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Abstract

Background: Many commonly used prescription medications have cardiovascular

adverse effects, yet the cumulative risk of cardiovascular events associated with the

concurrent use of these medications is unknown. We examined the association

between the concurrent use of prescription medications with known risk of a major

adverse cardiovascular event (MACE) (“MACE medications”) and the risk of such

events among older adults.

Methods: A multi-center, population-based study from the Atherosclerosis Risk in

Communities (ARIC) study of a cohort of 3669 community-dwelling adults aged 61–

86 years with no history of cardiovascular disease who reported the use of at least

one medication between September 2006 and August 2013 were followed up until

August 2015. Exposure defined as time-varying and time-fixed use of 1, 2 or ≥3

MACE medications with non-MACE medications serving as negative control. Primary

outcome was incident MACE defined as coronary artery revascularization, myocardial

infarction, fatal coronary heart disease, stroke, cardiac arrest, or death.

Results: In fully adjusted models, there was an increased risk of MACE associated

with use of 1, 2, or ≥3 MACE medications (1 MACE: hazards ratio [HR], 1.21; 95%

confidence interval [CI], 0.94–1.57); 2 MACE: HR 1.89, CI 1.42–2.53; ≥3 MACE: HR

2.22, CI 1.61–3.07) compared to use of non-MACE medications. These associations

persisted in propensity score-matched analyses and among new users of MACE med-

ications, never users of cardiovascular medications and subgroups of participants

with increased risk of MACE. There was no association between the number of non-

MACE medications used and MACE.

Conclusions and Relevance: In this community-based cohort of older adults with no

prior cardiovascular disease, the use of MACE medications was independently and

consistently associated with an increased risk of such events in a dose–response

fashion.
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Key Points

• The association between the concurrent use of medications with a known risk of a major

adverse cardiovascular event and the risk of such events among older adults is not known.

• In this community-based, primary prevention cohort study of 3669 older adults, we found

that the concurrent use of multiple MACE medications is associated with a statistically signif-

icant two-fold increase in the risk of MACE.

• There was no association between the number of non-MACE medications used and MACE.

• Clinicians may need to consider the additive risk of MACE for patients that use multiple med-

ications across different therapeutic classes and consider alternate treatment options to

reduce the risk of outcomes such as myocardial infarction, stroke, and death.

Plain Language Summary

Although many commonly used prescription medications are associated with cardiovascular

adverse effects, the impact of the concurrent use of these medications is not known. We inves-

tigated the extent to which the use of multiple medications associated with adverse cardiovas-

cular effects increase the risk of experiencing major adverse cardiovascular events (e.g., heart

attack, stroke, sudden cardiac death, fatal heart disease) among older adults without cardiovas-

cular disease. We found that the concurrent use of multiple medications with known cardiovas-

cular risks or adverse effects is associated with a two-fold increase in the risk of major adverse

cardiovascular events. We found no association between the use of multiple medications that

do not have these cardiovascular adverse effects and the risk of major adverse cardiovascular

events. Therefore, clinicians may need to consider the additive risk of prescription medications

with cardiovascular side effects for patients that use multiple medications across different ther-

apeutic classes and consider alternate treatment options to reduce the risk of outcomes such as

myocardial infarction, stroke, and death.

1 | INTRODUCTION

Prescription and over-the-counter medications are commonly used in

the United States, particularly among older adults.1 While most medi-

cations are associated with any number of potential adverse effects,2

many commonly used medication classes, including non-steroidal anti-

inflammatory drugs (NSAIDs),3–6 proton pump inhibitors (PPIs),7–9 and

bronchodilators,10–12 have established cardiovascular risks.13,14 Such

risks may be especially relevant to the elderly, many of whom may

have preexisting cardiovascular disease (CVD).15,16

Numerous scientific investigations have characterized the poten-

tial cardiovascular risks of specific products,17–19 and many others

have quantified the association between specific therapeutic classes

and CVD, including myocardial infarction (MI), stroke, and sudden car-

diac death.3,4,7–12,20–22 For example, non-aspirin NSAIDs have been

consistently associated with CVD, with a 15%–44% increased risk of

MI and stroke among treated patients.3,6 By contrast, evidence linking

PPIs and bronchodilators to MI and sudden cardiac death is more

variable.23–26 Despite the insights from these and other studies, far

less is known regarding the concurrent use of multiple medications

with a potential for major adverse cardiovascular events (MACE),

including their impact on cardiovascular health and survival.

