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Abstract

Background: Initiation and up-titration of guideline-directed medical therapies (GDMT) for
heart failure with reduced ejection fraction (HFrEF) remains suboptimal, in part due to concerns
regarding tolerability and adverse events (AE).

Objectives: To compare rates of adverse events in patients randomized to GDMT medication vs
placebo in a meta-analysis of landmark cardiovascular outcomes trials.

Methods: We assessed rates of reported AE in 17 landmark HFrEF clinical trials across each
class of GDMT in the placebo and intervention arms. The overall rates of AE for each drug class,
the absolute difference in frequency in AEs between the placebo and intervention arms, and the
odds of each AE according based on randomization strata were calculated.

Results: AE were reported commonly in trials across each class of GDMT, with 75-85% of
participants reporting at least one AE. There was no significant difference in the frequency
of AE between the intervention and placebo arms, except for angiotensin converting enzyme
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(ACE) inhibitors (87.0% [85.0-88.8%] vs 82.0% [79.8-84.0%], absolute difference +5% with
intervention, P<0.001). There was no significant difference in drug discontinuation due to AE
between placebo and intervention arms in ACE inhibitors, mineralocorticoid receptor antagonists
(MRA), sodium glucose co-transporter 2 (SGLT2) inhibitor or angiotensin receptor neprilysin
inhibitor (ARNI)/angiotensin Il receptor blocker (ARB) trials. Patients randomized to beta blocker
were significantly less likely to stop study drug due to AE than placebo (11.3% [10.3 t012.3%] vs
13.7% [12.5 to 14.9%)], absolute difference —1.1%, P=0.015). When individual types of AE were
assessed, initiation of intervention vs placebo resulted in small differences in absolute frequency
of AE that were largely not statistically significant.

Conclusions: In clinical trials of GDMT for HFrEF, AE are frequently observed. However, rates
of AE are similar between active medication and control, suggesting these may reflect the high
risk nature of the HF disease state rather than be attributive to a specific therapy.

Condensed Abstract

To understand the actual impact of GDMT on adverse events for patients with heart failure

and reduced ejection fraction (HFrEF), rates of AE in 17 landmark HFrEF clinical trials were
compared between the placebo and intervention arms. Though AE were frequently reported in
trials of GDMT (between 75-85% of all patients), there was generally no substantial difference in
the frequency of AE between the intervention and placebo arms. Individual AEs such as cough
rarely occurred more frequently for patients randomized to GDMT vs placebo. These findings
suggest that many of the AEs observed in patients with HFrEF are not related to GDMT, and
support the use of GDMT whenever possible to prevent morbidity and mortality.

Keywords
Guideline-Directed Medical Therapy; Adverse Events; Heart Failure

Patients with heart failure with reduced ejection fraction (HFrEF) are at risk for poor
clinical and quality of life outcomes (1-3). These risks are reduced with the use

of guideline-directed medical therapy (GDMT), which consists of beta-blockers, renin-
angiotensin aldosterone system (RAAS) agents, mineralocorticoid receptor antagonists
(MRASs), and sodium-glucose co-transporter 2 (SGLT2) inhibitors, which each have a Class
1 recommendation for use in patients with HFrEF without contraindication (4). Compared
with therapy with a RAAS and beta-blocker, comprehensive therapy with all four drugs is
estimated to extend life of a 55 year-old patient by over 6 years, and by over a year even in
octogenarians (5).

However, patients with HFrEF are often not prescribed these drugs or generally receive
doses below the target (6, 7). These gaps in use and dosing of GDMT have important
implications. It is estimated that optimal use of angiotensin receptor-neprilysin inhibitors
would prevent 28,000 deaths in the United States annually, with an additional 34,000 deaths
prevented with SGLT2 inhibitor use (8, 9). One possible reason that clinicians are hesitant to
escalate these therapies is the perceived risk of adverse events (AE) or side effects (10-12).
Providers may worry that GDMT will provoke hypotension, kidney injury, or metabolic
disturbances in patients vulnerable to such events (13). Likewise, patients who experience
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HF or other symptoms while on GDMT may have these symptoms attributed to GDMT,
which may result in medication discontinuation and/or patients being labeled intolerant,
without further attempts to use them.

