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Lipid disorders are now recognised as a diverse group of diseases that
together represent one of the foremost risk factors for atherosclerotic
vascular disease. Frequently present in association with other chronic
illnesses — such as obesity, diabetes mellitus, hypertension and chronic
kidney disease – lipid disorders are a key therapeutic target for clinicians.

This book examines the causes and consequences of lipid disorders,
and the treatments available. Special chapters are dedicated to the
associations between lipid disorders and other conditions, for example
cerebrovascular disease and heart failure, as well as the wider applications
for lipid-lowering agents in the management of co-morbidities. The book
concludes with a review of novel lipid-modifying agents, emerging
diagnostic technologies, the use of biomarkers as risk predictors, and an
insightful commentary by the editor on the translation of scientific
evidence into improved clinical outcomes.
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Foreword

Atherosclerotic vascular disease is by far the most common cause of cardiovascular disease,
and therefore among the leading causes of death worldwide. It was in 1910 that the Nobel
Prize-winning organic chemist, Professor Adolf Windaus, first identified cholesterol in ath-
erosclerotic plaques in human aortas. This was soon followed by the famous experiments of
Anichkov and Chalatow, two young Russian physicians who fed rabbits large quantities of
cholesterol and showed that they developed lipid-laden lesions in the aorta. A century has
passed since then: numerous observational studies, registries and clinical trials have docu-
mented the importance of circulating cholesterol in the development of atherosclerotic
lesions of the arterial bed, leading to ischemic heart disease, cerebrovascular disease, periph-
eral arterial disease, renovascular and aortic disease. Although there are a number of other
important atherosclerotic risk factors (such as diabetes mellitus, hypertension, chronic kid-
ney disease, cigarette smoking and abnormally low levels of circulating high-density cho-
lesterol), the elevation of plasma low-density lipoprotein cholesterol concentration is a
necessary – albeit not always sufficient – condition for atherogenesis. Therefore, it is imper-
ative that physicians possess a clear understanding of the genesis of dyslipidemias, how the
latter lead to atherothrombosis and finally the measures that are now available to treat
and/or prevent atherothrombosis.

Andrew Tonkin, a world-renowned epidemiologist and clinical trialist in the field of
lipid disorders, has gathered an outstanding group of authors to produce Therapeutic
Strategies in Lipid Disorders. Although the central focus of this book is on the critical analy-
ses of interventions designed to optimize plasma lipid concentrations, it also pays appro-
priate attention to diabetes, hypertension and chronic kidney disease, all of which interact
with lipids in atherogenesis. The book ends with a truly excellent ‘wrap up’ chapter by the
editor on the translation of scientific evidence into improved clinical outcomes.

This is a very important, well-written book on a crucial subject. It will be useful to and
appreciated by scholarly cardiologists, lipidologists, epidemiologists and clinical trialists,
especially those who are joining forces to control the pandemic of atherosclerosis. 

Eugene Braunwald, MD
Harvard Medical School

Boston, MA
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1
A global view of cardiovascular risk factors
C. K. Chow, A. A. Patel

THE GLOBAL IMPACT OF CARDIOVASCULAR DISEASES

Cardiovascular diseases are now the leading causes of morbidity and mortality globally. 
Previously characterised as conditions largely affecting rich countries, age-specific rates of 
cardiovascular diseases are declining in most high-income countries, while rapidly increas-
ing in many middle- and low-income countries. In 1990, it was estimated that there were 
14 million deaths from cardiovascular diseases worldwide – 5 million of these occurred in 
populations from high-income countries and 9 million occurred in populations from mid-
dle- and low-income countries [1]. By 2020, it is projected that there will be 25 million 
deaths from cardiovascular diseases worldwide – 6 million in populations from high- 
income countries and 19 million in populations from middle- and low-income countries 
[1]. These projections suggest that cardiovascular diseases will continue to be leading 
causes of morbidity and premature mortality worldwide, but increasingly so in develop-
ing regions of the world. 

