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Abstract

Aims Limited data are available on clinical characteristics and prognosis of heart failure (HF) in black African populations es-
pecially with respect to current classifications and HF management guidelines.
Methods and results In this post hoc analysis, African patients admitted with acute HF and enrolled in the THESUS‐HF reg-
istry in one of 12 hospitals in 9 countries were classified as having preserved left ventricular ejection fraction (LVEF) (HFpEF),
mid‐range LVEF (HFmrEF), and reduced LVEF (HFrEF) based on echocardiography performed close to the time of admission.
Sociodemographic and clinical characteristics, management, and 60 and 180 day outcomes were compared between the
groups. Of 888 patients with LVEF available, there were 472 (53.2%) with HFrEF, 174 (19.6%) with HFmrEF, and 243 (27.3%)
with HFpEF. History of atrial fibrillation was higher in patients with HFmrEF (28.5%) than in patients with HFrEF (14.5%). Pa-
tients with HFrEF had a larger mean LV systolic diameter (54.1 ± 9.67 mm) than patients with HFmrEF (42.9 ± 8.47 mm),
who had a larger mean LV diameter than patients with HFpEF (32.6 ± 8.64 mm); a similar pattern with LV diastolic diameter
was observed. The mean posterior diastolic wall thickness (10.2 ± 2.94 mm) was lower in patients with HFrEF than in those
with HFmrEF (11.1 ± 2.59 mm) and HFpEF (11.2 ± 2.90 mm). Patients with HFpEF were less likely to use
angiotensin‐converting enzyme inhibitor/angiotensin receptor blockers, and aldosterone inhibitors, and more likely to use
beta‐blockers than those with HFrEF at either admission or discharge/Day 7. Death or readmission rates through Day 60
and 180 day death rates did not differ significantly among the groups; unadjusted hazard ratios relative to patients with HFrEF
were 1.32 [95% confidence interval (CI) 0.84–2.08] and 1.24 (95% CI 0.82–1.89) for 60 day death or readmission and 0.92 (95%
CI 0.59–1.43) and 0.78 (95% CI 0.51–1.20) for 180 day death in patients with HFmrEF and HFpEF, respectively.
Conclusions Classification by LVEF according to European Society of Cardiology guidelines revealed some differences in
clinical presentation but similar mortality and rehospitalization rates across all EF groups in Africans admitted for HF.
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Introduction

Heart failure (HF) is a global challenge of the 21st century. It
is a complex clinical syndrome characterized by the reduced
ability of the heart to pump and/or fill with blood. Large ep-
idemiological studies have shown that left ventricular ejec-
tion fraction (LVEF) is a predictive marker of adverse
outcomes even in the absence of symptomatic HF.1 In 2013,
the American Heart Association/American College of
Cardiology Foundation (ACCF/AHA) guidelines first classified
HF into three subtypes, namely, HF with reduced ejection
fraction (HFrEF), HF with preserved ejection fraction (HFpEF),
and HF with mid‐range ejection fraction (HFmrEF), according
to the LVEF measurement at diagnosis, natriuretic peptide
levels, and the presence of structural heart disease and
diastolic dysfunction.2 In 2016, the European Society of
Cardiology (ESC) also specified three subgroups of HF based
on LVEF.3 Notably, the strong rationale for these classifica-
tions as well as guidelines for the global management of HF
derived from large epidemiological studies was conducted in
western countries over the past four decades.4–6 While 17%
of the world’s population live in Africa,7 and despite HF being
a major burden in this region with existing data suggesting
differences in HF aetiologies, therapies, and outcomes,8,9

very little information has been published on these HF
patients phenotype, particularly with regard to the
echocardiographic subtypes. The Sub‐Saharan Africa Survey
of Heart Failure (THESUS‐HF) is the largest documented study
of HF in the region. Publications8,10,11 from THESUS‐HF data
have been largely cited by the scientific community owing
to its rigorous methodology and internal and external validity
including over nine participating countries making it a unique
evidence resource in the region.

