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High blood cholesterol is a 
prominent, modifiable risk factor for 
atherosclerosis, which can lead to the
development of coronary heart disease
(CHD).1,2 In the United States, CHD
accounts for approximately 1 in every 5
deaths; the lifetime risk of developing
CHD after age 40 years is 49% for men
and 32% for women.2 The Centers for
Disease Control and Prevention estimates
that a 10% decrease in total cholesterol
(TC) levels would result in a 30% reduc-
tion in the incidence of CHD.3

During the past 2 decades, primary
and secondary prevention of CHD has
focused on lowering low-density 
lipoprotein cholesterol (LDL-C) levels,
primarily with statins.4 Statin therapy is
estimated to have prevented or post-
poned 16,580 CHD deaths from 1980
through 2000.5 However, there is a
growing recognition that CHD risk 
persists even in patients with optimal
LDL-C levels.6 Despite improvements in
LDL-C levels, management of patients
with dyslipidemia in the United States
remains suboptimal. Of the estimated
101 million US adults with dyslipi-
demia, only about 35.3 million are
receiving lipid therapies, and less than
one third of treated patients are achiev-
ing their risk-stratified lipid goals.7

Consequently, other modifiable mark-
ers for CHD risk, beyond elevated LDL-C
levels, are being examined. Attention is
turning to elevated apolipoprotein B (apo
B) and non–high-density lipoprotein 
cholesterol (non–HDL-C) levels, hyper-
triglyceridemia, low HDL-C levels,
inflammation, metabolic syndrome, and
the contribution of these risk factors to
global cardiometabolic risk (CMR). The
benefits of combination therapy for multi-
factorial cardiovascular risk reduction also
are being examined.1,8

This issue of Updates in Dyslipidemia
is the first of 2 continuing education
newsletters on managing dyslipidemia.

This issue focuses on the emerging 
concept of global CMR, the lipid abnor-
malities and other factors that contribute
to this risk, and strategies for risk assess-
ment. For a case-based discussion of
CMR in a patient with dyslipidemia, see
Case: 68-Year-Old Man With
Dyslipidemia, page 9.9

What Is Cardiometabolic
Risk?

CMR is a constellation of risk 
factors, including hypertension, insulin
resistance, mixed (atherogenic) dyslipi-
demia, abdominal obesity, and physical
inactivity, that increase an individual’s

risk of developing cardiovascular disease
(CVD) and type 2 diabetes (Figure 1).1

Although these risk factors tend to clus-
ter in individuals with CMR, each of
these risk factors can occur in isolation.

Metabolic syndrome is a subset of
CMR characterized by hypertension,
impaired glucose metabolism, lipoprotein
abnormalities (elevated triglycerides
[TGs] and decreased HDL-C), and cen-
tral obesity (see How to Recognize
Metabolic Syndrome, page 3).10 Metabolic
syndrome affects at least 20% to 25% of
the world’s adult population.11 In the
United States, an estimated 76 million
adults aged ≥20 years and 2.9 million
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Figure 2. Residual CVD risk in patients treated with intensive statin therapy. aMean or median LDL-C
after treatment. Cannon CP, et al22; Pedersen TR, et al23; LaRosa JC, et al.24
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Figure 1. Factors contributing to CMR. BP = blood pressure. Brunzell JD, et al.35
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adolescents aged 12 to 19 years have
metabolic syndrome.12

A systematic review and meta-analy-
sis of longitudinal studies concluded that
metabolic syndrome increases the risk of
incident cardiovascular events and death
approximately 2-fold (relative risk [RR],
1.78; 95% confidence interval [CI],
1.58-2.00) and that the risk is higher in
women than in men (RR 2.63 vs 1.98, 
P = .09). Even after adjustment for its com-
ponent risk factors, metabolic syndrome
remains a predictor of cardiovascular
events and death (RR, 1.54; 95% CI,
1.32-1.79).13 The cardiovascular mortality
rate associated with metabolic syndrome
increases as more components of the 
syndrome are present.14 Metabolic syn-
drome, in addition, increases the risk of
developing type 2 diabetes 5-fold.15

Are You Overlooking Residual
CHD Risk After Statins?

LDL has a central role in the initia-
tion and progression of atherosclerosis
and thus is the most important athero-
genic lipoprotein (see Role of LDL in
Atherogenesis, page 5).1,16-19Although
LDL-C is the primary target of dyslipi-
demia management, evidence from several
lipid-lowering trials have indicated that
CHD events occur despite patients hav-
ing on-treatment LDL-C levels within
recommended limits.

A recent analysis of the Get With
The Guidelines database showed that
approximately half of the almost 137,000
patients hospitalized for coronary artery
disease (CAD) had admission LDL-C
levels <100 mg/dL.20 In a meta-analysis
of 14 statin studies that included more
than 90,000 patients, lowering LDL-C
by 39 mg/dL was associated with about a
20% reduction in the 5-year incidence of
major cardiovascular events.21 However,
the 5-year residual risk of vascular events
remained high, with 14% of statin-treated
patients experiencing vascular events

compared with 18% of control subjects,
representing a residual RR of 79% in
statin-treated patients. High-dose statin
therapy has been shown to decrease some
of this residual risk. In the Pravastatin or

Atorvastatin Evaluation and Infection
Therapy–Thrombolysis in Myocardial
Infarction 22 (PROVE IT-TIMI 22),
Incremental Decrease in End Points
Through Aggressive Lipid Lowering

CARDIOMETABOLIC RISK / 3

How to Recognize Metabolic Syndrome
Common criteria for the clinical diagnosis of metabolic syndrome were recently

proposed in a joint statement from the International Diabetes Federation (IDF);

the National Heart, Lung, and Blood Institute (NHLBI); the American Heart

Association (AHA); the World Heart Federation (WHF); the International

Atherosclerosis Society (IAS); and the International Association for the Study of

Obesity (IASO). According to this statement, the clinical diagnosis of metabolic

syndrome is made when ≥3 of 5 risk factor components are present. These

updated recommendations use a single cut point for all components except

waist circumference, for which population- or country-specific cut points are

recommended until more data become available.10

Criteria for the Clinical Diagnosis of Metabolic Syndrome

Measure Cut Points

Elevated waist circumference Population- and country-
specific definitions

Elevated TGs (or drug treatment of 
elevated TGs) ≥150 mg/dL

Reduced HDL-C (or drug treatment <40 mg/dL (men); 
of reduced HDL-C) <50 mg/dL (women)

