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ABSTRACT

This review addresses the disparity in the phenotype of heart failure with respect
to incidence, genetics, response to therapy as well as the socio-economic factors
affecting heart failure indices between sub-Saharan blacks and white patients
and attempts to propose solutions.
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Introduction

Heart failure is an important cause of morbidity and
mortality. The prevalence of congestive heart failure in
the United States in 2012 was estimated at over 5.8
million and is expected to hit close to 8.5 million persons
by 2030 with the greatest increases occurring in its aging
population'. As a direct result of this, total medical costs
are expected to exceed $53 billion by 2030. In the
United States, a country with considerable ethnic
diversity, the prevalence of heart failure is projected to
be highest among blacks in 2030, than among white
Hispanic and other non-Hispanic nonblack patients, (3.6%
vs 2.3% and 2.4% respectively) suggesting intrinsic ethnic
differences in the genotype, phenotype and/or
socioeconomics of heart failure in this country.
Comparable heart failure data in developing countries,
specifically sub-Saharan Africa are sparse. but the
INTER-CHF study, designed to compare mortality
variation amongst different world regions found that
heart failure mortality was highest in Africa (34%),
almost 4 times that in South America (9%) and the middle
East (9%).2 These heart failure participants from Africa
were more likely to be younger, sicker (be in NYHA V),
less likely to be due ischemic heart disease,34 have lower
literacy levels, less likely to have health insurance and less
likely to be on beta blockers, a key component of
guideline directed medical care, than participants from
other regions> once again suggesting key intrinsic and
extrinsic factors affecting heart failure all the way from
its etiology to treatment. We take two populations that
are markedly different: sub-Saharan Africa and the
White world and compare and contrast them both.

Incidence and Etiology.

In the United States, heart disease has been the
commonest cause of death since 1921¢ Zand it is
estimated that roughly 127.8 million people in the USA
above the age of 20 years have some form of
cardiovascular disease. Specifically for heart failure, it
was estimated that over 56 million people were living
with heart failure across 204 countries. In America,
coronary heart disease, hypertension, diabetes mellitus,
obesity and smoking accounted for 52 % of incident
heart failure with population attributable risks highest for
coronary artery disease and hypertension®. Similar
numbers are not available for sub-Saharan as a bloc but
individual results from certain registry studies suggest
different etiologies. The THESUS-HF study suggested that
the cause of heart failure was mostly due to hypertension
(45.4%) and rheumatic heart disease (14.3%).
Importantly, ischemic heart disease (7.7%) was not a
common cause of heart failure 3although this may be
changing. In the most recent study for which we have
data, acute coronary syndrome constituted 1.2% of
medical admissions in public multispecialty hospitals8.
These findings were similar across the region as the South
of Soweto cohort study also suggested that dilated
cardiomyopathy and hypertensive heart disease were
responsible for up to 68% of cases of heart failure®. In
an East African demographic study, the top 3 causes of
heart failure were rheumatic heart disease (32%),
cardiomyopathy (25.2%) and hypertensive heart disease
(17.6%). In that study, only 2.2% of heart failure was
attributable to ischemic heart disease.

It is projected that >7 million persons will have heart
failure by the year 2025 and over 8 million by the year
2030 with the prevalence of heart failure rising with
age'. In the United States, the prevalence of heart failure
will also likely increase across different ethnicities with the
highest projected prevalence remaining among blacks
(3.6% by 2030) while it is expected that the lowest
prevalence will be among white Hispanic and non-
Hispanic and non-black patients (2.3% and 2.4% by
2030 respectively). In the INTER-CHF study, a prospective
study that enrolled HF patients from 108 centers in 16
countries, participants from Africa tended to be younger
but more likely to be in NYHA class IV5.

