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7.1 Introduction

Cardiovascular disease (CVD) constitutes a major public health problem both in
the developed and developing countries. Africa is characterized by a lack of
good registries on incidence and mortality of non-communicable diseases
(NCDs). Nevertheless, the Global Burden of Disease group [1], with the data
available, showed recently that among the estimated 422 million cases of exist-
ing cardiovascular disease in the world in 2015, the age-adjusted highest preva-
lence of cases were from western and eastern Africa. Specifically, hypertensive
heart disease was more prevalent in Africa, and this was accompanied by a
higher mortality rate of this condition in this continent compared with other
parts of the world.

Another important issue is the relative weight of CVD mortality related to the
more important infectious diseases in Africa [2]. Of the 58 million deaths from all
causes worldwide in 2005, an estimated 17.5 million were due to CVD, three times
more deaths than those caused by infectious diseases including HIV/AIDS, tubercu-
losis and malaria combined.

LMIC are faced with a dual burden of communicable and chronic diseases,
which require tertiary care, and a consequent diversion of the limited resources
available. In conjunction with the loss of productive years of life, the consequences
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lead to economic constraints with an impact on both the private and the public
sectors.

Sub-Saharan African (SSA) countries are currently experiencing one of the most
rapid epidemiological transitions characterized by increasing urbanization and
changing lifestyle factors [3], which in turn have raised the incidence of NCDs and
CVD including hypertension [4].

The pattern of increasing risk factors with higher rates of urbanization is likely
to affect most of SSA [5]. As “civilization” spreads, so does CVD, becoming an
increasing health burden that requires skilful and cost-effective management [6].

7.2 The Epidemiology of Hypertension in Africa

Hypertension is the main risk factor for general morbidity and mortality in the
world. With a worldwide distribution, its presence in SSA is relatively recent. A
paper published in the 1930s [7] reported that among 1800 patients screened for
2 years, not a single case of high blood pressure was found in a rural community of
Kenya. Since then, a great change has occurred. A recent review by Ogah et al. [8]
revealed the prevalence of hypertension in the two national studies from SSA was
about 31% (35.7% and 37% in men and 37% and 29% in women in Mozambique
and Malawi, respectively). They also found that, in rural areas, the prevalence
ranged from 16% in rural Rwanda to as high as 46.4% in a rural community in
Eastern Nigeria. The values for urban studies ranged from 15.2% in the Democratic
Republic of Congo to as high as 47.5% in Cameroon. During the last 40 years while
in most of the developed world mean systolic and diastolic blood pressure are
decreasing, in SSA, the situation is inverse with a significant increase of both in
both sexes [9]. The evolution of the prevalence of hypertension and the mean sys-
tolic and diastolic blood pressure shows a constant increase in SSA making this
continent the one with the highest prevalence rates of hypertension in the world.
Added to this high prevalence, a second major issue is related to its extremely low
levels of awareness. In most of these countries the levels of awareness are below
30%. Women and urban populations have a higher level of awareness compared
with man and rural populations. Nevertheless in several countries, less than 10% of
all hypertensive patients have their blood pressure controlled. In a recent review
comparing the levels of awareness, treatment and control in different parts of the
world between 2000 and 2010 [10], SSA countries were among the regions with the
lowest levels of awareness, treatment and control, which allied with the high preva-
lence rates are likely to result in an enormous burden of target organ damage mainly
stroke and heart failure. The rising incidence of hypertension, its high general prev-
alence and poor control, as well as the premature mortality, calls for more research
into the details of hypertension on the continent.
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7.3  From Hypertension to Hypertrophy to Heart Failure

Left ventricular (LV) hypertrophy (LVH) is defined as an increase in LV mass
(LVM) either with or without LV geometric changes. As the current gold standard
measurement for LV mass and LV geometric changes is echocardiography, we will
primarily focus on the current literature pertaining to echocardiographic data.
However, as Africa largely consists of poorly resourced communities with limited
access to echocardiography, a section on electrocardiographic (ECG) determined
LVH has also been included.

Currently various thresholds and indexations are used to define the presence
of an increased echocardiographic LVM and hence LVH. These indexations and
thresholds are discussed in detail below. The LV geometric changes depend
upon the presence or absence of LV wall thickening. In this regard, concentric-
ity is defined as an LV relative wall thickness (RWT, the ratio of the thickness
of the LV wall to the diameter of the LV chamber diameter) of >0.42. Concentric
LV remodelling refers to those patients in whom there is no LVH, but the RWT
is >0.42, whereas in concentric LVH, there are both an increased LVM and
RWT. Patients in whom LVH is present but the RWT is <0.42 are classified as
having eccentric LVH.