The current and projected burden of cardiovascular diseases in developing countries 
likely reflects what is often termed an ‘epidemiological transition’ (Figure 1.1) [2]. This 
describes how the burden of disease transfers from predominantly maternal and communi-
cable illnesses to chronic non-communicable diseases, broadly reflecting several major 
changes in society. First, decreasing mortality rates from perinatal conditions and acute 
infectious diseases result in increased life expectancy, which in turn leads to a higher pro-
portion of individuals reaching middle and old age, during which they are at greater risk 
of experiencing cardiovascular events. This transition is reflected by observed global 
increases in life expectancy over the last several decades, with most recent gains occurring 
in less developed countries. For example, in India, the average life expectancy at birth for 
men has increased from 41.2 years in the decade 1951–1961 to 61.4 years for the period 
between 1991 and 1996 [3]. Second, economic development and increasing urbanisation of 
populations due to greater migration from rural to urban centres, as well as industrialisa-
tion of traditionally rural areas, have resulted in marked societal and environmental changes. 
These, in turn, have been linked to major lifestyle changes such as reduced levels of physi-
cal activity and altered dietary patterns, which directly influence the proximate risk factors 

Clara K. Chow, MBBS, FRACP, PhD, Cardiologist, Population Health Research Institute, McMaster University and 
Hamilton Health Sciences, Hamilton, Ontario, Canada; The George Institute for International Health, University of 
Sydney, Sydney, New South Wales, Australia

Anushka A. Patel, MBBS, SM, PhD, FRACP, Director, Cardiovascular Division, The George Institute for International 
Health, The University of Sydney, Sydney, NSW; Consultant Cardiologist, Department of Cardiology, Royal Prince 
Alfred Hospital, Camperdown, New South Wales, Australia
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2 Therapeutic Strategies: Lipid Disorders

for the development of cardiovascular diseases. The effects of this epidemiological transi-
tion on population levels of cardiovascular risk factors are rapid. Conceptually, such changes 
are analogous to the development of more adverse risk factor profiles in ethnic groups from 
countries with lower levels of cardiovascular risk factors migrating to industrialised coun-
tries such as the United States [4] or the United Kingdom [5, 6].

Another important feature of the epidemiological transition is a shift from cardiovascular 
conditions predominantly related to blood pressure, such as haemorrhagic stroke, towards 
atherothrombotic vascular diseases where other risk factors, including blood lipids and 
tobacco use, play a greater role. In many East Asian countries, stroke is a relatively more com-
mon cause of cardiovascular death, compared to populations in North America, Western 
Europe and Australasia [7]. Furthermore, in a number of these countries, strokes historically 
have been represented by a relatively high proportion of the haemorrhagic subtype, likely 
reflecting the influence of blood pressure-related disorders during this stage of the epidemio-
logical transition [8–11]. By contrast, in high-income countries with predominantly Caucasian 
populations, most data from studies with reliable stroke subtype verification indicate that 
approximately three-quarters of all strokes are due to cerebral infarction [12, 13]. However, in 
many populations in developing countries, there is already substantial evidence of a shift 
towards increasing predominance of atherothrombotic conditions such as coronary heart dis-
ease and ischaemic stroke. For example, in Beijing, China, age-adjusted coronary heart dis-
ease mortality rates increased by about 50% in men and 27% in women between 1984 and 
1999 [14]. Importantly, with the widespread availability of computed tomography scanning 
in many parts of China over recent years, there are now reliable data to indicate that at least 
two-thirds of first-ever strokes in this country are currently due to cerebral infarction [15]. In 
Korea, national mortality data indicate a large decline in age-adjusted stroke mortality 
between 1984 and 1999. However, the proportion of ischaemic strokes increased by a factor 
of about five over this same period, while coronary heart disease mortality increased by over 
300% [16]. Surveillance of male industrial workers in Osaka, Japan, between 1963 and 1994 
also showed a sharp decline in the incidence of stroke over this period, accompanied by an 
initial rise and then plateau of coronary disease incidence [17]. A meta-analysis of cross-sec-
tional studies from India indicates that the reported prevalence of coronary heart disease had 
increased within urban centres in that country from ~1% in 1960 to 8–10% in 1995 [18].

