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A new paradigm in the treatment of the cardiovascular disease continuum:
focus on prevention
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Abstract
The cardiovascular disease continuum (CVDC) is a sequence of cardiovascular events, which begins from a cluster of 
cardiovascular risk factors consisting of diabetes mellitus, dyslipidemia, hypertension, smoking and visceral obesity. If 
these factors are not intervened with early, they will, inexorably, progress to atherosclerosis, coronary artery disease, 
myocardial infarction, left ventricular hypertrophy, left ventricular dilatation leading to left ventricular diastolic or sys-
tolic dysfunction and eventually end stage heart failure and death. For this concise review, a Medline search of the Eng-
lish language literature between the years 2000 and 2009 was conducted and 33 pertinent publications were selected. 
Based on the evidence contained in these publications, it is possible that early intervention and treatment of the vari-
ous cardiovascular risk factors, which initiate and perpetuate the CVDC, could prevent it or arrest its further progress. 
Therefore, this concise review will emphasize the early detection and treatment of the various cardiovascular risk factors, 
which initiate and perpetuate the CVDC. Hippokratia 2011; 15 (1): 7-11
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REVIEW ARTICLE

The cardiovascular disease continuum (CVDC) is a 
chain of events precipitated by several cardiovascular 
risk factors, which if left untreated will, inexorably, cul-
minate in end stage heart failure and death. The major 
cardiovascular risk factors that lead to CVDC are listed 
at the bottom of Figure 1 and consist of dyslipidemia, 
hypertension, diabetes, obesity and smoking1. Since its 
introduction, the CVDC has been validated by several 

clinical trials and epidemiologic studies, which have pro-
vided new insights into its underlying pathophysiology 
and the possible arrest of its progression by early inter-
vention. Mounting evidence suggests that early interven-
tion in managing the cardiovascular risk factors is more 
important than treating the cardiovascular disease (CVD) 
itself. Since CVD complications take years to develop, 
this affords ample time for early intervention and treat-
ment of the various cardiovascular risk factors. A Med-
line search of publications in English language was con-
ducted between the years 2000 and 2009 and 33 pertinent 
publications were selected and are included in this brief 
review. Based on the new evidence, the emphasis in this 
concise review will be on the early detection and treat-
ment of the various cardiovascular risk factors that initi-
ate and perpetuate the CVDC. The major CVD risk factor 
are listed in the table and will be, briefly, discussed.

Dyslipidemia
High cholesterol levels have long been considered an 

independent risk factor for CVD, and total cholesterol 
levels of 200mg/dl or higher and LDL-C levels of 130 
mg/dl or higher have been found in 50.7% and 45.8% of 
adult subjects, respectively2. In addition, with the rising 
of obesity, total cholesterol levels above 200mg/dl have 
been found in 10% of children 12-19 years old and of 
those screened, only 28.6% knew that high cholesterol 
is a risk factor for CVD. Also, a recent analysis of data 
for the US, Finland and Australia3 found that adolescents 
with dyslipidemia ≥ 95th percentile had a higher incidence 

Figure 1: This figure shows the various stages of cardiovas-
cular disease continuum and the different stages of interven-
tion. Reprinted with permission2.
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of increased carotid intima-media thickness in adulthood, 
which is a progenitor of coronary artery disease in later 
life4. They suggest that obese adolescents with or without 
hypertension should be routinely screened for dyslipid-
emia and treated with lifestyle modification or treated 
more aggressively with cholesterol lowering drugs. Adults 
with dyslipidemia (Table 1) and preexisting coronary ar-
tery disease should also be aggressively treated according 
to ATP III guidelines to LDL-C < 130mg/dl for moder-
ate CVD risk, to <100 mg/dl for high and to < 70 mg/dl 
for very high CVD risk5. Several recent outcomes trials 
have shown that aggressive treatment of LCL-C to <70 
mg/dl with statins provides protection against recurrent 
CAD in high risk patients6,7. However, despite aggressive 
LDL-C lowering, CVD continues to increase. Accord-
ing to AHA statistics, the incidence of CVD increased by 
12% from 70.1 million in 2005 to 79.4 million in 20078. 
Therefore, besides LDL-C, other lipid subclasses have 
been considered as culprits for this increase in CVD, and 
recently, high non HDL-C levels have been the focus for 
this increase and suggest that dyslipidemia is a multifac-
torial disease and should be treated with a combination of 
statins and other drugs9. 