Elevated blood pressure (or 
antihypertensive treatment in a Systolic ≥130 and/or
patient with a history of hypertension) diastolic ≥85 mm Hg

Elevated fasting glucose (or drug 
treatment of elevated glucose) ≥100 mg/dL

Recommended Waist Circumference Cut Points
Thresholds by Population Men Women

Europid
AHA/NHLBI ≥102 cm (≥40 in) ≥88 cm (≥35 in)
IDF ≥94 cm (≥37 in) ≥80 cm (≥31.5 in)

Non-Europid (IDF Cut Points)
Asian ≥90 cm (≥35.4 in) ≥80 cm (≥31.5 in)
Middle East, Mediterranean ≥94 cm (≥37 in) ≥80 cm (≥31.5 in)
Sub-Saharan African ≥94 cm (≥37 in) ≥80 cm (≥31.5 in)
Ethnic Central and South ≥90 cm (≥35.4 in) ≥80 cm (≥31.5 in)

American

Alberti KG, et al.10



(IDEAL), and Treating to New Targets
(TNT) trials, an intensive LDL-C–lower-
ing strategy (statin therapy at 40-80
mg/d) for secondary prevention of car-
diovascular events showed statistically sig-
nificant reductions in major events
compared with that achieved with a
moderate LDL-C–lowering strategy
(statin therapy at 10-40 mg/d).
Nonetheless, despite intensive statin ther-
apy, a significant 2- to 5-year residual
cardiovascular risk (9%-22%), remained
in these patients (Figure 2).22-24

In patients with type 2 diabetes, the
residual CVD risk seems to be higher.
Data from the Heart Protection Study
(HPS), Cholesterol and Recurrent Events
(CARE), Long-Term Intervention with
Pravastatin in Ischaemic Disease (LIPID),
PROspective Study of Pravastatin in the
Elderly at Risk (PROSPER), Anglo-
Scandinavian Cardiac Outcomes Trial-
Lipid Lowering Arm (ASCOT-LLA), and
TNT statin trials have indicated that
patients with type 2 diabetes have a
residual 5-year cardiovascular risk of 10%
to 33% after statin treatment (Table 1).
This on-treatment residual risk was com-
parable to the risk in patients without

diabetes who were receiving placebo.25-30

Because of the high level of cardiovas-
cular residual risk identified in these statin
trials, there have been increased efforts to
identify other lipid abnormalities that may
impact the incidence of events.

Why Look Beyond LDL-C in
Assessing Risk?

Individuals with type 2 diabetes or

CMR have a type of dyslipidemia, termed
mixed dyslipidemia, that is characterized
by low levels of HDL-C; elevated levels of
TGs and atherogenic apo B-containing
lipoproteins, including very low-density
lipoproteins (VLDLs) and VLDL rem-
nants (VLDLR); and increases in small,
dense LDL (sdLDL).31 Measurement of
LDL-C levels, however, may be normal or
only modestly elevated in these patients.
Given the increased number of athero-
genic LDL and cholesterol-enriched rem-
nant particles, the near normal LDL-C
levels may be misleading. For this reason,
LDL-C is not considered a good predic-
tor of cardiovascular risk in patients with
CMR or diabetes.32 (See LDL-C
Measurement May Not Reflect Atherogenic
Burden in Mixed Dyslipidemia, page 6.)
Insulin resistance is frequently associated
with the abnormal lipid profile of patients
with mixed dyslipidemia.33,34 In addition,
each of the lipid abnormalities are inde-
pendently predictive of CHD risk.35

Low HDL-C: Strong Predictor of
CVD Risk

Large-scale observational and epi-
demiologic studies have demonstrated
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Q1 Q2 Q3 Q4 Q5
(<37) (37 to <42) (42 to <47) (47 to <55) (≥≥55)

Quintile of HDL-Ca (mg/dL)

10
9
8
7
6
5
4
3
2
1
0

No. of events 57 50 34 34 35
No. of patients 473 525 550 569 544

Patients with LDL-C <70 mg/dL (n = 2661) HR (95% CI) vs Q1
Q2 0.85 (0.57-1.25)
Q3 0.57 (0.36-0.88)
Q4 0.55 (0.35-0.86)
Q5 0.61 (0.38-0.97)
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Table 1. Residual CVD Risk After Statin Treatment

Trial Event Rate (No Diabetes) Event Rate (Diabetes)
On Statin On Placebo On Statin On Placebo

HPS25a (CHD patients) 19.8% 25.7% 33.4% 37.8%

CARE26b 19.4% 24.6% 28.7% 36.8%

LIPID27c 11.7% 15.2% 19.2% 22.8%

PROSPER28d 13.1% 16.0% 23.1% 18.4%

ASCOT-LLA29c 4.9% 8.7% 9.6% 11.4%

TNT30e 7.8% 9.7% 13.8% 17.9%

aCHD death, nonfatal MI, stroke, revascularizations; bCHD death, nonfatal MI, CABG, PTCA; cCHD death
and nonfatal MI; dCHD death, nonfatal MI, stroke; eCHD death, nonfatal MI, resuscitated cardiac arrest,
stroke (80-mg vs 10-mg atorvastatin).
CABG = coronary artery bypass grafting; PTCA = percutaneous transluminal coronary angioplasty.
HPS Collaborative Group25; Sacks FM, et al26; LIPID Study Group27; Shepherd J, et al28; Sever PS, et al29;
Shepherd J, et al.30

Figure 3. Low HDL-C predicts CVD risk in patients with LDL-C at target level. aOn-treatment level 
(3 months). Barter P, et al.6 Reproduced with permission of Massachusetts Medical Society © 2007. 
All rights reserved.



that low HDL-C levels are a strong predictor
of cardiovascular events.36 It has been esti-
mated that for every 1% reduction in HDL-C
level, the cardiovascular risk increases by 1%
to 3%.37 The cardiovascular risk with low
HDL-C levels persists even in patients
receiving statin therapy. This was shown in
the HPS and CARE/LIPID studies in which
patients with low HDL-C levels treated with
statins had an approximately 35% higher
rate of CVD events than patients with high
HDL-C levels treated with statins.38,39

