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Abstract

Cardiovascular diseases are a well-established cause of death in high-income countries. In the last 20 years, Sub-Saharan Africa
(SSA) has seen one of the sharpest increases in cardiovascular disease-related mortality, superseding that of infectious
diseases, including HIV/AIDS, in South Africa. This increase is evidenced by a growing burden of heart failure and atrial fibril-
lation (AF) risk factors. AF is a common comorbidity of heart failure with reduced ejection fraction (HFrEF), which predisposes
to an increased risk of stroke, rehospitalizations, and mortality compared with patients in sinus rhythm. AF had the largest
relative increase in cardiovascular disease burden between 1990 and 2010 in SSA and the second highest (106.4%) increase
in disability-adjusted life-years (DALY) between 1990 and 2017. Over the last decade, significant advancements in the manage-
ment of both HFrEF and AF have emerged. However, managing HFrEF/AF remains a clinical challenge for physicians,
compounded by the suboptimal efficacy of guideline-mandated pharmacotherapy in this group of patients. There may be
an essential role for racial differences and genetic influence on therapeutic outcomes of HFrEF/AF patients, further complicat-
ing our overall understanding of the disease and its pathophysiology. In SSA, the lack of accurate and up-to-date epidemiolog-
ical data on this subgroup of patients presents a challenge in our quest to prevent and reduce adverse outcomes. This narra-
tive review provides a contemporary overview of the epidemiology of HFrEF/AF in SSA. We highlight important differences in
the demographic and aetiological profile and the management of this subpopulation, emphasizing what is currently known
and, more importantly, what is still unknown about HFrEF/AF in SSA.
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Introduction

Heart failure (HF) is a well-recognized public health concern in
high-income countries (HICs). In the last two decades, HF has
emerged as a major public health problem in Sub-Saharan
Africa (SSA) owing to the effects of westernization and a
subsequent epidemiological transition from infectious to
non-communicable disease patterns.® This epidemiological
transition is evidenced by an increasing prevalence of
traditional risk factors for cardiovascular diseases (CVDs) such
as obesity, sedentary lifestyle, diabetes mellitus, and
hypertension.”> HF as a clinical syndrome is associated with
increased morbidity and mortality.?> The aetiological profile
of HF in SSA differs greatly from that of HICs, with the majority

of causes of HF being non-ischaemic in nature.**’ Many
HF-related hospitalizations impose a major burden on the
global economy, particularly those of SSA’s low-middle-in-
come countries (LMICs).%

Atrial fibrillation (AF) is a common comorbidity of HF and is
characterized by rapid and haphazard electrical activity in the
atria marked by an irregular heart beat and absent p-waves
on an electrocardiogram (ECG).>*° The aetiological spectrum
of HF in SSA is broad. This has an impact on the relative AF
prevalence across the HF spectrum in SSA. Rheumatic heart
disease (RHD) is a common risk factor for AF in SSA, with a
prevalence ranging from 10% to 46%.*** However, recent
studies are beginning to demonstrate an increase in
non-valvular AF in this setting with RHD not so prevalent
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anymore in some regions.**>"” A few studies have demon-
strated heart failure with preserved ejection fraction (HFpEF)
and heart failure with mid-range ejection fraction (HFmrEF)
to have a higher AF prevalence than heart failure with re-
duced ejection fraction (HFrEF).>*® However, in patients with
longstanding HF, the prevalence of HFrEF/AF becomes more
apparent.’® Interesting insights from the multinational
THESUS-HF registry reported a significantly higher prevalence
of AF in HFmrEF (28.5%) compared with that of HFpEF
(21.3%) and HFrEF (14.5%)."

Data from SSA suggest that AF is a major decompensating
factor among HF patients in SSA.®*>19722 A Tanzanian
study found a survival rate of 63% [vs. 96% (P < 0.001)] in
HF/AF patients.?* Similarly, AF was found to be a significant
predictor of death in one of the largest HF outcomes studies
(n = 1488) undertaken in Ghana.® However, AF was not signif-
icantly associated with all-cause death in HFmrEF or HFpEF
patients, unlike HFrEF.® Similarly, data from the THESUS-HF
registry revealed that in the setting of HF, 6 month mortality
was substantially greater in individuals with valvular AF com-
pared with non-valvular AF.*®

AF predisposes individuals to a five-fold greater stroke risk
and an increased rehospitalization risk.2%?” Across the global
population, 1 to 2 in 10 individuals with any cardiomyopa-
thy, excluding post-partum cardiomyopathy, will develop
AF.%® Furthermore, HF/AF patients, in SSA, are at a 1.3- to
3.4-fold risk of death compared with HF patients without
AF.>?° This is particularly concerning given the significant
morbidity and mortality associated with AF. AF is common
in both HFpEF and HFrEF but portends a higher risk of
mortality in patients with HFrEF.®*%3% A recent study dem-
onstrated that HFrEF/AF patients had a greater 1 year mor-
tality rate (36.5%) than patients with HFmrEF/AF (27.7%)
and HFpEF/AF (27.7%).73*

