss and deficiency
anemia, coagulation deficiency, decubitus, falls, gastrointestinal bleed, hypothyroidism, bladder
dysfunction, nail care, other neurological disorders, osteoarthritis, obesity, Parkinson’s disease, pulmonary
circ. disorders, use of rehabilitation, rheumatic heart disease, use of screening tests, septic shock, vertigo,
weakness, use of wheelchair, weight loss

Baseline health care utilization

Number of visits to emergency department, number of visits to hospital, number of visits to cardiologist,
number of visits to primary care physician

Baseline treatment

Angiotensin-converting enzyme inhibitors, angiotensin 11 receptor blockers, mineralocorticoid receptor
antagonists, beta-blockers, thiazide diuretics, calcium channel blockers, other antihypertensives,
metformin, sulfonylureas, rosiglitazone, pioglitazone, insulin, other hypoglycemic agents, statins, other
lipid-lowering agents, nitrates, clopidogrel, and warfarin, antiarrhythmic agents
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Results from Sensitivity Analyses by Additionally Adjusting for ACEI/ARB Dose as Covariate

Table A3

Factor ITT Adjusted AT Adjusted
HR (95% CI) HR (95% CI)
Acute renal failure
Age (yrs)
66-74 1. 1.
75-84 1.10(1.01,1.20) 1.18(1.04,1.33)
> 85+ 1.16 (1.05,1.28)  1.21 (1.04, 1.41)

Female (male as reference)

1.04 (0.96, 1.12)

1.04 (0.93, 1.17)

Race-ethnicity
White
Asian
Black
Hispanic

Other

1.
1.05 (0.83, 1.32)
1.29 (1.17, 1.44)
0.83 (0.68, 1.02)
0.99 (0.77, 1.27)

1.
0.98 (0.69, 1.39)
1.14 (0.97, 1.35)
0.79 (0.57, 1.08)
1.06 (0.74, 1.52)

Baseline CKD

1.61 (1.42, 1.81)

1.60 (1.32, 1.92)

Hyperkalemia hospitalization

Age (yrs)
66-74
75-84
> 85

1.
1.20 (0.98, 1.47)
1.34 (1.06, 1.69)

1.
1.41 (1.05, 1.89)
151 (1.08, 2.11)

Female (male as reference)

0.96 (0.80, 1.14)

0.87 (0.68, 1.12)

Race-ethnicity
White
Asian
Black
Hispanic
Other

Baseline CKD

1.
0.89 (0.49, 1.64)
1.56 (1.23, 1.97)
1.24 (0.83, 1.86)
1.54 (0.96, 2.48)
1.40 (1.11, 1.77)

1.
0.68 (0.28, 1.65)
1.29 (0.90, 1.84)
1.39 (0.79, 2.44)
1.61 (0.83, 3.15)
1.68 (1.26, 2.25)

ACEI/ARB therapy discontinuation

Age (yrs)
66-74
75-84
>85

Female (male as reference)

Race-ethnicity

1.
1.01 (0.99, 1.03)
1.01 (0.98, 1.03)
1.0 (0.99, 1.02)

1.
1.02 (1.0, 1.04)

1.01 (0.99, 1.04)
0.99 (0.98, 1.01)
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Factor

ITT Adjusted
HR (95% CI)

AT Adjusted
HR (95% CI)

White
Asian
Black
Hispanic
Other
Baseline CKD

1.
1.0 (0.95, 1.06)

1.06 (1.03, 1.09)
0.99 (0.95, 1.04)
1.04 (0.99, 1.11)
1.05 (1.02, 1.09)

1.
1.02 (0.96, 1.08)
1.07 (1.04, 1.11)
1.0 (0.95, 1.05)

1.08 (1.01, 1.15)
1.05 (1.02, 1.09)

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; CKD = chronic kidney disease.
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Patient Characteristics by Sex

Table A3.1

No. (%) of Patients

Characteristic

Females (n=60,414)

Males (n=41,174)

ACEI or ARB use during exposure period

ARB

15,592 (25.8)

7,430 (18.0)

ACEI

44,822 (74.2)

33,744 (82.0)

Sociodemographic covariates

Age (yrs)
66-74 16,838 (27.9) 18,698 (45.4)
75-84 24,601 (40.7) 15,796 (38.4)
285 18,975 (31.4) 6,680 (16.2)