Controlling LDL-C levels with intensive
statin therapy does not reduce the height-
ened risk of CHD conferred by low HDL-C.
In the TNT study, patients with LDL-C levels
<70 mg/dL who received high-dose statin
therapy had a significantly increased 5-year
risk of CHD events directly related to HDL-C
levels (Figure 3). Patients in the highest
HDL-C quintile (Q5 ≥55 mg/dL) had a sig-
nificantly lower risk of major cardiovascular
events than patients in the lowest HDL-C
quintile (Q1 <37 mg/dL; P = .03).6 Despite
the increased cardiovascular risk associated
with low HDL-C levels, therapeutic inter-
ventions to increase plasma levels of HDL-C
have not been shown to improve cardiovas-
cular outcomes.40

Estimates from the National Health and
Nutrition Examination Survey (NHANES)
III indicate that greater than one third of the
US adult population has low HDL-C.41

Elevated TG: Independent Predictor of
CHD Risk

The association between elevated TG
levels and CHD risk was demonstrated in a
recent meta-analysis of 29 prospective studies
involving approximately 263,000 individuals.
The study results revealed an adjusted odds
ratio of 1.72 (95% CI, 1.56-1.90) for inci-
dent CHD cases in individuals in the highest
third of TG values compared with those in
the lowest third of TG values.42 The
Prospective Cardiovascular Münster 
(PROCAM) study provided additional evi-
dence for elevated TG as an independent
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Role of LDL in Atherogenesis
Lipoproteins transport lipids and lipid-soluble substances,

such as cholesterol, through the blood. Lipoproteins are com-

posed of an outer membrane consisting of phospholipids,

unesterified cholesterol, and various surface apolipoproteins

and an inner core consisting of cholesteryl ester, TG, and other

neutral lipids.18 Lipoproteins vary with respect to their density,

particle size, surface apolipoproteins, and TG and cholesterol

content.19 They are classified according to their particle density

as very low-density, low-density, intermediate-density, or high-

density. Apo AI and apo B are structural proteins for HDL and

the VLDL spectrum (VLDL-LDL), respectively. The suffix “-C” is

added to the lipoprotein acronym when referring to the choles-

terol component of the lipoproteins. Non–HDL-C is a measure

of the TC carried by VLDL, IDL, LDL, and sdLDL particles and

is calculated as TC minus HDL-C. VLDL and IDL are the main

carriers of TGs.

A reduction in the TG content of VLDLs can occur in the

circulation by the hydrolytic action of lipoprotein lipase to

form VLDLRs and IDLs. IDLs can be cleared from the 

circulation by hepatic LDL receptors or converted to LDLs by

further depletion of TGs through the action of hepatic lipases.

LDLs can, in turn, exchange core lipids with VLDLs to

become TG rich and undergo lypolysis, resulting in sdLDLs.

All of the LDLs (VLDL, VLDLR, IDL, LDL, and sdLDL) are

atherogenic, as they migrate into the intima of vessels and

initiate the cascade of events resulting in progression of 

atherosclerotic lesions.1 However, sdLDLs are particularly

atherogenic because they can more easily penetrate vessel

walls (due to their small size), are more easily oxidized and

glycated, and are more able to bind to proteoglycans in the

vessel wall.1 In a hypertriglyceridemic state (including meta-

bolic syndrome or type 2 diabetes), plasma VLDL levels

increase due to increased hepatic production and decreased

clearance. This shifts the LDL particle distribution, resulting

in higher levels of VLDLR, IDL, and sdLDL.1,16,17



predictor of CHD risk, regardless of
HDL-C or LDL-C levels. This study 
followed middle-aged men with no 
history of myocardial infarction (MI) for
8 years. During this period, there was a
6-fold increased CHD risk in men whose
TG levels were >200 mg/dL with an
LDL-C to HDL-C ratio of >5.0.43

Elevated TG and LDL-C: Potent
Combination for CVD Risk

The combination of elevated TG
and LDL-C levels is believed to pose a
greater cardiovascular risk than elevated
LDL-C alone. This is supported by data
from the PROVE IT-TIMI 22 trial that
evaluated a combination of LDL-C and
TG levels on CVD risk in patients with
acute coronary syndrome (ACS). The
combination of on-treatment elevated
TGs and LDL-C (≥150 mg/dL and ≥70
mg/dL, respectively) was associated with
the highest risk of death, MI, and recur-
rent ACS (17.9%). In comparison, the
most favorable prognosis (death, MI, or
recurrent ACS event rate of 11.7%) was
observed in patients who had the lowest
on-treatment TG and LDL-C levels
(<150 mg/dL and <70 mg/dL, respectively)

(hazard ratio [HR], 0.72; 95% CI, 0.54-
0.94; P = .017).44 Nonetheless, there are
no outcomes data demonstrating that
lowering elevated TGs improves cardio-
vascular risk beyond LDL-C goal attain-
ment with statins.

Non–HDL-C: Predictor of
Atherogenic Burden

Non–HDL-C is a better estimate of
the total atherogenic burden than LDL-C.
Non–HDL-C (TC minus HDL-C) is the
sum of the concentration of cholesterol

within all lipoprotein particles considered
to contribute to atherogenesis—the 
apo B-containing lipoproteins (LDL,
sdLDL, VLDL, VLDLR, intermediate-
density lipoprotein [IDL], and lipopro-
tein(a)).16 Apo B can be measured
directly from nonfasting blood samples,
but the assay is not widely available.
Thus, measurement of non–HDL-C is
accepted as a surrogate marker for apo B
in routine clinical practice.19,45

Non–HDL-C has several practical advan-
tages, including the ability to be assessed
in patients with TG levels >400 mg/dL
and patients who are not fasting.

