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Abstract
Although diabetes mellitus is predominantly a metabolic disorder, recent data suggest that it is as
much a vascular disorder. Cardiovascular complications are the leading cause of death and disability
in patients with diabetes mellitus. A number of recent reports have emphasized that many patients
already have atherosclerosis in progression by the time they are diagnosed with clinical evidence
of diabetes mellitus. The increased risk of atherosclerosis and cardiovascular complications in
diabetic patients is related to the frequently associated dyslipidemia, hypertension, hyperglycemia,
hyperinsulinemia, and endothelial dysfunction. The evolving knowledge regarding the variety of
metabolic, hormonal, and hemodynamic abnormalities in patients with diabetes mellitus has led to
efforts designed for early identification of individuals at risk of subsequent disease. It has been
suggested that insulin resistance, the key abnormality in type II diabetes, often precedes clinical
features of diabetes by 5–6 years. Careful attention to the criteria described for the cardiovascular
dysmetabolic syndrome should help identify those at risk at an early stage. The application of
nonpharmacologic as well as newer emerging pharmacologic therapies can have beneficial effects
in individuals with cardiovascular dysmetabolic syndrome and/or diabetes mellitus by improving
insulin sensitivity and related abnormalities. Early identification and implementation of appropriate
therapeutic strategies would be necessary to contain the emerging new epidemic of cardiovascular
disease related to diabetes.

Although the importance of diabetes mellitus (DM) as a
major risk factor for macrovascular and microvascular disease is well recognized, the recent increase in the prevalence of DM, especially in younger individuals, has raised
alarm. It is probable that the increased incidence of DM
will slow the age-adjusted decline in coronary heart disease (CHD) and will even raise the possibility of a significant increase in the risk of cardiovascular (CV) disease
during the next several decades. Recent data from the

Center for Disease Control showed that, although there
was an increase in the prevalence of DM across all ethnic
groups and all ages, the most striking increase (by 70%)
was observed in people aged between 30 and 39 years.
These data suggest that there is not only an increase in the
prevalence of DM, but that the disease is occurring at
younger ages and that such trends, if uninterrupted, can
potentially lead to a new epidemic of CV disease during
this millennium.
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CV complications are the leading cause of death and disability in patients with type II DM [1]. The magnitude of
CV complications in DM is best illustrated by a recent report demonstrating that the risk of myocardial infarction
in diabetic patients with no prior myocardial infarction
was as high as that in nondiabetic patients with a history
of prior myocardial infarction [2]. Although it has been
known for years that DM is a major coronary risk factor,
the precise mechanism for the increased risk of CHD in
patients with DM has not been well defined [3–6].

and by increased synthesis of very low-density lipoprotein
[7,8,11,12]. In addition, the increased levels of glucose
and insulin promote secretion of plasminogen activator
inhibitor-1, which increases the risk of thrombosis by producing a prothrombotic state [11]. Diabetic patients also
have increased levels of serum fibrinogen and von Willebrand factor, which further enhance thrombosis.

