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Abstract

Both the metabolic syndrome (MS) and type 2 diabetes mellitus (T2DM) confer an increased risk of
coronary heart disease and cardiovascular disease (CVD). As MS and T2DM become more prevalent,
there will be an associated rise in the number of individuals with or at risk for CVD and its related
disorders. One major underlying cause of CVD in patients with MS or T2DM is a characteristic form
of atherogenic dyslipidemia. This article reviews the evidence that demonstrates that individuals with
MS or T2DM are at increased risk for CVD and highlights atherogenic dyslipidemia as an important
risk factor for the development of CVD in these individuals. In an accompanying article, current
pharmacotherapies available for the management of atherogenic dyslipidemia in individuals with
MS or T2DM are discussed.

It is estimated that over 1 billion persons worldwide are overweight, more than 300 million of
whom are clinically obese.! In the United States, >60% of adults are overweight or obese, and
the number of obese children and adolescents is dramatically increasing.2 Given its high and
increasing prevalence, obesity is considered to be at pandemic levels. This has been attributed
to an increasing worldwide adoption of energy-dense diets and sedentary lifestyles, probably
as a consequence of urbanization and economic globalization. 1 Unfortunately, most health
care systems are based on treating diseases caused by specific agents after they occur. What is
really needed for the pandemic of obesity, the metabolic syndrome (MS), and type 2 diabetes
mellitus (T2DM) is prevention based on changes in lifestyle. However, neither governments
nor private insurers have typically provided funds for these approaches.

Obesity is an established risk factor for T2DM and a central component of MS. Not
surprisingly, therefore, the increasing prevalence of obesity is being paralleled by similar
increases in the number of persons with T2DM or MS. The global burden of diabetes, currently
estimated at more than 171 million individuals (>2.8% of the world’s population), is predicted
to increase to 366 million (4.4% of the world’s population) by 2030. 3 In the United States,
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approximately 20.8 million individuals (7.0% of the population) were estimated to have
diabetes in 2005.4

MS is a defined cluster of cardiometabolic abnormalities that increases an individual’s risk of
T2DM, coronaty heart disease (CHD), and cardiovascular disease (CVD). The core
components of MS are glucose intolerance or diabetes, obesity, hypertension, and dyslipidemia
—specifically hyper-triglyceridemia and low levels of high-density lipoprotein cholesterol
(HDL-C). Its precise definition varies slightly between guidelines issued by expert groups such
as the World Health Organization (WHO), the European Group for the Study of Insulin
Resistance, the National Cholesterol Education Program Third Adult Treatment Panel (NCEP
ATP I1I) and, more recently, the International Diabetes Federation (IDF) and the American
Heart Association/National Heart, Lung, and Blood Institute. However, all definitions include
obesity, particularly abdominal obesity, as a risk factor, with the IDF guidelines identifying
obesity as a prerequisite (Table 1). The NCEP ATP Il guidelines define MS as the presence
of >3 of the following abnormalities: waist circumference >102 cm (~40 in) in men or >88 cm
(=35 in) in women, HDL-C <40 mg/dL in men and <50 mg/dL in women, triglycerides >150
mg/dL, elevated blood pressure (BP) (systolic BP >130 mm Hg or diastolic BP >85 mm Hg),
and fasting blood glucose >110 mg/dL. It must be noted that the threshold for fasting glucose
was reduced to >100 mg/dL due to a modification in the American Diabetes Association (ADA)
criteria for impaired fasting glucose.

The prevalence of MS in US adults is estimated to be approximately 22%° to 34%° using the
NCEP ATP II1 definition and 39% when the IDF criteria are applied.® In other countries, the
IDF guidelines also identify a greater (approximately 80% increase) prevalence of MS than do
the NCEP ATP Il criteria.”-8 Over the past decade, the prevalence has increased significantly
in US adults and adolescents, mainly because of rising rates of obesity—a phenomenon that
seems likely to continue given current socioeconomic trends. An inevitable consequence of
the obesity-driven increase in MS and diabetes will be a corresponding Increase in CVD
incidence. Consequently, there is an urgent need for improved therapeutic strategies to manage
CVD in patients with MS or T2DM.

Risk of CVD in Individuals With MS or T2DM

There is an abundance of evidence showing that individuals with MS or T2DM are at increased
risk for CVD.