Several studies have shown that
non–HDL-C is a stronger predictor of
CHD risk than LDL-C.46-48Analyses of
data from the Framingham Heart Study
(N = 5794) indicated that in individuals
free of CHD at baseline, within all
non–HDL-C levels (<160, 160-189, and
≥190 mg/dL), no association between
LDL-C and incident CHD risk was
found, but within every level of LDL-C,
a strong, positive, graded association
between non–HDL-C and CHD risk
was seen (Figure 4). The risk pattern did
not change regardless of whether TG 
levels were <200 or ≥200 mg/dL.46

In patients with diabetes, non–HDL-C
may be a stronger predictor of CVD than
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LDL-C Measurement May Not Reflect 
Atherogenic Burden in Mixed Dyslipidemia
Lipoproteins are the atherogenic culprits that interact with the arterial wall and

set in motion the cascade of events that leads to atherosclerosis.

Measurements of cholesterol levels are indirect estimates of the lipoproteins

that transport cholesterol in plasma. However, the cholesterol content of LDL

particles varies from person to person and is influenced by metabolic abnormal-

ities such as insulin resistance and hyperglycemia. Hence, measurement of

LDL-C may not accurately reflect the true burden of atherogenic LDL particles,

especially in patients with mixed dyslipidemia who have elevated levels of 

apo B-containing lipoproteins. For this reason, measurement of serum apo B is

a better approximation of the total atherogenic burden in patients with CMR.1

Figure 4. Value of non–HDL-C in predicting CHD risk. aReferent for comparison. Liu J, et al.46



LDL-C or TG. Among patients with 
diabetes in the Strong Heart Study, having
a non–HDL-C level in the highest tertile
(>161 mg/dL) compared with the lowest
tertile (<127 mg/dL) carried a higher risk
for MI (HR, 3.17) than having the high-
est tertile level compared with the lowest

tertile level of LDL-C (>115 mg/dL 
vs <91 mg/dL; HR, 1.96) or TG 
(>175 mg/dL vs <111 mg/dL; HR, 2.04).47

Apo B and LDL-P: Other Markers
of CVD Risk

Recent studies also suggest that apo B

and LDL particles (LDL-P) are equal or
better indices of CVD risk than
non–HDL-C—and clearly better than
LDL-C—and may be more reliable
indices of on-treatment residual CVD
risk.1 Using data from the TNT and
IDEAL trials, Kastelein and colleagues
compared apo B, LDL-C, and
non–HDL-C as markers of cardiovascu-
lar risk in patients receiving statin thera-
py. On-treatment levels of non–HDL-C
and apo B were more closely associated
with cardiovascular outcome than LDL-C
levels.49 In pair-wise comparisons, the
positive relationship between LDL-C and
major cardiovascular events was lost,
whereas non–HDL-C and apo B retained
a positive association with the occurrence
of major cardiovascular events (Table 2).

In a study of the Framingham
Offspring cohort, LDL-P was shown to
be a more sensitive indicator of low
CVD risk than LDL-C or non–HDL-C,
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Table 2. On-Treatment LDL-C, Non–HDL-C, and Apo B Levels as Predictors
of Cardiovascular Outcome: IDEAL, TNT

Single-Measure Comparisons HR 95% CI P Value

LDL-C 0.90 0.82-0.99 .04

Non–HDL-C 1.31 1.19-1.44 .001

LDL-C 0.95 0.87-1.05 .33

Apo B 1.24 1.13-1.36 .001

Non–HDL-C 1.14 1.00-1.30 .06

Apo B 1.05 0.92-1.20 .47

Kastelein JJ, et al.49

Table 3. Lipoproteins and CMR: Key Clinical Practice Points

Lipoprotein  

VLDL

IDL

LDL

sdLDL

HDL

Key Points

• All the lower density lipoproteins are athero-
genic

• Non–HDL comprises all lipoproteins contain-
ing apo B

• In hypertriglyceridemia, VLDL levels increase,
resulting in increased LDL and IDL levels

• Insulin resistance and hyperglycemia affect
the cholesterol content of LDL; thus, in
patients with CMR, serum apo B indicates
total atherogenic burden better than LDL-C

• An apo B assay is not widely available;
non–HDL-C is a surrogate marker for apo B
in clinical practice

• HDL levels are inversely correlated with CHD
risk

• Low HDL-C levels often reflect presence of
other atherogenic factors

Brunzell JD, et al1; Grundy SM, et al4; NCEP Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
III [ATPIII]).19

Lipid Treatment Goals (mg/dL) in Patients With CMR 

Highest Risk High Risk
• Known CVD; or • No CVD or diabetes but ≥2
• Diabetes plus ≥1 major major CVD risk factors; or

CVD risk factor • Diabetes but no other 
major CVD risk factor

Non–HDL-C: <100 Non–HDL-C: <130
(Note: Non–HDL-C goal should be 30 mg/dL higher than LDL-C
goal)

Apo B: <80 Apo B: <90

LDL-C: <70 LDL-C: <100

HDL-C
No specific treatment goals have been identified
Cut point HDL-C values in patients with the metabolic syndrome are:
• 40 (in men) • 50 (in women)
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suggesting a potential clinical role for
LDL-P as a goal of LDL management.
In this study, subjects with a low level 
of LDL-P (<25th percentile) had a
lower CVD event rate (59 events/1000
person-years) than those with an 
equivalently low level of LDL-C or
non–HDL-C (81 and 74 events/1000
person-years, respectively).50 LDL-P can
be measured directly using nuclear mag-
netic resonance; however, the technique
is not widely available, is relatively
expensive, and its accuracy needs to be
established. Moreover, the consistent
CVD predictive power of LDL-P across
various ethnicities, ages, and conditions
that affect lipid metabolism has not
been confirmed.1

A recent population-based, observa-
tional study has identified another mea-
sure for predicting cardiovascular risk. In
the INTERHEART study, apolipopro-
tein and cholesterol ratios were compared
as indices of risk for acute MI in 12,461
case patients and 14,637 sex- and age-
matched controls in 52 countries. Study
results showed that the nonfasting 
apo B/apo AI ratio was a better marker of
acute MI risk than the TC/HDL-C ratio,
the non–HDL-C/HDL-C ratio, and the
LDL-C/HDL-C ratio. The better predictive

value of the apo B/apo AI ratio was
maintained across all ethnic groups in
both sexes and at all ages.51

What Do Guidelines
Recommend for Treating
Beyond LDL-C?