Patients with HFrEF have a high burden of symptoms overall (3). Though patients may
truly be unable to tolerate GDMT, in some cases these symptoms may be a manifestation

of HFrEF and other co-morbidities, and not related to a medication. In this case, use of
GDMT may not impact or may even improve symptoms over time, while reducing risk of
hospitalization and death. To assess the frequency of AE in patients with HFrEF, and to
understand the percentage are attributable to the use of GDMT, we evaluated relative rates
of common AE in major cardiovascular trials of GDMT, comparing rates in both the placebo
and intervention arms, and calculating a placebo-adjusted frequency of AE to understand the
impact of GDMT on them.

METHODS
Eligibility Criteria

To assess the frequency of AEs and the impact of randomization to intervention vs. placebo
arm on the rate of AEs, we evaluated rates of AEs from landmark clinical trials of GDMT,
including RAAS agents such as angiotensin-converting enzyme (ACE) inhibitors (14-17),
angiotensin 2 receptor blockers (ARBSs),(18) and angiotensin receptor-neprilysin inhibitors
(ARNISs),(19, 20) beta-blockers (21-25), MRAs (26—-28), and SGLT2 inhibitors (29-31),
both in patients with chronic HFrEF and in patients following myocardial infarction with
signs of left ventricular dysfunction or symptoms of HF. Trials were considered landmark
trials if they evaluated the impact of a drug within one of the GDMT classes for HF on
mortality and heart failure outcomes in comparison to placebo or (for ARNI and ARB trials)
against an active comparator and were cited in HF guidelines to support the use of a class of
medication for GDMT.

Search Strategy and Data Extraction

AEs were assessed in the primary publications of 17 landmark GDMT trials (Table 1).

The Cardiac Insufficiency Bisoprolol Study Il and the Survival and Ventricular Enlargement
(SAVE) trials were not included based on inadequate AE information reports (24, 32).

When available, overall rates of AEs, serious AEs, and drug discontinuation secondary to
AEs were collected. Information on AEs, as reported either in the main manuscript or in

a supplement, were compiled, as was the size of each study arm. AEs in the overall study
were assessed and tabulated between the intervention and the comparator arm. In instances
where an individual trial reported several hundred types of AEs (29), only those occurring
more than 0.5% of the time, or with corresponding information on the occurrence of the
same AE from other trials, were included. AEs that were only reported in a single trial, or
which were not relevant to the known mechanisms of these drugs (e.g., neoplasm, which was
reported in only a single MRA trial (28)) were not included. Heart failure hospitalization and
death, which were typically efficacy endpoints in each trial, were not recorded as AEs. As
some trials did not report the size of the on-treatment, or safety, population of the trial, and
reported only the intention to treat size, intention-to-treat was chosen as the population size
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for each trial for consistency: however, the difference between these populations for trials
reporting the size of each cohort was <0.5% in all instances (26-31).

Statistical Analysis

The overall frequency of each AE type was calculated across each GDMT class for the
placebo and the intervention arms, and 95% confidence intervals (CI) were calculated.

To compare AE frequencies between the groups, odds ratios (ORs) were calculated. Meta-
analyses were performed based on a generalized linear mixed effects model under trial-
specific random effects, with 95% Cis computed by the restricted maximum likelihood.
Significance was set at 2-sided P < .05. Data management and statistical analyses were
performed using Microsoft Excel (Microsoft Corporation) and the R-based software. For
trials of ARBs and ARNIs, AE rates were calculated for the active comparator (an ACE
inhibitor) in lieu of placebo. In instances where only a percentage or a total number of
patients experiences an AE was reported, the missing data were manually calculated. To
calculate the placebo-adjusted rates of each AE, the rate observed in the placebo arm

was subtracted from the rate observed in the intervention arm to determine the absolute
difference in frequency of each AE seen with intervention vs placebo. Because rates of
AEs were high regardless of length of study, and because there was no difference in length
between the two arms of any study, no adjustment was made for length of trial.

RESULTS

Trial Populations

This analysis included data from 51,419 patients across 17 trials, including 4 ACE inhibitor,
4 beta blocker, 3 MRA, 3 SGLT2 inhibitor, and 3 ARB or ARNI trials (Supplemental Table
1). Average follow-up time ranged from 6.3 (15) to 41.4 months (14). The average age
across trials was 65 (58 to 74) years. Across trials, 73% of patients were male and the
average ejection fraction was 29%.

