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UNDERSTANDING CARDIOMETABOLIC RISK
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Patients for Cardiometabolic
Risk Management
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Patients at increased risk for cardiovascular disease have a wide array of clinical
features that should alert practitioners to the need for risk reduction. Some, but not all,
of these features relate to insulin resistance. Multiple approaches exist for diagnosing
and defining this risk, including the traditional Framingham risk assessment, various
definitions of the metabolic syndrome, and assessment of risk factors not commonly
included in the standard criteria. This article reviews the many clinical findings that
should alert healthcare providers to the need for aggressive cardiovascular risk
reduction.
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In order to provide adequate treatment to patients at risk of cardiovascular
disease (CVD), healthcare providers must be aware of the clinical features
that indicate high risk. Current studies reveal that physicians are under-

treating at-risk patients. In a study examining control of CVD risk factors in
patients with diabetes and hypertension who were treated at an academic med-
ical center, only 27% had achieved a hemoglobin A1c level � 7%, 36% had a
low-density lipoprotein cholesterol (LDL-C) level � 100 mg/dL, 27% had
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a blood pressure level � 130/85 mm
Hg, and 46% were taking aspirin.1

Only 2% of patients met the target
levels for all 4 factors (blood pres-
sure, lipids, A1c, and aspirin use).
Therefore, healthcare providers
need to be educated on how to
identify these high-risk patients
with metabolic and cardiovascular
risk factors, so they can effectively
implement and monitor appropriate
therapies.

Is There a Syndrome?
Clinicians often are confused when
trying to define who is at increased
risk for CVD. The Framingham risk
scoring2,3 has established the stan-
dards for CVD risk factors. The fac-
tors considered are sex, age, LDL-C
and high-density lipoprotein cho-
lesterol (HDL-C), blood pressure,
smoking, and diabetes history.
However, recently a great deal of
attention has been paid to patients
with the “metabolic syndrome.”
The patients identified as at risk
for CVD vary, depending on the
syndrome definition used (Table 1).
A joint statement from the Ameri-
can Diabetes Association (ADA) and
the European Association for the
Study of Diabetes raised concerns
about defining the metabolic syn-
drome as a specific entity, because
“while there is no question that
certain CVD risk factors are prone to
cluster . . . the metabolic syndrome
has been imprecisely defined, there
is a lack of certainty regarding its
pathogenesis, and there is consider-
able doubt regarding its value as
a CVD risk marker . . . clinicians
should evaluate and treat all CVD
risk factors without regard to
whether a patient meets the criteria
for diagnosis of the ‘metabolic
syndrome.’”4

From a clinical perspective, this
approach makes sense. The goal of
lowering the risk for CVD and type

2 diabetes mellitus focuses on iden-
tifying individuals at the greatest
risk. It may or may not mean fitting
patients to a definition of the
“metabolic syndrome.” An individ-
ual who is obese and has a strong
family history of CVD needs risk
factor modification. A study in a US
population found that the presence
of even 1 or 2 features of the meta-
bolic syndrome caused a 2-fold in-
crease in CVD and coronary heart
disease (CHD),5 indicating that indi-
viduals identified for treatment may
lack the traditional clustering of fea-

tures that define a syndrome. There-
fore, clinical judgment needs to be
used when assessing patients for
their risk of a future cardiovascular
event, and patients who have in-
sulin resistance or who are at risk
for diabetes need to be considered at
risk for CVD as well. The ADA risk
assessment engine, Personal Health
Decisions (PHD),6 considers the
most complete set of factors for
these patients and can easily be ac-
cessed should a clinician need more
specific information on assessing a
patient.