To continue reducing the risk of car-
diovascular events after optimal LDL-C
lowering, additional lipoprotein abnor-
malities need to be addressed in patients
with CMR. Because many patients with
elevated TGs and low HDL-C have ele-
vated levels of apo B, non–HDL-C serves
as a better, cost-efficient surrogate of
residual risk than LDL-C. Consequently,
the National Cholesterol Education
Program recommends non–HDL-C as a
secondary target of therapy (after LDL-C)
if the TG level is ≥200 mg/dL.4 The
non–HDL-C goal is 30 mg/dL higher
than the LDL-C goal.

In a paradigm shift in lipid manage-
ment, the 2008 American Diabetes
Association (ADA)/American College of
Cardiology (ACC) Foundation
Consensus Statement on lipoprotein
management in patients with CMR not
only endorses the non–HDL-C target
goal, but adds apo B target levels to the
recommended lipid treatment goals.1

Although it still recommends measuring
and using LDL-C to guide therapy, the
ADA/ACC consensus panel notes that
routine calculation and use of
non–HDL-C constitute a better index
than LDL-C for identifying high-risk
patients.1 This is especially important in
patients with diabetes, in whom LDL-C
levels may not be significantly elevated.
In the presence of the elevated TG 
levels that usually accompany diabetes,
non–HDL-C is particularly athero-
genic.19,52 Lipid treatment goals for
patients with CMR and key clinical 
practice points are summarized in 
Table 3.1,4,19

The ADA/ACC also emphasizes the
importance of assessing the presence and
severity of major prognostic factors other
than lipoprotein abnormalities that may
contribute to the global risk of first or
recurrent CVD events.1 Risk factors
including high blood pressure, smoking,
hyperglycemia, obesity, adverse dietary
habits, and physical inactivity are modifi-
able, most with lifestyle changes, and ther-
apeutic interventions should be considered
to reduce the risk associated with each of
these risk factors. Risk factors such as age,
gender, ethnicity, and family history are
nonmodifiable, but their contribution to
global cardiovascular risk should not be
overlooked in risk assessment.1

The current approach to lipid man-
agement recognizes that while statin
monotherapy is standard of care for
high-risk patients, it often is not suffi-
cient. In individuals with persistent low
HDL-C or high non–HDL-C levels
despite statin therapy, especially if apo B
levels remain elevated, combination ther-
apy (eg, with a statin and niacin or a
fibrate) is recommended.1 This recogni-
tion is driving investigations of com-
bined agents.53-57 The effects of major
drug classes on lipid levels are summa-
rized in Table 4.19
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Table 4. Effects of Major Drug Classes on Lipid Levels

Drug Class LDL-C Effects HDL-C Effects TG Effects

Statins (HMG-CoA ↓ 18%-55% ↑ 5%-15% ↓ 7%-30%
reductase inhibitors)

Bile acid sequestrants ↓ 15%-30% ↑ 3%-5% None or increase

Niacin (nicotinic acid) ↓ 5%-25% ↑ 15%-35% ↓ 20%-50%

Fibrates (fibric acid ↓ 5%-20% ↑ 10%-35% ↓ 20%-50%
derivatives)

HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A.
NCEP Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III [ATPIII]).19



Medical History
• CAD

• Acute inferior wall MI (July 1995), with

percutaneous transluminal coronary

angioplasty (PTCA) to distal right coro-

nary artery (RCA)

• PTCA with stenting of mid-RCA (August

2006)

• Hypertension of 10 years’ duration 

• Mild aortic stenosis on echocardiogram,

with aortic valve area 1.4 cm2

(September 2006)

• Peripheral vascular disease (PVD); right

carotid endarterectomy (October 2009)

• Obstructive sleep apnea (treated with

continuous positive airway pressure)

• Renal stones

Physical Findings
• Weight: 212 lb; height: 5 ft 7 in; body

mass index (BMI): 33.2 kg/m2; waist cir-

cumference: 43 in

• Blood pressure: 142/86 mm Hg (right

arm, sitting)

• Pulse: 82 beats/min, regular; respirations:

18 breaths/min; afebrile

• Neck: no carotid bruits, carotid pulsa-

tions 2+

• Lungs: clear to auscultation

• Heart: regular rate and rhythm; S1 and S2;

no S3 or S4; grade 3/6 systolic murmur at

right sternal border

• Abdomen: Nontender, nondistended, no

masses

• Extremities: distal pulses, 2+; mild bilat-

eral lower-extremity edema

Laboratory Findings
• TC: 177 mg/dL

• TG: 248 mg/dL

• HDL-C: 36 mg/dL

• LDL-C: 91 mg/dL

• Non–HDL-C: 141 mg/dL

• Aspartate aminotransferase: 20 U/L

• Alanine aminotransferase: 36 U/L

• Glucose: 99 mg/dL

Current Medications
• Aspirin: 81 mg daily

• Clopidogrel: 75 mg daily

• Metoprolol tartrate: 25 mg twice a day

• Lisinopril: 20 mg daily

• Simvastatin: 40 mg daily

• Fish oil supplement: eicosapentaenoic

acid (EPA)/docosahexaenoic acid (DHA)

1 g daily

What is this patient’s CMR level? Why?

What would you do next? For an expert

opinion, read the Case Commentary below by

Peter H. Jones, MD, and John G. McGinnity,

MS, PA-C, DFAAPA.

CASE Commentary
PJ: This man has established CHD as
well as metabolic syndrome (meeting 4
of 5 criteria: elevated BP, elevated waist
circumference, low HDL-C, and high
TG). This combination places him at
very high risk for a recurrent event. As a
result, he has a “reasonable” LDL-C goal
of <70 mg/dL and a non–HDL-C goal
of <100 mg/dL. Obtaining an apo B
measurement may help us decide how
intensively to modify his lipid therapy.
His apo B level should be <80 mg/dL.

Lifestyle change, including weight
reduction and exercise, is very important
to prevent progression to diabetes as well
as to reduce his BP and TG levels and
increase his HDL-C level. However, it is
unlikely that these lifestyle changes alone
can achieve his lipid goals.