The classification of patients according to the presence or absence of LVH
and LV geometric changes is important as both have prognostic implications.
In this regard, LVH is an independent predictor of cardiovascular mortality and
morbidity [11]. In addition, LV geometric changes are associated with an
increased risk of mortality and morbidity [12], with concentric LVH having the
highest risk followed by eccentric LVH and then concentric remodelling [12,
13]. As there is a higher prevalence of concentric LVH in African American
Blacks compared to Whites [14—16], the question arises whether such ethnic
differences have been documented in Africa. Currently, no direct Black versus
White comparisons are available in Africa; however, a high prevalence of con-
centricity similar to that in African American Blacks is reported in South
African Blacks.

Although the prognostic implications of LVH and geometric remodelling in
Africans living in Africa are currently unknown, longitudinal studies in African
Americans suggest that LVH contributes more to the risk of cardiovascular mortal-
ity in Blacks than it does in Whites [17, 18]. Moreover, in African Americans, for
every 100 deaths, 37% were attributable to LVH which is far greater than the per-
centages attributable to single-vessel disease (1%), LV systolic dysfunction (9%)
and multi-vessel disease (22%) [17]. Bearing in mind the higher prevalence of LVH,
especially concentric LVH, in Black Africans, and the higher mortality associated
with LVH in Black African Americans [19], early detection of and intervention for
LVH are paramount in Africa.
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7.4 Indexations of LVM to Define LVH

To define LVH, various indexes of LVM have been used. The indexation of LVM
to body surface area (BSA) is largely designed to eliminate the effects of body
size, whereas the indexation to allometric signals of body height (e.g. 1.7 and 2.7)
eliminates the impact of growth but not obesity on LVM. Consequently, index-
ation of LVM to allometric signals of height has been recommended in guidelines
for the management of hypertension and for the assessment of LVH in the over-
weight and obese [20]. Indeed, in a large (n = 5004) multiethnic (White, Black,
Hispanic and Chinese) community-based study in the USA, when using LVM
indexed to BSA, the prevalence of LVH did not differ (p = 0.19) between normal
weight (9.1%), overweight (7.5%) and obese (8.5%) participants [21, 22].
However, when using LVM indexed to height!”’, the prevalence of LVH in over-
weight (17.6%) and obese (40.4%) was markedly higher compared to when using
LVM indexed to BSA and indeed differed substantially from the prevalence in
normal weight participants (9.2%, p < 0.0001) [21, 22]. Similar differences have
been observed when assessing the prevalence of LVH in African populations.
Data from a community-based study (n = 793 Blacks) in South Africa showed that
the prevalence of LVH in overweight (28.1%) and obese participants (43.2%)
when using LVM indexed to height!7 was higher (p < 0.0001) than that in normal
weight participants (10.3%). Similarly, the prevalence of LVH in overweight
(25.5%) and obese participants (41.8%) when using LVM indexed to height>’ was
higher (p < 0.0001) than that in normal weight participants (10.3%). However,
when using LVM indexed to BSA (overweight = 19.3%; obese = 18.9%), the
prevalence of LVH was no different (p = 0.18) from that in normal weight partici-
pants (13.9%) [22-24].

7.4.1 Thresholds for Echocardiographic LVH

Thresholds for echocardiographic LVH have largely been derived from White popu-
lations. There is limited data from other ethnic groups and particularly from Black
Africans. As ethnic groups differ in anthropometric variables which impact on heart
size [25], ethnic-specific thresholds may be required. Indeed, the EchoNoRMAL
study (see data provided for Europeans, Africans and African Americans in
Table 7.1) showed substantial differences in the thresholds between ethnic groups.
Nevertheless, to date, only two studies have defined thresholds for echocardio-
graphic LVH in healthy, non-hypertensive, nondiabetic, nonobese Black Africans
(Table 7.1) [26, 27]. Data from Woodiwiss and Norton (unpublished) are prelimi-
nary reported here [28]. The EchoNoRMAL study included 227 females from seven
studies in Africa and 190 males from five studies in Africa. The countries from
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Table 7.1 Thresholds for echocardiographic LVH in African compared to other ethnic groups
(community studies)