The need for further post hoc analysis on THESUS‐HF
data to provide insight on subtypes of HF cannot be
overemphasized. While HF in Africa is managed per
ACCF/AHA or ESC guidelines, to date, there are no data on
HF in black Africans based on the current classification of HF.

This report aimed to determine the differences in
clinical presentation, management, and outcome in black
Africans with HF based on their LVEF using the 2016 ESC
guidelines.3

Methods

THESUS‐HF was a prospective, multicentre, international
observational survey conducted in 12 hospitals from 9
countries in the southern, eastern, central, and western
regions of sub‐Saharan Africa (SSA). Centres were selected
for participation if they had a physician trained in clinical
cardiology and echocardiography. The methodology of the
study has been described in detail elsewhere.10 In brief, from

July 2007 to June 2010, all patients were recruited during
admission for acute HF (AHF) and were followed for
6 months. Patients admitted with dyspnoea and diagnosed
with AHF based on symptoms and signs (including dyspnoea,
orthopnoea, dyspnoea on exercise, rales, oedema, jugular
venous pulse, and oxygen saturation), and who provided
written informed consent, were enrolled into the study. A
detailed systematic transthoracic echocardiography assess-
ment of left ventricular function, valvular structure, and
function, as well as regional wall motion abnormalities, was
performed by trained physicians. All measurements were un-
dertaken according to the American Society of Echocardiog-
raphy guidelines.12 The most likely aetiology of HF was
provided by the attending physician, based on the 2012
ESC guidelines.13 LVEF was assessed using the conventional
apical two‐chamber and four‐chamber views and the modi-
fied Simpson’s method. In this post hoc analysis, patients
were classified according to the terminology of the 2016
ESC guidelines for the diagnosis and treatment of AHF and
chronic HF3 as HFpEF (LVEF ≥50%), HFmrEF (LVEF 40–49%),
and HFrEF (LVEF <40%). Information on readmissions and
death, with respective reasons and cause, was collected over
the 6 month follow‐up. Outcomes of interest were readmis-
sion or death within 60 days and death within 180 days.
Detailed data collected on standardized case report forms
at admission included medical history, medication use,
laboratory values, and physical examination with symptoms
and signs of HF. Human immunodeficiency virus testing
was performed as clinically indicated. Patients were followed
by either clinic visit or telephone contact over 6 months for
the occurrence of readmissions and death.

Written informed consent was obtained from each subject
before enrolment into the study. Approval was obtained from
the ethics committee of each participating institution,
and the study conformed to the principles of the Declaration
of Helsinki.

Statistical analysis

Eight hundred and eighty‐eight participants were included in
this post hoc analysis. Results are presented as counts and
percentages for categorical variables and means, standard
deviation, median, and 25th to 75th percentiles for continu-
ous variables. Comparison between participants with HFrEF,
HFmrEF, and HFpEF for demographics, baseline clinical char-
acteristics, medical history, echocardiographic parameters,
and baseline medication use was tested using χ2 tests for
qualitative variables, Kruskal–Wallis test for ordinal
variables, and one‐way ANOVA for quantitative variables.
No continuous variable was found to have a highly skewed
distribution, which would have required ANOVA based on
log‐transformed values.
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The associations between LVEF and clinical outcomes were
examined. Length of initial hospital stay was compared
between groups using t‐test. A logistic regression model
was used for the comparison between groups on in‐hospital
mortality with the odds ratio, 95% confidence interval (CI),
and Wald χ2 P‐value presented. For time‐to‐event outcomes,
Kaplan–Meier estimates are presented with the log‐rank test
used for comparison between groups (HFrEF, HFmrEF, and
HFpEF); hazard ratios and 95% CIs from Cox regression
models are also given. Adjusted hazard ratios are also pre-
sented for the outcomes of death or readmission to Day 60
and all‐cause death to Day 180 adjusting for predictors
known to be associated with each of these outcomes.11