Race-Ethnicity

White 50,905 (84.3) 35,757 (86.8)
Black 5,779 (9.6) 2,538 (6.2)
Hispanic 1,715 (2.8) 1,168 (2.8)
Asian 1,064 (1.8) 904 (2.2)
Other 951 (1.6) 807 (2.0)
Prescription benefit gap 7,559 (12.5) 3,971 (9.6)
Dual Eligibility in Medicaid & Medicare 19,424 (32.2) 9,057 (22)

Median household income at census block group level ($)

<30,000 29,656 (49.1) 18,659 (45.3)

30,001-60,000 24,418 (40.4) 17,349 (42.1)

60,001-100,000 5,198 (8.6) 4,138 (10.1)

100,001-150,000 886 (1.5) 777 (L.9)

> 150,001 256 (0.4) 251 (0.6)
Conditions at index admission
Angiocardiography 30,709 (50.8) 25,229 (61.3)
Acute renal failure 7,073 (11.7) 5,231 (12.7)
Coronary artery bypass grafting 2,871 (4.8) 3,765 (9.1)
Cardiac catheterization 31,039 (51.4) 25,559 (62.1)
Cardiac dysrhythmias 18,129 (30) 13,915 (33.8)
Congestive heart failure 23,839 (39.5) 13,648 (33.1)
Cardiogenic shock 1,327 (2.2) 1,272 (3.1)
Hypotension 3,132 (5.2) 2,034 (4.9)
Subendocardial infarction 46,169 (76.4) 29,613 (71.9)
Platelet inhibitors 2,360 (3.9) 2,256 (5.5)
Percutaneous transluminal coronary angioplasty or stent 19,747 (32.7) 18,100 (44)
Length of stay (days)

1 2,454 (4.1) 2,026 (4.9)
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No. (%) of Patients

Characteristic Females (n=60,414) | Males (n=41,174)
2-5 34,345 (56.8) 24,232 (58.9)
6-10 17,011 (28.2) 10,142 (24.6)
=11 6,604 (10.9) 4,774 (11.6)

Days in intensive care unit
0 28,914 (47.9) 18,322 (44.5)
1-3 18,061 (29.9) 13,666 (33.2)
4-10 11,910 (19.7) 7,912 (19.2)
=11 1,529 (2.5) 1,274 (3.1)

Days in coronary care unit
0 39,254 (65) 25,181 (61.2)
1-3 12,264 (20.3) 10,085 (24.5)
4-10 8,045 (13.3) 5,219 (12.7)
211 851 (1.4) 689 (1.7)

Baseline Charlson comorbidity index score
0 15,726 (26) 12,305 (29.9)
1-2 19,703 (32.6) 12,480 (30.3)
3-5 16,681 (27.6) 10,681 (25.9)
6-8 6,529 (10.8) 4,289 (10.4)
9+ 1,775 (2.9) 1,419 (3.4)

Baseline comorbidities

Acute myocardial infarction 3,291 (5.4) 2,023 (4.9)

Cancer 4,583 (7.6) 6,149 (14.9)

Cerebrovascular disease 9,909 (16.4) 6,048 (14.7)

Congestive heart failure 15,796 (26.1) 9,045 (22)

Chronic obstructive pulmonary disease 14,585 (24.1) 9,199 (22.3)

Dementia 3,435 (5.7) 1,401 (3.4)

Diabetes 24,579 (40.7) 16,054 (39)

AIDS/HIV 19 (0) 50 (0.1)

Metastatic carcinoma 675 (1.1) 599 (1.5)

Liver disease 980 (1.6) 697 (1.7)

Paralysis 702 (1.2) 462 (1.1)

Peptic ulcer disease 1,014 (1.7) 568 (1.4)

Peripheral vascular disease 11,268 (18.7) 7,283 (17.7)

Chronic kidney disease 11,738 (19.4) 8,882 (21.6)

Connective tissue disease-rheumatic disease 2,691 (4.5) 890 (2.2)

Other baseline clinical conditions

Angioedema 128 (0.2) 52 (0.1)

Atrial fibrillation 6,743 (11.2) 4,355 (10.6)
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No. (%) of Patients

Characteristic

Females (n=60,414)

Males (n=41,174)

