
EDITORIAL

Cardiovascular disease: A global problem extending into the 
developing world

Temilolu Olayinka Aje, Michael Miller

Temilolu Olayinka Aje, Michael Miller, Division of Cardiology, 
Department of Medicine, University of Maryland School of 
Medicine, Rm S3B06, 22 South Greene St., Baltimore, MD 
21201, United States
Author contributions: Aje TO wrote the manuscript; Miller M 
edited and revised the manuscript.
Correspondence to: Michael Miller, MD, Division of Cardiology, 
Department of Medicine, University of Maryland School of 
Medicine, Rm S3B06, 22 South Greene St., Baltimore, MD 21201, 
United States. mmiller@medicine.umaryland.edu
Telephone: +1-410-3286299  Fax: +1-410-3284382
Received: October 23, 2009   Revised: November 30, 2009
Accepted: December 7, 2009
Published online: December 31, 2009

Abstract
This article reviews the current status of cardiovas-
cular disease (CVD) on the international scale. Pres-
ently viewed as an epidemic that has migrated from 
westernized societies to developing countries, several 
important issues are elaborated upon. They include the 
basis for the increasing prevalence of CVD and the as-
sociated societal implications. The challenges related to 
lack of resources and infrastructure support may also 
impede successful implementation of proven strategies 
to reduce CVD. In addition to traditional risk factors 
such as cigarette smoking, hypertension, obesity, hy-
perlipidemia, diabetes mellitus and insulin resistance, 
many developing countries must also contend with 
other risk biomarkers. Included in this grouping are 
human immunodeficiency virus/acquired immunode-
ficiency syndrome and other infectious/inflammatory 
processes as well as nutritional and vitamin deficiencies 
that make preventive measures more difficult to priori-
tize. Taken together, greater partnering between local 
governments, affiliated hospitals and international soci-
eties is needed to enhance and facilitate efforts aimed 
at optimizing standard of care measures in developing 
countries in order to reduce cardiovascular risk.
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CARDIOVASCULAR DISEASE - A 
GLOBAL PROBLEM
Cardiovascular disease (CVD) has typically been viewed 
as an affliction of  wealthy, industrialized societies. In 
fact, during the past century minimal if  any effort aimed 
at cardiovascular (CV) prevention has been allocated to 
developing countries. This in part reflected the higher 
prevalence of  infectious diseases that provided the 
rationale for not investing time and resources toward 
chronic diseases. However there is an emerging body 
of  data suggesting that this policy may not only be 
erroneous but also dangerous. Based upon statistics by 
the World Health Organization, approximately 80% of  
the 17 million CV deaths worldwide in 2003, occurred in 
developing countries[1].

As shown in Figure 1, CVD represents the number 
one cause of  death in all regions except for sub-Saharan 
Africa; however when the analysis extends beyond adults 
aged 30 years and older, CVD is number one cause of  
death in all regions[2].
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These findings in Figure 2 raise a number of  questions: 
(1) Why is CVD so prevalent in developing countries? 
(2) What are the implications of  this prevalence? (3) 
Why has there not been as strong a focus on controlling 
this epidemic? and (4) What can be done to control this 
continuing epidemic?

EPIDEMIOLOGICAL AND NUTRITION 

TRANSITION
It is widely believed that there are 4 stages of  epidemio-
logical transition, ranging from famine and pestilence 
(stage 1) to degenerative diseases (stage 4). In terms of  
overall health, each country falls somewhere along this 
spectrum. Sub-Saharan Africa is the main region that 
falls under the first stage, while stage 4 regions are the 
more industrialized nations. Emerging outcomes data 
now suggest a trend towards stage 4 even for less indus-
trialized countries. While communicable diseases such as 
human immunodeficiency virus (HIV)/acquired immu-
nodeficiency syndrome (AIDS), tuberculosis, and malaria 
continue to be associated with high mortality rates, espe-
cially in developing countries, considerable progress has 
been made during the past decades to reduce the burden 
of  disease resulting from these conditions. Consequently, 
a more favorable prognosis has been achieved in af-
fected infants who are now more likely to survive into 
adulthood. The ensuing survival rates in turn increase 
the exposure to risk factors such as cigarette smok-
ing that alters the shift toward enhanced CV risk. An-
other factor to be considered is the “early malnutrition 
wars” and their casualties. For example, Amuna et al[4]  
have hypothesized that exposure of  fetuses to early 
malnutrition led to adaptation to a “thrifty phenotype”. 
However, when exposed to a more affluent environment 
and greater caloric means, these “super efficient” speci-
mens are less able to metabolize the nutrients (i.e. fats) 
that they are exposed to. With increased energy intake 
at the expense of  expenditure, increased fat storage in 
adipose tissue, skeletal muscle, heart and liver may lead 
to metabolic dysregulation resulting in inflammation, in-
sulin resistance (IR), metabolic syndrome and increased 
risk of  CVD. An alternative explanation is that there has 
been a significant increase in the rate of  urbanization in 
most developing countries (Figure 3 below). The result 
of  urbanization is a more frequent exposure to CV re-
lated risk factors.