One potential therapeutic choice
would be to add an intestinally-acting
drug (eg, colesevelam or ezetimibe),
which can reduce LDL-C by 15% to
20% (putting him near his LDL-C goal),
but these agents will not change his
HDL-C level. Niacin at a dose of at least
1000 mg/d should be strongly considered
because it is the best drug for raising
HDL-C and can further reduce LDL-C,
non–HDL-C, and apo B levels. While
the omega 3 fatty acids at 1 g/d should
be continued, a case could be made for
increasing the dosage to 4 g/d. 
JM: I agree with Dr Jones. This patient is
at very high risk for an adverse cardiac
event. I would have a long talk with the
patient about each of the factors that
increase his CMR. He has established
CHD and PVD. His BP is not at goal,
and he meets the criteria for metabolic
syndrome. His LDL-C level, despite 

CARDIOMETABOLIC RISK / 9

CASE: 68-Year-Old 
Man With Dyslipidemia

A 68-year-old man with dyslipi-

demia presents for a routine

office visit to his primary care

clinician. He has no anginal

symptoms or other complaints. He denies any shortness of breath or dys-

pnea on exertion, palpitations, lightheadedness, syncope, or symptoms

consistent with paroxysmal nocturnal dyspnea. He currently does not

follow a daily exercise program and is a nonsmoker.



simvastatin therapy, is still too high for
someone at his risk level. His target
LDL-C goal should be <70 mg/dL, the
level recommended for patients in the
highest CMR category. His non–HDL-C
level too is more than 40 mg/dL above
the recommended target.

I would urge the patient to start a
heart healthy diet and a daily exercise
program of walking or other appropri-
ate activities. I also agree with Dr Jones
that niacin would be an excellent choice
for addressing this patient’s residual
dyslipidemia risks. Niacin could benefit
him by raising his HDL-C level and
lowering both his TG and LDL-C 
levels. However, many patients will
experience flushing/hot flashes with this
medication. Titrating the dose slowly
and recommending that the patient
take the niacin at bedtime, shortly after
taking his aspirin and after eating a
snack, can sometimes lessen this side
effect. An intestinally-acting drug (eg,
colesevelam or ezetimibe) would be a
possible choice for improving his 
LDL-C, but the lack of hard outcomes
data on reducing cardiac events would
make this choice less attractive.

Fibrates also could be added to this
patient’s current statin regimen to lower
his TGs. I would not use gemfibrozil in
combination with a statin because of
the significantly increased risk of rhab-
domyolysis. The risk of rhabdomyolysis
is much lower with fenofibrate or
fenofibric acid. If a fibrate is added,
increasing the statin dose or changing
to a more potent statin also may be 
considered to help achieve an LDL-C
level <70 mg/dL.

Increasing the fish oil supplement
dosage from 1 g daily to 3 to 4 g daily
will improve the patient’s TGs. Fish oil at
a dose of 1 g daily has been shown to
lower the risk of sudden cardiac death,9

but higher doses are needed to lower 
TG levels.

References
1. Brunzell JD, Davidson M, Furberg CD, 

et al; American Diabetes Association;
American College of Cardiology
Foundation. Lipoprotein management in
patients with cardiometabolic risk: consen-
sus statement from the American Diabetes
Association and the American College of
Cardiology Foundation. Diabetes Care.
2008;31:811-822.

2. Lloyd-Jones D, Adams R, Carnethon M, et
al; American Heart Association Statistics
Committee and Stroke Statistics
Subcommittee. Heart disease and stroke
statistics—2009 update: a report from the
American Heart Association Statistics
Committee and Stroke Statistics
Subcommittee. Circulation. 2009;119:e21-
e181.

3. Centers for Disease Control and Prevention
(CDC). State-specific cholesterol screening
trends—United States, 1991-1999. MMWR
Morb Mortal Wkly Rep. 2000;49:750-755.

4. Grundy SM, Cleeman JI, Merz CN, et al;
National Heart, Lung, and Blood Institute;
American College of Cardiology
Foundation; American Heart Association.
Implications of recent clinical trials for the
National Cholesterol Education Program
Adult Treatment Panel III guidelines.
Circulation. 2004;110:227-239.

5. Ford ES, Ajani UA, Croft JB, et al.
Explaining the decrease in US deaths from

coronary disease, 1980-2000. N Engl J Med.
2007;356:2388-2398.

6. Barter P, Gotto AM, LaRosa JC, et al. HDL
cholesterol, very low levels of LDL choles-
terol, and cardiovascular events. N Engl J
Med. 2007;357:1301-1310.

7. Ghandehari H, Kamal-Bahl S, Wong ND.
Prevalence and extent of dyslipidemia and
recommended lipid levels in US adults with
and without cardiovascular comorbidities:
the National Health and Nutrition
Examination Survey 2003-2004. Am Heart
J. 2008;156:112-119.

8. Alsheikh-Ali AA, Lin JL, Abourjaily P, et al.
Prevalence of low high-density lipoprotein
cholesterol in patients with documented
coronary heart disease or risk equivalent
and controlled low-density lipoprotein cho-
lesterol. Am J Cardiol. 2007;100:1499-
1501.

9. Marchioli R, Barzi F, Bomba E, et al;
GISSI-Prevenzione Investigators. Early 
protection against sudden death by n-3
polyunsaturated fatty acids after myocardial
infarction: time-course analysis of the
results of the Gruppo Italiano per lo Studio
della Sopravvivenza nell’Infarto Miocardico
(GISSI)-Prevenzione. Circulation.
2002;105:1897-1903.

10. Alberti KG, Eckel RH, Grundy SM, et al;
International Diabetes Federation Task
Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute;

UPDATES IN DYSLIPIDEMIA / 10

PCE Takeaways
• Risk factors for CVD and type 2 diabetes often cluster and increase global

CMR; a multifactorial approach to risk assessment, prevention, and 

treatment is needed.

• Intensive therapy for all components of abnormal lipid metabolism that

occur in people with CMR (increased TG, LDL-C, non–HDL-C; decreased

HDL-C levels) is recommended.

• Target levels for non–HDL-C and apo B have been added to LDL-C 

treatment goals for patients with CMR.

• Combination therapy is recommended for patients receiving statin therapy

who continue to have low HDL-C and high non–HDL-C levels.

• Niacin or fibrates may be used with statins to achieve these lipid goals.