Table 1
Comparison of Definitions for Cardiovascular Disease Risk

NCEP/
Risk Factor Framingham3 ATP III5 WHO7 IDF6 AACE8 PHD13

Age ✓ ✓

Sex ✓ ✓ ✓

Race/ethnicity ✓* ✓

Family history ✓

Physical activity ✓

Body mass index ✓ ✓ ✓

Waist circumference ✓ ✓

Waist:hip ratio ✓

Fasting plasma glucose ✓ ✓ ✓

100 mg/dL to 125 mg/dL

Fasting plasma glucose ✓ ✓ ✓ ✓

� 126 mg/dL

Low-density lipoprotein ✓ ✓

cholesterol

High-density lipoprotein ✓ ✓ ✓ ✓ ✓ ✓

cholesterol

Triglycerides ✓ ✓ ✓ ✓

Microalbuminuria ✓

Smoking ✓ ✓

Hypertension ✓ ✓ ✓ ✓ ✓ ✓

Polycystic ovarian syndrome ✓

Others ✓

*Different waist circumferences were used for people of different ethnicities.
NCEP/ATP III, National Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III); WHO, World Health Orga-
nization; IDF, International Diabetes Federation; AACE, American Association of Clinical Endocrinolo-
gists; PHD, Personal Health Decisions.
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Diabetes and/or Known CVD
It is accepted that patients with type
1 diabetes7 or type 2 diabetes8 have
high rates of CVD and need risk factor
modification. Additionally, any such
patient with known CHD needs ag-
gressive cardiovascular risk modifica-
tion, with the highest-risk group
being patients with type 2 diabetes
and a history of CVD.8,9 The targets
for lipid lowering in patients with
type 2 diabetes (LDL-C � 100 mg/dL),
and, in particular, those with type 2
diabetes and known CVD (LDL-C �

70 mg/dL), reflect the high risk of car-
diovascular events in these patients.10

Obesity
The easiest finding for physicians
(and patients) to recognize is excess
weight. The link between obesity
and heart disease was noted long
before current technologies existed.
Specific types of fat distribution have
been associated with increased risk
for insulin resistance and CVD.11,12

Straightforward measurement of
body mass index (BMI) has been a
useful and clinically reproducible pa-
rameter for assessing risk in some
studies,13-15 but in other studies,
waist circumference is more sensitive
for assessing CVD risk.16 Clearly,
with both increasing BMI and in-
creasing waist circumference, there is
an increased risk for CVD.11,17 Cur-
rent definitions describing weight
are as follows: normal weight (BMI of
18.5 to 24.9), overweight (BMI of 25
to 29.9), obese I (BMI of 30 to 34.9),
and obese II� (BMI � 35).18

There are 2 fundamental problems
with measurement of waist circum-
ference. First, it is not routinely done
in clinical practice; second, accurate
measurement is difficult. Care must
be taken to measure precisely and in
a standard fashion. A standard ten-
sion must be applied to the tape mea-
sure, and the tape must remain in the
same horizontal plane as it encircles

the abdomen. The methodology for
measuring abdominal circumference
comes from the National Health and
Nutrition Examination Survey proto-
col: “The subject stands and the ex-
aminer, positioned at the right of the
subject, palpates the upper bone to
locate the iliac crest. Just above the
uppermost lateral border of the right
iliac crest, a horizontal mark is
drawn, and then crossed with a verti-
cal mark on the midaxillary line. The
measuring tape is placed in a hori-
zontal plane around the abdomen at
the level of this marked point on the
right side of the trunk. The plane of
the tape is parallel to the floor and
the tape is snug, but does not com-
press the skin. The measurement is
made at normal minimal inspira-
tion”19 (Figure 1). Ideally, this mea-
surement should be done at least
twice and the results should be
within 1 cm of each other.

Cutoff points for waist circumfer-
ence are best defined in the National
Cholesterol Education Program
(NCEP) guidelines. A waist circum-
ference of � 88 cm in women and
� 102 cm in men is considered a risk
factor for the metabolic syndrome;
these values were initially derived in
a white population20 and later vali-
dated for a more racially/ethnically

diverse population.21 However, when
adjusted for BMI, waist circumfer-
ences tend to be greater in white
populations than in other racial/
ethnic groups.16,22 In older adults,
waist circumference may be a better
indicator of total fat mass than of
visceral fat mass.23 In Asians, the
waist circumference associated with
an increase in CVD is smaller than
for other groups (Table 2).24-26

Hypertension
Hypertension is an easily measured
physical finding, and it identifies
patients at risk for both CVD and

Figure 1. Position for measurement of waist (abdom-
inal) circumference. Reproduced with permission from
the National Health and Nutrition Examination
Survey.19

Table 2
Waist Circumference Measurements in Asian and Non-Asian Populations:

Cutoff Points for Increased Cardiovascular Disease

Racial/Ethnic Waist Circumference Waist Circumference
Population Cutoff, Men (cm) Cutoff, Women (cm)

General population (NCEP/ATP III)46 � 102 � 88

Europids (IDF)74 � 94 � 80

South Asians (IDF)74 � 90 � 80

Chinese (IDF)74 � 90 � 80

Japanese (IDF)74 � 85 � 90

NCEP/ATP III, National Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III); IDF, International Diabetes
Federation.
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insulin resistance. In addition, some
of the medications used for treating
hypertension can contribute to the
development of diabetes.27,28 Many
patients diagnosed with hyperten-
sion and glucose intolerance or dia-
betes have additional cardiovascular
risk factors.29 Much of the early
work on identifying the cluster of
findings was based on the associa-
tion between insulin resistance and
hypertension.30,31 High blood pres-
sure should be assessed and treated
in all adults, but perhaps even more
rigorously in patients with insulin
resistance and diabetes. The target
for treatment is � 130/80 mm Hg,
and those with a higher blood pres-
sure should be considered at risk and
treated accordingly.