Diabetes Mellitus
Diabetes mellitus, especially type 2 accounts for over 

97% of the adult diabetic population and its prevalence 
has increased from 5% in 1988 to 6.5% in 2002, and is in 
line with the 6% estimate of global prevalence10. This rise 
has been attributed to the increasing incidence of obesity 
and the aging of the population accounting for an annual 
incidence of 1.3 million Americans with new onset type 
2 diabetes and for the 18.2 million Americans with type 
2 diabetes in 20022. Overt diabetes mellitus evolves from 
a pre-diabetic state characterized by insulin resistance, 

impaired glucose tolerance and fasting plasma glucose 
levels of 100 to 125 mg/dl. Several clinical trials have 
reported a significant improvement in the metabolic sta-
tus, a delay in the progression of pre-diabetes to overt 
diabetes and a decrease in the incidence of cardiovascular 
events with a combination of diet, exercise and anti-dia-
betic drugs, if necessary11,12. Overt type 2 diabetes mel-
litus is a serious CVD risk factor and is presently consid-
ered a “cardiovascular risk equivalent” thus conferring to 
diabetic persons the same risk for future cardiovascular 
complications with those who have already, sustained a 
prior myocardial infarction13. It is therefore critical that 
type 2 diabetes mellitus be treated aggressively with a 
combination of diet, exercise and anti-diabetic drugs to a 
level of HbA1c ≤ 7% and a BP < 130/80 mmHg in order to 
prevent cardiovascular and renal complications14. 

Overweight and Obesity
Body overweight and obesity start from an early age. 

A large epidemiologic study of 34 countries involving 
young persons 10-16 years old showed that overweight 
and obesity were directly related to TV viewing time, lack 
of exercise and increased consumption of sweets and soft 
drinks, and decreased consumption of fruits and vegeta-
bles15. Countries with the highest obesity rates were the 
United States, Canada, England and SW Europe15. Other 
epidemiologic studies have also shown that the percent-
age of Americans who are either overweight or obese has 
increased significantly over the past 25 years and accounts 
for 64% and 30.5% of subjects age 20 years or older, who 
are either overweight or obese, respectively16. Excess 
body weight, besides being an independent risk factor 
for cardiovascular disease, it also contributes to other 
risk factors such as type 2 diabetes mellitus, hypertension 
and dyslipidemia which further increase their prevalence 
and severity of CVD16,17. Central obesity has additionally 
been shown to be an independent risk factor for ischemic 
stroke, even after adjustments for body mass index and 
other risk factors18. Because of these alarming trends in 
obesity increase, major medical scientific societies have 
issued recent guidelines instructing the healthcare profes-
sionals about how to stem the rise of this epidemic by 
advising their patients about weight loss, diet, exercise, 
and pharmacologic treatment, if necessary15,16,19,20 There 
is an urgent need to stem the rising tide of obesity and the 
metabolic syndrome and their consequences by stressing 
weight loss through diet and exercise,starting from child-
hood and continuing through adult life.

Smoking
Cigarette smoking is a well established risk factor 

for the CVDC21,22, and is listed as one of the Framing-
ham CVD risk factors22. Long-term prospective studies 
have clearly demonstrated the considerable mortality 
risk reduction associated with smoking cessation21,23,24. A 
50 year follow up of 34,439 male British physicians has 
shown that quitting cigarette smoking at any age is associ-
ated with prolongation of life expectancy21. In this study, 
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Table 1: Incidence of major cardiovascular risk factors in 
the US population.