American Heart Association; World Heart
Federation; International Atherosclerosis
Society; International Association for the
Study of Obesity. Harmonizing the meta-
bolic syndrome: a joint interim statement of
the International Diabetes Federation Task
Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute;
American Heart Association; World Heart
Federation; International Atherosclerosis
Society; and International Association for
the Study of Obesity. Circulation.
2009;120:1640-1645.

11. International Diabetes Federation. The IDF
consensus worldwide definition of the
metabolic syndrome.
http://www.idf.org/webdata/docs/IDF_Met
a_def_final.pdf. Published 2006. Accessed
February 10, 2010.

12. American Heart Association Metabolic
Syndrome Statistical Fact Sheet 2009
Update. Available at: 
http://www.americanheart.org/downloadable/
heart/1236355725579METABOLIC.pdf.
Accessed November 2009.

13. Gami AS, Witt BJ, Howard DE, et al.
Metabolic syndrome and risk of incident
cardiovascular events and death: a systemat-
ic review and meta-analysis of longitudinal
studies. J Am Coll Cardiol. 2007;49:403-
414.

14. Hu G, Qiao Q, Tuomilehto J, et al;
DECODE Study Group. Prevalence of the
metabolic syndrome and its relation to 
all-cause and cardiovascular mortality in
nondiabetic European men and women.
Arch Intern Med. 2004;164:1066-1076.

15. Stern M, Williams K, Gonzalez-Villalpando
C, et al. Does the metabolic syndrome
improve identification of individuals at risk
of type 2 diabetes and/or cardiovascular dis-
ease? Diabetes Care. 2004;27:2676-2681.

16. Peters AL. Clinical relevance of non-HDL
cholesterol in patients with diabetes. Clin
Diab. 2008;26:3-7.

17. Bays HE. Extended-release niacin/lovas-
tatin: the first combination product for dys-
lipidemia. Expert Rev Cardiovasc Ther.
2004;2:485-501.

18. Marcovina S, Packard CJ. Measurement
and meaning of apolipoprotein AI and
apolipoprotein B plasma levels. J Intern
Med. 2006;259:437-446.

19. National Cholesterol Education Program
(NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood

Cholesterol in Adults (Adult Treatment
Panel III [ATPIII]). Third Report of the
National Cholesterol Education Program
(NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment
Panel III) final report. Circulation.
2002;106:3143-3421.

20. Sachdeva A, Cannon CP, Deedwania PC, et
al. Lipid levels in patients hospitalized with
coronary artery disease: an analysis of
136,905 hospitalizations in Get With The
Guidelines. Am Heart J. 2009;157:111-117.

21. Baigent C, Keech A, Kearney PM,
Blackwell L, Buck G, Pollicino C, et al;
Cholesterol Treatment Trialists’ (CTT)
Collaborators. Efficacy and safety of choles-
terol-lowering treatment: prospective meta-
analysis of data from 90 056 participants in
14 randomised trials of statins. Lancet.
2005;366:1267-1278.

22. Cannon CP, Braunwald E, McCabe CH, et
al; Pravastatin or Atorvastatin Evaluation
and Infection Therapy-Thrombolysis in
Myocardial Infarction 22 Investigators.
Intensive versus moderate lipid lowering
with statins after acute coronary syndromes.
N Engl J Med. 2004;350:1495-1504.

23. Pedersen TR, Faergeman O, Kastelein JJP,
et al; Incremental Decrease in End Points
Through Aggressive Lipid Lowering
(IDEAL) Study Group. High-dose atorvas-
tatin vs usual-dose simvastatin for secondary
prevention after myocardial infarction. The
IDEAL Study: a randomized controlled
trial. JAMA. 2005;294:2437-2445.

24. LaRosa JC, Grundy SM, Waters DD, et al;
Treating to New Targets (TNT)
Investigators. Intensive lipid lowering with
atorvastatin in patients with stable coronary
disease. N Engl J Med. 2005;352:1425-
1435.

25. Heart Protection Study Collaborative
Group. MRC/BHF Heart Protection Study
of cholesterol-lowering with simvastatin in
5963 people with diabetes: a randomised
placebo-controlled trial. Lancet.
2003;361:2005-2016.

26. Sacks FM, Pfeffer MA, Moye LA, et al;
Cholesterol and Recurrent Events Trial
Investigators. The effect of pravastatin on
coronary events after myocardial infarction
in patients with average cholesterol levels. N
Engl J Med. 1996;335:1001-1009.

27. The Long-Term Intervention with
Pravastatin in Ischaemic Disease (LIPID)

Study Group. Prevention of cardiovascular
events and death with pravastatin in
patients with coronary heart disease and 
a broad range of initial cholesterol levels. 
N Engl J Med. 1998;339:1349-1357.

28. Shepherd J, Blauw GJ, Murphy MB, et al;
PROspective Study of Pravastatin in the
Elderly at Risk Study Group. Pravastatin in
elderly individuals at risk of vascular disease
(PROSPER): a randomised controlled trial.
Lancet. 2002;360:1623-1630.

29. Sever PS, Dahlöf B, Poulter NR, et al;
ASCOT Investigators. Prevention of coro-
nary and stroke events with atorvastatin in
hypertensive patients who have average or
lower-than-average cholesterol concentra-
tions, in the Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid Lowering Arm
(ASCOT-LLA): a multicentre randomised
controlled trial. Lancet. 2003;361:1149-
1158.

30. Shepherd J, Barter P, Carmena R, et al.
Effect of lowering LDL cholesterol substan-
tially below currently recommended levels in
patients with coronary heart disease and dia-
betes: the Treating to New Targets (TNT)
study. Diabetes Care. 2006;29:1220-1226.

31. Miller M. Dyslipidemia and cardiovascular
risk: the importance of early prevention. 
Q J Med. 2009;102:657-667.

32. Sniderman AD, St-Pierre AC, Cantin B,
Dagenais GR, Despre´s JP, Lamarche B.
Concordance/discordance between plasma
apolipoprotein B levels and the cholesterol
indexes of atherosclerotic risk. Am J Cardiol.
2003;91:1173-1177.

33. Sattar N, Williams K, Sniderman AD, et al.
Comparison of the associations of
apolipoprotein B and non-high-density
lipoprotein cholesterol with other cardiovas-
cular risk factors in patients with metabolic
syndrome. Circulation. 2004;110:2687-
2693.