The Metabolic Syndrome

Several epidemiologic studies have identified an increased risk of CVD in individuals with
MS,3~15 although MS does not necessarily predict an elevated CHD risk beyond the sum of
its components 12:16 or provide better predictive power than the Framingham risk score.1® For
example, in multivariate analyses, diabetes, BP, and HDL-C were all identified as significant
predictors of CHD, but the presence of MS was not.12:16

Nevertheless, the concept of MS is useful for physicians in identifying patients at high risk for
CVD. In a population-based cohort of 1209 Finnish men aged 42 to 60 years without CVVD or
diabetes at baseline, the risk of death from CHD or CVD over a 12-year follow-up period was
significantly higher in individuals with MS.° After adjustment for other major CVD risk factors
(but not the components of MS), men with NCEP ATP Ill1-defined MS had a relative risk (RR)
of death from CHD of 2.9 (95% confidence interval [Cl], 1.2-7.2) to 4.2 (95% ClI, 1.6-10.8).
Using WHO criteria for MS, the RR of death from CHD was 2.9 (95% Cl, 1.2-6.8) t0 3.3 (95%
Cl, 1.4-7.7). In addition, men with WHO-defined MS had an RR of death from CVD of 2.6
(95% ClI, 1.4-5.1) t0 3.0 (95% ClI, 1.5-5.7).

J Cardiometab Syndr. Author manuscript; available in PMC 2010 July 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ginsberg and MacCallum Page 3

In a subgroup analysis of 4483 individuals aged 35 to 70 years who participated in the Botnia
study of T2DM in Finland and Sweden, the risk of CHD or stroke over a median follow-up of
6.9 years was 3-fold higher in individuals with WHO-defined MS (P<.001).10 The incidence
of cardiovascular mortality was 12.0% and 2.2% in individuals with and without MS,
respectively (P<.001). In a meta-analysis of 11 prospective cohort studies in European
populations totaling almost 12,000 nondiabetic individuals aged 30 to 89 years, those with
WHO-defined MS were found to have a hazard ratio (HR) of 2.26 (95% Cl, 1.61-3.17) for
death from CVD during a median follow-up of 8.8 years.11

Epidemiologic studies in ethnically diverse populations in the United States have also identified
an elevated risk of CVD in individuals with MS.12715 |n a subgroup analysis of 2815
individuals aged 25 to 64 years, mostly Mexican Americans, from the San Antonio Heart Study,
MS at baseline was a significant predictor of cardiovascular mortality over a mean follow-up
of 12.7 years. 14 In the Atherosclerosis Risk in Communities population-based study of more
than 12,000 individuals without baseline diabetes or CVD, the adjusted HRs for CHD over a
mean follow-up of 11 years for men and women with NCEP ATP Ill-defined MS were 1.46
(95% Cl, 1.23-1.74) and 2.05 (95% ClI, 1.59-2.64), respectively.1® Similarly, in a meta-
analysis of worldwide data from studies published between 1998 and 2005, random effects
estimates of the combined RRs of the MS as defined by NCEP ATP Il criteria were 1.27 (95%
Cl, 0.90-1.78) for allcause mortality, 1.65 (95% CI, 1.38-1.99) for CVD, and 2.99 (95% ClI,
1.96-4.57) for diabetes; for the smaller number of studies that used the most exact WHO
definition, the fixed effects estimates were 1.37 (95% CI, 1.09-1.74) for all-cause mortality
and 1.93 (95% Cl, 1.39-2.67) for CVD (Figure 1A).17

Given that MS, as defined by NCEP ATP Il criteria, has been found to identify individuals
with a high risk of T2DM (Figure 1B), 18:19 jt is interesting to examine the cardiovascular risk
when these 2 conditions are co-prevalent. Data from the Third National Health and Nutrition
Examination Survey (NHANES I11) in adults aged 50 years or older indicated that the
prevalence of CHD was greatest in individuals with MS and diabetes.12 CHD prevalence was
19.2% in individuals with both MS and diabetes, 13.9% in those with MS but not diabetes, and
only 7.5% in those with diabetes but not MS (in whom CHD prevalence was not incrementally
increased vs those with neither condition) (Figure 2A). However, in a recent subanalysis of the
Treating to New Targets (TNT) study of high-dose vs usual-dose atorvastatin therapy in
patients with clinically evident CHD (55% of whom had MS), patients with diabetes with and
without MS had similar CVD event rates over the 4.9-year follow-up period (irrespective of
treatment assignment). Both patient groups had higher CVD event rates than those with MS
but not diabetes and those without either the MS or diabetes (Figure 2B).20 The anomalous
findings from these 2 studies are most likely due to the fact that TNT study participants had a
prior major CVD event and were followed prospectively, while NHANES 111 was a
crosssectional study that included individuals with and without a history of CVD. In addition,
the proportion of individuals with diabetes and without MS in NHANES I11 was very small,
probably representing the small number of patients with T2DM who are not insulin-resistant.