These predictors include history of hyperlipidaemia,
malignancy, and cor pulmonale and baseline rales, ejection
fraction, blood urea nitrogen, and systolic blood pressure
for death or readmission to Day 60 and history of malignancy,
cor pulmonale, and HIV, gender, smoking status, and baseline
values for systolic blood pressure, creatinine, haemoglobin,
heart rate, orthopnoea, rales, and oedema for death to Day
180. To account for missing predictors in the adjusted analy-
ses, multiple imputation methods were used to impute miss-
ing values. Seven imputation datasets were used with
parameter estimates averaged across these datasets using

Rubin’s algorithm (SAS PROC MIANALYZE). Plots of
Kaplan–Meier curves for time to all‐cause death and/or HF
readmission according to the EF (HFrEF, HFmrEF, and HFpEF)
are shown. Data were analysed with the use of SAS software
version 9.4 (SAS Institute, Cary, NC, USA). A P‐value <0.05
was considered statistically significant.

Results

Participants

A total of 1006 patients with AHF from 9 countries in Africa
were enrolled in the THESUS‐HF cohort study. Of these, 989
(98.3%) were black Africans. We excluded 101 patients for
missing ejection fraction (57 cases) and patients whose ejec-
tion fraction was measured more than 4 months before or
2 months after admission (44). The median time of the
echocardiogram from admission was 1.0 (interquartile range
0.0–2.0) day. Of the 888 patients with AHF included in this
post hoc analysis, 472 (53.2%) had an ejection fraction
<40%, 174 (19.6%) had an EF 40–49%, and 242 (27.3%) had
an EF ≥50% (Figure 1).

Figure 1 Study flow chart. AHF, acute heart failure; EF, ejection fraction; HFmrEF, heart failure with mid‐range ejection fraction; HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Comparison of sociodemographic and risk factor
profile by ejection fraction group

There were 438 (49.4%) male patients, and the mean age was
52.5 (18.19) years. The sociodemographic and risk factors
profile are shown in Table 1. There were more males in
patients with HFrEF (53.4%) and more females in patients
with HFpEF (58.1%). History of cor pulmonale was more
prevalent in patients with HFpEF (12.4%) and HFmrEF
(9.2%) than in patients with HFrEF (3.6%). History of atrial
fibrillation was higher in patients with HFmrEF (28.5%) than
in patients with HFrEF (14.5%). As previously reported, the
most common aetiology in this patient population was
hypertensive cardiomyopathy.10

Comparison of clinical presentation and
echocardiographic characteristics by ejection
fraction group

The clinical presentation is shown in Table 2. Patients with
HFrEF had a lower mean systolic blood pressure (125.8 ±
30.82 mmHg) than those with HFmrEF (133.1 ± 34.84 mmHg)
or HFpEF (137.3 ± 36.38 mmHg). The mean heart rate was
higher in those with HFrEF (106.0 ± 19.63 b.p.m.) than in pa-
tients with HFpEF (101.1 ± 22.72 b.p.m.). Patients with HFrEF
were more likely to have 3+ oedema than those with HFmrEF
and HFpEF (P = 0.013). The echocardiographic characteristics
are shown in Table 3. Patients with HFrEF had a larger mean
LV systolic diameter (54.1 ± 9.67 mm) than patients with
HFmrEF (42.9 ± 8.47mm), who had a larger mean LV diameter
than patients with HFpEF (32.6 ± 8.64 mm); a similar pattern
with LV diastolic diameter was observed. The mean posterior
diastolic wall thickness (10.2 ± 2.94mm) was lower in patients
with HFrEF than in those with HFmrEF (11.1 ± 2.59 mm) and
HFpEF (11.2 ± 2.90 mm). The transmitral inflow velocities
were lowest in patients with HFrEF.

Comparison of management and outcome by
ejection fraction group

The treatment of AHF is shown in Table 4. There were signif-
icant differences in the prescription of HF medicines across
LVEF groups. Patients with HFpEF were less likely prescribed
angiotensin‐converting enzyme inhibitor/angiotensin recep-
tor blockers and aldosterone inhibitors than those with
HFrEF. Patients with HFpEF were more likely prescribed
beta‐blockers than those with HFrEF.