We used an ongoing, population-based, prospective cohort of

middle aged and older adults to comprehensively evaluate the associ-

ation between all medications with a potential for MACE, including

MI, stroke, fatal coronary heart disease (CHD), acute coronary syn-

drome, or death. We hypothesized that the concurrent use of medica-

tions that carry potential risk of MACE is independently associated

with increased risk of incident MACE.

2 | METHODS

2.1 | Data and cohort

We used publicly available data from the Atherosclerosis Risk in Com-

munities (ARIC) study. The ARIC study is a prospective community-

based cohort study that initially enrolled 15 792 adults aged 45–

64 years from four U.S. communities (Forsyth County, North Carolina;

Jackson County, Mississippi; suburban Minneapolis, Minnesota; and

Washington County, Maryland) between January 1987 and March

1990.27 Follow up visits were conducted over 3-year intervals until

Visit #4 (February 1996–January 1999), with a 15-year gap until Visit

#5 (June 2011–August 2013; Figure S1). Between Visits #4 and #5,

participants responded to annual follow-up questionnaires by tele-

phone where they were asked about health status updates and, begin-

ning in September 2006, medication use. Death and cardiovascular

events were continuously identified using the National Death Index,

local newspaper obituaries, state death records and a review of com-

munity hospital discharge lists.
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2.2 | Study design and follow-up

Our study spanned 9 years beginning in September 2006, when the

first annual follow-up survey recorded medication use, through

August 2015, 2-years after the last Visit #5 questionnaire was

administered (Figure S1). We included participants that reported

the use of at least one medication during annual follow-up surveys

and Visit #5 (n = 9235; Figure S2). We excluded 603 individuals

who did not participate in Visit #4 and 2431 participants with a his-

tory of MI, CHD, stroke, coronary artery revascularization, cardiac

arrest, heart failure, atrial fibrillation, venous thromboembolism/

pulmonary embolism, and peripheral artery disease prior to cohort

entry. We identified prevalent CVD through a combination of self-

report, International Classification of Diseases, Ninth Revision (ICD-9)

codes associated with hospitalizations, and variables within the

ARIC dataset that reflect medical record review or adjudicated

events (Box S1). To mitigate potential confounding by indication,

we further excluded participants treated with medications indi-

cated for the treatment of CVD (Box S2) at cohort entry

(n = 2316). Following these exclusions, 3669 participants were

included in our final cohort (Figure S2). Participants entered the

cohort at their first reported medication use during annual follow-

up or Visit #5. They exited the cohort at the earliest occurrence of

(1) MACE event, (2) death, or the (3) end of follow-up. The end of

follow-up was defined as 2-years after the last ARIC questionnaire

within the study period.

2.2.1 | Time-varying and time-fixed analyses

Due to ARIC's proactive surveillance and event identification, we

found a wide variation (i.e., ranging from less than 1 year to 9 years)

in the elapsed person-time between an ARIC questionnaire and event.

To reduce misclassification of exposure and person-time in our time-

varying analyses, we restricted exposure windows following ARIC

questionnaires to 2 years. Time-varying analyses only included

person-time with current medication use identified by the preceding

ARIC questionnaire; person-time where individuals used no medica-

tions was excluded. Our time-fixed analysis approximated an

intention-to-treat analysis. In this analysis, participants' exposure at

cohort entry was carried through until they exited the cohort.