Adverse Events Across Trials

AEs were commonly observed regardless of randomization status, with rates ranging from
74.9% (SGLT?2 inhibitors) to 84.5% (ACE inhibitors) trials (Figure 1). The overall frequency
of AEs was not reported in the beta-blocker trials, though one trial did report serious AEs,
which were experienced by 42.5% of patients overall. Compared with placebo, patients in
the intervention arm of trials generally did not have a meaningfully different frequency

of AEs (absolute differences ranged from 5% higher for ACE inhibitor to 0.8% lower

for SGLT2 inhibitor). These differences were not statistically significant, except for ACE
inhibitor vs. placebo (87.0% [85.0-88.8%] vs 82.0% [79.8- 84.0%], absolute difference +5%
in ACE inhibitor arm, p<0.001). Risk of serious AEs was lower for patients randomized

to a beta blocker (39.0% [36.2-41.9%] vs 45.5% [42.7-48.5%], absolute difference —6.5%
for beta-blocker, p=0.002); ACE inhibitor (57.3% [54.2-60.3%] vs 63.0% [60.0-66.0%],

net difference —5.7%, p=0.009) or SGLT2i (39.3% [37.9-40.7%] vs 44.1% [42.7-45.5%],
absolute difference —4.9%, p<0.001) as compared to placebo.

JACC Heart Fail. Author manuscript; available in PMC 2023 April 10.
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Discontinuation of Study Drug

Across trials, 4.7% to 13.4% of patients discontinued study drug due to AEs. There was

no significant difference in rates of drug discontinuation due to AEs in trials of ACE
inhibitors (7.4% [6.1-9.1%] vs. 12.3% [10.5-14.4%)], absolute difference —4.9%, p=0.68, OR
0.80 [0.28-2.32]), MRASs (8.2% [7.2-9.5% ] vs. 11.8% [10.7-13.2%)], absolute difference
-3.66%, p=0.84, OR 0.89 [0.27-2.89]), SGLT2 inhibitors (4.7% [4.0-5.5%] vs. 4.7%
[4.0-5.4%)], absolute difference 0%, p=0.94, OR 1.01 [0.79-1.28]) in intervention vs placebo
arms respectively, or ARNI vs. ARB (12% [11.2-12.7%] vs 12.7% [11.9-13.5%)], absolute
difference —0.7%, p=0.61, OR 1.15 (0.67-1.99). Patients randomized to beta blocker were
less likely to stop study drug due to AEs compared with placebo (11.3% [10.3-12.3%] vs
13.7% [12.5-14.9%], absolute difference —1.1%, p=0.015, OR 0.84 [0.73-0.97]).

Renin-Angiotensin Aldosterone System Modulator Trials

The most common AEs were dizziness or syncope, cough, and angina (Table 2). Adjusting
for rates observed in the placebo group, patients randomized to an ACE inhibitor were

3.9% more likely to experience dizziness/syncope and 8.9% more likely to experience cough
(Figure 1 Panel A, Table 2). When proportion of symptoms attributable to randomization

to ACE inhibitor was assessed, the study drug accounted for 11.9% of dizziness or syncope
and 24.7% of coughs (absolute difference 3.9%, p<0.001, OR 1.32 [1.14-1.54] for dizziness/
syncope, and 8.9%, p=0.014, OR 1.55, [1.09-2.23] for cough). The AEs most likely to be
attributable to ACE inhibitor use were hyperkalemia, worsening renal function, and cough:
the absolute increase in frequency was 2.3%, 1.5%, and 8.9% respectively (Table 2). For
patients enrolled in ARB or ARNI trials, most common AEs overall were hyperkalemia,
cough, and dizziness or syncope, (Supplemental Table 2, Supplemental Figure). These trials
used an ACE inhibitor as comparator and the difference between the two arms are shown in
Supplemental Table 2.