For both developed and developing regions of the world, the socioeconomic conse-
quences of cardiovascular diseases are substantial. In high-income countries, socioeconomi-
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A global view of cardiovascular risk factors 3

cally deprived communities suffer the brunt of the burden of cardiovascular diseases [19, 
20]. Such groups have both higher rates of and poorer outcomes from cardiovascular dis-
eases, with these observations incompletely explained by different levels of known major 
cardiovascular risk factors [19]. Other factors likely to contribute to these differences include 
poor access to healthcare [21, 22], a more toxic physical environment (e.g. less access to good 
food choices [23], more fast food [24], less opportunities for physical activity [25], more pol-
lution [26]), and less social support for those with known disease [27]. 

In less developed economies, the peak prevalence of cardiovascular disease is currently 
in populations of working and child-rearing age, as it was in the Organisation for Economic 
Cooperation and Development (OECD) countries during the 1950s and 1960s [28, 29]. In 
low-income countries, more than half of all cardiovascular deaths occur among people 
aged between 30–69 years of age, compared to about a quarter in high-income countries 
such as Australia and New Zealand [30]. The younger age at which cardiovascular events 
occur in developing countries has major socioeconomic consequences for these communi-
ties. An example of a region where the working-age population has been devastated by 
cardiovascular disease is the Russian Federation [31]. In 1984, the cardiovascular disease 
mortality rate among people aged 55–59 was 600 per 100 000; this had increased by 55% to 
929 per 100 000 in 2002 [28]. In the United States, the rate in 1980 for people aged 55–64 was 
494 per 100 000; this fell 46% to 247 per 100 000 in 2001 [28, 32]. Life expectancy for Russian 
males is now less than 60 years. The principal cause of this shortened life expectancy has 
been attributed to cardiovascular diseases.

Within many middle- and low-income countries, the reversal in socioeconomic gradient 
for cardiovascular disease incidence that has been observed in higher-income nations is not 
yet apparent. Higher rates of cardiovascular diseases are currently still seen in richer, urban 
centres as compared with poorer (usually rural) communities [33]. However, as a conse-
quence of the population distribution in many developing countries (e.g. >70% of the popu-
lations of China and India live in rural areas) the absolute burden of cardiovascular diseases 
is greatest among poorer communities [34]. Rural areas of developing countries generally 
have a grossly insufficient health infrastructure to provide adequate services for the evalu-
ation and management of cardiovascular risk factors and diseases.

This current and increasing global impact of cardiovascular diseases is an urgent problem 
that requires examination of a number of important questions relating to the determinants 
of these conditions. What are the current trends for cardiovascular risk factors across differ-
ent regions of the world? Are the relationships between established risk factors and cardio-
vascular diseases similar in different populations? To what extent can cardiovascular diseases 
be attributed to the major established risk factors globally, and does this vary by region or 
by risk factor? An understanding of these issues underpins efforts to develop and imple-
ment effective preventative and therapeutic strategies to reduce the burden of cardiovascu-
lar diseases in different settings worldwide.

GLOBAL TRENDS IN CARDIOVASCULAR RISK FACTORS

Analysis of data from a number of high-income countries suggests that a substantial propor-
tion of the decline in coronary heart disease rates over the past few decades in these regions 
can be explained by favourable shifts in population-wide risk factor levels [35–39]. For 
example, recent data from the United States attribute almost half the decline in deaths from 
coronary disease between 1980 and 2000 to relative declines of ~30% in smoking prevalence, 
~4% in mean blood pressure levels, ~6% in mean total cholesterol levels, as well as an ~8% 
relative increase in levels of physical activity [39]. However, the benefits from these improve-
ments in risk factor levels were partially offset by relative increases in average body mass 
index (~10%) and the prevalence of diabetes (~40%) over the same period [39]. Furthermore, 
these overall trends appear to mask more unfavourable shifts in risk factor levels among 
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younger adults, with some evidence that the decline in coronary heart disease mortality 
rates is levelling off in this subgroup of the US population [40]. 