Once in these urban areas, diet and lifestyle changes 
adopted include high caloric food intake combined with a 
sedentary lifestyle. With this combination, there has been 
an appreciable jump in the prevalence of  CV disease risk 
factors. Some of  the forces that drive people towards 
high caloric foods include time constraints (forced to eat 
on the go), strong advertising and availability[6]. Similar 
forces come into play when considering the adoption of  
sedentary lifestyles.

RISK FACTORS
A decades worth of  studies have identified risk factors 
for CVD, the more prevalent ones being hypertension, 
smoking, obesity (due to poor diet and/or lack of  physical 
activity), hyperlipidemia and genetic predisposition. If  
there is truly an increase in the prevalence of  CVD, one 
should naturally expect that there has been an increase in 
one or more of  these risk factors. The data supporting 
this will be explored further. 
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Figure 1  Cause of death by percentage in each region[2].
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Figure 3  Trends of urban populations in developing countries[5].
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Smoking
Tobacco use has been established as a risk factor for CVD 
since the 1940s. This includes both active and passive 
use[7]. Due to aggressive anti-smoking campaigns, tobacco 
use has declined significantly in the United States over 
the past 40 years[8]. Unfortunately, the trend has been the 
reverse in developing countries (Figure 4).

The reasons for this increase in tobacco use include but 
are not limited to, urbanization and aggressive marketing by 
tobacco companies, especially in light of  strict regulations 
in developed countries forcing these companies to shift 
their business practices elsewhere. Of  particular concern is 
the fact that young women who are typically less likely to 
smoke are viewed as an untapped market and are heavily 
targeted[10].

Hypertension
It is difficult to assess the degree to which there has been an 

increase in the prevalence of  hypertension in most develop-
ing countries because there are few studies. However there 
are studies demonstrating the high levels of  prevalence 
today. To support the argument that it is associated with 
urbanization, numerous studies have demonstrated the dif-
ference in prevalence between urban and rural areas. For 
instance, in Mozambique, the prevalence of  hypertension 
amongst adults is about 33%, while the odds ratio (OR) of  
hypertension being more frequent in urban areas compared 
to rural was 2 [95% confidence intervals (CI): 1.2-3][11]. 
Fezeu et al[12] identified an increase in the blood pressure of  
adults in Cameroon over a 10-year period (Table 1).

Hypertension is also highly prevalent in Latin America-
prevalence rates ranging from 8.6% to as high as 29% of  
the adult population based on the city[13]. Pre-hypertension 
has also been assessed in a number of  studies, with 
prevalence rates ranging from 30% in Jamaican adults[14] to 
as high as 34% in Taiwanese adults[15].
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Figure 4  Cigarette consumption in select countries-comparing industrialized to non-industrialized countries[8,9].
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Obesity
Obesity is an intriguing and paradoxical CV risk bio-
marker in developing countries. This is because in devel-
oping countries such as Sub-Saharan Africa, epidemics 
of  famine that culminate in malnutrition are believed to 
predominate. However, urbanization of  some regions 
has in fact induced higher obesity rates. Amongst Cam-
eroonian adults (older than 15), 21.6% of  men are over-
weight. The number is higher amongst women at 28.6%. 
The prevalence of  obesity is high as well - 6.5% in men, 
19.5% in women[16]. Abubakari et al[17] found an approxi-
mate 10% rate of  obesity in West Africa. Furthermore, 
in Cameroon, women were more likely to be obese (OR: 
3.16, 95% CI: 2.51-3.98). To further support the theory 
that urbanization plays a significant role in West Africa, 
prevalence rates of  obesity were compared in urban and 
rural settings. Not surprisingly, urban residents were 2.7 
fold more likely to be overweight[18]. Although, it may 
be difficult in some developing countries to establish 
changes in the prevalence of  obesity due to a lack of  
baseline comparison data, some studies have been able to 
demonstrate such increases. For example, in South Asian 
women, significant increases in obesity rates were identi-
fied between 1996 and 2006, as described in Table 2.