Ethnic Gender LVM/BSA LVM/height*’” LVM/height!’

group Population (n)  (n) (g/m?) (g/m>7) (g/m'7) Reference

White/black (265/65)* Female >83 >51 >60 [21]

(AA) (214)

White/black (265/65)* Male >111 >51 >80 or 81 [21]

(AA) (116)

European (3463 from 19 Female >107° >50° = [26]
studies)? (3463)

European (3038 from 20 Male >130P >57° - [26]
studies)? (3038)

Black (227 from 7 Female >110° >59° = [26]

(African) studies)? (227)

Black (190 from 5 Male >113b >51° = [26]

(African) studies)? (190)

Black (AA) (851 from 1 Female >102¢ >51¢ - [26]
study)? (851)

Black (AA) (717 from 1 Male >119¢ >52¢ - [26]
study)? (717)

Black (SA) (205 from Female >97.7 >47.8 >72.6 [27, 28]
1044) (133)

Black (SA) (205 from Male >119.0 >50.6 >83.4 [27, 28]
1044)? (72)

Black (SA) (205/1044)* Both >109.2 >49.7 >78.6 [27, 28]

(205)

Black (SA) (808) 43.6% Female >95 >47 >73.6 [23, 24]
with HT¢ (525)

Black (SA) (808) 43.6% Male >115 >50 >83.2 [23, 24]
with HT¢ (283)

Black (SA) (808)43.6%  Both  >125 >51 - 123, 24]
with HT¢ (808)

Black (AA) (108) Both - >52.9 - [29]

(108)

Black (AA) (1616) 57% Both >105 >50to 51 = [29]
with HT¢ (1616)

Black (AA) (1046) 57% Female - >47 - [29]
with HT¢ (1046)

Black (AA) (570) 57% Male - >50 = [29]
with HT¢ (570)

HT hypertension; AA African American; SA South African; — data not provided

aUpper 95% CI derived in participants without clinically significant disease and normal clinical
blood parameters who were normotensive and nondiabetic and had a BMI <30 kg/m? (or 18-25 kg/m?
for [21])

"Values for age = 50 years

“Values for age = 30 years (only age for which values reported)

dParticipants with prevalent cardiovascular disease excluded but participants with BMI > 30 kg/m?
included



80 A.Damasceno et al.

which these African participants were recruited were not listed. Thresholds were
defined for LVM indexed to height'’” and height*’, but not BSA. It is clear that
within the EchoNoRMAL study, the thresholds for African participants differed
from those for Europeans as well as to some degree from those for African
Americans. Similarly, the thresholds defined in the South African study [27] dif-
fered from those obtained in Europeans/Whites and African Americans, especially
when LVM was indexed to height'” or BSA. Indeed, the thresholds for LVM indexed
to height>” appear to show more uniformity across ethnic groups than thresholds for
either LVM indexed to height'” or BSA. These differences highlight the need to
define thresholds specific to Black African populations. In addition, as within ethnic
groups thresholds also differed according to gender, gender-specific thresholds are
recommended (Table 7.1).

7.4.2 Prevalence of LVH and LV Geometric Patterns

Large cohort studies have provided evidence that LV mass indexed to height>” [14,
15, 30] and the prevalence of LVH [14, 15] is higher in African Americans than in
Whites. A higher LVMI (g/m*7) was evident in a longitudinal study of young adults
(the Coronary Artery Disease Risk Development in Young Adults, CARDIA, study)
(566 African Americans and 792 Whites) at both baseline [31] and after 5 years of
follow-up [30] in both women and men, despite a low prevalence of LVH (<5%).
Similarly, in the Hypertension Genetic Epidemiology Network (HyperGEN) study
(1060 African Americans and 580 Whites), in multivariate analyses, the African
Americans had a 1.8-fold higher prevalence of LVH (defined by indexation to
height*”) and a 2.5-fold higher prevalence of LVH (defined by indexation to BSA)
compared to the Whites [15]. In the Dallas Heart Study (1335 African Americans
and 858 Whites) (age = 30-65 years), the prevalence of LVH (indexed to height*’ or
BSA) was 2-3 times greater in African Americans compared to Whites [14]. The
higher LVM observed in African Americans persisted after adjustments for fat mass,
fat-free mass, SBP, age, gender and socioeconomic status [14]. Nevertheless, for a
given level of SBP, a higher prevalence of LVH was observed in African Americans
compared to Whites [14]. In addition, a greater degree of LV concentricity has been
reported among African Americans compared to Whites [14-16]. Moreover, after
adjusting for covariates, African Americans had a 2.3-fold higher prevalence of con-
centric geometry (defined by RWT >0.43) [15]. It has therefore been suggested that
the greater LVM and LV remodelling in African Americans is driven by a greater
pressure overload.