Over the last decade, significant advancements in the man-
agement of both HFrEF and AF have emerged. However, man-
aging HFrEF with co-existing AF remains a clinical challenge
for physicians, compounded by the suboptimal efficacy of
guideline-mandated pharmacotherapy in this group of pa-
tients. Furthermore, there may be an important role for racial
differences and genetic influence on therapeutic outcomes of
HFrEF/AF patients, further complicating our overall under-
standing of the disease and its pathophysiology. In SSA, the
lack of accurate and up-to-date epidemiological data on this
subgroup of patients presents a challenge in our quest to pre-
vent and reduce adverse outcomes.

This narrative review provides a contemporary overview of
the epidemiology on HFrEF/AF in SSA. We further highlight
important differences in this subpopulation’s demographic
and aetiological profile and, more importantly, what is still
unknown about HFrEF/AF in SSA. With emerging data from
HIC studies advocating for a timely aggressive rhythm control
strategy in this cohort of patients, we were compelled to
bring SSA to the conversation. We aim to raise awareness

about the growing burden of HFrEF/AF and provide a sum-
mary of new approaches to managing HFrEF/AF.

Methods

We searched PubMed/MEDLINE, EMBASE, and Scopus from
inception to September 2022, without language restriction,
to identify all published studies providing data on the preva-
lence, epidemiology, and outcomes of HFrEF and concomitant
AF in Sub-Saharan African populations. Countries below the
equator were considered SSA. Although this review aims to
focus on the co-occurrence of HFrEF/AF, due to the lack of
data, we independently screened AF and HF population stud-
ies to identify data on the relevant subgroup of interest
(HFrEF/AF). These studies are summarized in Table 1.

The following keywords were used in the search strategy:
‘heart failure’, ‘atrial fibrillation’, and the name of all the
SSA countries. We included all cross-sectional and cohort
studies. The following definition of HF was employed: pa-
tients with signs and symptoms of HF as well as an echocar-
diographic diagnosis. We excluded studies where the study
does not report on AF’s impact on outcomes, AF populations
where HF population is heterogenous with HFpEF/HFmrEF
predominance, and HF studies where HFrEF is a minority. A
narrative review approach was adopted to enable a broad
discussion on various aspects of HFrEF/AF.

PubMed search strategy

Search: heart failure atrial fibrillation Africa

(‘heart failure’[MeSH Terms] OR (‘heart’[All Fields] AND
‘failure’[All Fields]) OR ‘heart failure’[All Fields]) AND (‘atrial
fibrillation'[MeSH Terms] OR (‘atrial’[All Fields] AND
‘fibrillation’[All Fields]) OR ‘atrial fibrillation’[All Fields]) AND
(‘Africa’[MeSH Terms] OR ‘Africa’[All Fields] OR ‘Africa s’[All
Fields] OR ‘Africa’s’[All Fields])

Translations

heart failure: ‘heart failure’[MeSH Terms] OR (‘heart’[All
Fields] AND ‘failure’[All Fields]) OR ‘heart failure’[All Fields]
atrial fibrillation: ‘atrial fibrillation’[MeSH Terms] OR
(‘atrial’[All Fields] AND ‘fibrillation’[All Fields]) OR ‘atrial
fibrillation’[All Fields] africa: ‘Africa’[MeSH Terms] OR
‘Africa’[All Fields] OR ‘Africa’s’[All Fields] OR ‘Africa’[All
Fields].

A PRISMA flow diagram is shown in Appendix S1.

Epidemiology

CVDs are a well-established cause of death in HICs. In the last
20 years, SSA has seen one of the sharpest increases in
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(106.4%) increase in disability-adjusted life-years (DALY) after
peripheral vascular disease between 1990 and 2017.%%°° This
increase was observed despite a decrease in RHD over the
prescribed time period, suggesting that factors beyond RHD
are likely to contribute to the rise in AF in SSA. Consistent
with other systematic reviews, stroke emerged as the leading
cause of CVD burden in SSA.*® Given the established relation-
ship between AF and stroke, it is worth speculating that the
former could contribute to the latter’s rise.