Impaired Fasting Glucose/
Impaired Glucose Tolerance
A late finding in patients with in-
sulin resistance and CVD risk factors
is an elevation in fasting blood sugar
levels. The presence of CVD risk fac-
tors increases the risk of developing
diabetes.32 Unfortunately, many pa-
tients are diagnosed with diabetes or

prediabetes only after being admit-
ted to the hospital following a car-
diovascular event, instead of earlier,
when preventive measures could
have been implemented.33 Many of
the estimated 41 million people in
the United States who have predia-
betes could benefit from preventive
care measures.34

One of the issues for clinicians is
that, other than measuring fasting
glucose level, there is no easy
method for quantifying insulin re-
sistance. In research settings, glu-
cose clamps or frequently sampled
impaired glucose tolerance tests can

be performed, and modeling tech-
niques have been developed, such as
the homeostasis model assessment
(HOMA)35 and the quantitative
insulin sensitivity check index
(QUICKI),36 but these methods are
better for assessing insulin resistance
in populations than in a given indi-
vidual. In most patients, fasting in-
sulin levels are more accurately mea-
sured, and provide a more valid
direct measurement, than estimates
of insulin resistance. However, it is
often an assessment of overall risk—
for instance, obesity, family history
of diabetes, race/ethnicity (Latino,
African American, American Indian,
Asian, Pacific Islander), and a per-
sonal history of gestational diabetes
or delivery of a baby � 9 pounds—
that should signal the need for dia-
betes prevention measures.37

When a mild elevation in fasting
glucose is noted, its importance is
often underappreciated in terms of
CVD risk.38 Cardiovascular risk rises
even across the range of increasing
but normal blood glucose levels.39,40

Once patients have abnormal glu-
cose tolerance, their outcomes fol-

lowing cardiovascular events are
worse. This finding is true for
myocardial infarction41,42 and for
cerebrovascular accidents.43

Although some clinicians have ad-
vocated using glucose tolerance test-
ing to detect patients with increased
CVD risk,44 this approach may not
be practical in general practice. Oral
glucose tolerance tests are unreli-
able,45 need to be repeated twice for
confirmation, and are often not per-
formed. Even if test results are posi-
tive, initial treatment for patients
with diabetes risk factors and an A1c

of � 6% is lifestyle modification, and

treatment of hypertension, dyslipi-
demia, and use of aspirin remains
the same. As fasting blood glucose
and/or A1c levels rise, medications to
reduce insulin resistance and treat
diabetes may be prescribed.

Dyslipidemia
Elevations in LDL-C levels are associ-
ated with an increased risk for CVD
in patients with or without diabetes,
and those with both diabetes and the
metabolic syndrome are considered
to be at high risk, similar to that of
patients without diabetes who have
had a cardiovascular event.46 In addi-
tion to elevated LDL-C, however, low
HDL-C and/or an elevated triglyc-
eride level are indicative of insulin
resistance and are often underappre-
ciated risk factors for CVD and the
development of diabetes.47 Clini-
cians need to evaluate HDL-C and
triglyceride levels in addition to test-
ing for total cholesterol and LDL-C.

Inactivity
Inactivity increases the risk for obe-
sity, insulin resistance, CVD, and
diabetes. In one study, men who
engaged in 3 or more hours per week
of moderate to intense leisure time
physical activity were half as likely as
sedentary men to have the metabolic
syndrome, even after adjusting for
BMI and other confounding vari-
ables.48 Also, VO2max measurements
were inversely associated with the risk
for developing the metabolic syn-
drome. Levels of physical activity are
incorporated into the PHD risk assess-
ment tool, since physical activity
helps reduce insulin resistance and
CVD risk. Therefore, people who are
inactive in both their work and leisure
time environments are at risk for in-
sulin resistance and its sequelae.

Family History
Family history of CHD, diabetes,
and insulin resistance is a risk factor

Many of the estimated 41 million people in the United States who have
prediabetes could benefit from preventive care measures. 
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for developing these conditions.49,50

In a meta-analysis of studies using
euglycemic clamp measurements
for insulin resistance in more than
2000 subjects, various models were
used for predicting insulin resis-
tance. The “clinical predictors”
model was able to predict insulin
resistance in an individual if any of
the following conditions were met:
BMI � 28.7 kg/m2, BMI � 27 kg/m2

and family history of diabetes, or
no family history of diabetes but
triglycerides � 2.44 mmol/L. This
model had an estimated sensitivity
of 81.3% and a specificity of 76.3%.
Therefore, knowledge of family his-
tory of diabetes can affect a pa-
tient’s risk assessment.