34. Sierra-Johnson J, Somers VK, Kuniyoshi
FH, et al. Comparison of apolipoprotein B-
apolipoprotein-AI in subjects with versus
without the metabolic syndrome. Am J
Cardiol. 2006;98:1369-1373.

35. Brunzell JD, Ayyobi AF. Dyslipidemia in
the metabolic syndrome and type 2 diabetes
mellitus. Am J Med. 2003;115(suppl
8A):24S-28S.

36. Chapman MJ. Therapeutic elevation of
HDL-cholesterol to prevent atherosclerosis
and coronary heart disease. Pharmacol Ther.
2006;111:893-908.

CARDIOMETABOLIC RISK / 11



37. Birjmohun RS, Hutten BA, Kastelein JJ,
Stroes ES. Efficacy and safety of high-density
lipoprotein cholesterol-increasing com-
pounds: a meta-analysis of randomized 
controlled trials. J Am Coll Cardiol.
2005;45:185-197.

38. Heart Protection Study Collaborative
Group. MRC/BHF Heart Protection Study
of cholesterol lowering with simvastatin in
20 536 high-risk individuals: a randomized
placebo-controlled trial. Lancet. 2002;360:
7-22.

39. Sacks FM, Tonkin AM, Shepherd J, et al.
Effect of pravastatin on coronary disease
events in subgroups defined by coronary
risk factors: the Prospective Pravastatin
Pooling Project. Circulation. 2000;102:
1893-1900.

40. Briel M, Ferreira-Gonzalez I, You JJ, et al.
Association between change in high density
lipoprotein cholesterol and cardiovascular
disease morbidity and mortality: systematic
review and meta-regression analysis. Br Med J.
2009;338:b92.

41. Ford ES, Giles WH, Dietz WH. Prevalence
of the metabolic syndrome among US
adults: findings from the third National
Health and Nutrition Examination Survey.
JAMA. 2002;287:356-359.

42. Sarwar N, Danesh J, Eiriksdottir G, et al.
Triglycerides and the risk of coronary heart
disease: 10,158 incident cases among
262,525 participants in 29 western prospec-
tive studies. Circulation. 2007;115:450-458.

43. Assmann G, Schulte H, von Eckardstein A.
Hypertriglyceridemia and elevated lipopro-
tein(a) are risk factors for major coronary
events in middle-aged men. Am J Cardiol.
1996;77:1179-1184.

44. Miller M, Cannon CP, Murphy SA, et al.
PROVE-IT TIMI 22 Investigators. Impact
of triglyceride levels beyond low-density
lipoprotein cholesterol after acute coronary
syndrome in the PROVE-IT TIMI 22 trial.
J Am Coll Cardiol. 2008;51:724-730.

45. Grundy SM. Low-density lipoprotein,
non–high-density lipoprotein, and
apolipoprotein B as targets of lipid-lowering
therapy. Circulation. 2002;106:2526-2529.

46. Liu J, Sempos CT, Donahue RP, et al. Non-
high-density lipoprotein and very-low den-
sity lipoprotein cholesterol and their risk
predictive values in coronary heart disease.
Am J Cardiol. 2006;98:1363-1368.

47. Lu W, Resnick HE, Jablonski KA, et al.
Non-HDL cholesterol as a predictor of car-
diovascular disease in type 2 diabetes: the
Strong Heart Study. Diabetes Care.
2003;26:16-23.

48. Pischon T, Girman CJ, Sacks FM, Rifai N,
Stampfer MJ, Rimm EB: Non-high density
lipoprotein cholesterol and apolipoprotein
B in the prediction of coronary heart dis-
ease in men. Circulation. 2005;112:3375-
3383.

49. Kastelein JJ, van der Steeg WA, Holme I, et
al; TNT Study Group; IDEAL Study
Group. Lipids, apolipoproteins, and their
ratios in relation to cardiovascular events
with statin treatment. Circulation.
2008;117:3002-3009.

50. Cromwell WC, Otvos JD, Keyes MJ, et al.
LDL particle number and risk of future car-
diovascular disease in the Framingham
Offspring Study—Implications for LDL
management. J Clin Lipidol. 2007;1:583-592.

51. McQueen MJ, Hawken S, Wang X, et al;
INTERHEART study investigators. Lipids,
lipoproteins, and apolipoproteins as risk

markers of myocardial infarction in 52 coun-
tries (the INTERHEART study): a case-con-
trol study. Lancet. 2008;372:224-2233.

52. Chapman MJ, Caslake M. Non-high-density
lipoprotein cholesterol as a risk factor:
addressing risk associated with apolipopro-
tein B-containing lipoproteins. Eur Heart J
Supplements. 2004;6(suppl A):A43-A48.

53. Ballantyne CM, Davidson MH, McKenney
J, et al. Comparison of the safety and efficacy
of a combination tablet of niacin extended
release and simvastatin vs simvastatin
monotherapy in patients with increased
non-HDL cholesterol (from the SEA-
COAST I study). Am J Cardiol.
2008;101:1428-1436.

54. Superko HR, Garrett BC, King SB 3rd, et
al. Effect of combination nicotinic acid and
gemfibrozil treatment on intermediate den-
sity lipoprotein, and subclasses of low densi-
ty lipoprotein and high density lipoprotein
in patients with combined hyperlipidemia.
Am J Cardiol. 2009;103:387-392.

55. Goldberg AC, Bays HE, Ballantyne CM, et
al. Efficacy and safety of ABT-335 (fenofib-
ric acid) in combination with atorvastatin
in patients with mixed dyslipidemia. Am J
Cardiol. 2009;103:515-522.

56. Mohiuddin SM, Pepine CJ, Kelly MT, et al.
Efficacy and safety of ABT-335 (fenofibric
acid) in combination with simvastatin in
patients with mixed dyslipidemia: a phase 3,
randomized, controlled study. Am Heart J.
2009;157:195-203.

57. Jones PH, Davidson MH, Kashyap ML, et
al. Efficacy and safety of ABT-335 (fenofib-
ric acid) in combination with rosuvastatin
in patients with mixed dyslipidemia: a
phase 3 study. Atherosclerosis.
2009;204:208-215.

UPDATES IN DYSLIPIDEMIA / 12