Beta Blocker Trials

The most frequently reported AE were upper respiratory infection, cough, and pain (Figure
1 Panel B, Table 3), however there was no significant difference between placebo and
intervention groups (p=0.84, 0.34, and 0.73, respectively). The AEs most likely to be
attributable to beta blocker were dizziness and nausea, which occurred in 5.5% and 4.1%
more patients randomized to beta blocker (p<0.001, OR 1.99 [1.52-2.64] for dizziness and
p=0.013,0R 1.99 [1.16-3.42]] for nausea). Bradycardia was reported in 1.9% more patients
in the intervention arm; this difference was not significant (p=0.06, OR 3.25 [0.95-11.02]).

Mineralocorticoid Receptor Antagonist Trials

Cough and musculoskeletal disorders were the most frequently reported AEs (Table 4,
Figure 1 Panel C). There was no significant difference in musculoskeletal disorders between
the two study arms, and rates of cough were lower in patients randomized to MRA
(p=0.029, OR 0.83, 0.70-2.59]). AEs most attributable to MRA were male gynecomastia
(+5.7%, p<0.001, OR 7.61 [3.60-16.12] and male breast pain (+1.1%; p=0.026, OR 10.38
[1/32-80.64]), though these events were driven by spironolactone and not eplerenone,
followed by hyperkalemia (+2.3%, p=0.001, OR 1.97 [1.51-2.59]).

JACC Heart Fail. Author manuscript; available in PMC 2023 April 10.
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SGLT2 Inhibitor Trials

Common AEs were symptomatic hypotension, renal impairment, and volume depletion
(Table 5, Figure 1 Panel D). These did not occur at statistically significantly different

rates between placebo vs. intervention arms (p=0.82, OR 1.03 [0.78 — 1.36]) for
symptomatic hypotension, p=0.32, OR 0.90 [0.71-1.12] for renal impairment, and p=0.23,
1.09 [0.92-1.26] for volume depletion). Hypoglycemia and severe hypoglycemia did not
occur at significantly different rates either (Table 5). The AEs attributable to SLGT2
inhibitors were genital mycotic infection (+0.9%, OR 2.77 [1.46-5.26] p=0.002 and ; dysuria
+1.4% OR 5.10 [1.11-23.57] p=0.036).

DISCUSSION

In this analysis of patients enrolled in landmark clinical trials of GDMT for HFrEF, overall
burden of AEs was high, however, patients randomized to the intervention arm in general
did not have substantially more AEs than those randomized to placebo. There was no
significant difference in rates of AEs between the intervention and placebo arm for SGLT2
inhibitors or MRAs. Importantly, patients randomized to intervention experienced either
similar (ARNI/ARB trials) or significantly lower (beta blockers, ACE inhibitor, and SGLT2
inhibitor) rates of serious AEs than patients randomized to placebo. Rates of study drug
discontinuation due to AEs were not statistically different between intervention and control
arms for trials of ACE inhibitors, MRAs, SGLT2 inhibitors, or ARNIsS/ARBS. Patients
randomized to a beta blocker were in fact less likely to stop study drug due to an AE than
placebo. The only drug class for which significantly more AEs were observed was ACE
inhibitors, with a modest absolute increase in AE rate of 5%; this was countered by lower
rates of serious AEs (—5.7%) with ACE inhibitor use. In instances where a specific AE was
seen more frequently with randomization to GDMT, such as gynecomastia with MRA use,
the absolute difference in frequency intervention and placebo arm was generally small and
rarely above 2%.

These data suggest that the overall burden of AEs in patients with HFrEF is high, even

for patients enrolled in the placebo arm. In the most recent trials that closely resemble
contemporary HFrEF populations, AEs were reported in 75% to 80% of all patients. These
findings are consistent with HFrEF’s substantial impact on quality of life, and underscores
the high symptom burden associated with HFrEF and its associated comorbidities (33, 34).
Symptoms such as hypotension, one of the most concerning AEs related to the initiation
of new therapies, occurred slightly more often in intervention arms (1.8% for beta blocker,
5.6% for ACE inhibitors, 3.4% for ARB or ARNI, 0.6% for MRA and 0.3% for SGLT2
inhibitors). Most hypotension events could not be reliably attributed to the addition of
GDMT. Since most of the hypotension, dizziness, and syncope was not related to the
initiation of an additional GDMT, providers should be thoughtful about whether such
symptoms should prompt discontinuation of therapies, especially if patients are not very
symptomatic or have a borderline blood pressure. When a drug is discontinued because of
concerns for side effects, providers should plan to re-attempt in the future when possible.