Asthma 4,193 (6.9) 1,753 (4.3)
Coronary artery bypass grafting 279 (0.5) 251 (0.6)
Hyperkalemia 1,815 (3) 972 (2.4)
Hyperlipidemia 33,075 (54.7) 22,964 (55.8)
Hypotension 2,836 (4.7) 1,784 (4.3)
Hypertension 48,880 (80.9) 29,434 (71.5)
Ischemic heart disease 25,950 (43) 20,321 (49.4)
Osteoporosis 7,011 (11.6) 667 (1.6)
Percutaneous transluminal coronary angioplasty 1,780 (2.9) 1,583 (3.8)
Rhabdomyolysis 275 (0.5) 179 (0.4)
Sinus bradycardia and heart block 8,871 (14.7) 5,887 (14.3)
Stent 2,057 (3.4) 1,843 (4.5)
Unstable angina 3,547 (5.9) 2,490 (6)

Page 31

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; AIDS/HIV = acquired immunodeficiency syndrome/

human immunodeficiency virus.
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Patient characteristics by age group

Table A3.2

Page 32

No. (%) of Patients

Characteristic Age 66-74 Years Age 75-84 Years Age = 85 Years
(n=35,536) (n=40,397) (n=25,655)
ACEI or ARB use during exposure period
ARB 7,033 (19.8) 9,617 (23.8) 6,372 (24.8)
ACEI 28,503 (80.2) 30,780 (76.2) 19,283 (75.2)
Sociodemographic covariates
Sex
Male 18,698 (52.6) 15,796 (39.1) 6,680 (26)
Female 16,838 (47.4) 24,601 (60.9) 18,975 (74)
Race-Ethnicity
White 30,055 (84.6) 34,398 (85.1) 22,209 (86.6)
Black 3,359 (9.5) 3,169 (7.8) 1,789 (7)
Hispanic 818 (2.3) 1,294 (3.2) 771 (3)
Asian 566 (1.6) 879 (2.2) 523 (2)
Other 738 (2.1) 657 (1.6) 363 (1.4)
Prescription benefit gap 4,140 (11.7) 4,638 (11.5) 2,752 (10.7)
Dual Eligibility in Medicaid & Medicare 9,946 (28) 11,015 (27.3) 7,520 (29.3)
Median household income at census block group
level ($)
<30,000 17,371 (48.9) 19,107 (47.3) 11,837 (46.1)
30,001-60,000 14,425 (40.6) 16,684 (41.3) 10,658 (41.5)
60,001-100,000 3,090 (8.7) 3,706 (9.2) 2,540 (9.9)
100,001-150,000 500 (1.4) 687 (1.7) 476 (1.9)
> 150,001 150 (0.4) 213 (0.5) 144 (0.6)
Conditions at index admission
Angiocardiography 24,773 (69.7) 23,623 (58.5) 7,542 (29.4)
Acute renal failure 3,901 (11) 5,124 (12.7) 3,279 (12.8)
Coronary artery bypass grafting 3,524 (9.9) 2,782 (6.9) 330 (1.3)
Cardiac catheterization 25,334 (71.3) 23,906 (59.2) 7,358 (28.7)
Cardiac dysrhythmias 9,779 (27.5) 13,224 (32.7) 9,041 (35.2)
Congestive heart failure 10,464 (29.4) 14,856 (36.8) 12,167 (47.4)
Cardiogenic shock 1,205 (3.4) 1,001 (2.5) 393 (1.5)
Hypotension 1,771 (5) 2,083 (5.2) 1,312 (5.1)
Subendocardial infarction 25,066 (70.5) 30,628 (75.8) 20,088 (78.3)
Platelet inhibitors 2,165 (6.1) 1,874 (4.6) 577 (2.2)
Percutaneous transluminal coronary angioplasty or 17,205 (48.4) 15,533 (38.5) 5,109 (19.9)

Stent

Length of stay (days)
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No. (%) of Patients