2.3 | Prescription medication use

Based on our prior approach,28 we used Micromedex (Truven Health

Analytics) to identify medications with the potential for MACE

(“MACE medications”) which included the following adverse effects:

MI; stroke; CHD; cardiac arrest; or death (Box S3). To identify poten-

tial severity of any adverse effect, we further classified medications

with a MACE adverse effect listed as a black-box warning (BBW). The

validity, comprehensiveness, and utility of Micromedex in identifying

adverse effects based on FDA labels and post-marketing studies has

been previously established.29,30 Specifically, a study found that

Micromedex had a sensitivity of 93% and positive predictive value

(PPV) of 99% in reporting BBWs.29 A separate study that evaluated

software for drug–drug interactions, found Micromedex ranked the

highest in accuracy relative to similar software, with a sensitivity of

95%, specificity of 100%, PPV of 100%, and negative predictive value

(NPV) of 95%.30

Recent medication use (≤2 weeks) was collected during annual

follow-up visits beginning in September 2006 and during Visit #5. Pre-

scriptions and over-the-counter medicines were identified by direct

visual inspection of medication containers during Visit #5 and by par-

ticipants reading labels over the phone during annual follow-up visits.

We aggregated the number of MACE medications used into four

exposure levels (0, 1, 2, and ≥3). To assess the specificity of the associa-

tion between MACE medications with incident MACE events, we also

identified medications without MACE (“non-MACE medications”) as a

negative control and aggregated these into four levels (0, 1, 2, and ≥3).

We considered non-MACE medications a negative control because

MACE and non-MACE medications within single therapeutic classes

share common indications (Box S3 and Table S1), such as antidepres-

sants, non-narcotic analgesics, antihypertensives, or antidiabetics. Addi-

tionally, under a null hypothesis, the number of MACE medications

would carry the same level of risk as the comparable number of non-

MACE medications. Under this reasoning, we also modeled the use of

non-MACE medications among never-users of MACE medications as a

negative control. Analyses with MACE ever- and never-use were deter-

mined by time-varying ever-use of MACE medications; MACE never-

use includes person-time of continuous non-MACE medication use and

initial MACE medication use determines MACE ever-use.

2.4 | Outcomes

Incident MACE represented a composite of cardiovascular events and

death. Since over half of identified MACE medications carry more

than one cardiovascular adverse effect, incident cardiovascular events

encompassed fatal or non-fatal MI, fatal or non-fatal stroke, fatal

CHD, coronary artery revascularization, sudden death, or cardiac

arrest, and were identified using ARIC variables that indicated adjudi-

cated events or events identified from record abstraction (Box S1).

We included all-cause mortality in our MACE definition, because it

captures out-of-hospital fatal cardiovascular events (e.g., fatal MI, fatal

stroke, sudden cardiac death, and cardiac arrest). Additionally, we

treated death from a non-cardiovascular cause as a competing event

for cardiovascular events in our statistical models.

2.5 | Covariates

We selected demographic characteristics, socioeconomic status, com-

orbidities, health behaviors, and measures of cardiovascular risk that

might confound the association between use of MACE medications

and MACE. All these variables are presented in Table 1. In the

OZENBERGER ET AL. 1029



TABLE 1 Baseline characteristics of study population overall and by use of MACE medications (n = 3669)

Characteristic

Number of participants (%)

p-valuea

Use of MACE medications at cohort entry

Overall None Any

Overall no. of participants 3669 (100) 1829 (49.9) 1840 (50.1)

Follow-up, years

Mean (SD) 5.2 (1.8) 5.1 (1.7) 5.2 (1.8) 0.41

Median (range) 5.4 (0.01–8.3) 5.3 (0.01–8.2) 5.4 (0.07–8.3)

No. of MACE medications

0 1829 (49.8) 1829 (100) – <0.001

1 1165 (31.8) – 1165 (63.3)

2 446 (12.2) – 446 (24.2)

≥3 229 (6.2) – 229 (12.5)