There are currently no direct evaluations of the prevalence of LVH and/or LV
geometric patterns in Blacks versus Whites living in Africa. Data are therefore pro-
vided from a large cross-sectional community-based study in Blacks living in South
Africa [28], for informal comparisons with data from the literature in Whites and
African Americans (Table 7.2). It is clearly evident from this table that the preva-
lence of LVH is strongly influenced by the type of indexation of LVM. When LVM
is indexed to BSA, the prevalence is much lower than when LVM is indexed to
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height®”. This is largely because indexation to BSA eliminates the effects of obesity
on LVM. With respect to ethnic differences, the prevalence of LVH in Black South
Africans more closely represents that in African Americans, with both being higher
than in Whites. Similarly, as reported for African Americans versus Whites, there is
a higher frequency of concentricity in the Black South Africans.

7.4.3 Detection of LVH: Electrocardiography (ECG) Versus
Echocardiography and Challenges with Accuracy of ECG

Although the current gold standard for the detection of LVH is echocardiography,
access to echocardiography proves to be problematic in Africa with vast areas of the
continent being largely underdeveloped. Hence, in many settings, the detection of
LVH relies on electrocardiography (ECG) as a more accessible and cost-effective
option. However, it is well recognized that ECG criteria have a poor sensitivity in
detecting LVH in comparison to imaging techniques [34]. In addition to compari-
sons between modalities used to detect LVH, ethnic differences in the ability of
ECG to detect LVH have been reported [11]. Indeed, ECG criteria for LVH have
been shown to be less well correlated with echocardiographic LV mass index in
African Americans as compared to Caucasians [35]. These poor correlations may be
attributed to increased ECG amplitudes in groups of African descent [36, 37], pos-
sibly produced by alterations in skin conductivity [38], or a diminished thoracic
diameter reducing the distance from the skin surface to the heart [39]. In addition,
an excess adiposity attenuates the utility of all ECG voltage criteria for LVH detec-
tion [40]. Consequently, the sensitivity of some ECG criteria may be particularly
low for the detection of LVH in groups of Black African ancestry [40—42]. Hence,
the value of ECG criteria for the detection of LVH in individuals of Black African
ancestry has been questioned [41, 43]. Moreover, none of the current ECG voltage
criteria can be recommended for the use in obese people of Black African ancestry
[40]. However, as universal screening for LVH using echocardiography carries a
high cost [44], solutions to reducing these costs are required. Moreover, bearing in
mind the limited access to alternative measures, especially in Africa, various options
to try and improve on the accuracy of ECG in detecting LVH have therefore been
proposed.

A composite of Cornell product with Sokolow voltage or Sokolow product
increases the diagnostic ability of ECG [45]. In addition, the composite of these
voltages was associated with increased LVM index and a greater prevalence of
echocardiographic LVH than either criterion alone. Moreover, in the LIFE study
(only 5.8% Blacks), a combination of Cornell product and Sokolow-Lyon voltage
was associated with a higher rate of myocardial infarction, stroke, cardiovascular
death and all-cause mortality (4.8 year follow-up in hypertensive patients) in com-
parison to either criterion alone or neither [46]. These data from predominantly
non-African communities suggest that in resource-limited settings (such as in
Africa), ECG is still a useful tool especially when combined with other clinical
criteria and when ECG criteria are combined in preference to being used alone.
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However, are there data in African communities indicating possibilities for improv-
ing the accuracy of ECG criteria in detecting LVH?

In a study of 182 Cameroonian patients (69% with echocardiographic LVH),
adjusting Sokolow-Lyon voltage to BSA or body mass index (BMI) improved the
sensitivity from 26.5% to 55.8% and 58.4%, respectively [47]. However, these
improved sensitivities were associated with reductions in specificity from 84.1%
(unadjusted) to 46.4% (BSA adjusted) and 40.6% (BMI adjusted). Hence there was
limited improvement in accuracy (unadjusted = 48.4%, BSA adjusted = 52.2%,
BMI adjusted = 51.7%). Adjustments of Cornell voltage to BSA or BMI proved
more promising with improvements in sensitivity from 37.2% to 68.1% and 69.0%,
respectively, associated with increases in accuracy from 56.0% to 62.1% and 61.5%,
respectively [47].