Characteristic Age 66-74 Years Age 75-84 Years Age = 85 Years
(n=35,536) (n=40,397) (n=25,655)
1 1,889 (5.3) 1,730 (4.3) 861 (3.4)
2-5 20,861 (58.7) 22,507 (55.7) 15,209 (59.3)
6-10 8,593 (24.2) 11,165 (27.6) 7,395 (28.8)
>11 4,193 (11.8) 4,995 (12.4) 2,190 (8.5)
Days in intensive care unit
0 15,316 (43.1) 18,478 (45.7) 13,442 (52.4)
1-3 12,315 (34.7) 12,531 (31) 6,881 (26.8)
4-10 6,816 (19.2) 8,140 (20.2) 4,866 (19)
>11 1,089 (3.1) 1,248 (3.1) 466 (1.8)
Days in coronary care unit
0 21,010 (59.1) 25,446 (63) 17,979 (70.1)
1-3 9,225 (26) 8,765 (21.7) 4,359 (17)
4-10 4,681 (13.2) 5,472 (13.5) 3,111 (12.1)
>11 620 (1.7) 714 (1.8) 206 (0.8)
Baseline Charlson comorbidity index score
0 10,816 (30.4) 10,662 (26.4) 6,553 (25.5)
1-2 11,429 (32.2) 12,681 (31.4) 8,073 (31.5)
3-5 8,558 (24.1) 11,288 (27.9) 7,516 (29.3)
6-8 3,502 (9.9) 4,437 (11) 2,879 (11.2)
>9 1,231 (3.5) 1,329 (3.3) 634 (2.5)
Baseline comorbidities
Acute myocardial infarction 1,685 (4.7) 2,064 (5.1) 1,565 (6.1)
Cancer 3,478 (9.8) 4,784 (11.8) 2,470 (9.6)
Cerebrovascular disease 4,811 (13.5) 6,740 (16.7) 4,406 (17.2)
Congestive heart failure 6,856 (19.3) 9,700 (24) 8,285 (32.3)
Chronic obstructive pulmonary disease 9,178 (25.8) 9,596 (23.8) 5,010 (19.5)
Dementia 610 (1.7) 1,895 (4.7) 2,331 (9.1)
Diabetes 15,723 (44.2) 16,787 (41.6) 8,123 (31.7)
AIDS/HIV 59(0.2) Not reported? Not reported?
Metastatic carcinoma 498 (1.4) 547 (1.4) 229 (0.9)
Liver disease 733 (2.1) 679 (1.7) 265 (1)
Paralysis 401 (1.1) 463 (1.1) 300 (1.2)
Peptic ulcer disease 499 (1.4) 674 (1.7) 409 (1.6)
Peripheral vascular disease 5,421 (15.3) 7,547 (18.7) 5,583 (21.8)
Chronic kidney disease 5,801 (16.3) 8,470 (21.0) 6,349 (24.7)
Connective tissue disease-rheumatic disease 1,256 (3.5) 1,607 (4) 718 (2.8)
Other baseline clinical conditions
Angioedema 63 (0.2) 73(0.2) 44 (0.2)
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No. (%) of Patients

Characteristic Age 66-74 Years Age 75-84 Years Age = 85 Years
(n=35,536) (n=40,397) (n=25,655)
Atrial fibrillation 2,534 (7.1) 4,781 (11.8) 3,783 (14.7)
Asthma 2,284 (6.4) 2,346 (5.8) 1,316 (5.1)
Coronary artery bypass grafting 300 (0.8) 205 (0.5) 25(0.1)
Hyperkalemia 818 (2.3) 1,128 (2.8) 841 (3.3)
Hyperlipidemia 20,691 (58.2) 23,382 (57.9) 11,966 (46.6)
Hypotension 1,341 (3.8) 1,893 (4.7) 1,386 (5.4)
Hypertension 25,888 (72.9) 31,752 (78.6) 20,674 (80.6)
Ischemic heart disease 15,603 (43.9) 18,915 (46.8) 11,753 (45.8)
Osteoporosis 1,602 (4.5) 3,202 (7.9) 2,874 (11.2)
Percutaneous transluminal coronary angioplasty 1,466 (4.1) 1,409 (3.5) 488 (1.9)
Rhabdomyolysis 146 (0.4) 175 (0.4) 133 (0.5)
Sinus bradycardia and heart block 3,854 (10.8) 6,103 (15.1) 4,801 (18.7)
Stent 1,748 (4.9) 1,608 (4) 544 (2.1)
Unstable angina 2,290 (6.4) 2,444 (6) 1,303 (5.1)

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; AIDS/HIV = acquired immunodeficiency syndrome/

human immunodeficiency virus.

aData not reported if < 11 patients.

Pharmacotherapy. Author manuscript; available in PMC 2019 January 01.



Page 35

Fang et al.