Pharmacogenetics:

Several genetic factors are present which may influence
the development of heart failure in blacks and/or their
response to standard guideline directed medical
therapy. Genetic polymorphisms which impact the natural
history of heart failure or drug responses to treatment
exist and for a genetic polymorphism to contribute to a
racial difference in response to drug therapy, depends
on the magnitude of the effect of that gene
polymorphism, its frequency within the racial population
and the difference between the frequency of the
particular gene polymorphism and a non-racially
selected population'®,

Multiple, functionally significant, polymorphisms of genes
affecting adrenergic signaling system have been found
in the B-1 adrenoceptor gene (Arg389Arg) mutation, the
G-protein receptor kinase type 5 gene (GRK5) GIn41Leu
mutation, the G-protein -3 subunit (GNB3) 825 C/T and
the a2¢ deletion have been identified and may affect
response to known therapies. Individuals homozygous for
the Arg389Arg B -1 adrenoceptor (BAR-1) mutation
have greater blood pressures responses to atenolol than
individuals homozygous for the Gly389Gly mutation'
and show a greater reduction in exercise heart rate in
whites than blacks and that the BAR-1 receptor
Arg389Arg was independently associated with a
greater reduction in exercise heart rate area under the
curve'2,  Also, in heart failure patients, Arg389
homozygotes treated with bucindolol had a 34%
reduction in mortality or hospitalization while Gly389
carriers had no clinical response to bucindolol compared
with placebo'3. The fact that, of all ethnic groups studied,
blacks may have the lowest incidence of the Arg389Arg
mutation may be at least partly responsible for the
reduced sensitivity to beta blockers in this population’.
Similarly, allele frequencies of the other genes involving
the adrenergic system differ between blacks and whites.
The a2c deletion is more common in blacks but rare in
whites, and in one functional study blacks had a greater
heart rate response to the cold pressor test than whites.
This ethnic difference was removed after adjusting for the
02c deletion polymorphism and the GNB3 polymorphism
suggesting that these genetic variants contributed
significantly to the ethnic differences in sympathetic
mediated heart rate responses’s. The same holds true for
the GRK5 Leu41 variant and the GNB3 825T allele which
are more common in blacks than in whites. The GNB3 T
allele is associated with increased adrenergic tone and
may be one of the mechanisms by which blacks have a
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higher prevalence of hypertension than whites'¢ and
have a higher heart rate response to stress'5. In one heart
failure cohort, the A-HEFT trial, significant gene-gene
interactions were noted with reduced event free survival
in patients who had both GRK5Leu41 allele and GNB3
825 C allele (Hazard ratio = 6.38) and the Arg389%Arg

genotype also had a markedly adverse impact on event
free survival of heart failure patients for subjects co-
inheriting the GNB3 TT genotype (% event free survival
at one year for Arg38%9Arg vs Gly389 = 66% vs 86%,
p = 0.002)".

Table 1: Selected genetic polymorphisms and their effects on heart failure and responses to drug therapy.

Genetic Polymorphism

Effects

Arg389Gly
Commoner in whites

B-1 Adrenoceptor gene

Arg389 shows 1BP response to atenolol
and 1 reduction in HR AUC, Arg389
homozygotes had |hospitalization and
mortality when on bucindolol

Adrenergic receptor 2C
Insertion322-325Deletion

A2C deletion more common in Blacks

THR rate response to cold pressor test
than whites, Tnorepinephrine lowering
by bucindolol in heart failure

Guanine nucleotide 33 GNB3 C825T
subunit

than whites

GNPB3 825T allele more common in blacks

Associated with 1 adrenergic tone and
THR response to stress,

Endothelial nitic oxide
synthase gene (Glu298Asp) Blacks

Glu298 polymorphism is more frequent in

May be partly responsible for
improved response to the
hydralazine /isosorbide fixed dose
combination.