Lipids
Hyperlipidemia has long been associated with the devel-
opment of  CVD in industrialized nations[19]. There has 
been an increase in the prevalence of  hyperlipidemia 
in developing countries that can partly be attributed to 
urbanization - some reports have demonstrated a higher 
prevalence in urban vs rural areas[20]. In rural China, 
greater than 30% of  adults older than 35 years of  age 
have total cholesterol levels greater than 200 mg/dL. 
Elevated LDL (greater than 130 mg/dL) ranged from 
13.8% of  adult males to 17.2% of  adult females[21]. 
Amongst Latin American populations, the prevalence of  
hypercholesterolemia varied from 6%-20% depending 
on the city[13]. For comparison, the prevalence of  elevat-
ed total cholesterol (> 240 mg/dL) in US adults from 
2003-2006 was 16.3%[22].

Diabetes
This is another CV risk factor that has become more 
prevalent in developing countries in recent years. A 2008 
review found an increase in the prevalence of  diabetes in 
Nigeria and Ghana. From 1963 to 1998, the prevalence 
rose from 0.2% to 6.3% of  the adult Ghanaian population 
while amongst Nigerians, the prevalence rose from 1.65% 
to 6.8% from 1985 to 2000[23]. Not only has there been a 
rise in the prevalence of  diabetes in developing countries, 
but further increases have been projected in selected 
regions (i.e. Latin America)[24]. A number of  studies have 
also described a significant prevalence in parts of  Asia as 
well[25,26].

IR
Current data indicate a worldwide surge in the preva-
lence of  diabetes, with particularly worrisome rates in the 
developing world. As concerning as these new data are, 
even more concerning is the prevalence of  IR, particu-
lar among young people. IR is another risk factor that is 
linked to the progression of  CVD, both as an indepen-
dent risk factor[27] as well as through its association with 
other risk factors such as obesity and hypertension. The 
link between IR and CVD is thought to occur through 
two processes known to be associated with CVD, namely 
hyperuricemia[28] and inflammation[29]. With this said, is 
IR a problem in developing countries? Amongst Bolivian 
children, the prevalence of  IR was 39.4%[30]. In another 
study of  obese Chinese children, 77% of  the study par-
ticipants were insulin resistant[31]. The fact that levels this 
high are being seen in children is more concerning when 
one considers that these numbers, without early interven-
tion, are only going to rise as they grow into adulthood.

NON-TRADITIONAL RISK FACTORS
Management of  CVD in developing countries presents 
a unique challenge. Because the majority of  the limited 
available resources are devoted to communicable diseases, 
convincing evidence would need to be provided to 
justify resource diversion for CV prevention. Among 
the considerations would be whether the top causes of  
mortality within developing countries, including respiratory 
infections, HIV/AIDS, malnutrition and emotional stress, 
feature prominently in CV risk assessment.

HIV/AIDS
There are an estimated 33 million people living with 
HIV worldwide and 67% of  affected subjects reside in 
Sub-Saharan Africa[32]. Observational data have linked 
HIV to coronary artery disease (CAD) (Figure 5).