In 621 participants of African ancestry (South African), the accuracy of a combi-
nation of ECG criteria with readily available clinical variables [age, BMI, systolic
blood pressure (SBP) or estimated glomerular filtration rate (¢GFR)] was compared
to the accuracy of ECG criteria alone [48]. Compared with ECG criteria alone, the
combination of individual ECG criteria with age, BMI and SBP showed an improved
level of performance [area under the receiver operator characteristic (ROC) curve,
AUC] for all ECG criteria for LVH detection (ECG alone = 0.65-0.71; ECG plus
age, BMI, SBP =0.78-0.79, p < 0.005; ECG plus age, BMI, eGFR =0.78, p < 0.005).
In addition, the sensitivity at 85% specificity was increased (ECG alone = 32.6%—
37.2%; ECG plus age, BMI, SBP = 46.5%-52.7%, p < 0.005; ECG plus age, BMI,
eGFR = 42.6%-48.8%, p < 0.005). However, the use of both SBP and eGFR in
combination with age, BMI and ECG criteria did not further enhance the perfor-
mance of ECG criteria. Another approach to improve the ability of ECG criteria to
detect LVH in a group of African descent (South African) was to correct ECG QRS
voltages for the attenuating effect of BMI [27]. In 661 randomly selected partici-
pants (43.0% obese) of Black African ancestry in South Africa, correcting RaVL
and Lewis voltages by the difference in the slope of BMI-voltage relations in those
with BMI < 29 kg/m? versus those with BMI > 29 kg/m? showed the greatest per-
formance (AUC) for LVH detection (uncorrected RaVL = 0.69, corrected
RaVL = 0.73, p < 0.0001) and also increased the sensitivity (uncorrected
RaVL =30.6%, corrected RaVL = 42.4%, p < 0.0005) with no change in specificity
(uncorrected RaVL = 86.3%, corrected RaVL = 83.0%; p = 0.28). These novel
approaches [27, 48] offer practically useful alternatives to improve the performance
and sensitivity for LVH detection in individuals of African ancestry.

7.4.4 Factors That Contribute Towards Ethnic Differences
in the Prevalence of LVH and Concentric Geometry

Various factors have been shown to impact upon the development of LVH and LV
geometric changes. Importantly, increased LVM and LV remodelling among differ-
ent ethnic groups could be influenced by socioeconomic factors, as well as dietary
and lifestyle risk factors for cardiovascular disease. However, to date, the most
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consistent explanation for an increased prevalence of LVH and LV geometric
remodelling in African populations is a higher pressure load. A recent ECG study
comparing Black Nigerians to White Flemish reported a threefold steeper relation-
ship between SBP and ECG voltages in the Blacks versus the Whites [49]. The
higher prevalence of ECG LVH in the Blacks (54.4%) versus the Whites (36.0%)
was in part attributed to this steeper relationship. These data confirm previous
reports of a steeper relationship between BP and LVM in African American Blacks
compared to Whites [14, 30, 50]. Moreover, in a cross-sectional study of 430 hyper-
tensive Black South Africans, blood pressure was the strongest determinant of
ECG-LVH, independent of age, BMI, antihypertensive use and markers of a poor
lifestyle (smoking drinking, cholesterol, diabetes) [51]. Similarly, in a study of
stroke patients in Ghana and Nigeria, blood pressure was the major modifiable risk
factor which independently predicted LVH [52]. In a cross-sectional community-
based study of Blacks in South Africa, pulse pressure (the difference between SBP
and DBP) was associated with an increased LVM index as well as LVH [33]. In
addition, aortic stiffness (pulse wave velocity) was associated with an increased
LVM index as well as LVH, independent of pulse pressure [33]. Although augmen-
tation index (a marker of aortic function) is increased in Blacks in South Africa
compared to Whites [53], whether the ethnic differences in aortic stiffness contrib-
ute towards ethnic differences in LVM and LVH is not known.