Genetic heterogeneity also exists for the endothelial nitric
oxide synthase gene (eNOS). The prevalence of eNOS
variants differs between Black and white cohorts with the
Asp298 variant being more common in Caucasians
(34.5%) than in African-Americans(15.5%)'8. The
Asp298 variant of the eNOS gene has a shorter half-life
in endothelial cells and has been associated with poorer
event free survival in heart failure '9. This does not
suggest that this single nucleotide polymorphism of the
eNOS gene contributes to the worsened heart failure
outcomes in Blacks. Of interest, however, was that the
positive effect of a fixed dose combination of
hydralazine /isosorbide dinitrate  was primarily in
subjects with the eNOS Glu298Glu genotype which
predominates in Black subjects. This suggests that genetic
heterogeneity may preferentially affect response to
heart failure medication20 and may explain why blacks
respond so well to the hydralazine /isosorbide dinitrate
fixed dose combination.

While the renin angiotensin system is extremely important
in heart failure and drugs that act on it: namely the
angiotensin converting enzyme inhibitors, angiotensin
receptor blockers , angiotensin receptor neprilysin
inhibitors, and mineralocorticoid receptor antagonists all
have favorable effects in heart failure therapy, there are
no data to support a racial-genetic interaction for drug
response may be blunted in African-American heart
failure populations'.

Treatment Response:

The use of guideline directed medical therapy (GDMT) in
the treatment of heart failure is one of the fundamental
parts of our armamentarium in the battle against heart
failure. This involves use of four classes of drugs: the beta
blockers, the angiotensin converting enzyme inhibitors
(ACEl)/angiotensin receptor blockers(ARB)/angiotensin
receptor-neprilysin inhibitors (ARNI), the
mineralocorticoid receptor antagonists (MRA) and the
sodium glucose cotransporter-2 inhibitors (SGLT-2
inhibitors).21.22,

ACEIl were found to reduce mortality in severe congestive
heart failure decades ago23 when the CONSENSUS trial
showed an up to 50% reduction in mortality in patients
with heart failure by enalapril compared with placebo.
This was also associated with a significant improvement
in NYHA class, a reduction in heart size and reduced
requirement for other medications.23. There were also
reductions in hospitalization rates as well in patients with
asymptomatic reductions in ejection fraction.24 . Similar
beneficial effects were noted by the ARB’s 25, These drugs
work by inhibiting the renin angiotensin aldosterone
system and induce vasodilation.2¢6 They also reduce
cardiac remodeling and reduce sodium and water
retention as well. In sub-Saharan Africa similar beneficial
effects were of the ACE inhibitors were found on
mortality and hospitalization days?7.28,

Beta blockers, on the other hand, primarily antagonize
the effects of catecholamines, leading to a reduction in
heart rates and blood pressures and therefore reduce
myocardial oxygen demand. They reduce mortality by
up to 35% and hospitalization rates by 31%.29.30, Not
many studies studying the effect of beta blockers on
heart failure have been done in sub-Saharan Africa.
Recognizing the possible importance of the sympathetic
nervous system inhibition, Ajayi et al tested the hypothesis
that concurrent inhibition renin-angiotensin system with
enalapril and alphal adrenergic blockade may be
superior to enalapril alone. They showed an improvement
in exercise time in both groups but the group with the
combination had a better improvement in exercise
time31.32, This was a small study and the follow up was
over 4 weeks. Larger randomized trials will be required
to further evaluate this.

The mineralocorticoid receptor antagonists(MRA) block
mineralocorticoid receptors and concurrent aldosterone
activity leading to less sodium retention and fibrosis and
they effect an improvement in mortality and
hospitalizations33:34, To my knowledge no trials of the
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effect of these MRA’s have been done in sub-Saharan
Africa. However, Vardeny and colleagues, using data
from the RALES study noted that African-Americans with
heart failure exhibited more hypokalemia with
spironolactone  compared with non-African-American
patients ( potassium <3.5 mmol/l; 17.9% vs 5.6%;
P<0.001) and spironolactone reduced the composite end
point of death + hospitalization in non-African American
patients but not in African-Americans.35.