Independent risk factors for both AF and HFrEF are ad-
vanced age, hypertension, diabetes mellitus, and coronary ar-
tery disease (Figure I). Hypertension, obstructive sleep ap-
noea (OSA), diabetes mellitus, and obesity are among some
of the strongest predictors of AF in HIC.°%%? In SSA, hyperten-
sion is a common risk factor across all countries, whereas
RHD varies by country. For example, RHD was one of the least
significant risk factors for AF in Kenya, whereas hypertension,
HF, and diabetes mellitus were the most prevalent
predictors.>®> Coronary artery disease remains uncommon;
however, emerging data and an increase in atherosclerosis

risk factors across SSA suggest that this may not remain at
low prevalence rates indefinitely.?* Contemporary epidemio-
logical studies hypothesize that the burden of AF in SSA will
be double that of HIC by 2060.>%*”%? The rising burden of
HFrEF, AF, and co-existing CVDs, many of which are risk fac-
tors for AF, is confirmed by the upward trend in HFrEF/AF-re-
lated hospitalizations in SSA.%*®3 Characterizing the clinical
profile of these patients in SSA is critical as it has therapeutic,
socioeconomic, and policy implications. Such data may be
used to advance strategies to mitigate modifiable risk factors.
Reducing healthcare utilization by preventing AF recurrence
and decreasing the AF burden has been shown to be ex-
tremely beneficial in HIC economies.®*®> A study conducted
by Pathak et al. demonstrated that aggressive management
of risk factors like OSA, weight, hypertension, and diabetes
significantly reduced the AF burden after catheter
ablation.®*®> This study highlights optimal modifiable risk
factor management’s potential benefits for upstream
non-invasive therapy. Whether the same benefits are ob-
served in the setting of HFrEF is unclear.

Figure 1 The effects of atrial fibrillation (AF) on heart failure with reduced ejection fraction (HFrEF). AF significantly impairs the quality of life and
increases the risk of stroke, rehospitalization, and mortality in patients with HFrEF. AF is both a cause and a result of HFrEF with both entities sharing
independent risk factors. Genetic polymorphisms in the beta-adrenergic receptor may modulate beta-blocker efficacy in patients with HFrEF/AF.
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Pathophysiology

AF is caused by HFrEF, a process facilitated by adverse struc-
tural and electrical remodelling of the atria (Figure 1).2%°¢
Moreover, AF aggravates HF, eliciting an increase in HF symp-
toms, hospitalizations, and mortality (Figure 7).6” AF is both a
cause and a result of HFrEF, and in clinical practice, the index
diagnosis of both conditions is not uncommon, making a
causal link unclear.®® A subgroup analysis of the temporal as-
sociations of AF and HF, from the Framingham Heart Study,
found that AF occurring after HFrEF confers a worse progno-
sis than AF that occurs before HF.3® Depending on whether
AF or HF is the underlying condition, patient groups differ sig-
nificantly in terms of outcomes and the required therapeutic
approach. In SSA, there are currently no data on what propor-
tion of HFrEF/AF patients are atrial tachycardia-induced
HFrEF vs. AF secondary to HFrEF.

Most published literature on the pathophysiological mech-
anisms of HF/AF is based on HFrEF/AF in animal models. Left
atrial enlargement and dysfunction have been implicated in
the bidirectional relationship between HFrEF and AF
(Figure 1). AF promotes HF through a persistently increased
ventricular rate, sympathetic dysregulation, and loss of atrial
contraction mediated by calcium 2* mishandling (Figure 1).°
As a result, gross morphological and functional changes such
as reduced systolic function, cardiac chamber dilatation, and
greater wall tension result. In a matter of weeks, the full HF
phenotype with reduced ejection fraction is established.®®
This is commonly referred to as tachyarrhythmia-induced HF.

In the setting of HFrEF, AF results from dysfunctional cal-
cium handling in the atria secondary to atrial dilatation.*°
The increase in left ventricular end-diastolic pressure results
in elevated left atrial pressure. The elevated atrial pressure
increases atrial mechanical wall stress, which subsequently
alters calcium handling within the atria.”® Atrial mechanical
stress constitutes stretch and shear stress resulting from
increased intra-atrial volume and pressure, respectively.”*
Underlying these pathophysiological mechanisms of HFrEF
are processes of inflammation and fibrosis (Figure 1). These
pathophysiological mechanisms ultimately cause structural
and electrophysiological remodelling of the atria, which sets
the milieu for spontaneous depolarization, and hence
arrhythmogenicity at the site of the pulmonary vein conflu-
ence with the left atria.”?> These changes in left atrial struc-
ture and function have important prognostic implications in
HFrEF, independent of recognized parameters such as left
ventricular ejection fraction (LVEF).”®

In patients with ventricular dysfunction, left atrial contrac-
tion has an essential compensatory role to play in augment-
ing ejection force and stroke volume by increasing
end-diastolic volume and pressure.”* In the setting of AF,
the atrial contraction component is lost and replaced by the
ineffective quivering of the atria compounded by rapid ven-
tricular activation and shortened diastolic filling time.”* This

results in a 20-30% reduction in cardiac output.”* This loss
in cardiac output is particularly notable in the elderly popula-
tion as they are highly dependent on the atrial pump func-
tion. Consequently, recurrent and worsened HF symptoms
and syncopal episodes are observed.®”””* Therefore, restora-
tion of atrial contraction can significantly stabilize the haemo-
dynamics and symptoms in patients with AF and concomitant
HFrEF.