No. of non-MACE medications

0 273 (7.4) – 273 (14.8) <0.001

1 1172 (31.9) 774 (42.3) 398 (21.6)

2 894 (24.4) 502 (27.5) 392 (21.3)

≥3 1330 (36.3) 553 (30.2) 777 (42.2)

Gender

Men 1411 (38.5) 823 (45.0) 588 (32.0) <0.001

Women 2258 (61.5) 1006 (55.0) 1252 (68.0)

Race

White 2986 (81.4) 1485 (81.2) 1501 (81.6) 0.77

Black 683 (18.6) 344 (18.8) 339 (18.4)

Age, yearsb

Mean (SD) 71.4 (5.4) 71.5 (5.4) 71.4 (5.5) 0.58

Median (range) 71 (61–86) 71 (62–85) 71 (61–86)

Marital statusc

Not married 2846 (78.1) 1445 (79.6) 1401 (76.7) 0.04

Married 797 (21.9) 371 (20.4) 426 (23.3)

Educational attainment

<High school 504 (13.8) 247 (13.5) 257 (14.0) 0.44

High school 1203 (32.8) 582 (31.9) 621 (33.8)

College/Vocational 1457 (39.7) 735 (40.2) 722 (39.3)

Graduate/Professional 502 (13.7) 263 (14.4) 239 (13.0)

Family income

<$25 000 830 (23.5) 394 (22.5) 436 (24.5) 0.14

≥$25 000 2701 (76.5) 1361 (77.5) 1340 (75.5)

Insurance typed

Private 2272 (65.2) 1154 (66.4) 1118 (64.1) 0.18

Public 964 (27.7) 457 (26.3) 507 (29.1)

Other 247 (7.1) 128 (7.4) 119 (6.8)

Charlson comorbidity index

Mean (SD) 0.1 (0.4) 0.1 (0.4) 0.2 (0.5) 0.002

Median (range) 0 (0–4) 0 (0–4) 0 (0–3)

BMI, kg/m2

Normal (<25) 1075 (29.4) 542 (29.7) 533 (29.0) 0.59

Overweight (25–29.9) 1493 (40.8) 752 (41.2) 741 (40.3)

Obese (≥30) 1094 (29.9) 531 (29.1) 563 (30.7)
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time-varying model, the Charlson Comorbidity Index (CCI) was

updated with comorbidities identified during follow up. In the time-

fixed model, the CCI included comorbidities identified by the cohort

entry date.31,32 Lastly, we also included chronic obstructive pulmo-

nary disease (COPD), identified using the following ICD-9 codes:

416.8; 146.9; 491.x–496.x; and 500–505. The 10-year CHD risk

score is a risk assessment metric within the ARIC dataset and was

modeled as a continuous variable. Among those that do not have

heart disease, it predicts the probability of having a heart attack

within the next 10 years.33,34

2.6 | Statistical analyses

We used descriptive statistics to evaluate the characteristics of partic-

ipants at baseline. We conducted separate time-varying and time-

fixed analysis of the association between MACE medications and

MACE. In time-varying models, individuals contribute person-time to

different exposure levels (0, 1, 2, or ≥3 MACE medications) as the

number of MACE medications used changed over time. Crude inci-

dence rates were generated per 1000 person-years (PY). We used

Cox proportional hazard models to estimate hazard ratios (HRs) and

95% confidence intervals (CI) for the association between the use of

MACE medications and incident MACE.