Risk Factor Incidence

Cholesterol ≥ 200 mg/dl 50.7%

LDL-C > 130mg/dl 45.8%

Type 2 DM (FBG 100-125mg/dl)    6.0%

Increased Weight  64.0%

Obesity 30.5%

Smoking 19.8%

Hypertension  30.0%

FBG= Fasting Blood Glucose
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physicians stopping cigarette smoking at age 60, 50, 40 
or 30 years, gained about 3, 6, 9, or 10 years in life expec-
tancy, respectively21. A recent study has also shown that 
subjects with CVD, improve their survival with smoking 
cessation25. In this study 1521 patients ≤ 65 years with a 
first myocardial infarction followed for a mean of 13.2 
years the odds of dying were 0.57 for never smokers, 0.50 
for pre-MI quitters compared to persistent smokers. In ad-
dition, of the persistent smokers, those who reduced the 
number of cigarettes smoked, there was an 18% decline 
in mortality for every 5 cigarette decrease in smoking25. 
The mechanism(s) by which cigarette smoking exerts its 
cardiovascular damaging effects is not clearly delineated. 
The most plausible mechanisms include, lipid oxida-
tion, inflammation and thrombosis, with lipid oxidation 
being the most dominant26. Additional factors include 
vasospasm from nicotine and decreased O2 delivery due 
to formation of carboxyhaemoglobin. Quitting cigarette 
smoking is very difficult and the recidivism is very high. 
According to a current US report, approximately 44% 
of smokers attempt to quit annually, but only 4% to 7% 
succeed27. The smoking cessation rate is a little higher 
in persons who suffer from CAD. It has been estimated 
that between 28% to 74% quit after an acute MI28. How-
ever, about 40% of the quitters will relapse and the major 
reason is post MI depression28. Medical intervention has 
resulted in higher percentage of patients who quit smok-
ing, 61% versus 42% of controls29. Smoking cessation 
or abstinence altogether has been a major undertaking 
by many countries by either forbidding cigarette smok-
ing in closed places or increasing the price of cigarettes. 
Family guidance and student education in schools about 
the health hazards of cigarette smoking will help young 
people from taking up cigarette smoking.

Hypertension
Hypertension is one of the major cardiovascular 

risk factors for the CVDC and its incidence continues 
to rise. It increased by 10% between 2005 and 2007, 
from 65 million to 72 million8. Like diabetes mellitus, 
hypertension evolves from a pre-hypertensive state, and 
this evolution can be delayed or prevented by treating 
pre-hypertension with exercise, diet, salt restriction or 
drugs30,32. There is a linear and continuous relationship 
between BP levels and cardiovascular morbidity and 
mortality regardless of age or sex33, and its reduction 
is also directly related to the decreased incidence of 
cardiovascular and cerebrovascular complications33,34. 
In addition, hypertension is one of the most common 
conditions that predispose to heart failure. A recent 
meta-analysis of clinical trials including 193,424 pa-
tients found that 24,837 patients suffered major cardio-
vascular events35. Of these, 7,171 (28.9%) were cases 
of HF, 10,223 (41.1%) were cases of CAD, and 7,443 
(30.0%) were stroke cases. The incidence of HF was 
similar with that of stroke and was more prevalent in 
older persons (> 65 years), in blacks, and in diabetics. 
Other investigators have also reported that hypertension 