Conversely, development of increasingly adverse risk factor levels is being consistently 
observed across developing regions of the world. For example, the prevalence of high blood 
pressure in China increased from a crude rate of 7.7% in people aged �15 years in 1979/1980 
to 11.4% in 1991 [41]. Similar increases in the prevalence of hypertension have been reported 
in India [42]. The prevalence of cigarette smoking continues to increase in many developing 
countries, especially in those with few regulatory controls and newly-liberalised economies, 
and particularly among women [43, 44]. As a result of increasing incomes in many develop-
ing countries, cigarettes are becoming more rather than less affordable [45]. Globally, but 
particularly in middle- and low-income countries, rates of overweight and obesity are rising 
rapidly. This reflects falling levels of physical activity and increased consumption of high-
calorie diets [46]. For example, in Indonesia between 1983 and 1999, major dietary changes 
included increases in the average consumption of meat, eggs and processed foods, accom-
panied by a fall in the consumption of cereals [47]. In Brazil, rapid decreases in the rates of 
childhood malnutrition have been accompanied by an even more rapid increase in adult 
overweight and obesity, with serial surveys conducted between the 1970s and 1990s indicat-
ing that obesity rates doubled or tripled in adult men and women at the extremes of the time 
series analysed [48]. Changes in lifestyle, particularly in low- and middle-income countries 
are secondary to a combination of increasing economic prosperity; increasing access to 
energy-dense low-fibre diets through falling food prices (e.g. of beef) and increased avail-
ability of fast foods, snacks and soft drinks; and reduced energy expenditure at home and 
during work and leisure times [49]. In a cohort study from China, 84% of adults did not own 
motorised transportation in 1997; however, 14% of households acquired a motorised vehicle 
between 1989 and 1997. Compared with those whose vehicle ownership did not change, 
men who acquired a vehicle experienced significantly greater weight gain and were two-
thirds more likely to become obese [50]. 

An alarming rise in the incidence of diabetes is accompanying these increasing rates of 
overweight and obesity. Global estimates suggest the prevalence of diabetes will increase by 
~9% between 2000 and 2030 in established market economies, but will also rise by ~40% in 
India and Latin America, ~60% in the Middle East and over 90% in sub-Saharan Africa [51]. 
These projections may be an underestimate of the future prevalence of diabetes; in India, the 
prevalence of type 2 diabetes has already nearly doubled in some urban areas [52, 53] and 
has increased three-fold in some rural regions over the past 20 years [54]. 

Historically, many developing regions of the world have documented highly favourable 
population distributions of blood lipid levels. Data from the 1960s–1970s from the Western 
Pacific region indicated very low levels of blood cholesterol (mean levels <3.5 mmol/l) 
among certain populations from the Papua New Guinean highlands, the Solomon Islands 
and Western Samoa [55–57]. Similarly low levels of cholesterol have been reported more 
recently in certain rural Chinese and Indian communities in the early and mid 1990s [58–60]. 
However, there are now many data indicating large shifts in population-wide levels of blood 
lipids within these communities over recent decades. In Guangzhou, China, it has been esti-
mated that total cholesterol levels increased by an average of 0.25–0.52 mmol/l 
(10–20 mg/dl) in the decade between 1983–1984 and 1993–1994 [61]. World Health 
Organization Monitoring of Trends and Determinants in Cardiovascular Disease (WHO 
Monica) data from Beijing indicate a much greater 24% increase in total cholesterol levels 
between 1984 and 1999, from a mean of 4.3–5.3 mmol/l [14]. These data are consistent with 
a large population-based survey of both rural and urban areas of China in 2000–2001; the 
age-adjusted mean total cholesterol levels in this study were 4.8 mmol/l and 5.1 mmol/l, 
respectively [62]. Adverse shifts in the distribution of lipids tend to occur first in urban areas 
of developing countries [63]. In India, data from selected states show marked urban–rural 
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differences in the prevalence of high cholesterol and other cardiovascular risk factors [60, 
64]. For example, one urban study found the prevalence of hypercholesterolaemia (defined 
as total cholesterol ≥ 200 mg/dl) increased from 25% to 37% among men in large serial sur-
veys of an urban population between 1995 and 2002 [65], with similar changes observed 
among women. However, such trends are also now being increasingly seen in rural areas of 
developing countries. A recent population-based study conducted in a rural South Indian 
population found that the prevalence among adults of high cholesterol (again defined as 
total cholesterol ≥ 200 mg/dl) was 30%, with a similar prevalence of low high-density lipo-
protein cholesterol (HDL-C) levels (defined as HDL-C <40 mg/dl) [66]. Adverse shifts in the 
population distributions of blood lipids have also been described in other developing regions 
of the world, including Eastern Europe [67], South America [68] and the Middle East [69]. 