Obesity is also an important determinant of LVH and LV geometric changes.
Independent of age and blood pressure, BMI was a strong predictor of LVM [54, 55]
and RWT [55]. Even among healthy young adults, BMI is associated with increases
in LVM and changes in LV geometry (increased RWT) [30]. The relationship
between BMI and LVM was stronger in African Americans than Whites [30]. In
Blacks in South Africa, an interactive effect between blood pressure and obesity has
been noted for LVM [56], whereby adiposity-induced increases in LVM reflect an
enhanced effect of blood pressure on LV growth. As consequence of this interactive
effect (which may be mediated by leptin), increased blood pressure (never treated
hypertension) impacts on LVM in centrally obese but not lean people of African
descent in South Africa [56]. In addition, in a population sample of Blacks in South
Africa with a high prevalence of obesity, excess adiposity promoted concentric
rather than eccentric LV geometric changes. These effects of obesity on LV geomet-
ric changes were independent of conventional, central artery and 24-hour blood
pressures [57]. Indeed, the greater clustering of insulin resistance and obesity with
high blood pressure in African Americans compared to Whites may play a role in
ethnic differences [58]. In addition, in the MESA study acculturation due to the
adoption of poor lifestyle behaviours (such as poor diet, smoking and drinking) may
explain ethnic differences in the prevalence of LVH [59]. However, formal com-
parative studies are required to determine whether these factors account for the high
prevalence of LVH and concentric remodelling in Blacks in Africa versus other
ethnic groups.

Similarly, although genetic factors play a role in the development of LVM and LV
geometric changes, whether genetic factors explain ethnic differences is unknown. In
a large family-based study (181 nuclear families) of Blacks in South Africa, both
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LVM (independent of confounders including blood pressure) and LV geometric
remodelling (independent of confounders including blood pressure and LVM) showed
significant intrafamilial aggregation and heritability [60]. However, familial clustering
of LVH and LV concentricity (independent of confounders including blood pressure)
was also shown in a large family-based study of Whites [61]. Whether inheritance of
these traits is stronger in Black Africans than Whites (and hence explains the higher
prevalence of LVH and LV concentricity in Blacks than Whites) is not known.

7.4.5 Consequences of LVH and Geometric Changes

Bearing in mind the high prevalence of LVH, LV geometric changes and hyperten-
sion (one of the main determinants of LVH and LV geometric changes) in African
communities, it is relevant to discuss the consequence of LVH and geometric
changes. As LVH is associated with the development of decreased LV ejection frac-
tion [62], heart failure [63] and mortality [11], it is speculated that the higher preva-
lence of LVH in African Americans would translate into a higher burden of systolic
dysfunction and heart failure. However, to date there is no convincing data showing
that LV dysfunction is more common in African Americans than it is in Whites.
Indeed, in the CARDIA study, LV ejection fraction was comparable between
African American and Whites [64]. Although, in multivariate analysis in the
HyperGEN study, African Americans had a lower LV ejection fraction than in
Whites, this did not translate into a higher prevalence of a decreased ejection frac-
tion [65]. It is also unclear whether heart failure is more prevalent in African
Americans than in Whites. Data from NHANES indicate that this is the case [66];
however, data from the National Health Interview Survey indicated a similar preva-
lence of heart failure in these two ethnic groups [67]. Importantly, in most studies,
Black race was no longer a predictor of new heart failure after adjusting for poten-
tial risk factors [68, 69]. Nevertheless, in African American patients with hyperten-
sion, the risk of incident heart failure (4.7-year follow-up) was greater than in White
patients with hypertension. Although this increased risk was independent of ECG
LVH, in a cohort with echocardiographic LVH, increased LVM and RWT in African
Americans compared to Whites were associated with decreases in systolic function
(LV midwall shortening) [19].

As LV concentricity is more closely associated with heart failure with a pre-
served ejection fraction than heart failure with a reduced ejection fraction, it could
be speculated that African populations are more prone to the development of heart
failure with a reduced ejection fraction. Although there are currently limited data,
one study failed to show a high proportion of African Americans among patients
with heart failure with preserved ejection fraction [70]. However, in the Anglo-
Scandinavian Cardiac Outcomes Trial, African-Caribbean hypertensive patients had
greater diastolic dysfunction than Whites after adjusting for confounders including
LVM [71]. There are currently no outcome data in Africans compared to other race
groups; however, blood pressure [72], obesity [73], insulin resistance and concen-
tric remodelling [74] are all independent determinants of diastolic dysfunction in a
community study of Black South Africans. Whether increases in LVM and
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concentricity in Africans translate into an increased prevalence of heart failure inde-
pendent of other cardiovascular risk factors remains unclear. Future studies are
clearly required in order to address these issues in Black Africans.