Major outcomes of death or readmission through Days 60
and 180 are shown in Table 5 and Figure 2. There was no sta-
tistically significant difference in the outcomes across the EF
groups (all P > 0.05), even after covariate adjustment. Death
or readmission rates through Day 60 and 180 day death rates

did not differ significantly among the groups; unadjusted
hazard ratios relative to patients with HFrEF were 1.32 (95%
CI 0.84–2.08) and 1.24 (95% CI 0.82–1.89) for 60 day death
or readmission and 0.92 (95% CI 0.59–1.43) and 0.78 (95%
CI 0.51–1.20) for 180 day death in patients with HFmrEF
and HFpEF, respectively.

Discussion

The current post hoc analysis of the THESUS‐HF registry
describes the characteristics and outcomes of patients
admitted for AHF in SSA according to the current guidelines
of HF definition and classification.

In 2016, a new version of the ESC guidelines for the
management of AHF and chronic HF was released. The
guideline introduced a new category of HF–HFmrEF.3 The
guideline also updated recommendations about the diagnosis
and treatment of HF.

To the best of our knowledge, no major registries of HF
patients have been published in SSA after publication of the
2016 ESC guidelines especially regarding HFmrEF prevalence,
characteristics, treatment, and outcome. Thus, there is a
gap in evidence for patients with HFmrEF in SSA. The
THESUS‐HF registry, the largest registry to date on HF in
SSA, was published in 2012,10 and since then, none of the sec-
ondary papers has focused on echocardiographic subtypes of
HF. In this post hoc analysis to compare the clinical character-
istics, treatment, and outcome across the LVEF categories
(HFrEF, HFmrEF, and HFpEF) based on the 2016 ESC guide-
lines, we reclassified participants in the THESUS‐HF registry
into these three categories. More than half of participants
(53%) had HFrEF while 20% were ascribed to HFmrEF. To
our knowledge, this is one of the rare descriptions of HFmrEF
in SSA. Our prevalence of HFmrEF was in accordance with the
17–20% reported in other registries and cohort studies in the
majority of high‐income countries14–16 but lower than the
10% reported by Nelson et al. in Denmark. That Nelson
et al. included all acute cases of dyspnoea and classified
severe valve disease before other echocardiographic
subtypes of HF may account for the lower prevalence of
HFmrEF in their study. Thus, HFmrEF is common in clinical
practice with a prevalence that might be similar in
high‐income and low‐income countries. When compared with
previous LVEF classification, the prevalence of participants
with HFrEF was similar.17 Reports from registries and cohort
studies have shown HFrEF to be the most prevalent category
of HF.14,18 HFmrEF is an intermediate between HFrEF and
HFpEF. Data from registries and cohort studies are inconsis-
tent as to whether clinical characteristics in HFmrEF might
be similar to those in HFrEF or HFpEF or intermediate.17–21

In the THESUS‐HF registry, patients with HFmrEF were similar
to those with HFrEF and HFpEF with respect to some
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characteristics and intermediate between HFrEF and HFpEF
with respect to others. But patients with HFmrEF and HFpEF
were more likely to have atrial fibrillation, and patients with
HFpEF had the highest prevalence of cor pulmonale. Several
studies from high‐income countries have reported that the
clinical characteristics of HFmrEF patients are generally inter-
mediate between HFrEF and HFpEF.14 Hypertension that is
the most common cause of HF in SSA was higher in HFmrEF,
though not significant. On the contrary, it was most fre-
quently associated with HFpEF in some studies from
high‐income countries.15,17 Our patients with HFpEF were
more often female, a finding that is in accordance with some
studies from high‐income countries.15,17 Clinical presentation
with respect to symptoms and signs was similar among
groups, except for participants with HFpEF who had a higher
mean systolic blood pressure and a lower heart rate. Also,
HFrEF patients had more severe oedema compared with the
other HF categories. A recent study in Europe did not show
any differences in signs and symptoms between the three cat-
egories of HF.17 When comparing echocardiographic parame-
ters, patients with HFrEF had larger heart chambers and
lower wall thicknesses than those with HFmrEF and HFpEF.
This was a similar finding in other studies.17

In our study, there was no significant age difference
between the three categories of HF. This is in contrast with
some studies that reported a significantly older age in
HFmrEF compared with HFrEF.17 Generally, HF occurs at a
younger age in SSA compared with high‐income countries.