Management of heart failure with
reduced ejection fraction/atrial
fibrillation

Irrespective of the temporal association of AF and HFrEF,
managing both conditions concomitantly is a clinical chal-
lenge as these patients do not respond optimally to HFrEF
pharmacological mortality-benefitting therapy. Optimal man-
agement of HFrEF constitutes a combination of neurohor-
monal antagonists such as angiotensin-converting enzyme in-
hibitors (ACE-l), angiotensin receptor blockers (ARBs), or a
neprilysin inhibitor [angiotensin receptor neprilysin inhibitor
(ARNI)], as well as mineralocorticoid receptor antagonists
and beta-blockers.”” These therapies have all been shown
to provide significant mortality benefits and reduce
rehospitalizations.”®’® With AF in the picture, this regimen
includes a rate and rhythm control strategy and stroke pre-
vention with oral anticoagulants (OAC).° Following data from
the PARADIGM-HF trial, the 2021 ESC Guidelines for diagnos-
ing and treating acute and chronic HF now recommend using
sacubitril/valsartan, an ARB and neprilysin inhibitor (ARNI), as
first-line therapy in symptomatic HFrEF patients.”> There is
evidence that sacubitril/valsartan could lessen the AF burden
in HFrEF/AF patients with non-permanent AF.”° Human and
animal model studies support this conclusion, implying that
ARNIs may exert antiarrhythmic effects indirectly by preserv-
ing left atrial function and modulating atrial fibrosis in
pressure-loaded subjects.2’ However, this antiarrhythmic ef-
fect was not observed in PARADIGM-HF and a recent meta-
analysis. Rather, the incidence of de novo AF remained the
same in the ARNI and enalapril arms.5#2 A sub-study analysis
found that although HFrEF/AF patients do benefit from re-
duced mortality, the advantage is not as great as seen in sinus
rhythm patients.®> A prospective randomized control trial
(RCT) is necessary to verify or refute these findings.

More recently, sodium-glucose cotransporter 2 (SGLT2) in-
hibitors, which are glucose-lowering agents, have evolved as
HF therapy. They have recently been included as part of
first-line HFrEF therapy for their significant cardiovascular
death reduction, regardless of baseline HF medication use
or diabetic status.2* Data from the Dapagliflozin and Preven-
tion of Adverse Outcomes in Heart Failure (DAPA-HF) re-
vealed dapagliflozin demonstrated a significant reduction in
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cardiovascular deaths and HF events in patients with symp-
tomatic HFrEF.2* The study comprised a small number of
Black participants (5.1%) and did not include any patients
from SSA. The reported prevalence of AF in this cohort was
38.6%.2* Dapagliflozin may also reduce the incidence of AF,
regardless of whether patients have a history of AF or
pre-existing CVD or HF, according to new findings from a
sub-analysis of the DECLARE-TIMI trial.®®

Most landmark HFrEF and AF RCTs enrolled <10% of Black
patients and even lesser Africans. Therefore, caution should
be exercised when generalizing findings from data in HICs.
It is also worth noting that most African Americans are of
West African ancestral descent and are not representative
of the entire African population.®® Even among Africans,
there is a large degree of genetic and risk factor heterogene-
ity; thus, extrapolations from these large RCTs to
Sub-Saharan Africans cannot be made definitively.

Rate control

Autonomic dysregulation is a hallmark of HF, independent of
aetiology. The imbalance between the sympathetic nervous
system (SNS) and parasympathetic nervous system (PNS)
not only is reactive to HF, to try and maintain homeostasis
acutely, but also contributes to the progression of chronic
HFrEF.2” These complex interactions’ net effects are excessive
SNS stimulation and a corresponding decrease in PNS tone.®’
Chronic SNS stimulation promotes myriad biological changes
that lead to cardiac dysfunction. Among these changes are
myocyte death and necrosis, desensitization  of
beta-adrenergic signalling, myocardial hypertrophy, and fi-
brosis. Beyond that, chronic SNS stimulation results in in-
creased end-diastolic volume, left ventricular afterload, con-
tractility, and heart rate.®® Therefore, it seems implicit that
the benefit of beta-blockade in HFrEF would translate into
improved morbidity and mortality benefit. This mortality
benefit was demonstrated in landmark trials for bisoprolol,
carvedilol, and metoprolol; and was among the highest for
these agents.®9™*