7.5 Heart Failure in Africa and the Contribution
of Hypertension

7.5.1 Epidemiology

Heart failure (HF), the end stage of all diseases of the heart, is one of the most impor-
tant causes of morbidity and mortality both in the developed and the developing
nations. It was estimated that there were 37.7 million cases of prevalent heart failure
recorded globally in 2010, leading to 4.2 years lived with disability (YDLs). Heart
failure was distributed across a number of causes. More than two-thirds (68.7%) of
heart failure globally was attributable to four underlying causes: hypertensive heart
disease, rheumatic heart disease, cardiomyopathies and ischaemic heart disease [75].

HF has been shown to have a significant impact on health-related quality of life
[76] and appears to impose a huge economic burden to all nations [77]. It is associ-
ated with shorter life expectancy, greater morbidity and impaired quality of life than
most common diseases. About 30% of people die within 3 months of HF diagnosis.
Those with severe HF have an annual mortality of >50% [78, 79].

The sub-Saharan African survey on heart failure (THESUS-HF) [80] revealed
that there are major differences in the epidemiology of acute heart failure (AHF) in
sub-Saharan Africa, compared to North America, Europe and Asia. Table 7.3 com-
pares the characteristic from patients with AHF from the USA, Europe, Asia and
sub-Saharan Africa [81].

Table 7.3 Features of patients with acute decompensated heart failure in registries in the
ADHERE (United States), EHFS II (Europe), ATTEND (Asia) and THESUS-HF (sub-Saharan
Africa) registries (modified from [75])

ADHERE* ADHERE— EHFSII® ATTEND! THESUS-HF®

registry AP registry registry registry

(n=105,388) (n=10,171) (n=3580) (n=4842) (n=1006)
Male, % 48 57 61 58 49
Mean age, years 72 66 70 73 52
Hypertension,% 73 64 63 69 45
Ischaemic heart 57 50 54 31 7
disease, %
Diabetes, % 44 45 33 34 11
Atrial fibrillation, % 31 24 39 36 18
Anaemia, % NA NA 15 NA 15
Renal insufficiency, % 30 NA 17 69 8

*ADHERE Acute Decompensated Heart Failure National Registry
"ADHERE-AP ADHERE Asia Pacific

°EHFS Il EuroHeart Failure Survey 11

YATTEND acute decompensated heart failure syndromes registry
*THESUS-HF the Sub-Saharan Africa Survey of Heart Failure
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In sub-Saharan Africa, AHF affects relatively younger people (mean age
52 years). In Western countries, acute decompensated heart failure is a disease of
the elderly with a mean age of 70-72 years [82, 83]. AHF therefore strikes the gen-
eration of breadwinners and caregivers in African patients, thereby having major
economic implications. The younger African patients with AHF also have a lower
frequency of ischaemic heart disease, diabetes mellitus, atrial fibrillation and renal
insufficiency, compared to elderly heart failure sufferers in developed countries.

Compared to a summary of the causes of heart failure in sub-Saharan Africa,
based on the case series published between 1957 and 2005 [84], THESUS-HF
shows a changing trend in the epidemiology of acute heart failure in sub-Saharan
Africa [80]. There was a rise in the contribution of hypertension as a cause of heart
failure (from 23 to 45%), a reduction in the role of rheumatic heart disease (from 22
to 14%) and an apparent increase in recognition of ischaemic heart disease as a
cause of heart failure (from 2% to nearly 8%). The high prevalence of hypertension
and relatively low rate of coronary artery disease have also been observed in other
single-centre studies, such as the Heart of Soweto study, where <10% of cases of
heart failure were attributed to coronary artery disease [85].

Ojji and colleagues [86] compared 1515 consecutive HF patients with 4626
patients from the Heart of Soweto project [87]. They showed that hypertension con-
tributed 60% of all cases presented with HF in Abuja versus 33% in Soweto. On an
age- and sex-adjusted basis, compared with the Soweto cohort, the Abuja cohort
were more likely to present with a primary diagnosis of hypertension (adjusted OR
2.10, 95% CI 1.85-2.42) or hypertension heart disease/hypertension heart failure
(HHD/HHF) (OR 2.48, 95% CI 2.18-2.83); P < 0.001 for both. In the Heart of
Soweto study, HHF (682/1196-57%, mean age 60 + 14 years) was the most common
manifestation of HHD among African women with diagnosis of hypertension [88].