The mean age of HFmrEF in this study was 54.6 years, lower
than reported in developed countries.14,22 In this report, the
mean ages across all EF categories were lower than the mean
age across corresponding EF categories in high‐income
countries.14 This may reflect differences in HF aetiologies be-
tween low‐income and high‐income countries.

In the current analysis, patients with HFrEF were more
likely prescribed inhibitors of the renin–angiotensin system
and mineralocorticoid receptor antagonists (MRAs)
compared with patients with HFmrEF and HFpEF. This is not
surprising as several studies have shown that patients with
HFrEF are more likely to be prescribed guideline‐directed
medical treatment.15 MRAs were commonly prescribed in
the THESUS‐HF registry. The impact of MRA on outcome in
HFmrEF is less well known. A recent study showed that the
MRA spironolactone was independently associated with a
significant reduction in mortality and HF rehospitalization in
HFmrEF.22 Although patients with HFpEF in our study had
lower heart rates, they were more likely to be prescribed
beta‐blockers. This finding is in contrast with the guideline
suggested treatment for patients with HF where the use of
beta‐blockers is mandated in patients with HFrEF regardless
of their EF. Finally, many more patients in the current registry
regardless of EF were prescribed digoxin.

Patients with HFmrEF had a non‐significant longer mean
hospitalization duration compared with HFrEF and HFpEF. A
total of 4% of the participants experienced the endpoint of
death on initial hospitalization without any significant

Table 4 Comparison of oral medication use at admission and discharge/Day 7

Parameter
Observed n
(% missing) Statistic

HFrEF
(N = 472)

HFmrEF
(N = 174)

HFpEF
(N = 242) P‐valuea

Total
(N = 888)

Admission
ACEi/ARBs 879 (1.0%) n (%) 372 (79.5%) 125 (72.7%) 163 (68.2%)* 0.0033 660 (75.1%)
Loop diuretics 863 (2.8%) n (%) 59 (12.9%) 22 (13.0%) 42 (17.7%) 0.20 123 (14.3%)
Beta‐blockers 874 (1.6%) n (%) 64 (13.8%) 34 (19.9%) 50 (21.0%)* 0.028 148 (16.9%)
Digoxin 873 (1.7%) n (%) 240 (51.9%) 83 (48.3%) 79 (33.1%)*,** <0.0001 402 (46.0%)
Hydralazine 866 (2.5%) n (%) 2 (0.4%) 2 (1.2%) 5 (2.1%) 0.12 9 (1.0%)
Nitrates 875 (1.5%) n (%) 23 (5.0%) 11 (6.4%) 11 (4.6%) 0.69 45 (5.1%)
Aldosterone inhibitors 878 (1.1%) n (%) 351 (75.5%) 113 (65.3%)* 145 (60.4%)* <0.0001 609 (69.4%)
Statins 866 (2.5%) 40 (8.8%) 16 (9.4%) 27 (11.3%) 0.57 83 (9.6%)
Aspirin 876 (1.4%) n (%) 176 (38.1%) 62 (35.8%) 83 (34.4%) 0.62 321 (36.6%)
Anticoagulants 877 (1.2%) n (%) 164 (35.3%) 69 (39.9%) 70 (29.2%) 0.068 303 (34.5%)