In addition to our MACE never-user analyses that used time-fixed

or time-varying exposure to non-MACE medications as a negative

control, we also controlled for potential prevalent user bias by approx-

imating a new-user study design after excluding users of MACE medi-

cations at cohort entry. To further address potential confounding by

indication, we conducted a series of subgroup analyses, including by

10-year CHD risk score. In order to evaluate whether specific MACE

medications or therapeutic classes carried a greater risk of MACE

TABLE 1 (Continued)

Characteristic

Number of participants (%)

p-valuea

Use of MACE medications at cohort entry

Overall None Any

COPD 78 (2.1) 23 (1.3) 55 (3.0) <0.001

Diabetice 381 (10.5) 170 (9.4) 211 (11.6) 0.03

Antidiabetic use 469 (12.8) 192 (10.5) 277 (15.1) <0.001

Hypertensivef 1017 (27.8) 444 (24.4) 573 (31.2) <0.001

Antihypertensives use 1634 (44.5) 792 (43.3) 842 (45.8) 0.13

Statin use 1304 (35.5) 690 (37.7) 614 (33.4) 0.006

CHD risk score, categorizedg

Low (<5) 2191 (60.6) 1042 (57.8) 1149 (63.5) 0.002

Medium (5–<10) 795 (22.0) 423 (23.4) 372 (20.6)

High (≥10) 627 (17.4) 339 (18.8) 288 (15.9)

Smoking status

Current 468 (12.8) 226 (12.4) 242 (13.3) 0.30

Former 1504 (41.3) 773 (42.5) 731 (40.0)

Never 1671 (45.9) 818 (45.0) 853 (46.7)

Alcohol drinker

Current 2026 (55.6) 1037 (57.0) 989 (54.1) 0.06

Former 916 (25.1) 458 (25.2) 458 (25.1)

Never 703 (19.3) 323 (17.8) 380 (20.8)

Abbreviations: BBW, black-box warning; BMI, body mass index (calculated as weight [kilograms] divided by height [meters] squared); CHD, coronary heart

disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; MACE, major adverse cardiovascular effects; NSAIDs, nonsteroidal anti-

inflammatory drugs; SD, standard deviation.
ap-value tests for difference in prevalence between none and any use of MACE medications.
bAge at cohort entry.
c“Not married” includes widowed, divorced, separated, and never married.
d“Public” health insurance includes Medicaid and Medicare.
eDiabetes was identified through self-report, recent antidiabetic medication use, a fasting (≥8 h) blood glucose level of ≥126 mg/dl, or a nonfasting glucose

of ≥200 mg/dl.
fHypertension (ARIC “Definition 5”) at Visit #4 was identified through self-report, recent antihypertensive medication use, systolic blood pressure

≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg.
gCHD 10-year risk score at Visit #4, calculated using gender, race (black/white), age, systolic blood pressure, current cigarette use, total cholesterol, high-

density lipoprotein, self-reported medication use for hypertension, and self-reported diabetes status.
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relative to other MACE medications, we evaluated the association

between common MACE medications by therapeutic class and two-

way combinations of MACE medications with MACE compared to the

use of one MACE medication.

We conducted cause-specific hazards in order to evaluate the

effect of competing events in the association of MACE and non-

MACE medications with cardiovascular events, and separately, death

(Table S2).35 All analyses were performed using Stata Statistical Soft-

ware: Release 14 (StataCorp LC).

2.7 | Sensitivity analyses

We performed several sensitivity analyses to confirm the robustness of

our findings. First, we conducted a propensity score matched analysis

of MACE and non-MACE users at cohort entry in order to control for

unobserved confounders that are correlated with covariates included in

the propensity score. Additionally, in order to create exposure groups

that were comparable by weighting based on confounding factors, we

conducted three separate analyses with three different inverse proba-

bility of treatment weights (IPTW). The time-varying IPTW modeled

the likelihood of attrition following cohort entry (Table S11).

To address additional confounding by indication and identify poten-

tial effect modification, we evaluated the association of MACE medica-

tions and MACE among never-users of CVD medications. We further

analyzed MACE medications and non-MACE medications across the

time-varying ever-use of specific medications and therapeutic classes

that carry a higher risk of MACE (opioid analgesics; antidepressants;

NSAIDs or cyclooxygenase-2 [COX-2] inhibitors; bronchodilators and

PPIs). We sought to address residual confounding associated with the

cumulative exposure to medications by controlling for the total number

of medications as a covariate instead of the number of non-MACE med-

ications. Additionally, we evaluated the effect of using continuous

instead of categorical values for the number of medications.