Several studies have evaluated the role of potential factors
that could increase the risk of atherosclerosis in association with DM [7–10]. The results of these studies demonstrate that there are a number of pathways by which DM
increases the risk of CHD. Most diabetic patients frequently have one or more of the well-established risk factors, including hypertension, dyslipidemia, and obesity [7].
Although these are well-established, independent risk factors in nondiabetic patients, they can only account for approximately one-half of the excess CHD risk associated
with DM [6]. The additional risk of CHD must therefore
be partly accounted for by the predominant metabolic abnormalities in DM, which are hyperglycemia and hyperinsulinemia due to insulin resistance [7,8].
A number of recent studies have documented a relationship between the risk of CHD events and hyperglycemia,
increased levels of glycated hemoglobin (HgA1C), and hyperinsulinemia [2–10]. Whether these metabolic abnormalities play a direct role in the pathogenesis of
atherosclerosis or increase the risk of CHD due to other associated risk factors is currently being investigated.
Based on the available information, it appears that hyperinsulinemia secondary to insulin resistance is an important and independent risk factor for CHD [5–12]. The
strongest evidence to support the association between hyperinsulinemia and CHD events comes from the prospective study of men from Quebec, which demonstrated a
fourfold to fivefold increase in the risk of CHD in individuals with the highest levels of fasting plasma insulin [8].
The precise pathogenetic mechanism by which insulin increases the risk of atherosclerosis and CHD has not been
established [1]. However, several possibilities exist. Insulin might contribute to the risk of hypertension by stimulating sympatho-adrenal axes through modulation of
cation transport and vascular remodeling by stimulating
hypertrophy of vascular smooth cells [9]. Insulin not only
enhances the effects of platelet-derived growth factor, but
also directly stimulates vascular smooth cell hypertrophy
[11]. Hyperinsulinemia can also produce dyslipidemia
(e.g. increase triglyceride and decrease high-density lipoprotein cholesterol by increasing catecholamine levels

Clinical relevance of cardiovascular dysmetabolic syndrome
It is now well recognized that endothelial dysfunction and
injury are key initial steps in the process of atherosclerosis.
Many of the factors associated with insulin resistance can
also lead to endothelial dysfunction directly or indirectly.
Although in the normal physiologic state insulin stimulates production of nitric oxide by endothelial cells, recent
studies have shown that in a hyperinsulinemic state endothelial response to insulin is impaired [11]. The presence of endothelial dysfunction has also been
demonstrated in association with hyperglycemia and in
patients with type II DM [11]. In addition, the increased
oxidative stress in association with diabetes can further
impair endothelial function. It is thus clear that diabetes
and the associated insulin resistance have damaging effects on the endothelium that, together with the cluster of
associated abnormalities, increase the risk of atherosclerosis and CHD [1].
It has been suggested that as many as 50% of newly diagnosed patients with type II DM might already have evidence of CHD [3–6]. It is therefore conceivable that the
insulin resistance that often precedes the development of
clinical signs and symptoms of type II DM is responsible
for the increased risk of CHD [7–11]. Several studies have
demonstrated that insulin resistance and hyperinsulinemia often coexist with other metabolic abnormalities that
increase the risk of CHD (Table 1) [7–11]. Although insulin resistance syndrome has been recognized for some
time as syndrome X or Reaven's syndrome, this was recently redefined as cardiovascular dysmetabolic syndrome (CDS) [12,13]. This newly coined term appears to
be more logical because it includes all of the important elements of the syndrome and it highlights the involvement
of the CV system in this dysmetabolic state.
CDS has four critical elements: dyslipidemia, insulin resistance, obesity, and high blood pressure (easily remembered by the mnemonic DROP) (Table 2) [13]. A
diagnosis of CDS requires the presence of at least two of
the first three components: dyslipidemia, insulin resistance, and obesity [13]. All components of CDS are risk
factors for macrovascular disease (coronary disease, carotid disease, cerebral disease, and peripheral vascular disease). The presence of more than one component confers
additive risk, although some components (e.g. diabetes or
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Table 1: Frequently observed metabolic, hemostatic, and other
abnormalities in cardiovascular dysmetabolic syndrome

↑
↑
↑
↑
↑
↓
↑
↑
↑
↑
↑
↑
↓

Insulin
Levels of insulin growth factor
Intra-abdominal fat
Fatty acids
Triglycerides
High-density lipoprotein cholesterol
Small dense low-density-lipoprotein cholesterol
Apolipoprotein B
Tissue angiotensin II levels
Serum fibrinogen
Plasminogen activator inhibitor-1
Oxidative stress
Synthesis of endothelial derived relaxation factor (nitric oxide)
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Table 3: Effects of thiazolidinedione insulin sensitizers