SGLT-2 is expressed in segment 1 of the proximal
convoluted tubule of the kidney where it is responsible for
90% of glucose reabsorption in the kidney. The SGLT-2
inhibitors were mainly used to treat diabetes mellitus but
were found to have excellent cardiovascular benefits in
the diabetics treated. They increase natriuresis, improve
energy metabolism probably by facilitating the use of
ketone bodies, improve cardiac remodeling and inhibit
the sympathetic nervous system3¢, Like the other members
of the big four in GDMT, they led to a 13% reduction in
all cause death and a 14% reduction in cardiovascular
death, a 26% relative reduction in the combined risk of
cardiovascular death or first hospitalization for heart
failure, in patients with reduced ejection fraction, as well
as a 25% decrease in the combined end point of
hospitalizations and cardiovascular mortality37. SGLT2
inhibitors also reduced the risk of composite
cardiovascular death or hospitalization and all-cause
mortality in patients with minimally reduced or preserved
ejection fraction38, In a pooled analysis of the DAPA-HF
and DELIVER trials, dapagliflozin decreased the risk of
the primary endpoint to the same extent in Black
(HR:0.69; 95% Cl: 0.47 -1.02) and white patients (HR:
0.73; 95% Cl: 0.61 — 0.88). The beneficial effects and
favorable safety profile of dapagliflozin were consistent
across the range of left ventricular ejection fractions in
both black and white patients3?.

No mention of racial differences in the response to heart
failure drugs would be complete without mentioning the
hydralazine /isosorbide combination. The hydralazine
isosorbide dinitrate combination exerts its effects by
reducing afterload and enhancing cardiac output. lts
mortality reducing effects first came to light in the VHEFT
study. In this study, the use of hydralazine/isosorbide
dinitrate led to a mortality risk reduction of 36% by 3
years. Also left ventricular ejection fraction also rose
significantly in the hydralazine/isosorbide dinitrate
treated group but not in the placebo or prazosin
groups40. In a subsequent study investigating the use of a
fixed dose of isosorbide dinitrate with hydralazine
compared to placebo in Blacks with heart failure, the
study was terminated early due to the significantly higher
mortality rate in the placebo group that the fixed dose
combination group (10.2% vs 6.2%, P = 0.02). There was
a 43% reduction in all-cause mortality (HR; 0.57; p+
0.01), 33% relative reduction in the rate of first
hospitalization for heart failure (16.4% vs 22.4%, P =
0.001) and an improvement in quality of life4!. To date,
this remains the only drug approved for treatment of
congestive heart failure on the basis of race.

MORTALITY AND RISK FACTORS.
According to the 2024 AHA report on Heart Disease and
Stroke Statistics, heart disease has been the leading

cause of death in the United States since 1921 and on
the basis of data from 2017-2020, 6.7 million Americans
> 20 years of age had heart failure®. This has increased
from approximately 6 million. The prevalence of heart
failure is expected to increase by 46% from 2012 to
2030, affecting > 8 million people = 18 years of age.
The total percentage of the population with heart failure
is expected to rise from 2.4% to 3.0% in 2030. The main
risk factors were coronary heart disease (20%), cigarette
smoking (14%), hypertension (20%) diabetes mellitus
(12%) and obesity (12%). The annual attributable
mortality rate per 100,000 declined from 141.0 in 1999
to 108.3 in 2012, after which it increased to 121.3 in
2019. Mortality rate declines have been attributed to the
use of evidence-based approaches to treat heart failure
with reduced ejection fraction. And it is estimated that
initiation of quadruple therapy reduces the hazard of
cardiovascular death or heart failure hospitalization by
up to 62% resulting in up to 1.4-6.3 additional years of
life¢42. Until recently no data was available from sub-
Saharan Africa and the authors of the INTER-CHF43 and
THESUS-HF are to be commended for giving us data to
not only understand the scope of heart failure in sub-
Saharan Africa but also lays a foundation on which to
gauge progress and the effects of intervention.