GLOBAL DIFFERENCES IN THE ASSOCIATIONS BETWEEN RISK FACTORS AND 
CARDIOVASCULAR DISEASES

Much is now known about the nature and magnitude of the associations between major risk 
factors (such as blood pressure, blood cholesterol, tobacco use, blood glucose and body 
adiposity) and cardiovascular diseases. Almost universally, these associations are continu-
ous and log-linear, with no obvious threshold values to define clearly abnormal risk factor 
levels. The Prospective Studies Collaboration (PSC), a meta-analysis of cohort studies pre-
dominantly among largely Caucasian populations from developed countries, provides the 
most reliable information about many of these relationships. This study indicated that each 
20 mmHg lower level of systolic blood pressure was associated with a lower risk of coronary 
heart disease ranging between 30% (at older ages) and over 60% (at younger ages), regard-
less of the initial systolic blood pressure level [70]. Similarly, for each 1 mmol/l (39 mg/dl) 
lower level in cholesterol, the risk of ischaemic heart disease was also lower by between 15% 
(at older ages) and 55% (at younger ages) (Figure 1.2) [71]. While blood pressure is also a 
strong, continuous determinant of stroke risk, the association between blood cholesterol and 
stroke is more complex. PSC data indicated a weak positive relationship between total chol-
esterol and ischaemic stroke, which was substantially confounded by blood pressure levels. 
Among older individuals, and particularly for those with higher blood pressure levels, total 
cholesterol was inversely associated with haemorrhagic stroke risk. In the PSC, HDL-C was 
inversely related to ischaemic heart disease risk, with each 0.3 mmol/l (12 mg/dl) higher 
level of HDL-C being associated with an approximate one-third lower risk of a coronary 
event. There was no evidence of any association between HDL-C and stroke risk.

The importance of blood triglycerides as a risk factor for cardiovascular diseases remains 
controversial. Many epidemiological studies have demonstrated a univariate association 
between triglycerides and cardiovascular events, particularly in relation to coronary dis-
ease. However, this relationship is attenuated and often becomes non-significant after 
adjusting for major cardiovascular risk factors, particularly HDL-C levels. More recently, 
the results of separate analyses in European and North American cohorts showing an inde-
pendent association of either fasting or non-fasting triglyceride levels with cardiovascular 
risk support the suggestion that at least some triglyceride-rich lipoproteins may have a role 
in atherogenesis [72–74]. 

While comparatively fewer long-term observational data are available from populations 
in developing regions of the world, there is now compelling evidence indicating that the 
associations between the major established risk factors and cardiovascular diseases are 
broadly similar across diverse populations. The Asia Pacific Cohort Studies Collaboration 
(APCSC) is an individual-participant data meta-analysis of prospective cohort studies that 
includes more than half a million participants from several Asian countries, as well as 
Australia and New Zealand. Data from APCSC have demonstrated that the nature and mag-
nitude of the associations between cholesterol [75] and blood pressure [76] are broadly sim-
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ilar in East Asian countries (including China, Japan, Korea, Singapore, Thailand and Taiwan) 
compared with populations in Australia and New Zealand (Figure 1.3). Absence of regional 
heterogeneity in the associations with cardiovascular diseases was also demonstrated for 
other risk factors including HDL-C [77], triglycerides [78], tobacco use [79], blood glucose 
levels [80] and measures of adiposity [81]. 