↓
Insulin resistance
↓
Hyperinsulinemia
↓
Fasting blood sugar in type 2 diabetes mellitus
↓
Free fatty acids
↓
Triglycerides
↑
High-density lipoprotein cholesterol
↓
Plasminogen activator inhibitor-1 activity
↑
Vascular compliance
↓
Blood pressure/vascular resistance
↓
Macrophage inflammatory activity
Direct vascular effects

↑, increased; ↓, decreased

↑, increased; ↓, decreased

Table 2: Cardiovascular dysmetabolic syndrome

Dyslipidemia
(D)
Insulin
resistance (R)
Obesity (O)

High blood
pressure (P)

Fasting triglycerides > 140 mg/dl, or
High-density lipoprotein cholesterol < 40 mg/dl, or
Low-density lipoprotein particle size < 260 Å
Fasting plasma glucose ≥ 110 mg/dl, or
Type 2 diabetes mellitus
Body mass index > 25 kg/m2, or
Waist-hip ratio > 0.85, or
Waist > 100 cm
Systolic blood pressure ≥ 140 mmHg, or
Diastolic blood pressure ≥ 90 mm Hg

The new criteria of the American Diabetes Association
have also lowered the cut-off point that defines DM to
fasting glucose ≥ 126 mg/dl, in recognition of the microvascular disease that is often seen with glucose values
above that level [15]. Fasting glucose ≥ 126 mg/dl corresponds to a postprandial glucose ≥ 200 mg/dl, 2 hours after a 75 g glucose load, and either one of these values
denotes the presence of DM [14,15]. It has also been recommended that any casual nonfasting blood glucose ≥
200 mg/dl indicates the presence of DM [14,15]. It is important to note that, although good control of glucose levels decreases the risk of microvascular disease, patients
with well-controlled glucose continue to be at increased
risk of macrovascular disease due to persistence of insulin
resistance, hyperinsulinemia, and associated metabolic
and hemodynamic abnormalities [13,14].

insulin resistance) confer more risk than others [13]. It is
important to note that, whereas the presence of DM doubles the risk of macrovascular disease in men, this risk is
increased by fourfold to fivefold in women. Women with
diabetes thus lose the gender protection and are at equally
high risk of CHD as men of the same age and risk profile
[13].

Although routine screening for DM should be carried out
at 3-year intervals starting at 45 years of age, earlier and
more frequent screening is recommended for individuals
who have one or more elements of CDS, for those who
have a family history of DM, and for members of high-risk
ethnic groups (e.g. Hispanics, native Americans, or migrant Southeast Asians) [15].

When and how to screen for CDS

Therapeutic strategy in CDS and DM

Although it is difficult to define insulin resistance (the
critical element of CDS) in the clinical setting, it has been
suggested that fasting plasma glucose ≥ 110 mg/dl identifies most individuals with an insulin-resistant state [13–
15]. The other elements of CDS, such as obesity and hypertension, require only good physical examination and
measurement of weight, waist circumference, and blood
pressure. Those with an increased waist-hip ratio (> 0.9)
and/or truncal obesity can be suspected to have an insulin-resistant state. A simple, fasting lipid panel would
identify those patients with most common and critical dyslipidemia.

There are numerous nonpharmacologic and pharmacologic interventions that can have beneficial effects in individuals with CDS and/or DM. Nonpharmacologic
measures should always be the initial therapeutic intervention in individuals with CDS [13]. Although weight reduction by as little as 10% of body weight can improve
insulin sensitivity, it is generally desirable to reduce
weight to the ideal level, achieving body mass index < 25
kg/m2[13]. Regular aerobic physical exercise can substantially improve insulin sensitivity and, in many cases, improve many of the abnormalities seen in CDS. It has been
suggested that even low levels of exercise, such as brisk
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walking for 30–45 min three to five times a week, are useful in improving insulin sensitivity.

of these abnormalities. It is only through development of
such therapy, as well as public health measures directed to
reducing obesity in the population at large, that we will be
able to control this emerging epidemic of the 21st century.