The THESUS-HF was a prospective, multicenter,
international observational survey conducted in 12
hospitals in 9 countries in eastern, western, central and
southern regions of sub-Saharan Africa, while the INTER-
CHF study was also a multicenter cohort study comprising
of patients recruited from 16 countries in Africa, the
Middle East and South America. Participants from Africa
(Nigeria, Uganda, Sudan, South Africa and
Mozambique) were more likely to be younger and were
less likely to have health or medication insurance or be
on beta blockers than participants from other regions.3.
The most common risk factor for heart failure in the
African cohort was hypertensive heart disease (35%).
This was followed by ischemic heart disease (20%) which
was common in South Africa and Sudan, then followed by
idiopathic dilated cardiomyopathy (14.1%) and
rheumatic heart disease (7.2%)43. The one-year all-cause
mortality rate in the African countries combined was
26.4% and was highest in Sudan (42%) but lowest in
South Africa (11.7%) while heart failure hospitalization
was highest in Sudan (37.3%) and lowest in Uganda
(6.0%). 43

SOCIOECONOMIC AND GEOGRAPHIC FACTORS

Low socioeconomic status is a known risk factor for
mortality worldwide 44and Inverse correlations have
been noted between national gross domestic product-
purchasing power parity (a determinant of health
expenditure and affordability and availability of
medications) and the intra-hospital mortality rate for
different countries45. Not a lot of data is available in sub-
Saharan Africa, but a representative sample in a hospital
in southwestern Nigeria found that the cost of heart
failure was approximately 319,200 ($2128.00) per
patient per year in 2014 which would roughly translate
to 2,941,960 in today’s money“s. Inpatient costs,
comprising hospitalization, tests, medications, and
procedures accounted for roughly 46% of these total
costs. In general, this is out of the reach of the average
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Nigerian citizen. In the United states, cost per heart
failure hospitalization ranged from mean charges of
$7094 to $976947. While larger than in Africa, payment
in Nigeria is largely made through out-of-pocket
payments as only a small proportion of patients have
access to health insurance. This disparity in ability to pay
significantly impacts access to, and quality of care
obtained. Other regional factors affecting disparity of
health care in congestive heart failure include increased
difficulty with transport in the rainy season further
reducing health care access and contributing to late
disease presentation. an association with
endomyocardial fibrosis.

Conclusions And Future Directions

Significant differences exist in the syndrome of heart
failuore between the United States and sub-Saharan
Africa from the standpoint of etiology, incidence and
prevalence, access to therapy, response to therapy, and
the presence of differing heart failure phenotypes and
social and geographic factors. While sub-Saharan Africa
is heterogenous in terms of all these factors, by far the
greatest impact for improvement will have to come from
social interventions which impact people on individual,
interpersonal, community and societal levels. This will
require co-operation between health care providers and
government policy makers at all levels including, in the
sub-Saharan setting, traditional rulers, as well as

stakeholders in the academic, finance and business
sectors. Evidence based structural interventions would
have to be developed as well as means for measuring
their impact on predefined indices of heart failure
incidence.“8. These interventions, once developed and
found to work, may be deployed in different areas after
modification to suit the geographical area. While dealing
with social issues is vital to the success of reducing the
impact of heart failure in Africa, other areas need to be
explored. Enough data exists to suggest that the heart
failure phenotype may be different in the sub-Saharan
population not just from an access and utilization of drug
therapy standpoint, but also in the response to standard
heart failure therapy. We highlighted differences in drug
response to standard quadruple goal directed medical
therapy in this article and it may be necessary to perform
multicenter, randomized, placebo-controlled trials in this
region as well as improved participation in these trials.
This will require extensive education of the population to
remove ingrained suspicion. Finaly, another factor that
will be of significant impact is the development of a
nationwide health insurance scheme which has been
started in a minority of countries but with differing
degrees of uptake.
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