Beta-blockers and ACE-I/ARBs are used as first-line therapy
to manage stable patients with HFrEF. Similarly, beta-blocker
monotherapy is often the first-line rate-controlling agent
used for the symptomatic management of patients with lone
AF.%92 Unlike sinus rhythm, slower heart rates are not associ-
ated with improved survival HFrEF/AF (Table 2).***>°3 Carve-
dilol in the Carvedilol Prospective Randomized Cumulative
Survival (COPERNICUS) trial, bisoprolol in Cardiac Insuffi-
ciency Bisoprolol Study (CIBIS)-Il, and metoprolol succinate
in the Metoprolol Controlled-Release Randomized Interven-
tion Trial in Heart Failure (MERIT-HF) all showed a significant
reduction in mortality, of 34-35%, when compared to
placebo.®>®' On the other hand, Bucindolol in the
Beta-Blocker Evaluation of Survival Trial (BEST) showed a

non-significant 13% risk reduction in mortality compared to
placebo.’* These findings suggest differences in outcomes
by geographic region and race. Trials CIBIS-1l, CORPENICUS,
and MERIT-HF were conducted outside of the United States,
and BEST recruited patients in the United States and Canada.
Twenty-four per cent of patients in BEST were African
American and demonstrated no mortality benefit from
bucindolol [hazard ratio (HR) 1.17, P = 0.27], whereas non-
Black patients did benefit [HR 0.82; confidence interval (Cl):
0.70 to 0.96; P = 0.01].%* Investigators of The Multicenter Oral
Carvedilol in Heart Failure Assessment (MOCHA) trial re-
ported a dose-dependent increase in LVEF and decreased
mortality and rate of hospitalization in patients with HFrEF.%
In another study, by McAlister et al., a reduction in heart rate
was significantly associated with mortality benefit, but this
was not dose dependent.® The SHIFT trial evaluated the effi-
cacy of ivabradine in HFrEF patients with a heart rate of
>70 b.p.m. Ivabradine is a sinus node (/s — Channel) inhibitor
and hence does not work via the beta-adrenoreceptor.
Ivabradine demonstrated a significant reduction in HF events
but not in cardiovascular-related deaths.’” These findings
highlight the importance of heart rate reduction for improv-
ing clinical outcomes in HFrEF. There were no study partici-
pants from SSA in these trials.

A large meta-analysis done by Kotecha et al. concluded
that beta-blockers do not provide any mortality benefit and
reduction in hospitalizations in patients with HFrEF/AF.*®
The study analysed 10 landmark trials with a cumulative sam-
ple size of n = 18 254 and an HFrEF/AF prevalence of 17%
(n = 3066). The prevalence reported by Kotecha and col-
leagues is relatively low compared with what other studies
have reported. This could be attributable to the fact that AF
was documented only based on a single baseline ECG, predis-
posing potential misclassification errors in establishing a diag-
nosis of AF, especially for non-permanent AF.** All-cause
mortality, cardiovascular death, and cardiovascular and
HF-related hospitalizations were major outcomes. Patients
with HFrEF/AF had no significant reduction in all primary
and clinical composite outcomes compared to placebo.*®
However, this retrospective meta-analysis used relatively old
trials and only 1 out of 10 trials differentiated between AF
and atrial flutter. All other trials included in the analyses clas-
sified AF as both atrial flutter and fibrillation.*> Suppose
beta-blockers do not provide mortality benefits. In that case,
it is unclear why the positive effects of beta-blockers, partic-
ularly on myocardial remodelling, do not correspond to
prognostic benefits in patients with AF. This is an anomaly
that requires further investigation.

On the contrary, more recent studies are at variance with
the findings by Kotecha et al., reporting a 25-29% reduction
in mortality with the use of beta-blockers*®™*® (Table 2).
Cadrin-Tourigny and colleagues are commended for their
thorough attempt to characterize AF in their cohort. In their
study, AF was characterized according to baseline rhythm
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and pattern, with an ECG taken in each participant every
4 months.*® Furthermore, findings from a large-scale
(n = 18 858) prospective study conducted in Sweden demon-
strated that a heart rate > 100 b.p.m. was associated with an
increase in mortality.*® These contrasting findings further
highlight geographical and possible genetic and environmen-
tal factors that may influence the outcomes of beta-blocker
therapy in HFrEF/AF.

Although there is no consensus on the therapeutic benefit
of beta-blockers in patients with HFrEF/AF, their use did not
predispose patients to death and hospital admissions, prov-
ing their use to be at least safe.*® Using beta-blockers in
HFrEF reduced the incidence of AF in sinus rhythm patients.
This finding may be clinically relevant and an important com-
ponent of the benefit seen in sinus rhythm.

Arg389Gly polymorphism

Given the heterogeneity of HF and the burden of idiopathic
dilated cardiomyopathy in SSA, strides have been made to in-
vestigate HF’s genetic undertones.** Of note, the role of the
B1-adrenoceptor (ADRB1) polymorphisms has been exten-

sively elucidated in hypertension and HF in the broader pop-
ulation context.*° Only recently, the response to rate control
has been considered genotype dependent.’*® However, no
studies have been done in our setting in this regard.