As might be anticipated, a relatively high proportion of cardiovascular events among the 
Asian cohorts included in APCSC were haemorrhagic strokes. Analysis of APCSC data dem-
onstrated a significant positive log-linear association between total cholesterol levels and 
ischaemic stroke (25% higher risk of ischaemic stroke for each 1 mmol/l higher level of 
usual total cholesterol), but also a significant inverse log-linear association between total 
cholesterol and haemorrhagic stroke (20% higher risk of haemorrhagic stroke death for each 
1 mmol/l lower level of usual total cholesterol) [75]. While these findings are important, the 
implications of differences in the associations between cholesterol and stroke subtypes 
results should be interpreted in the light of a rapid transition in most developing regions of 
the world towards a strong preponderance of atherothrombotic vascular diseases.

GLOBAL PERSPECTIVES ON ATTRIBUTABLE RISKS

A frequent claim in the literature is that established cardiovascular risk factors explain only 
about one-half or less of cardiovascular diseases [82]. Such claims suggest that important 
discoveries could be made if priority were given to research identifying new determinants 
of cardiovascular diseases. To what extent can these claims be justified? 
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In fact, data that strongly contradict this view have been available for at least two decades. 
Using data from the Multiple Risk Factor Intervention Trial (MRFIT) cohort, Stamler and 
colleagues [82, 83] illustrated that individuals with the most favourable levels of cholesterol 
and blood pressure, who did not smoke and did not have diabetes or previous coronary 
disease, had approximately 75% fewer coronary heart disease events and a lower rate of 
long-term mortality compared to the rest of the population. These findings suggest that the 
majority of coronary events can be attributed to a short list of established major risk factors. 
Fewer than 10% of the MRFIT cohort contributed to this ‘lowest’ risk category, indicating 
large potential for achieving substantial reductions in cardiovascular events if a greater 
proportion of the population were exposed to a lifetime of lower levels of ‘traditional’ risk 
factors. 

More recently, similar conclusions have been drawn from the results of the INTERHEART 
study. This study examined the contribution of nine risk factors to acute myocardial infarc-
tion (MI) in a large global case-control study involving about 28 000 individuals (14 000 
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cases of first MI and 14 000 matched controls) from 52 countries [84]. The principal findings 
of this study were that nine risk factors (abnormal lipids, smoking, hypertension, diabetes, 
abdominal obesity, psychosocial factors, consumption of fruits, vegetables and alcohol, and 
regular physical activity) account for over 90% of cases of acute MI. The combination of 
smoking and abnormal lipids accounted for approximately 70% of MIs, and the combination 
of five risk factors (smoking, lipids, hypertension, diabetes and obesity) accounts for approx-
imately 85% of MIs. However, for a number of reasons, it is likely that these risk factors 
account for substantially more, if not nearly all, of the risk of developing acute MI. First, 
hypertension and diabetes were self-reported in this study. This was likely to have resulted 
in an underestimate of the prevalence of these risks. Second, the consideration of major risk 
factors as categorical predictors, despite known continuous relationships between levels of 
blood pressure, blood lipids, blood glucose and adiposity with the risk of MI, would under-
estimate their contribution to the disease burden. Finally, the inability to correct for regres-
sion dilution biases is likely to have resulted in underestimation of the strength of each of 
the associations with MI. 

The apparent contribution of abnormal lipid levels (apoB/apoAI ratio) in INTERHEART 
was large, with this risk factor accounting for about half of the risk of MI globally. The apoB/
apoAI ratio showed a graded relation with MI risk, with no evidence of a threshold, and an 
odds ratio of 4.73 (99% confidence interval [CI] 3.93–5.69) for the highest vs. the lowest 
decile of apoB/apoAI ratio. The findings in relation to abnormal lipids were broadly similar 
across all major (developed and developing) regions of the world, both in terms of the mag-
nitude of the associations and population attributable risks (Figure 1.4). The findings were 
also generalisable among men and women, and in younger and older individuals.