There were some instances when an AE was more likely to be attributable to GDMT,
however, the absolute rates of these events were low, and these AEs were typically

JACC Heart Fail. Author manuscript; available in PMC 2023 April 10.
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“nuisance” events that could be avoided through specific drug choices. For instance, just
over half all noted episodes of gynecomastia could be attributed to MRA use, but on
average only 0.9% more patients (i.e., less than one patient out of every hundred patients)
experienced this in the intervention arm as compared to the placebo arm of MRA trials.
Notably, gynecomastia is observed with spironolactone and not eplerenone, making this AE
easily avoidable for those who may be concerned. Similarly, the most likely AE attributable
to any form of GDMT was cough, which occurred in 8.9% more patients randomized

to ACE inhibitor vs placebo. However, this side effect could be easily addressed through
preferential use of an ARB or ARNI over ACE inhibitor.

Overall, the absolute difference rates for most individual AEs were less than 5% between
intervention and placebo: in some cases, AEs occurred less often with intervention, such
as hypokalemia with MRA use. The addition of single GDMT drug resulted in between
0.8% fewer to 5% more patients experiencing any AE at all, a difference which was often
not statistically significant. Since it has been estimated that the use of all four therapies
in GDMT reduces mortality in HFrEF patients by 25% over 2 years, with each additional
therapy providing incremental benefit, the relatively low risk that AEs can actually be
attributed to initiation of GDMT must be weighed against the benefit in mortality and
hospitalization risk (8).

As we consider the large gaps in use and dosing of GDMT in practice, one key factor is

the potential misclassification of symptoms due to worsening of the HF disease state versus
medication-related AEs. Indeed, events like worsening functional status, acute kidney injury,
and syncope occur at non-trivial rates among patients receiving placebo in trials. However,

it is important to recognize that worsening symptoms and decreasing functional status

are less likely to occur with prompt initiation and titration of GDMT. Beyond mortality
benefit, GDMT is associated with improved symptoms and functional class: for instance,
patients with HFrEF randomized to empagliflozin were more likely to improve and less
likely to worsen their New York Heart Association class. These effects were evident as

early as 28 days after randomization, and persisted for the length of the trial (35). It is
therefore possible that failure to initiate or withdrawal of GDMT could actually lead to

more symptoms, which could paradoxically make it more likely that a provider would
withdraw more GDMT in response to a patient’s escalating symptom burden, creating a
downward spiral of worsening outcomes. Early use of one class GDMT may decrease key
AE’s to the point of enabling other drug classes (36). For example, initiation of SGLT2i
decreases risk of hyperkalemia, slows progression of kidney disease, and decrease risk of
MRA discontinuation (37). Similar trends have been reported with ARNI therapy (38). Our
results suggest that though AEs occur commonly in HF patients, these AEs cannot be clearly
attributed to GDMT. Clinicians therefore should be thoughtful about whether symptoms
should prompt a change in GDMT, and whether drugs, once stopped, should be re-trialed,
especially given concerns that stopping GDMT may in fact worsen symptoms. Though more
work is needed, but it is likely that the issue is not simply that that failure to tolerate

GDMT is a poor prognosticator, but that withdrawal of GDMT directly contributes to higher
symptom burdens and poor outcomes.

JACC Heart Fail. Author manuscript; available in PMC 2023 April 10.
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LIMITATIONS

There are limitations to our analysis. AEs were not reported uniformly across trials and
definitions of AEs may have varied. Older trials tended to not have available supplemental
sections and reported fewer AEs. The frequency of AEs sometimes differed across trials
even for the same drug class, likely related to changes in thresholds for reporting, and

to differences in definitions or regulatory requirements. It is therefore not possible to
compare burden of AEs between different classes of GDMT or across trials. Despite

this, AE reporting would be consistent within trials and the absolute change in frequency
with intervention vs placebo is unlikely to be biased. Severity of AEs was generally not
systematically categorized, but AEs leading to death or drug discontinuation were assessed.
Specific side effects, such as gynecomastia, are known to be related to specific drugs
(spironolactone) and are not considered to be a class effect. It is also possible that the
patients enrolled in trials tended to be healthier than the overall HFrEF population and may
therefore have been less likely to experience AEs. However, prior research has suggested
that patients enrolled in recent trials closely mirrors those observed in real-world clinical
practice (39, 40). Finally, trials are powered to look at efficacy endpoints and not adverse
events. While patients in these trials were much more likely to experience any AE overall
than a primary outcome, these AE reflect diverse symptoms and safety events. As such,
trials are typically not powered to assess composite AE, despite their frequency.