(z'9¢) s6E'TE (52€) 099 (2'88) 9TT'T (L'zv) 0ss'e (6'8€) 99 ain|te Leay aAnsabuod
(5z¢) 80z'se (L'22) 18V (e'v2) T0L (e'52) 20T'C (L'22) 9vS selwyAyisAp seipred
(5'95) 556'8Y (5'56) 926 (8'€5) 056'T (56v) 9TT'Y (6'05) T00'T uonez18Iayed delpied
(8'9) zs8's (1) ezt (2'9) 91 (ev) L6e (T'2) 6T Bunye.b ssedAq Aiope Areuolod
(r'11) 5.8'6 (s1) v92 (¥1) vov (zLT) eev't (2'91) 82¢ ain|re} [euss aNdY
(8'58) T6E'8Y (5'vS) 856 (6'28) 25T (8'8v) 650'7 (T'19) 900'T Aydesboipresoibuy
uolssiwpe Xapul Je suonipuo)d
(50) 9w (L0) et (z0)9 (e0) 8¢ (cT) e T00'0ST <
(97) TOY'T () zs (TmTe (¢1) 00T () 6L 000'0ST-T00'00T
(€'6) 9208 (zm) 112 (L1 gee (€9) zes (81) vS€ 000'00T—T00'09
(6'2zv) €812 (6'5€) 2€9 (8'82) 0¢8 (¢62) Sev'e (¥'ge) L69 000'09-T00'0€
(L'sv) 919'6E (7'8v) 058 (z29) €6L'T (€9) 2ve's (7'1v) ¥18 000'0€ 5
($) 19A8] dnolb 20]q SNSUSI Je SWOJUI Pjoyasnoy Uelpan
(6'12) T20'6T (T99) 286 (9'82) s9z'c (L'98) 5€9'v (6'62) €£28'T aIedIpalAl 7 preatpalNl ut Aujiqibii3 rena
(t1) 2.5'6 (211) 902 (6'v1) 62V (LzT) €50'T (LeT) oLz def 11yeuaq uonduosald
(2'85) 50605 (T'vS) 156 (569) STL'T (569) 62L'G (T'¥S) ¥90'T alewsad
(e'TY) 25L'GE (6'sv) 208 (s'ov) 89T'T (50¢) 8e5'C (6°sv) 706 3[en
X3S
(9'52) 602'2C (9:02) €9¢ (L92) TLL (572) 68L'T (9'92) €25 a8z
(2'6€) 86€'vE (¥'L€) 259 (6'v¥) ¥62'T (T'8¢) 69T (L'vv) 628 ¥8-6.
(2v€) 550°0€ (ev) geL (v'82) 818 (vov) 65€'e (8'82) 995 7.-99
(s1K) aby
sajeLIen0d olydelBbowapoloos
(82) 20929 (5eL) €62'T (£'22) 960'C (8'9.) 98¢'9 (7'09) 68T'T 130V
(¢2) 090'6T (592) S9v (e22) 18L (ce2) 1€6'T (9'6€) 622 a4V

pouiad ainsodxa Buinp asn gy 10 |30V

(299'98=U) aMym

(8G2'1=U) 18Y30

(£88'z=u) o1uedsiH

(L1€'8=U) >oelg

(896'T=U) ueIsy

ansIIsI0RIRYD

sjusired 40 (%) ON

Author Manuscript

Author Manuscript

€EV a|geL

Author Manuscript

dnoub Alo1uyis-adea Ag Sa1ISLIB1dRIRYD JUBITRd

Author Manuscript

available in PMC 2019 January 01.

Pharmacotherapy. Author manuscript



Page 36

Fang et al.