We also evaluated the sensitivity of the association between

MACE medications and CV events using more restrictive CV outcome

definition that included only “definite” and “probable” outcomes from

adjudicated MI, stroke, and fatal CHD events.

3 | RESULTS

3.1 | Cohort characteristics

Overall, the mean (SD) age at cohort entry was 71.4 (5.4) years, 61.5%

were women, and 81.4% were white (Table 1). Of 3669 participants,

1829 (49.9%) did not use MACE medications and 1840 (50.1%) used

at least one MACE medication at cohort entry. Of the 231 MACE

medications identified in the ARIC datasets, 51.5% carried more than

one cardiovascular adverse effect; most commonly MI or stroke.

Except for MACE medications, MACE ever- and never-users used

similar medications overall, including aspirin; antihypertensives; sta-

tins; and antidiabetics (Table S1).

3.2 | Incidence of MACE by number of MACE
medications

Risk of stroke, MI, and death increased with the number of MACE

medications (Figure 1). The unadjusted incidence of MACE increased

F IGURE 1 Incidence rate of outcomes by
the number of MACE medications
concurrently used (n = 3669). MACE, major
adverse cardiovascular effects
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substantially with the number of MACE medications (1 MACE medica-

tion: 22.5 per 1000 PY; 2 MACE medications: 32.5 per 1000 PY; and,

≥3 MACE medications: 42.3 per 1000 PY). Among participants that

never used a MACE medication, the unadjusted incidence of MACE

remained similar across the number of medications (1 non-MACE

medication: 28.4 per 1000 PY; 2 non-MACE medications: 31.2 per

F IGURE 2 Association between the use of MACE medications and the incident risk of MACE (n = 3669). MACE, major adverse
cardiovascular effects

OZENBERGER ET AL. 1033



1000 PY; and, ≥3 non-MACE medications: 30.1 per 1000 PY)

(Figure 2).

3.3 | Association between number of MACE
medications and MACE

After adjustment, users of MACE medications at cohort entry had sig-

nificantly greater risk of incident MACE (adjusted hazard ratio [aHR],

1.22 [95% CI, 0.97–1.55] for 1 MACE medication, 1.51 [95% CI,

1.11–2.04] for 2 MACE medications, and 1.79 [95% CI, 1.24–2.58]

for ≥3 MACE medications) than non-users (Figure 2; Table S2). The

number of non-MACE medications was not associated with an

increased risk of MACE.

In the time-varying models, the risk of MACE increased with the

number of concurrently used MACE medications (aHR, 1.89 [95% CI,

1.42–2.53] for 2 MACE medications and 2.22 [95% CI, 1.61–3.07] for

≥3 MACE medications), compared to non-use (Figure 2; Table S2).

Our findings persisted among new users of MACE medications. In

negative control analyses, there was no association between non-

MACE medications and MACE among participants that never used a

MACE medication. The risk of CV events increased with the number

of MACE medications and decreased with the number of non-MACE

medications (Table S2). These findings persisted across sensitivity ana-

lyses, including: use of more restrictive criteria for CV events

(Table S3); use of continuous and categorical variables for the number

of MACE and non-MACE medications (Table S4); and adjustment for

the total number of medications instead of the number of non-MACE

medications (Table S5).

3.3.1 | Variation in risk of MACE across different
subgroups

The exclusive association between MACE medications and MACE per-

sisted across demographic, cardiovascular and clinical subgroups

(Figure 3; Tables S6 and S7). For example, there was a similar magnitude

of association across participants with varying 10-year CHD-risk scores.

Analyses that stratified by ever-use of antidiabetics, antihypertensives,

statins, and bronchodilators displayed a higher risk of MACE events asso-

ciated with the use of multiple MACE medications (Figure 3; Table S6).