Discharge or Day7
ACEi/ARBs 861 (3.0%) n (%) 397 (86.5%) 136 (81.0%) 177 (75.6%)* 0.0015 710 (82.5%)
Loop diuretics 855 (3.7%) n (%) 368 (80.3%) 133 (79.6%) 169 (73.5%) 0.11 670 (78.4%)
Beta‐blockers 853 (3.9%) n (%) 115 (25.2%) 52 (31.0%) 78 (34.2%)* 0.037 245 (28.7%)
Digoxin 853 (3.9%) n (%) 318 (69.6%) 109 (65.7%) 108 (47.0%)*,** <0.0001 535 (62.7%)
Hydralazine 845 (4.8%) n (%) 10 (2.2%) 5 (3.0%) 4 (1.7%) 0.70 19 (2.2%)
Nitrates 858 (3.4%) n (%) 38 (8.3%) 18 (10.7%) 10 (4.3%)* 0.050 66 (7.7%)
Aldosterone inhibitors 861 (3.0%) n (%) 369 (80.4%) 126 (74.1%) 156 (67.2%)* 0.0006 651 (75.6%)
Statins 850 (4.3%) n (%) 56 (12.5%) 27 (16.1%) 38 (16.3%) 0.30 121 (14.2%)
Aspirin 860 (3.2%) n (%) 289 (63.4%) 91 (53.5%)* 114 (48.7%)* 0.0006 494 (57.4%)
Anticoagulants 860 (3.2%) n (%) 83 (18.1%) 37 (21.9%) 45 (19.3%) 0.57 165 (19.2%)

ACEi, angiotensin‐converting enzyme inhibitor; ARBs, angiotensin receptor blockers; HFmrEF, heart failure with mid‐range ejection frac-
tion; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
aP‐value from ANOVA (F‐test) for continuous variables or from χ2 test for categorical variables.
*P < 0.05 vs. HFrEF (adjusted P‐value using Bonferroni step‐down).
**P < 0.05 vs. HFmrEF (adjusted P‐value using Bonferroni step‐down).
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difference between groups of HFrEF, HFmrEF, and HFpEF
although it was higher in patients with HFrEF. During the
follow‐up period of 6months, there was no statistically signif-
icant difference in the short‐term outcomes between the
groups of HFrEF, HFmrEF, and HFpEF. This was in accordance
with findings by some authors in high‐income countries.17,23

Previous studies in patients with stable, chronic HF have
described an association between outcome and LVEF.17,23

Strengths and limitations

Prospective clinical cohort studies in the African setting are
challenging with a lot of pitfalls including lack of infrastruc-
ture, limited funding and resources, and high rates of loss
to follow‐up, but it is the only way to characterize
real‐world African patients who may present with features
that are not similar to what has been described in
high‐income countries. Our results are of relevance and gen-
erate data to describe the new phenotype, HFmrEF, in SSA,
which deserves further investigation and may be of clinical
importance.

The advantages of the present study include that all HF
cases were rigorously diagnosed and followed up in a large
hospital‐based registry with multiple centres in Africa. All
AHF cases underwent a systematic and comprehensive
echocardiogram evaluation by certified cardiologists. Al-
though this was a post hoc analysis of the THESUS‐HF regis-
try and HFmrEF was not predefined, the comprehensive
cardiologist echocardiographic evaluation of our population
permitted the assessment of criteria of diastolic function
to diagnose HFpEF rather than relying only on the
incomplete criterion ‘lack of an echocardiogram showing a
low LVEF’.

Some limitations are noteworthy. First, natriuretic
peptides were not available for confirmation of HF in sev-
eral centres and should be acknowledged as a limitation.
A second limitation is that the EF was assessed once close
to admission and not longitudinally throughout follow‐up,
and hence, changes in EF during follow‐up were not
captured in the current analysis. Finally, the data
presented are a post hoc analysis of the THESUS‐HF regis-
try, which enrolled patients between 2007 and 2010 and
may not be entirely representative of current African
patients with HF.

Figure 2 Kaplan–Meier plots by ejection fraction groups. HFmrEF, heart failure with mid‐range ejection fraction; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Conclusions

Our study showed that the proportions of HFrEF, HFmrEF,
and HFpEF occurrences among SSA hospitalized HF patients
were 53.2%, 19.6%, and 27.3%, respectively. The clinical char-
acteristics and the medication prescription of these patients
were slightly different, with the new phenotype of HFmrEF
sharing intermediate characteristics with HFrEF and HFpEF.
Despite the differences in clinical characteristics between
patients with AHF in SSA and other regions of the world,
the current analysis suggests that similarly to data from other
regions, there was no difference in short‐term outcomes of
patients admitted with AHF by admission EF.
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