is a major risk factor for HF36,37. In a meta-analysis by 
Moser and Hebert36, of 13,342 subjects with hyperten-
sion, 1,493 (11.2%) from the control groups progressed 
from less severe to severe hypertension, compared with 
only 95 of 13,389 (0.17%) from the treated groups. The 
incidence of LVH and HF were higher in the control 
(placebo) than in the treated groups36. In the Framing-
ham Heart Study, the association of baseline systolic, 
diastolic and pulse pressures were examined in 2040 
subjects 50-79 years old who were free of HF at the 
baseline examination, and in whom HF developed in 
11.8% after 24 years of observation37. All these studies 
point to a common pathophysiologic mechanism for the 
development of HF. Untreated or poorly treated hyper-
tension either alone or in combination with obesity and 
diabetes mellitus, will eventually lead to cardiac remod-
eling, LVH, left ventricular dysfunction (LVDDF), heart 
failure and death. In addition, LVDDF may also lead to 
left ventricular systolic dysfunction (LSDF) which also 
could occur from a myocardial infarction, the result of 
hypertension, dyslipidemia and diabetes, which will 
lead to HF and death as depicted in Figure 2. It is, there-
fore, prudent that instead of focusing on treating the end 
stage disease, our attention should be directed in the 
early diagnosis and treatment of hypertension and the 
other comorbid conditions. There are several options for 
the treatment of hypertension including diet, exercise 
and salt restriction32, or drug therapy with any class of 
antihypertensive drugs, but, preferably, with drugs that 
block the renin-angiotensin system (RAS), as angioten-
sin converting enzyme inhibitors, angiotensin receptor 
blockers and direct renin inhibitors. These drugs are 
more effective in preventing or regressing cardiac re-
modeling and LVH38-40.

Figure 2: This figure depicts the pathophysiologic mecha-
nisms leading to HF from hypertension.
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Discussion
From the evidence presented, it appears that early de-

tection and treatment of the risk factors which initiate the 
CVDC could arrest or greatly delay its further progres-
sion. The emphasis, therefore, should be based on pre-
venting the disease, instead of waiting for it to develop 
and then treat it. The new treatment paradigm is, therefore, 
a shift to the left on the events that comprise the CVDC 
(Figure 1). On this theme there are several recent calls to 
practicing physicians by National Scientific Committees 
for proactive treatment of cardiovascular risk factors17-19. 
There is an urgent need to stem the rising tide of obesity 
and the metabolic syndrome and their consequences by 
stressing weight loss through diet and exercise, starting 
from childhood and continuing through adult life. Pre-di-
abetes should be recognized and treated early to prevent 
its progression to overt diabetes. High cholesterol should 
also be recognized and treated early, and cigarette smok-
ing should be discouraged through parental guidance and 
school education about its serious health problems it will 
cause later in life. Above all, hypertension should be di-
agnosed and brought under control early, before it causes 
target organ damage which is difficult to repair. Whether 
to treat pre-hypertension pharmacologically, on a large 
scale, is a question that needs to be answered soon. Pre-
liminary studies show that treatment of pre-hypertension 
can delay or stop its progression to overt hypertension. 
Non pharmacologic means such as weight loss, salt re-
striction and exercise should be tried first because they 
work. Aggressive control of uncomplicated hypertension 
is very important because it prevents target organ damage 
and prevents the incidence of strokes, heart failure and 
renal failure. There are several classes of antihyperten-
sive drugs to choose from because they are all effective in 
lowering the BP pressure, but, individualization of treat-
ment may be necessary. “Diuretics, although effective in 
lowering BP, may not be a good choice for hypertensive 
subjects with diabetes or the metabolic syndrome because 
they increase blood glucose which is associated with high 
incidence of cardiovascular morbidity and mortality”. 
Drugs that block the RAS are preferable in such cases, 
because they interfere with the action of ang II which is 
responsible for cardiovascular remodeling and the devel-
opment of new onset diabetes mellitus38. Hypertension in 
association with comorbid conditions is a major risk fac-
tor for left ventricular remodeling and the development 
of HF (Figure 2). It is, therefore, possible that early de-
tection and treatment of the various cardiovascular risk 
factors which initiate and perpetuate the CVDC, may 
result in its arrest or greatly delay its progression. In this 
respect, the role of physician is indispensable. 
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