(T9) eTv'y (e'9) v6 (T'9) 6.1 (€'9) 925 (¥'g) 90T uonoseul [elpsesoAw aInoy
S3111P10J0W0I auljsseg
(6'2) 26T (8'2) 6 (8'v) 8€T (5) 19¥ (22 vs 62
(Tor) SvL'8 (8'TT) 802 (ev) TIY (cs1) 292'T (8'6) z6T 8-9
(7'92) €28'2¢ (82) z6v (¥'62) 678 (z'1€) ¥65'C (¢'82) vss G-¢
(6'7€) 809'L2 (¥'ze) 695 (e2e) 06 (6'82) e0v'e (cve) €29 T
(8'82) ¥v6've (S2) ovy (€'6T) G55 (z61) L6G'T (¢'52) s6v 0
9102S Xapul b_u_n‘_oEoo uosjiey suljsseg
(CRIRZTA (91) 62 (z2) €9 (Z1)ovt (z2) vy T2
(L21) ev0'TT (5€1) 262 (7°21) €05 (cy1) 08T'T (e'sT) TOE 0T-¥
(z'ze) vve'eT (T22) 68¢ ('22) 5v9 (z02) 629'T (6'6T) 26€ €1
(9€9) TTT'SS (Lz9) €0T'T (89) 229'1 (6'€9) 81€'S (929) 1€2'T 0
11un 243 AJeuolod ui skeq
(L2)gtee (62) 18 (7y) LeT (92) L12 (L7) €6 112
(z'61T) 229'9T (e81) 2ee (9'v2) 60L (6'6T) 959'T (T92) €15 0T-¥
(97€) 90v'L2 (50€) 985 (T°62) 6€8 (622) 1ee'e (8'1€) 529 €T
(5'9v) 6TE'OV (e'8v) 6v8 (6'17) 802'T (96v) €2T'y (¥'L€) L€L 0
11UN 8.Jed 3AISUsIUL Ul SAeq
(8'01) 06€'6 (6'21) 922 (7eT) 98¢ (T'eT) 260'T (7'v1) ¥82 T2
(7'92) 6€8'ce (892) LY (roe) 9.8 (8'82) 86€'C (6'82) 695 01-9
(¢'89) 9z5'05 (z'g8) 026 (8'28) €25'T (zve) 118y (z'€9) Lv0'T G-
(s¥) L06'€ (¢9) 16 (v€) 86 (8€) 91 (5€) 89 T
(sAep) Aess Jo y1bua
('8¢) Lvz'ee (5'5¢) v29 (5v¢) v66 (8L2) T1E'C (Tve) 129 | ass Jo Aiserdoifue A1euoioo [eunwnsue.} snoaueINdlad
(L) 2180'Y (6¢) 69 (ze) 16 (re) 182 (sv) 88 sioNqIyul a|3%eld
(6'€2) 0¥0'79 (972) TTE'T (6'22) 9ve'e (9°08) 90.'9 (z's2) 6.4'T UORDJRUI [eIPIBOOPUSINS
(z'9) ses'y (ev) 9L (T'¢e) 06 (e'v) 6S€E (6'9) 91T uoisusjodAH
(92) 012'C (ev)vL (672) a8 (81) 9v1 (ev) v8 »0ys d1uaborpsed

(299'98=U) amum

(852'T=u) 18410

(£88'z=u) o1uedsiH

(L1€'8=U) >oRIQ

(896'T=U) UeISY

ansiisIveseyd

sjuaired 40 (%) 'ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 January 01.

Pharmacotherapy. Author manuscript



Page 37

Fang et al.

(e'vT) TOV'CT (et see (Sv1) 6TV (1) 81P't (5'v1) 82 ¥90]q Meay pue eipJedApelq snuls
(¥°0) 08¢ x * (9°0) 15 . sisAjoAwopaeyy
(e€) ev8'C (z€) 9s (Tv) 61T (r'e) v8e (Te)19 Aisejdoifue AJeuoiod [eulunjsue.) snoaUEINDIAd
(£2) 8v9'9 (21 get (s6) €L (8'v) 86€ (11 vee s1s010d081sOQ
(e'sv) esz'6e (s9v) 818 (z'18) 91¢'T (€'9v) ¥S8'e (cvv) 0.8 8seasIp Leay d1Wayas|
(8'5L) £69'59 (982) 18€'T (Le8) viv'e (998) €02'L (€28) 619'T UOISUIHIUAH
(9v) 826 (ev) 9L (6€) TTT (9v) v8e (9¢) 1L uoisusjodAH
(¢'s9) vv8'Ly (6%5) 596 (209) 05L'T (6'19) OzE'Y (6'89) 09T'T elwapidiadAH
(£2) L0g'e (¥'€) 65 (8'¢) 60T (e) ese (€) 65 elwaesadAH
(50) z9v * (o) et (50) 8¢ (o) et Bunyeld ssedAq Alape Areuoio)
(e'9) 1€9'Y (8) ovT (6) 6GC (8'8) 622 (56) L8T ewyisy
(r11) 216’6 (21 get (8) €T (8) 99 (62) 951 uone|[uqy [eLy
(T°0) 921 * % (g0) s * ewapaolbuy
SUOIIIPUOD [BIIUNND BUIj8Se( JaYlO