In conclusion, AEs occurred often in trials, but at similar rates for patients in the placebo and
intervention arms. In general, AEs were infrequently attributable to initiation of a GDMT.
When AEs did appear to occur more often in the intervention arm, the absolute frequency
was low. Given the high burden of symptoms and AEs observed in the placebo arm of trials
and the low additive risk of symptoms with initiation of GDMT, physicians should consider
whether their patients symptoms may be related to HFrEF or other comorbidities, and not
necessarily to GDMT. As such, clinicians should balance the threshold to discontinue or to
retry GDMT in the setting of symptoms against the risk for clinical deterioration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives
Competency in Medical Knowledge

. The use of guideline-directed medical therapies (GDMT) for heart failure
with reduced ejection fraction (HFrEF) remains suboptimal, likely in part due
to concerns that these drugs will be poorly tolerated by patients

. Though adverse events occurred commonly in clinical trials of GDMT
medications, it was at similar rates in the placebo and intervention arms,
suggesting the initiation of GDMT was uncommon as the driver of patient
symptoms and that GDMT is generally very well tolerated in patients with
HFrEF

. Providers should consider whether their patients’ symptoms may not be
related to GDMT therapies, and, if medications are stopped for symptoms,
consider re-trialing them in the future

Translational Outlook

More research is needed to understand the frequency with which side effects are truly
attributable to GDMT. However, by examining rates of reported adverse events in
landmark clinical trials of GDMT, we see that these events tend to occur at very similar
rates between placebo and intervention arms. This suggests that though adverse events
are common in patients with HFrEF, they may be more related to the condition of heart
failure itself rather than GDMT usage.

JACC Heart Fail. Author manuscript; available in PMC 2023 April 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Harrington et al.

A Frequency of Adverse Events in ACE Inhibitor Trials
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Figure 1: Frequency of AEs.
Frequency with Placebo and Absolute Difference in Frequency of Adverse Events in

Intervention Arm. Placebo-adjusted rate frequency shows the difference in rates of an
adverse event in the intervention arm as compared to the placebo arm. Note that some AEs
occurred less frequently in the intervention arm than in the placebo arm. ACE: angiotensin
converting enzyme AE: adverse event Panel A: Frequency of AEs in ACE Inhibitor Trials.
Panel B: Frequency of AEs in Beta-Blocker Trials. Panel C: Frequency of AEs in MRA
Trials. Panel D: Frequency of AEs in SGLT2 Inhibitor Trials. Single asterisk: p<0.05,
double asterisk: p<0.01, triple asterisk: p<0.001
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c Frequency of Adverse Event Rates in MRA Trials
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Medication-Attributable Adverse Events in Heart Failure Trials

Patients randomized to intervention vs placebo had:

Mo difference in drug discontinuation
3.9% higher rate of dizziness

8.9% higher rate of cough (could avoid
with ARNI or ARB use)

Adverse Events Common in patients with
HFrEF, regardless of randomization to
placebo vs intervention

1.1% less likely to stop drug
No difference in most AEs
5.5% higher rate of dizziness

74.9-84.5% of all patients in GDMT trials
had adverse events

Botec Olfadverseaventaaanot No difference in drug discontinuation

meaningfully higher with intervention vs 5.7% higher rate of male gynecomastia
placebo ] (could avoid with eplerenone use)
B

No difference in drug discontinuation
Patients randomized to intervention vs No difference in volume depletion, AKI,
placebo have lower rates of severe or hypoglycemia

EEVEEEE et : 0.9% higher rate of genital infection

Central Illustration: Medication-Attributable Adverse Events in Heart Failure Trials.
ACE: angiotensin-converting enzyme; AE: adverse event; AKI: acute kidney injury;

BB: beta blocker; GDMT: guideline-directed medical therapy; HFrEF: heart failure with
reduced ejection fraction; mineralocorticoid receptor antagonist; SGLT2i: sodium-glucose
co-transporter 2 inhibitor
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