Endothelial dysfunction is a critical early stage in the 
development of  atherosclerosis. In addition to traditional 
CV risk factors[34], there is also evidence to implicate HIV 
in promoting endothelial cell dysfunction. This may occur 
through several postulated mechanisms. They include the 
HIV directly activating pro-inflammatory cytokines and 

Table 2  Change in obesity prevalence over a 10-year period 
in Asian countries[17] (%)

Country 1996 2006

Bangladesh   2.7   8.9
Nepal   1.6 10.1
India 10.6 14.8
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Table 1  Difference in systolic blood pressure (SBP) over 
10-year period in Cameroon

Increase in SBP Women Men P
Rural setting (mmHg) 18.2 18.8 < 0.001
Urban setting (mmHg)   8.2   6.5 < 0.001



procoagulant proteins as well as increasing endothelial 
cell adhesiveness and apoptosis resulting in endothelial 
cell damage[35]. Another mechanism may be through the 
use of  highly active antiretroviral therapy. For example, 
abacavir and didanosine have been associated with 
increased risk of  myocardial infarction (MI) (OR: 1.89, 
95% CI: 1.47-2.45 and OR: 1.49, 95% CI: 1.14-1.95) 
within 6 mo of  use[36]. 

Other infections as risk factors
Due to poor sanitation, close living quarters and low 
socio-economic status, there remains a high prevalence 
of  infectious pathogens and in part explains the higher 
prevalence of  mortality due to respiratory infections in 
developing countries. Might any of  these pathogens also 
be linked to elevated CV risk? The influenza virus is a 
common pathogen worldwide and has been shown to be 
prevalent amongst children in developing countries[37,38]. 
This becomes significant when one considers that a his-
tory of  being infected with influenza A or B (determined 
by the presence of  IgG antibodies) is associated with 
an increased risk of  myocardial infection[39]. Another 
pathogen that has been associated with the development 
of  CV disease is Chlamydia pneumonia[40]. Other pathogens 
that have been linked to CAD include Mycoplasma pneumonia 
and Helicobacter pylori. Nevertheless, more research into 
the direct causality link between pathogens and develop-
ment of  CVD is warranted. 

Vitamin D, B12 and folate
Vitamin D deficiency has been observed in limited stud-
ies in populations of  people in developing countries[41-43]. 
Yet despite the fact that some developing countries are 
in tropical regions (with a lot of  sun exposure), a high 
prevalence of  Vitamin D deficiency exists; low vitamin D 
levels have been associated with increased coronary calci-
fication[44]. Hyperhomocysteinemia and vitamin B12 defi-
ciency have also been linked to development of  CVD[45]. 
B12 is usually obtained from meat products, which in 
most developing countries may be relatively sparse. Folate 
is a co-factor in the homocysteine metabolism pathway 
and it has been proposed that its deficiency can also re-
sult in disease in a manner analogous to B12 deficiency. 
As adequate folic acid levels may be difficult to attain, 
most developed countries have policies in place that 
mandate fortification of  certain foods with folate. Unfor-
tunately, these policies are absent in developing countries, 
resulting in high prevalence of  folate deficiency.

Psychosocial factors
Amongst Congolese children, greater than 50% meet 
the symptom criteria for Post Traumatic Stress Disorder 
(PTSD)[46], while in responders of  an Afghanistan survey 
greater than 20% met criteria for PTSD[47]. Depression 
has been observed in about a quarter of  Brazilian wom-
en infected with the HIV[48]. These examples demon-
strate the prevalence of  psychosocial stressors within the 
developing world and become more problematic when 
one considers the association between psychosocial dis-
ease and CVD. Specifically, the INTERHEART study[49] 
examined the association between “stress factors” (stress 
at work and at home, financial situation and major life 
events) and acute MI. The OR between cases (people 
with MI) and controls, depending on the stressor, ranged 
from 1.38 to 2.17. In addition, depression has been de-
scribed as a risk factor for CAD[50] and while confound-
ers such as smoking may promote this process, there are 
direct pathophysiological considerations such as platelet 
dysfunction and systemic inflammation that may accen-
tuate CV risk. 