(5€) ov0'e (¥'€) 65 (ge)otT (6¢) vee (T2 ey 85easIpP OlJeWINGUI-9SeasIP 8NSSI) BAIDBUU0D
(z'6T) 529'9T (0°€2) vov (0z2) v€9 (6'82) L0V (¥°52) 005 asessip Asuppy o1uoIyD
(81) €25'GT (z'L1) 208 (7'12) 819 (T'22) 9e8'1 (e'11) 222 aseasip Je|naseA [eJaydiiad
(§7) 262'T (T2 L (ca) 29 (2) 991 (€) 09 aseasip 4a9|n Andad
(1) 28 (eT) e (6'T) 95 (7'2) 20z (91) 1€ sisAJesed

(5'1) z0E'T (¥€) 65 (82) 18 (2) 89T (¥e) L9 aseasIp JoAIT
(e'T) €60'T (TT)oc (2'0) 0¢ (sT) 12T (1) 0z BWOUIDIR J1IeISEIDN
(0) L& M M (€0) L2 x AIH/SaIv

(8L8) 0LL'CE (509) 888 (2'95) 619'T (529) 69€'y (c09) 286 selaqelq
(sv) zL8'e (s¢) 29 (2'9) v61 (52) ze9 (rv) 98 enuawaqg
(r'e2) vve'oz (12) 08 (5'52) 9L (r've) €€0'e (°02) TOV aseasip Areuow|nd ARONIISCO 1UOIYD
(rea) Tee'0e (9°'52) 057 (r'62) L8 (cee) soL'e (e€2) 85 ainjrey ey annssbuo)
(e'sT) Y2e'eT (geT) 8€2 (T'L1) v617 (502) €0L'T (T'5T) 862 35e3SIP Je|NOSeA01qaIs)
(801) ¢se'6 (L) 9eT (r'8) eve (e01) €98 (52) 8v1 180ue)

(299'98=U) amum

(852'T=u) 18410

(£88'z=u) o1uedsiH

(L1€'8=U) >oRIQ

(896'T=U) UeISY

ansiisIveseyd

sjuaired 40 (%) 'ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 January 01.

Pharmacotherapy. Author manuscript



Page 38

Fang et al.

"SNUIA AQUBId13poUNLIWI UBwWINy/8WoIpuAs Asuaioyspounwiwi paiinboe = AJH/SATY ‘48%20]q 101dadal || uisuaiolbue = gy ‘oNqiyul swAzus Buiisauod-uisusiolbue = 3OV

(8'5) 866't

(L72) 9T

(8) zez

(£'9) 555

(6'9) 9TT

euibue sjqeisun

(8€) Log'e

(2€) 59

(6'7) VT

(8€) 0ze

(€) 29

uslIs

(299'98=U) anum

(862'1=U) 18y30

(£88'z=u) o1uedsiH

(L1€'8=U) >oeI9

(896'T=U) UeIsy

onstisloRIRYD

sjuaired 40 (%) "ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacotherapy. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fang et al.

Table A3.4

Patient characteristics by presence or absence of chronic kidney disease

No. (%) of Patients

Characteristic CKD (n=20,620) | No CKD (n=80,968)
ACEI or ARB use during exposure period
ARB 5,889 (28.6) 17,133 (21.2)
ACEI 14,731 (71.4) 63,835 (78.8)
Socio-demographic covariates
Age (yrs)

66-74 5,801 (28.1) 29,735 (36.7)

75-84 8,470 (41.1) 31,927 (39.4)

85+ 6,349 (30.8) 19,306 (23.8)
Sex

Male 8,882 (43.1) 32,292 (39.9)

Female 11,738 (56.9) 48,676 (60.1)
Race-Ethnicity

White 16,675 (80.9) 69,987 (86.4)

Black 2,407 (11.7) 5,910 (7.3)

Hispanic 634 (3.1) 2,249 (2.8)

Asian 500 (2.4) 1,468 (1.8)

Other 404 (2) 1,354 (1.7)
Prescription benefit gap 3,131 (15.2) 8,399 (10.4)
Dual Eligibility in Medicaid & Medicare 7,038 (34.1) 21,443 (26.5)
Median household income at census block group level ($)

<30,000 10,181 (49.4) 38,134 (47.1)

30,001-60,000 8,275 (40.1) 33,492 (41.4)

60,001-100,000 1,788 (8.7) 7,548 (9.3)

100,001-150,000 289 (1.4) 1,374 (1.7)