The link between MS and increased CVD risk has also been established by post hoc analysis
of data from largescale clinical intervention trials.1%21 In the West of Scotland Coronary
Prevention Study, individuals with NCEP ATP Ill-defined MS at baseline had an increased
risk of a coronary event vs those without MS during a mean follow-up of 4.9 years (HR, 1.76;
95% ClI, 1.44-2.15).19 Similarly, results from the Scandinavian Simvastatin Survival Study
and Air Force/Texas Coronary Atherosclerosis Prevention Study showed that placebo-treated
patients with NCEP ATP Ill-defined MS had age-adjusted HRs of 1.5 (95% Cl, 1.2-1.8) and
1.4 (95% Cl, 1.04-1.9), respectively, for major coronary events during a median follow-up of
5.4 years.2L Finally, as noted above, significantly more participants in the TNT study who had
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MS had cardiovascular events, irrespective of treatment, compared with those who did not
have MS.20

Overall, MS, as defined by the NCEP ATP Ill or WHO criteria, appears to almost double the
risk of CVD,17 although it does not appear to predict cardiovascular mortality independent of
its individual components.18 In this regard, it is worth noting that in a recent appraisal of MS,
the ADA, in conjunction with the European Association for the Study of Diabetes, issued a
joint statement raising concerns over the value of using MS as a CVD risk marker and
recommended that clinicians should evaluate and treat all CVD risk factors without regard to
whether a patient meets the criteria for diagnosis of MS.

Type 2 Diabetes Mellitus

Epidemiologic studies and clinical trials have demonstrated that diabetic individuals are at
increased risk for CVD.22725 |n the Multiple Risk Factor Intervention Trial, a cohort study of
approximately 350,000 men aged 35 to 57 years without diabetes and approximately 5000 men
of the same ages with diabetes, the incidence of cardiovascular mortality over a mean follow-
up of 12 years was 11.7% and 2.6% in diabetic and nondiabetic individuals, respectively.23
Similarly, the 5-year Helsinki Heart Study found that the incidence of myocardial infarction
(MI) and cardiac death in diabetic individuals was more than twice that in individuals without
diabetes (7.4% and 3.3%, respectively; P<.02),2° while a study in approximately 13,000 Danish
individuals who were followed prospectively for 20 years showed that those with diabetes had
a 2- to 3-fold increased risk of Ml or stroke compared with those without diabetes.24

Data from a Finnish population based cohort of 2432 diabetic and nondiabetic individuals
suggested that T2DM conferred as great a risk of CVD death as existing CHD.22 In this 7-year
study, the CVD death rates per 100 person-years in diabetic individuals with no history of Ml
at baseline and nondiabetic individuals with previous Ml at baseline were 2.6 and 2.5,
respectively. However, several other studies have since indicated that the risk of CVD death
in diabetic individuals may not be equivalent to that of individuals with prior M1.26:27 For
example, in a 10-year study of 5934 men aged 52 to 74 years, the CVD death rate per 100
person-years was 2.12 for those with diabetes only, as compared with 3.35 in men with prior
M1 only and 7.78 in those with both diabetes and CHD.28 These differences may be related to
the severity of associated risk factors within the study populations as well as the duration of
diabetes.

Overall, it is generally accepted that T2DM increases the risk of CVD by 2- to 4-fold and that
the risk is increased in the presence of prior CVD. The elevated risk of CVD in patients with
MS or T2DM, together with obesity-driven increases in the prevalence of these conditions, is
likely to give rise to an increased incidence of cardiovascular events in coming years. To
combat this, preventive strategies targeting CVD risk factors in patients with MS or T2DM are
becoming increasingly important.

It is critical to remember that because of the clustering of several major risk factors for CVD
in persons with MS or T2DM, multiple preventive strategies may be required, often
simultaneously. Of importance, lifestyle modifications, including reductions in dietary
cholesterol, reductions in saturated and trans fatty acids, and increased physical activity, remain
central to any therapeutic program. It is clear from the Finnish Diabetes Prevention Study and
the Diabetes Prevention Program that modest weight loss (~5% over 2-3 years) and moderate
increases in exercise can significantly reduce the incidence of diabetes in individuals with
glucose intolerance.29:30 |n addition, the Steno-2 study demonstrated dramatic reductions in
CVD events in patients with T2DM who were treated with intensive lifestyle modification and
pharmacologic agents.3!
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Yet, while acknowledging that the elevated cardiovascular risk in patients with MS and T2DM
is multifactorial and therefore requires a multipronged approach to therapeutic intervention,
one risk factor in particular—atherogenic dyslipidemia—may be particularly difficult to
manage.