Age
The risk for diabetes and for CVD
increases with age. By age 85, 25%
of people will develop diabetes. The
metabolic syndrome, measured by
the NCEP/Adult Treatment Panel
(ATP) III criteria, had a prevalence of
28.1% in older individuals.51 The
“metabolic syndrome” designation
was associated with a higher risk of
coronary and cerebrovascular events.
Age is a factor in most risk assess-
ment tools.2,13

Polycystic Ovarian Syndrome
Polycystic ovarian syndrome (PCOS)
is the leading cause of infertility in
the United States and is a form of
insulin resistance in women that
can easily be identified.52 Women
with PCOS commonly present with
irregular menses, hirsutism, acan-
thosis nigricans, and/or infertility.
In the United States, more than half
of patients with PCOS are obese,53

and 20% to 40% have impaired glu-
cose tolerance.54,55 Women with
PCOS also have other CVD risk fac-
tors, such as dyslipidemia and hy-
pertension. Using the NCEP/ATP III
criteria for the metabolic syndrome,

a 46% incidence of the syndrome
was found in women with PCOS.56

In addition to concerns related to
CVD and diabetes,57,58 these women
are at increased risk for endometrial
cancer because of chronic anovula-
tion.59 Findings of CVD risk were
echoed in a retrospective study in
which women with PCOS were
found to have a 43% prevalence 
of the metabolic syndrome, com-
pared with 24% in the general
population.60

Gestational Diabetes
Women who have had gestational
diabetes are at increased risk of
developing diabetes in the future:
Approximately 50% will develop
diabetes in their lifetime.61 Women
with a history of gestational diabetes
should be considered at risk for
insulin resistance as well as for
diabetes and should be routinely
monitored.62

Psychiatric Illness
Patients with psychiatric illness, par-
ticularly those being treated with
the newer-generation antipsychotic
drugs, are at increased risk for obe-
sity, the metabolic syndrome, and
diabetes.63,64 These patients may be
particularly vulnerable to poorer
health outcomes and should be iden-
tified and treated with risk factor
modification as needed.

Liver Function Abnormalities
Liver function abnormalities are
commonly detected in automated
chemistry panels, and they may be a
sign of nonalcoholic fatty liver dis-
ease (NAFLD), which is a manifesta-
tion of insulin resistance.65 NAFLD
occurs in approximately 20% of
adults in the United States66 and,
increasingly, in obese children with
insulin resistance.67 The finding of
NAFLD should trigger a search for
other features associated with a

high risk for CVD and the develop-
ment of diabetes.68,69 Risk factors
such as obesity and inactivity in-
crease the risk for NAFLD because
they increase the development of
insulin resistance.

Although liver biopsy is the sine
qua non for a diagnosis of NAFLD,
the finding of elevated alanine
aminotransferase and aspartate
aminotransferase, in the absence of
alcoholism or the viral forms of
hepatitis, should lead to investiga-
tion for fatty liver and insulin resis-
tance.70 A liver ultrasound may be
indicated for any patient perceived
to be at high risk.

Obesity in Youth
Obesity in children is also associated
with insulin resistance and is an in-
creasing problem, as more young
people are becoming inactive and
overweight.71 In a study of 103
obese children (ages 2 to 18 years),
one third had features of the insulin
resistance syndrome. Children from
high-risk groups are at particular
risk. In a study of African American
school children (third to sixth
grade) in a low-income urban
school, most had one or more fea-
tures of the metabolic syndrome.72

Development of standards for over-
weight and obesity in children is im-
portant because, unlike in adults,
definitions must include develop-
mental age.73

Conclusion
There are numerous clinical charac-
teristics that suggest an individual is
at increased risk for CVD and/or in-
sulin resistance. If they are unnoted,
the patient may eventually have a
cardiovascular event or develop type
2 diabetes, or both. Therefore, it is
important during routine patient vis-
its to consider any and all potential
risk factors and, if such risk factors are
identified, to work on risk reduction
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strategies. Table 3 lists many of the
clinical findings that suggest an in-
creased risk for CVD and insulin re-

sistance. Many are part of published
definitions and risk equations; some
are not. Often it takes nothing more

than looking at a patient across an
examination room and noting cen-
tral obesity to know that he or she is
at risk. For these patients, and for
others who for some reason fit into a
pattern of increased risk, measure-
ment of height, weight, and blood
pressure as well as fasting blood tests
(for a lipid profile and a glucose
level) will allow ascertainment of
risk. Appropriate strategies can then
be developed to prevent or treat obe-
sity, hypertension, dyslipidemia, pre-
diabetes, and/or diabetes, as indi-
cated by the findings for each
individual patient.
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