> 150,001 87 (0.4) 420 (0.5)
Conditions at index admission
Angiocardiography 8,965 (43.5) 46,973 (58)
Acute renal failure 5,861 (28.4) 6,443 (8)
Coronary artery bypass grafting 918 (4.5) 5,718 (7.1)
Cardiac catheterization 8,872 (43) 47,726 (58.9)
Cardiac dysrhythmias 5,997 (29.1) 26,047 (32.2)
Congestive heart failure 10,268 (49.8) 27,219 (33.6)
Cardiogenic shock 389 (1.9) 2,210 (2.7)
Hypotension 956 (4.6) 4,210 (5.2)
Subendocardial infarction 17,030 (82.6) 58,752 (72.6)
Platelet inhibitors 676 (3.3) 3,940 (4.9)

Pharmacotherapy. Author manuscript; available in PMC 2019 January 01.

Page 39



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fang et al.

No. (%) of Patients

Characteristic CKD (n=20,620) | No CKD (n=80,968)
Percutaneous transluminal coronary angioplasty or stent 5,491 (26.6) 32,356 (40)
Length of stay (days)
1 672 (3.3) 3,808 (4.7)
2-5 10,944 (53.1) 47,633 (58.8)
6-10 6,427 (31.2) 20,726 (25.6)
=11 2,577 (12.5) 8,801 (10.9)
Days in intensive care unit
0 9,921 (48.1) 37,315 (46.1)
1-3 5,730 (27.8) 25,997 (32.1)
4-10 4,361 (21.1) 15,461 (19.1)
211 608 (2.9) 2,195 (2.7)
Days in coronary care unit
0 13,590 (65.9) 50,845 (62.8)
1-3 3,786 (18.4) 18,563 (22.9)
4-10 2,893 (14) 10,371 (12.8)
=11 351 (1.7) 1,189 (1.5)
Baseline Charlson comorbidity index score
0 2,255 (10.9) 25,776 (31.8)
1-2 4,014 (19.5) 28,169 (34.8)
3-5 7,006 (34) 20,356 (25.1)
6-8 5,378 (26.1) 5,440 (6.7)
29 1,967 (9.5) 1,227 (1.5)
Baseline comorbidities
Acute myocardial infarction 1,955 (9.5) 3,359 (4.1)
Cancer 2,421 (11.7) 8,311 (10.3)
Cerebrovascular disease 4,376 (21.2) 11,581 (14.3)
Congestive heart failure 8,819 (42.8) 16,022 (19.8)
Chronic obstructive pulmonary disease 5,845 (28.3) 17,939 (22.2)
Dementia 1,328 (6.4) 3,508 (4.3)
Diabetes 11,327 (54.9) 29,306 (36.2)
AIDS/HIV 30(0.1) 39 (0)
Metastatic carcinoma 279 (1.4) 995 (1.2)
Liver disease 440 (2.1) 1,237 (1.5)
Paralysis 284 (1.4) 880 (1.1)
Peptic ulcer disease 419 (2) 1,163 (1.4)
Peripheral vascular disease 5,555 (26.9) 12,996 (16.1)
Connective tissue disease-rheumatic disease 797 (3.9) 2,784 (3.4)
Other baseline clinical conditions
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No. (%) of Patients

Characteristic CKD (n=20,620) | No CKD (n=80,968)
Angioedema 39(0.2) 141 (0.2)
Atrial fibrillation 2,922 (14.2) 8,176 (10.1)
Asthma 1,398 (6.8) 4,548 (5.6)
Coronary artery bypass grafting 123 (0.6) 407 (0.5)
Hyperkalemia 1,424 (6.9) 1,363 (1.7)
Hyperlipidemia 12,998 (63) 43,041 (53.2)
Hypotension 1,531 (7.4) 3,089 (3.8)
Hypertension 18,234 (88.4) 60,080 (74.2)
Ischemic heart disease 12,352 (59.9) 33,919 (41.9)
Osteoporosis 1,498 (7.3) 6,180 (7.6)
Percutaneous transluminal coronary angioplasty 957 (4.6) 2,406 (3)
Rhabdomyolysis 151 (0.7) 303 (0.4)
Sinus bradycardia and heart block 4,260 (20.7) 10,498 (13)
Stent 1,031 (5) 2,869 (3.5)
Unstable angina 1,880 (9.1) 4,157 (5.1)

Page 41

CKD = chronic kidney disease; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; AIDS/HIV = acquired

immunodeficiency syndrome/human immunodeficiency virus.
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