There are several pharmacologic modalities that can be
used for patients with DM and CDS. In patients with DM,
although exogenous insulin supplements endogenous
production by the pancreas, it does not improve insulin
resistance and it often causes hunger and additional
weight gain. Sulfonylureas work by stimulating production of insulin and would have the same metabolic drawbacks as exogenous insulin. Alpha-glucosidase inhibitors,
such as acarbose, delay carbohydrate absorption and decrease the stimulation for endogenous insulin secretion
[16]. Their use is limited due to gastrointestinal side effects.
Biguanides, such as metformin, primarily decrease hepatic
glucose production and, to a limited extent, reduce insulin resistance [17]. Although rare, metformin can cause fatal lactic acidosis, particularly in patients with renal or
hepatic dysfunction. However, it can improve insulin sensitivity and can help reduce weight in some individuals
[18].

Conclusion
Recent data show that the prevalence of type II diabetes is
rapidly increasing in the world. People are also developing DM at a younger age, and this trend is likely to continue with increased prevalence of obesity in the adolescent
and youth years. DM has clearly become a major public
health issue and it is likely to result in a new epidemic of
premature coronary artery disease in the new millennium.
It is therefore critical to identify those individuals at future
risk of developing DM. Early identification by regular
evaluation for CDS in susceptible individuals should help
to identify the high-risk individuals who will benefit from
aggressive nonpharmacologic as well as pharmacologic
measures (when necessary) directed toward decreasing
their risk for developing DM and CV disease.
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The thiazolidinediones, such as pioglitazone or rosiglitazone, reduce insulin resistance in muscle [19] and, to a
lesser extent, reduce hepatic glucose production [20].
These actions lower both plasma glucose and insulin. This
class of agents also has other beneficial effects. Thiazolidinediones inhibit cell growth and migration in the setting
of vascular injury [21]. The thiazolidinediones can decrease blood pressure by reducing peripheral vascular resistance due to improved endothelial function [22]. Some
of these agents can increase high-density lipoprotein cholesterol and decrease triglyceride levels [22]. Low-density
lipoprotein cholesterol might increase without an increase in apolipoprotein B in some cases, indicating an increase in low-density lipoprotein particle size without an
increase in number of particles, which may have an antiatherogenic effect [23,24]. A number of ongoing studies
are now evaluating the CV benefits of treatment with thiazolidinediones (pioglitazone and rosiglitazone) in patients with type II DM. Although improvement in insulin
sensitivity with these agents might be beneficial in the
short term, we need to evaluate their long-term safety and
efficacy, especially in light of the serious adverse experience observed with troglitazone.

Abbreviations

In summary, treatment of type II DM should emphasize
improvement in insulin sensitivity, a decrease in hepatic
glucose production, and a decrease in stimulation of endogenous insulin production, rather than increased endogenous
insulin
production
or
exogenous
administration of insulin. Future drug development in
this area should focus on drugs that can improve several

10.

CDS = cardiovascular dysmetabolic syndrome; CHD =
coronary heart disease; CV = cardiovascular; DM = diabetes mellitus.

References
1.
2.

3.
4.
5.
6.
7.
8.
9.

11.
12.