In the Abeokuta HF registry, over 90% of the patients were known hypertensives.
Most patients present in the fourth decade of life with severe heart failure and sec-
ondary functional valvular dysfunction and significant in-hospital mortality [89]. In
a study of 52 Gambians and 55 Nigerians between ages 16 and 69 years with hyper-
tensive heart failure, the mean duration of diagnosis of systemic hypertension
among the previously known hypertensives was 4.3 years [90]. The overall 1-year
survival rate was 71%, although it was unclear whether this was largely systolic or
diastolic heart failure and whether the cases were primarily essential hypertension
or included large numbers with secondary hypertension. The prognosis of hyperten-
sive heart failure among this population is poor, with the first 3 months from onset
of heart failure being critical for survival [90]. In a Nigerian study, acute left ven-
tricular failure from hypertensive heart disease was the commonest cause of sudden
cardiac death, while acute myocardial infarction was rare [91].

There are few reports on heart failure with preserved systolic function from
SSA. This is commonly seen due to hypertensive heart disease either alone or in
addition to systolic heart failure [92]. This needs to be addressed in future studies as
it is likely that the profile of heart failure will also change in those regions due to
shifts in population demographics, prevalence of specific risk factors, and influ-
enced by the evolution and access to therapeutic options.
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7.5.2 Pathophysiology

Hypertensive heart disease (HHD) is the cardiac damage related to chronic systemic
arterial hypertension. It has been documented that some genes are implicated in the
development of the cardiomyocyte hypertrophy in patients with hypertension which
affect intracellular signalling, degradation of normal extracellular collagens and
contractile dysfunction among other functions ultimately leading to left ventricular
hypertrophy and HF [93]. There is also the possibility that these genes interact with
environment as seen in Black Americans whereby weight gain, high salt intake and
psychosocial factors may facilitate the rapid development of hypertension and
hypertensive heart disease in susceptible individuals [94]. The presence of LVH
adversely affects the prognosis of patients with arterial hypertension. In the
Framingham Study, cardiovascular mortality among patients with arterial hyperten-
sion and increased left ventricular mass measured by echocardiography was double
in comparison with patients with normal mass [11].

The role of biomarkers in diagnosing hypertensive HF is still being defined and
does not yet impact treatment decisions [95]. However, it has recently been shown
that the novel serum biomarker soluble ST2 differentiates hypertensive patients
without LVH from those with LVH and those from hypertensive patients with heart
failure [96]. The same author showed that in hypertensive patients with heart fail-
ure, there was a strong correlation between the levels of soluble ST2 and right ven-
tricular diameters, right ventricle systolic pressure and right atrium area evaluated
by echocardiography [96]. This suggests that serum soluble ST2 may have the
potential of predicting who develops HF among hypertensive patients. It is therefore
important to note that although markers for early detection remain a challenge,
efforts should be made to explore combinations of genotypic, biochemical and
physiological approaches to define and stratify the population at risk.

Conclusions

Hypertension is an increasing health problem in Africa. Although some research
on left ventricular function on hypertensive patients have recently been devel-
oped, most of the data are still extrapolated from studies done in the USA with
African Americans. Several studies, coming mainly from HHF in Africans, occur
among individuals in their productive age group with attendant high economic
loss and disability-adjusted life-years. The disease is often severe as a result of
late presentation. Efforts should be made at the community level to ensure pri-
mordial prevention, early detection, treatment and control of hypertension on the
continent. There is currently an unmet critical need in HHF research in Africa. It
is essential that cohort studies of hypertensive patients are established to better
understand this heterogeneous patient population, inform public policy decisions
and guide basic, translational and clinical research. This kind of studies should
capture comprehensive and longitudinal data including hospital course and post-
discharge outcomes over long period of time. Future studies should also incorpo-
rate quality improvement initiatives focusing on continuity of care from initial
presentation to the early post-discharge vulnerable period. In addition to
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traditional endpoints (i.e. hospitalization and mortality), patient-centred out-
comes should be designed that comprehensively and longitudinally capture the
burden of worsening HF (i.e. quality of life impairments and functional
limitations).
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