Data show that adverse drug responses, including failure
to respond, may be attributable to polymorphisms in the
ADRB1 gene. Identifying patients on this basis may be helpful
in managing patients with HFrEF and HFrEF/AF. It has been
hypothesized that the arginine389glycine (Arg389Gly) poly-
morphism modulates such differential responses to
beta-blockers in HFrEF patients from HIC.'°* 2% These effects
were also recently shown to be dose dependent in specific
subgroups (Figure 2). Its significance in SSA HFrEF and
HFrEF/AF patients remains undetermined but demonstrates
the importance of precision-based medicine and its potential
therapeutic utility in our setting.

The ADRB1 is a G-protein coupled receptor (GPCR)
expressed on cell surfaces. It is activated by catecholamine
binding, which leads to increased intracellular
cyclic-adenosine monophosphate (cAMP) activity and a resul-
tant increase in inotropic and chronotropic effects on the

Figure 2 Genotype-dependent efficacy of beta-blockers in heart failure with reduced ejection fraction/atrial fibrillation (HFrEF/AF). Grey: HFrEF path-
ways where the efficacy of beta-blockers are genotype independent. Navy blue: HFrEF pathways where the efficacy of beta-blockers are genotype de-
pendent. In sinus rhythm patients, there is dose-dependent mortality benefit and reduction in new-onset AF in patients with the gain of function
Arg389Arg variant. In patients with HFrEF/AF, the Arg389Arg variant was unresponsive to the rate-lowering effects of non-selective beta-blockers.
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myocardium.'®2% Data from in vitro studies show that
Gly389 is a ‘loss of function variant’ with less constitutive ac-
tivity and a low affinity for norepinephrine. When bound to
an agonist, the receptor elicits reduced cAMP production,
thereby attenuating the cAMP-dependent beta-adrenergic
signal transduction cascade.'®”*%® The gain of function,
Arg389, mutant, on the other hand, has a higher affinity for
norepinephrine and thus a higher potential for signal
transduction.®>** This receptor variant is also said to be
more constitutively active (i.e. transducing signal/active in
the absence of bound ligand).**°

Heart failure with reduced ejection fraction and ADRBI
genotype

Available data from the BEST trial show a dose-dependent
decrease in all-cause mortality and HF hospitalization in a se-
lect group of HFrEF patients treated with low-dose
bucindolol, a non-selective beta-blocker, compared to
placebo.??? Patients on low-dose bucindolol (0-25 mg daily)
with the homozygous Arg389 variant had a significantly
greater event rate, when corrected for common risk factors,
compared to placebo (P = 0.006). When up-titrated to a high
dose of bucindolol (>25 mg daily), Arg389 homozygotes had
a 60% reduction in all-cause mortality (P = 0.0002).°® This
benefit was not observed in patients carrying the Gly389
allele.’®? Another sub-study of the BEST trial showed that
HFrEF patients with the Arg389Arg genotype had a 74% re-
duction in new-onset AF when treated with bucindolol [HR
0.26 (95% Cl: 0.12-0.57)] and no effect observed in the
Gly389 patients*** (Figure 2). These findings support a phar-
macogenetic role for the polymorphism in managing HFrEF
patients, directly impacting clinical outcomes. The effects of
high-dose bucindolol in HFrEF/AF are proposed to be a func-
tion of selective inverse agonism, which attenuates the re-
ceptor’s constitutive activity, bucindolol’s sympatholytic
properties, which impact the gain of function mutant recep-
tor, and/or its norepinephrine-lowering properties impacting
the high-affinity ADRB1 Arg389 receptors.'***3

Heart failure with reduced ejection fraction/atrial fibrilla-
tion and genotype

In Arg389 homozygous HFrEF/AF patients, bucindolol demon-
strated a borderline significant reduction in all-cause mortal-
ity/HF hospitalization and cardiovascular mortality/cardiovas-
cular hospitalization.'? A pharmacogenetic sub-study of the
prospective, double-blind, randomized CIBIS-ELD (Cardiac In-
sufficiency Bisoprolol Study in Elderly study) trial (n = 528)
demonstrated that the heart rate-lowering effects of carve-
dilol, a non-selective beta-blocker, in patients with HFrEF/AF
were also dependent on the Arg389Gly polymorphism®*®*
(Figure 2). The CIBIS-ELD trial assessed bisoprolol’'s and
carvedilol’s tolerability and feasibility in South-Eastern
European patients with HFrEF/AF and HFrEF alone (sinus
rhythm).*** Carvedilol appeared to have a smaller heart

rate-lowering effect in HFrEF/AF patients than in sinus
rhythm.?®° patients with HFrEF/AF who possessed the ‘gain
of function” homozygous Arg389 allele were resistant to rate
control using carvedilol vs. patients with a Gly389 allele over
a ~12 week period of dose up-titration (maximum daily
dose = 50 mg)*%° (Figure 2). There was 12 b.p.m. difference
between homozygous Arg389 HFrEF/AF patients compared
with those with the ‘loss of function’ variant. This
genotype-dependent effect was only observed during the
chronic phase of treatment with carvedilol in HFrEF/AF
patients.’® Unlike the BEST trial, this study is limited by its
lack of outcomes data, and therefore, findings cannot be
used to infer prognosis.