F IGURE 3 Association between the use of MACE medications and MACE events stratified by cardiovascular subgroups (n = 3669). MACE,

major adverse cardiovascular effects
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3.3.2 | Variation in risk of MACE across different
therapeutic classes

There was variation in the risk of MACE across therapeutic classes

and specific two-way combinations of MACE medications (Figure 4).

Use of opioid analgesics or corticosteroids was associated with nearly

a two-times higher risk of MACE relative to the use of other MACE

medications (aHR, 1.73 [95% CI, 1.24–2.41] and 1.90 [95% CI, 1.22–

2.95], respectively). Relative to the use of other MACE medications,

the risk of MACE was two-times higher for common two-way combi-

nations, including opioid analgesics-NSAIDs (aHR, 1.96 [95% CI,

1.08–3.56]); antidepressants-opioid analgesics (aHR, 2.21 [95% CI,

1.21–4.04]); and, bronchodilators-opioid analgesics (aHR, 2.31 [95%

CI, 1.13–4.72]). We also observed variation within therapeutic class

(Table S8).

3.4 | Sensitivity analyses

In propensity score-matched analyses, there was an increase in the

risk of MACE associated with the use of MACE medications at cohort

entry (aHR, 1.38 [95% CI, 1.12–1.71]) compared to non-MACE users

(Table S9). Participants that never used CVD medications had an

increased rate of MACE with the use of 2 and ≥3 MACE medications

(aHR, 1.83 [95% CI, 1.30–2.59] and 2.43 [95% CI, 1.64–3.60], respec-

tively) and did not have an increased risk among non-MACE medica-

tions (Table S10). Our findings were consistent across analyses that

restricted to: (1) participants that entered the cohort at the first

annual follow-up regardless of medication use (Table S12); and (2) that

were weighted based on likelihood of attrition (Table S13).

4 | DISCUSSION

Although the cardiovascular risks of many prescription medications

have been well characterized, such investigations have typically

focused on a specific products or therapeutic classes,3,4,7–12,20–22

rather than quantifying the cumulative cardiovascular risk posed by

the concurrent use of medications. In this large and diverse prospec-

tive population-based cohort, concurrent use of medications with a

potential for MACE was independently and consistently associated

with increased risk of MACE in a dose dependent manner. Older

adults using multiple MACE medications, had on average, double or

triple the risk of incident MACE compared to those that do not use

such medications. Conversely, individuals using multiple non-MACE

medications did not have an increased risk of MACE associated with

their medications. These findings build on prior studies focusing on

individual products and suggest the additive risk associated with the

F IGURE 4 Most commonly used MACE medications and two-way combinations associated with MACE among those exposed to MACE
medications. MACE, major adverse cardiovascular effects
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use of two or more medications with major adverse cardiovascular

effects.

Our findings are important because of their plausibility, magni-

tude, and relevance to many adults who regularly use multiple pre-

scription medications.36,37 While many studies have investigated

potential cardiovascular risks of individual medicines no known study

has investigated the risk associated with the use of multiple medica-

tions and MACE. However, these findings are plausible, as the cardio-

vascular risk of these products has been described based on

randomized controlled trials, included on the FDA approved product

label, and/or demonstrated in post-marketing studies.

Our results persisted across subgroups with varying levels of

underlying cardiovascular risk and among those taking antihyperten-

sives, antidiabetic agents, and statins. For example, the risk of MACE

associated with the concurrent use of MACE medications is similar

between statin users and non-users. This finding may suggest that the

use of medications that carry a risk for MACE may undermine the

effectiveness of medications intended to reduce cardiovascular risk.

Cardiovascular prevention efforts among older adults, including

hypertension, diabetes, and statin treatment guidelines should con-

sider incorporating information on the cardiovascular safety profiles

of medications. As suggested by our analyses that demonstrated a

higher risk of MACE among MACE medications without a BBW, fur-

ther research is needed to evaluate the mechanism through which the

risk of MACE medications is reduced among users of medications with

BBW when compared to those without such warnings that still carry a

risk for MACE.