Deedwania PC: The deadly quartet revisited. Am J Med 1998,
105:1S-3S
Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M: Mortality
from coronary heart disease in subjects with type 2 diabetes
and in nondiabetic subjects with and without prior myocardial infarction. N Engl J Med 1998, 339:229-234
Zimmet PZ, Alberti KGMM: The changing face of macrovascular
disease in non-insulin-dependent diabetes mellitus: an epidemic in progress. Lancet 1997, 350(suppl 1):1-4
Eastman RC, Keen H: The impact of cardiovascular disease on
people with diabetes: the potential for prevention. Lancet
1997, 350(suppl 1):29-32
Klein R: Hyperglycemia and microvascular and macrovascular disease in diabetes. Diabetes Care 1995, 18:258-268
Nathan DM, Meigs J, Singer DE: The epidemiology of cardiovascular disease in type 2 diabetes mellitus: how sweet it is ... or
is it? Lancet 1997, 350(suppl 1):4-9
DeFronzo RA: Insulin resistance, hyperinsulinemia, and coronary artery disease: a complex metabolic web. J Cardiovasc
Pharmacol 1992, 20(suppl 11):S1-S16
DesPres J-P, Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S, Lupien PJ: Hyperinsulinemia as an independent risk factor for ischemic heart disease. N Engl J Med 1996, 334:952-957
Grossman E, Messerli FH: Diabetic and hypertensive heart disease. Ann Intern Med 1996, 125:304-310
Solymoss BC, Marcil M, Chaour M, Gilfix BM, Poitras AM, Campeau
L: Fasting hyperinsulinism, insulin resistance syndrome, and
coronary artery disease in men and women. Am J Cardiol 1995,
76:1152-1156
Hseuh WA, Law RE: Cardiovascular risk continuum: implications of insulin resistance and diabetes. Am J Med 1998,
105(suppl 1A):4S-14S
Reaven GM: Role of insulin resistance in human disease. Diabetes 1988, 37:1595-1607

Page 4 of 5
(page number not for citation purposes)

Current Controlled Trials in Cardiovascular Medicine 2002, 3

13.
14.
15.

16.
17.
18.
19.
20.
21.

22.

23.
24.

http://cvm.controlled-trials.com/content/3/1/2

Fagan TC, Deedwania PC: The cardiovascular dysmetabolic syndrome. Am J Med 1998, 105(suppl 1A):77S-82S
Peters AL, Schriger DL: The new diagnostic criteria for diabetes: the impact on management of diabetes and macrovascular risk factors. Am J Med 1998, 105(suppl 1A):15S-19S
The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus: Report of the Expert Commission on the Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 1997,
20:1183-1197
Joubert PH, Venter HL, Foukardis GN: The effect of miglitol and
acarbose after an oral glucose load: a novel hypoglycaemic
mechanism? Br J Clin Pharmacol 1990, 30:391-396
Stumvoll M, Nurjhan N, Perriello G, Dailey G, Gerich JE: Metabolic
effects of metformin in non-insulin-dependent diabetes mellitus. N Engl J Med 1995, 333:550-554
Phillips PJ, Scicchitano R, Clarkson AR, Gilmore HR: Metformin associated lactic acidosis. Aust NZ J Med 1978, 8:281-284
Ciraldi TP, Huber-Knudsen K, Hickman M, Olefsky JM: Regulation
of glucose transport in cultured muscle cells by novel hypoglycemic agents. Metabolism 1995, 44:976-982
Fijuwara T, Okuno A, Yoshioka S: Suppression of hepatic gluconeogenesis in long-term troglitazone treated diabetic KK
and C57BL/KsJ-db/db mice. Metabolism 1995, 44:486-490
Law RE, Meehan WP, Xi XP, Graf K, Wuthrich DA, Coats W, Faxon
D, Hsueh WA: Troglitazone inhibits vascular smooth muscle
cell growth and intimal hyperplasia. J Clin Invest 1996, 98:18971905
Ghazzi MN, Perez JE, Antonucci TK, Driscoll JH, Huang SM, Faja BW,
The Troglitazone Study Group, Whitcomb RW: Cardiac and glycemic benefits of troglitazone treatment in NIDDM. Diabetes
1997, 46:433-439
Henry RR: Thiazolidinediones. Endocrinol Met Clin North Am 1997,
26:553-573
Suter SL, Nolan JJ, Wallace P, Gumbiner B, Olefsky JM: Metabolic effects of new oral hypoglycemic agent CS-045 in NIDDM subjects. Diabetes Care 1992, 15:193-203

Publish with BioMed Central and every
scientist can read your work free of charge
"BioMedcentral will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Paul Nurse, Director-General, Imperial Cancer Research Fund

Publish with BMC and your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours - you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/

BioMedcentral.com
editorial@biomedcentral.com

Page 5 of 5
(page number not for citation purposes)