It is unclear what the underlying molecular mechanisms
explaining the interactions between the genotype,
beta-blocker administered, dose, and heart rhythm are. How-
ever, some authors have attempted to hypothesize/attribute
carvedilol’s effect to its high binding affinity as an inverse ag-
onist and suggest that it could modulate the phenotype of the
atrioventricular (AV) node and/or atrial myocardium in
Arg389 homozygotes.'® Carvedilol’s binding to the ADRB1
has negative intrinsic activity by way of decreasing
cAMP-dependent signalling pathways and activating
arrestin-dependent, cAMP-independent, pathways, for exam-
ple, the activation of epidermal growth factor receptors. Epi-
dermal growth factor has been shown to confer
cardioprotection against the deleterious effects of catechol-
amines in murine models.'*®> The authors hypothesize that
the cAMP-independent effects may be modulated by the
Arg389Gly polymorphism.*°°

The frequency distribution of the Arg389Gly genetic vari-
ants differs significantly between European and
non-European populations.*® There is a paucity of data on
this polymorphism in SSA. Despite compelling evidence to
support differential therapeutic outcomes based on geo-
graphical region and genotype, little is known about the clin-
ical relevance of this polymorphism and which genetic variant
is dominant in our setting. To date, only one study has looked
for this polymorphism in an African population and employed
very stringent selection criteria excluding patients on
beta-blocker therapy and patients with arrhythmias.’®

Rhythm control

Rhythm control has been and will remain a cornerstone
of treatment in patients with AF. Rhythm control is
accomplished by antiarrhythmic drugs (AADs), electrical car-
dioversion, or catheter ablation (cryoablation or radiofre-
quency). Depending on the approach used, the advantages
of rhythm management include increased quality of life, de-
creased rehospitalizations, and, more recently, a reduction
in mortality (Table 2).°

ESC Heart Failure 2023; 10: 1580-1596
DOI: 10.1002/ehf2.14332



1590

N. Mboweni et al.

Compared with pharmacological rate control, AADs had no
clear advantage with regard to mortality, rehospitalization,
and stroke reduction in patients with AF (Table 2). This is
largely driven by the adverse effects of AADs, which marred
the survival benefit.'*” There has been a shift in the thera-
peutic paradigm of AF from a ‘one size fits all’ approach to
a recent, AF-classification (temporal heterogeneity classifica-
tion) and symptom-based approach. Despite their lack of su-
periority to rate control, the use of AADs to restore sinus
rhythm is indicated in symptomatic AF patients.’ Patients
with HFrEF/AF of SSA origin are non-existent in large clinical
trials evaluating the efficacy and safety of AADs. Thus, find-
ings from these data cannot be easily generalized to an SSA
context. However, anecdotal evidence suggests similar trends
to those observed in studies conducted in HICs.

The use of AADs in patients with HF and concomitant AF
can be especially challenging because of their suboptimal ef-
ficacy and dangerous side effects profile.**® Amiodarone and
dofetilide are the only two antiarrhythmics that have demon-
strated safety in patients with HFrEF but are not without side
effects.3>® The Atrial Fibrillation and Congestive Heart Fail-
ure (AF-CHF) trial and the Danish Investigators of Arrhythmia
and Mortality on Dofetilide in Congestive Heart Failure (DIA-
MOND-CHF) trial cast scepticism on the mortality benefit of
sinus-rhythm maintenance vs. rate control in patients with
co-existing HFrEF and AF.3%33 The AAD of choice was pre-
dominantly amiodarone and exclusively dofetilide in the
AF-CHF and DIAMOND-CHF trials, respectively. These trials
concluded that neither drug was associated with lower mor-
tality in patients with co-existing AF and HF despite lowering
the AF burden. Dofetilide had a greater rate of reduction in
AF burden (81%); however, it is not available in SSA. Amioda-
rone has been documented to facilitate successful
electro-cardioversion in patients with persistent AF regard-
less of their ejection fraction and is currently the most widely
used AAD in SSA.119120

Results from the South African (SAFIR-RSA) survey demon-
strated that the majority (74%) of patients were on rate con-
trol therapy, in the form of beta-blockers, and the remainder
rhythm control therapy primarily with class Ill agents. In the
SAFIR-RSA survey, hospitalizations for HF occurred more fre-
quently in patients on AADs.*?° The study participants were
not stratified according to HF modality. Thus, it is impossible
to extrapolate what proportion of these HF admissions were
attributable to HFrEF/AF patients. It is also unclear whether
these HF-related hospitalizations result from the AADs or
the AF itself. Furthermore, this study was done in the South
African private-health sector, not representative of the over-
all SSA population.