The risk of incident MACE varied across and within therapeutic

classes and drug combinations. For example, the risk of MACE associ-

ated with the use of specific bronchodilators or NSAIDs was higher

than the risk associated with use of any medication in those therapeu-

tic classes as a whole. Specifically, the increased risk of MACE was

only observed among ipratropium (bronchodilator) and meloxicam

(NSAID) users. This highlights the need for clinicians to weigh the

additive cardiovascular risk for patients that use multiple medications

across different therapeutic classes and consider alternate treatment

options to improve quality of care.

Among older adults taking MACE medications, we found that the

concurrent use of opioid analgesics with other MACE medications is

associated with the greatest MACE risk. For example, the concurrent

use of opioid analgesics in combination with bronchodilators dis-

played a higher risk of MACE than the concurrently use of opioid anal-

gesics and NSAIDs.

Our study was not designed to assess the risk–benefit balance of

specific products or combinations, and many of the products that we

included have demonstrable efficacy, and effectiveness, in the man-

agement and treatment of health conditions, including hypertension,

depression and diabetes. Thus, our findings highlight, at a population-

level, what is known with varying degrees of certainty at an individual

product level—that many prescription drugs have cardiovascular

risks—and that these risks translate into an increased occurrence of

outcomes such as MI, stroke, and death among concurrent users of

these products compared to non-users.

Our study also has several limitations. First, sample size limited

our statistical analyses. However, this longitudinal, population-based

cohort, with historical information on sociodemographic and health

behaviors addressed many limitations associated with claims data.

Second, as this is an observation study there is a risk of unmeasured

confounding. We attempted to address this through a series of sensi-

tivity analyses and by using a propensity-score matched cohort.

Unmeasured confounding may still occur if the use of non-MACE

medications does not adequately mirror the confounding structure of

MACE medications. Third, as this is an observational and exploratory

study we did not adjust for multiplicity. Fourth, our exposure measure

was based on an annual medication use of both MACE and non-

MACE medications and does not capture dose, duration of use, or

adherence. Time-lags between study time points may have resulted in

misclassified person-time. We attempted to mitigate this by restricting

the exposure windows following a questionnaire to 2-years. Fifth, we

do not incorporate information on several cardiovascular risk factors,

including both clinical and subclinical (e.g., heart failure, QT prolonga-

tion, CRP, Troponin, and Coronary Artery Calcium [CAC] score). How-

ever, we did leverage the active cardiovascular screening and follow

up conducted by ARIC investigators and excluded participants with an

increased risk of CVD. Finally, we limit our analyses to MACE medica-

tions and therefore do not know whether and how medications with

other cardiovascular risks, including arrhythmias and heart failure, may

influence our findings.

Despite these limitations, our analyses were robust to numerous

sensitivity analyses that varied assumptions regarding confounding by

indication, selection bias, and misclassification of person-time.

Although causal inference can be limited in observational studies, our

analysis has several features that support its credibility, including find-

ings that persist across the treatment propensity-score matched

cohort, new-users of MACE medications, MACE never-use analyses

(negative control), and multiple sensitivity analyses. Across specific

subgroups associated with an increased risk of MACE, the specificity

of MACE with MACE medications held. Additional strengths of this

analysis include its use of physician-reviewed and adjudicated event

variables, longitudinal study design, and inclusion of both time-fixed

and time-varying exposure measurement which reinforced the tempo-

rality of the association.

5 | CONCLUSIONS

Findings from this cohort study indicate that the concurrent use of pre-

scription medications associated with adverse cardiovascular effects is

associated with an increased risk for MACE among older adults. Many

commonly used therapeutic classes (e.g., NSAIDs, antidepressants, bron-

chodilators, and opioids) carried an elevated risk of MACE and this risk

increases when these medications are used together.
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