IMPLICATIONS OF INCREASED 
PREVALENCE OF CVD RISK FACTORS/
CVD
Although data support increased CV risk in developing 
countries, what are the potential strategies and implica-
tions that should be focused upon? Unfortunately, few 
developing countries are sufficiently equipped to handle 
medical emergencies such as acute MI and stroke due to 
lack of  resources and trained personnel. Another effect 
of  a CV epidemic is loss of  manpower due to earlier 
onset of  disease (by an average of  10 years). In fact, in 
developing countries (i.e. India) more than 50% of  CV 
deaths occurred before 70 years of  age as compared to 
less than 25% of  CV deaths in developed countries[51].
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Figure 5  Association between coronary events and human immunodefi-
ciency virus (HIV)[33]. A: Myocardial events amongst patients grouped by HIV-
infection status; B: Myocardial events grouped by age. Light line represents HIV 
positive patients, dark line represents patients without HIV.
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There are a variety of  reasons why healthcare policies 
are geared towards infectious diseases. First, the pediatric 
population is at high risk and is accompanied by a strong 
visceral response to treat urgently. In contrast, CV disease 
is viewed as a chronic process that can be controlled at a 
personal level. 

CONTROLLING CV DISEASE IN 
DEVELOPING COUNTRIES
Despite the increased prevalence of  CV risk factors in 
developed countries, the first half  of  this decade saw a 
peak and decline in CV related mortality[52], related in 
part to risk factor modification. Nonetheless, developing 
countries present an uncommon scenario as policies 
that have worked in developed countries may not be 
applicable. Thus, the ideal approach may be a dual one 
- identifying proven strategies in developed countries 
and then modifying them as necessary for the individual 
country being targeted. 

Prevention at the population level
The most obvious risk factor that should be targeted 
at this level is smoking. One approach might be to in-
crease taxation of  tobacco products and use the extra 
revenue gained to fund such programs. Another popu-
lation based prevention strategy is developing national 
food guidelines/recommendations. Most countries have 
distinctive cuisines and developing guidelines that in-
corporate locally grown and healthy products are more 
likely to be accepted by the general populace. This is of  
particular importance considering the globalization of  
Western world fast food chains. The higher prevalence 
of  CV risk factors in urban vs rural areas should be con-
sidered when it comes to implementing national health 
guidelines because it presents an opportunity to imple-
ment change before risk factors become more prevalent 
in rural areas. For example, should fortification (as done 
in Westernized regions) with folate be incorporated into 
food products? 

Primary prevention
Screening people who may be at high risk for CV disease 
may forestall the progression to advanced disease. In 
developing countries where the prevalence of  psycho-
social stressors is high, routine screening for PTSD and 
depression ought to be considered. In some countries, 
there is a shortage of  physicians in general (including 
specialists), hence the primary care approach could be 
modified for use by non-physicians as primary care pro-
viders. Bischoff  et al[53] has suggested that nurse based 
care would be an appropriate approach in Cameroon - 
this could be extended to other parts of  Sub-Saharan 
Africa as well. Upon identifying those at risk, the next 
issue becomes how to manage them. How do we deliver 
cost effective therapies to those in need? Standardized 
recommendations need to be developed for each coun-
try. For instance, should we recommend a standard 3-mo 

trial of  diet and exercise after identifying risk factors in 
a patient, and due to the cost of  medications, should 
primary care providers be more aggressive with this ap-
proach if  necessary? 

Secondary prevention
Post MI and post stroke care should be placed on stan-
dard of  care regimens based upon clinical outcome data 
when feasible. However, due to the high cost of  medi-
cations, unique combinations of  appropriate medicines 
that balance cost and quality adjusted life years need to 
be developed for each region. For instance giving just 
aspirin and β-blocker while sub-standard may be more 
cost effective than aspirin, β-blocker, angiotensin con-
verting enzyme-inhibitor and statin (standard post MI 
regimen)[2]. Another factor that needs to be addressed 
when it comes to secondary prevention is the availabil-
ity of  emergency care resources. A model that could be 
implemented is a partnership between local hospitals 
and hospitals in developed countries, whereby physi-
cians from developed countries travel to developing 
countries to teach local personnel how to use donated 
equipment.

Overall, there is clearly a need for more research in 
the field of  CV disease in developing countries. The 
data regarding traditional and, to a lesser degree, non-
traditional risk factors however is limited. Research 
should be geared towards identifying the unique factors 
that are at play in the developing world. This is especially 
important because most developing countries are still 
reeling from communicable disease epidemics and would 
only be further crippled by a CV epidemic.
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