Analyses that contributed to the 2002 World Health Report [85] also attempted to quan-
tify selected major risks to vascular health from a global perspective. Globally, 62% of cere-
brovascular disease and 49% of ischaemic heart disease were estimated to be attributable to 
non-optimal blood pressure (systolic >115 mmHg). The corresponding estimates for non-
optimal cholesterol levels (total cholesterol >3.8 mmol/l) were 18% and 56%, respectively. 
The attributable fraction for vascular disease associated with tobacco use was estimated to 
be 12%, while approximately 21% of ischaemic heart disease was attributed to overweight 

Region n Control  Case Odds ratio PAR 
   (%) (%) (99% CI) (99% CI)

Overall 21408 20.0 33.5 3.87 (3.39–4.42) 54.1% (49.6–58.6)

W Eur 1047 13.8 29.4 3.76 (2.10–6.74) 44.6% (23.5–67.8)

CE Eur 2618 20.3 29.4 2.20 (1.52–3.18) 35.0% (19.2–54.9)

MEC 3291 29.9 49.6 5.33 (3.48–8.18) 70.5% (57.8–80.7)

Afr 1037 18.0 39.0 7.93 (4.32–14.58) 74.1% (59.7–84.6)

S Asia 2820 27.7 42.7 3.81 (2.49–5.83) 58.7% (42.7–73.1)

China/HK 5400 7.3 14.3 3.43 (2.61–4.51) 43.8% (36.7–51.2)

SE Asia 1858 22.7 48.0 6.22 (3.71–10.41) 67.7% (52.0–80.2)

ANZ 487 13.8 26.8 3.97 (1.71–9.22) 43.4% (1.60–75.6)

S Am 2644 27.1 40.6 2.79 (1.85–4.23) 47.6% (29.6–66.2)

N Am 206 12.4 28.8 4.75 (1.34–16.86) 50.5% (18.2–82.4)

0.25 0.5 1 2 4

Odds ratio (99% CI)
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Figure 1.4 Risk of acute myocardial infarction associated with apo(a)/apoAI ratio (top vs. lowest quintile), 
overall and by region after adjustment for age, sex and smoking. PAR is for the top four quintiles vs. the 
lowest quintile (with permission from [84]). PAR = population attributable risk.
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and obesity. Physical inactivity was estimated to cause, globally, about 22% of ischaemic 
heart disease. Importantly, the effects of the ‘epidemiological transition’ were clearly appar-
ent in these analyses, with overall mortality substantially attributable to the major risk fac-
tors of non-optimal blood pressure, non-optimal cholesterol levels and tobacco use not only 
in highly developed economies, but also in low-mortality and high-mortality developing 
regions of the world (Figure 1.5). 

CONCLUSIONS

Cardiovascular diseases represent a major and increasing global health challenge. While a 
number of modifiable risk factors for cardiovascular diseases have been discovered over the 
past several decades, only a few have consistently been found to be of major importance 
across multiple populations defined by geographic, ethnic and socioeconomic criteria. These 
are non-optimal blood cholesterol, non-optimal blood pressure (and their proximal determi-
nants) and tobacco use. For each of these, there are extensive data from long-term observa-
tional studies that have established their role as major risk factors for the development of 
cardiovascular diseases. Furthermore, there is increasing evidence to indicate that the asso-
ciations between these risk factors and cardiovascular diseases are broadly similar in diverse 

Figure 1.5 Mortality due to leading global risk factors (modified with permission from [43]).
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populations across more and less developed regions of the world. In light of these findings, 
the large unfavourable shifts occurring in the population distribution of risk factors within 
middle- and low-income countries, as well as a possible levelling-off in the positive trends 
that have been observed in higher-income countries, herald a future burden of cardiovascu-
lar diseases even greater than current projections that are primarily based on sociodemo-
graphic changes alone. A global perspective dictates preventative and therapeutic approaches 
that recognise this rapidly evolving epidemiology of cardiovascular diseases and their risk 
factors.
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