It is widely known that AF in the setting of HFrEF is a
marker of poorer outcomes.®® Furthermore, data from the
GENETIC-AF study have shown that longer durations of AF
and HF attenuate treatment efficacy.*?* Similarly, rhythm
control improved outcomes in HFrEF/AF when initiated

within 1 year of AF diagnosis.’®> Hence, there is a lot of de-
bate around early and aggressive rhythm control of these pa-
tients in order to improve outcomes. In recognition of this,
recent National Heart Foundation of Australia and the Car-
diac Society of Australia and New Zealand’s Clinical Guide-
lines for the Diagnosis and Management of Atrial Fibrillation
(2018) and the ESC 2020 guidelines recommend catheter ab-
lation for HFrEF/AF as first-line therapy.”>****2* This is in con-
trast to previous guidelines that recommended catheter abla-
tion for AF patients refractory to AADs.

The potential benefit of catheter ablation in patients with
HFrEF/AF has not been fully elucidated until recently.*® Sev-
eral observational studies have illustrated that catheter abla-
tion improves the quality of life, functional class,
rehospitalizations, and LVEF by 8.5%.2>"*? However, this im-
provement in LVEF initially did not translate into any mortal-
ity benefits.’®” Results from the CASTLE-AF trial and a
meta-analysis by Alturki et al. (2019) have shown that cathe-
ter ablation, as an aggressive rhythm control strategy, does
indeed offer mortality benefit in AF patients with
co-existing HFrEF compared to the standard pharmacother-
apy (rate control or rhythm control) (Table 2).4%**° A signifi-
cant reduction in cardiovascular-related deaths drove this
mortality benefit. The investigators of CASTLE-AF did not
mandate a specific strategy for the reason that previous stud-
ies show neither rate control nor rhythm control are superior
to one another.*®

The benefit of catheter ablation in this cohort of interest
may not be homogenous and there may be underlying ge-
netic and racial determinants of procedural success. A small
study demonstrated that the PITX2 single nucleotide poly-
morphism, known to predispose to AF, predicts AF recur-
rence in European patients undergoing catheter
ablation.**>*3! However, the same association was not ob-
served in Korean patients.*?> These findings warrant large
cross-population studies investigating the genetic determi-
nants of AF and the response to therapeutic interventions
across different populations, inclusive of SSA.

Four in five AF patients in SSA are managed via a rate con-
trol strategy and/or via pharmacological rhythm control/
AADs.?®%3% This demonstrates that evidenced-based AF
rhythm control strategies with catheter ablation are not
widely available in SSA. It is unlikely that catheter ablation
will soon become routine practice in SSA, attributable to a
lack of infrastructure and various barriers to access. South
Africa is one of the very few countries in SSA performing
catheter ablation with a slowly growing repository of data
with a preponderance to the private sector. Awareness and
understanding of AF’s prognostic effect on HFrEF in SSA is
critical. We do not want SSA to remain behind in the dias-
pora, as successful management of HFrEF/AF in our young co-
hort will be time dependent. The aforementioned warrants
more inter-Africa initiatives/collaborations to conduct large-
scale studies across SSA.
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Conclusions

The future risk of CVDs, predominantly driven by the rising
prevalence of cardiovascular risk factors, is a growing public
health concern in SSA. The incidence of previously rare forms
of CVD, such as coronary artery disease, will increase, in
concert with historically prevalent forms of disease, such as
RHD, that are yet to be optimally eradicated. In SSA, where
infrastructure and resources remain a major barrier to
definitive treatment of both HFrEF and AF, the success of
strategies designed to curtail the evolving and increasing bur-
den of HFrEF/AF will be dependent upon accurate and up-to-
date epidemiological data and well-defined RCTs evaluating
the efficiency and efficacy of pharmacological and
non-pharmacological interventions.

There are evident huge gaps in the SSA diaspora as it per-
tains to HFrEF/AF. There seems to be a slowly growing knowl-
edge base in specific geographical locations in SSA like South
Africa, Botswana, Ghana, and Nigeria. However, these data do
not reflect SSA’s overall status quo and demographics. There
also exists wide heterogeneity across studies conducted in
SSA with regard to the diagnosis of HF, and few studies
report on the modalities of HF. To date, there is not a single
systematic review published on HFrEF/AF in SSA, and most
extrapolations about this subpopulation are made from HF
or AF studies. Contrary to extensive data available in HIC on
the types of AF prevalent among HFrEF patients, very little
is known in our setting. Prioritized research areas to address
knowledge gaps should encompass the following: pathophys-
iology, risk factor profiles and clinical phenotypes of HFrEF/
AF, genetic predictors of disease onset, response to therapy,
and factors influencing therapeutic outcomes in SSA.
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