Atherogenic Dyslipidemia: An Important Risk Factor for CVD in Patients With
MS or T2DM

Individuals with MS or T2DM exhibit a characteristic pattern of abnormalities in serum lipids:
low levels of HDL-C and elevated triglycerides. This dyslipidemia is also characterized by
elevations of apolipoprotein B (apoB) and a shift of the low-density lipoprotein (LDL) pool
toward small, dense LDL (sdLDL) particles that are cholesteryl esterdepleted (Table 1).32
Central abnormalities of dyslipidemia are increases in apoB-carrying lipoproteins and
decreases in apolipoprotein A-I-carrying lipoproteins. It is believed that this complex
dyslipidemia, which is termed atherogenic dyslipidemia, diabetic dyslipidemia, or
dyslipidemia of insulin resistance, reflects underlying insulin resistance and plays a key role
in the increased cardiovascular risk in patients with T2DM.

The altered lipid levels associated with atherogenic dyslipidemia are individual and collective
risk factors for CVD. Epidemiologic and clinical studies have clearly established that a low
level of HDL-C is a strong independent risk factor for CHD (Figure 3).33 The magnitude of
this association has been estimated as a 2% to 3% decrease in risk of CVD for every 1-mg/dL
increase in HDL-C. In the UK Prospective Diabetes Study, a low level of HDL-C was found
to be a significant risk factor for future CVD in diabetic patients.3# Despite some controversy,
elevated levels of triglycerides—both fasting and nonfasting—also appear to be an independent
risk factor for CHD. 35738 Evidence from epidemiologic studies suggests that the co-occurrence
of low HDL-C and elevated triglyceride levels is a strong risk factor for CHD,39:40 while post
hoc analyses of several studies*1 =3 have shown that patients With low HDL-C and elevated
triglycerides have the highest rate of major coronary events. Whether an increased level of
sdLDLs represents an independent risk factor remains somewhat controversial, but it is clearly
associated with an increase in CHD.#4 Based on in vitro and tissue culture experiments, sdLDL
particles may be more atherogenic than large, less dense LDL-C particles due to a greater
susceptibility to oxidation prior to macrophage uptake and a higher affinity for arterial wall
proteoglycans. There is also evidence that smaller apoB lipoproteins can cross the endothelial
cell layer more readily than larger members of this atherogenic class. However, all apoB-
carrying lipoproteins, with the possible exception of nascent chylomicrons, are atherogenic.

Conclusions

Patients with MS or T2DM are at an increased risk for CVD. A major underlying cause of this
CVD risk is a characteristic form of atherogenic dyslipidemia. Treatment of this atherogenic
dyslipidemia may help reduce the CVD risk that is associated with the increased prevalence
of MS and T2DM. Current strategies available for the pharmacologic management of the
atherogenic dyslipidemia found in these patients are discussed in an accompanying article.
Novel strategies in clinical development will also be highlighted.
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Figure 1.
Estimates of relative risk for cardiovascular disease (CVVD) and diabetes reported in prospective
studies in samples from the general population using definitions of the metabolic syndrome

(MS) developed by the National Cholesterol Education Program (NCEP) (adapted from Ford,
200517) (A) Associations between MS (using the NCEP definition) and CVD. (B) Associations
between MS (using the NCEP definition) and diabetes.
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Figure 2.

(A) Age-adjusted prevalence of coronary heart disease (CHD) in the US population older than
50 years according the presence of the metabolic syndrome (MS) and diabetes mellitus (DM)
(adapted from Alexander et al, 200312). (B) Prevalence of patients with major cardiovascular
disease events in all patients in the Treating to New Targets study by MS and DM status
(adapted from Deedwania et al, 20062°). *Hazard ratio for patients with MS and diabetes vs
patients without MS or diabetes. THazard ratio for patients with MS without diabetes vs patients
without MS or diabetes.
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Figure 3.

Incidence of coronary heart disease (CHD) per 1000 persons over a period of 6 years according
to the high-density lipoprotein cholesterol (HDL-C) level (adapted from Assmann et al,

199645,
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Table Il
Lipid Abnormalities in Type 2 Diabetes Mellitus (T2DM) and the Metabolic Syndrome(MS)

Lipid T2DM  MS
HDL-C 1l |
LDL-C > —
sdLDL 11 1
Triglycerides T 1
apoB I 1

Abbreviations: apoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL, small,
dense low-density lipoprotein particles; 1, increased; 11,markedly increased; <>, unchanged; | decreased; ||, markedly decreased. Data are from

Brunzell and Ayyobi.32
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