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ISSUES IN DIABETES

As the leading cause of death among type 2 diabetic patients,
coronary heart disease is prevalent in women and younger patients. 

BY HENRY N. GINSBERG, MD; YUAN LI ZHANG, MD; AND ANTONIO HERNANDEZ ONO, MD

T
ype 2 diabetes is associated with a three- to four-

fold increase in coronary heart disease (CHD)

risk,1,2 which is particularly evident in younger

age groups and women. Diabetic women lose

much of the CHD protection seen in nondiabetic women.

Type 2 diabetic patients have a 50% greater in-hospital

mortality and a twofold increased rate of death within 2

years of surviving a myocardial infarction. CHD is the lead-

ing cause of death among type 2 diabetic patients.

Much of the increased disease is associated with well-

characterized risk factors for CHD like lipids and lipopro-

tein abnormalities.3,4 The combination of elevated trigly-

cerides (TG), low HDL cholesterol and relatively normal

LDL cholesterol carried in small, dense, cholesterol-poor

LDL particles, has been called diabetic dyslipidemia.

Significant evidence supports a key role for insulin resist-

ance in the development of this condition.5 Nondiabetic

insulin resistant patients have lipid profiles nearly identical

to those seen in the majority of type 2 diabetic patients. In

this review, we look at the role of insulin resistance in the

regulation of TG.

LIPOPROTEIN COMPOSITION

Lipoproteins are macromolecular complexes carrying

lipids and proteins in plasma.6 Lipoprotein particles vary in

composition, size, density and function (Table 1). Lipids are

mainly free and esterified cholesterol, TG and phospho-

lipids. Hydrophobic TG and cholesteryl esters comprise the

core of lipoproteins, while a unilamellar surface containing

mainly amphipathic phospholipids, small amounts of free

cholesterol and proteins form the surface. Hundreds to

thousands of TG and cholesteryl ester molecules are car-

ried in the core of different lipoproteins. 

Apolipoproteins, on the surface of lipoproteins, help

to solubilize core lipids. They have a critical role in the

regulation of plasma lipid and lipoprotein transport

(Table 2). Apo B100 is required for the generation of

hepatic-derived very low density lipoproteins (VLDL),

intermediate density lipoproteins (IDL) and LDL. Apo

B48 is a truncated form of apo B100 required for secre-

tion of chylomicrons from the small intestine. Apo AI is

the major structural protein in HDL. Apo AII is also an

important protein on HDL.

CHYLOMICRON INTERACTIONS

After a meal, dietary fat and cholesterol are absorbed

into cells in the small intestine and incorporated into the

cores of nascent chylomicrons. The newly formed chylomi-

crons are secreted into the lymphatic system and enter cir-

culation via the superior vena cava. Chylomicrons acquire

apo CII, apo CIII and apo E, and they interact with the

enzyme lipoprotein lipase (LPL) in the capillary beds of adi-

pose tissue and muscle. 

Fatty acids (FA) can be taken up by fat cells and reincor-

porated into TG or by muscle cells where they can be used

for energy. Some FA can bind to albumin and circulate back

to the liver for uptake. Apo CIII can inhibit lipolysis. The

balance of apo CII and apo CIII, in part, determines the effi-

ciency that LPL hydrolyzes chylomicron TG. Chylomicron

remnants have lost about 75% to 85% of TG and are rela-

tively enriched in cholesteryl esters. They are also enriched

in apo E2, which interacts on hepatocytes, rapidly remov-

ing them from circulation. Uptake of chylomicron rem-

nants involves binding to the LDL receptor, the LDL recep-

tor related protein (LRP), hepatic lipase (HL) and cell-sur-

face proteoglycans.7
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Chylomicron and chylomicron-remnant metabolism can

be significantly altered in insulin resistance and type 2 dia-

betes. Recent studies indicate that the association of apo B

48 with dietary lipids to form chylomicrons is dysregulated

in the presence of insulin resistance. Increased apo B48

secretion has been demonstrated in the insulin resistant

sucrose fed hamster.8 It is not clear if this happens in

humans. 

CHAR ACTERISTIC OF INSULIN RE SISTANCE

Increased postprandial hyperlipidemia is characteristic of

insulin resistance dyslipidemia.3 Although clearance of

postprandial TG is usually reduced, increased production of

chylomicron particles may also play a role. LPL is clearly reg-

ulated by insulin at several levels that include gene expres-

sion, synthesis and secretion. LPL is modestly reduced in

insulin resistant type 2 diabetic patients.9 Increased secre-

tion of VLDL, which is common in diabetic patients (see

below), results in competition of VLDL with chylomicrons

for LPL-mediated lipolysis.10,11

Recent evidence links insulin resistance with overproduc-

tion of both apo CIII and VLDL apo B100.12 If apo CIII syn-

thesis is increased in humans with insulin resistance, LPL

action could be impaired.

HL, which both hydrolyzes chylomicron- and VLDL-rem-

nant TG and acts on HDL TG and phospholipids, has also

been implicated in remnant removal.13 Deficiency of HL

may be associated with reduced remnant clearance.

However, several studies have indicated that HL is elevated

in insulin resistance individuals with or without type 2 dia-

betes and may be an important contributor to low HDL

cholesterol levels in this disease.3

Removal of chylomicron remnants by the liver is the final

step in postprandial lipid metabolism. LDL receptors play a

key role in this process, and they can be regulated at the

gene expression level by insulin.14 Studies suggest that

severe diabetes, with relative or absolute insulin deficiency,

is accompanied by decreased clearance of LDL.15 Whether

this extends to chylomicron remnant clearance is

unknown.

VLDL METABOLISM 

VLDL is initially assembled in the endoplasmic reticulum

of hepatocytes. During and after synthesis of apo B100,

phospholipids, TG and both free and esterified cholesterol

are added in the endoplasmic reticulum and possibly the

Golgi. VLDL TG derives from the combination of glycerol

with FA that have either been taken up from plasma or

synthesized in the liver. VLDL cholesterol is either synthe-

sized in the liver from acetate or delivered to the liver by

lipoproteins – mainly chylomicron remnants and LDL. 

Regulation of the assembly and secretion of VLDL by the

liver has been under investigation for the past 25 years.16-18

Of particular relevance, there is significant posttranscrip-

tional and posttranslational regulation of the hepatic

assembly of apo B100 with lipids to form VLDL. Studies in

cultured liver cells indicate that a significant proportion of

newly synthesized apo B100 may be degraded before secre-

tion. This degradation is inhibited when hepatic lipids are

abundant. There is evidence that microsomal TG transfer

protein is essential for the assembly and secretion of

VLDL.19

Once in plasma, VLDL TG is hydrolyzed by LPL. This step

can be modified by the ratio of apo CII to apo CIII. Lipolysis

generates smaller and denser VLDL and, subsequently, IDL.

The liver can remove these small VLDL and IDL, or they can

undergo further catabolism at the surface of the hepato-

cyte (TG hydrolysis by HL) to become LDL. Blood levels of

VLDL TG will be determined by the rates of secretion of

VLDL TG and apo B100; by the rates of lipolysis of VLDL TG

Lipoprotein Density* MW† Diameter‡ Lipid (%)II

TG CHOL PL

Chylomicrons 0.95 400x10 675-1200 80-95 2-7 3-9

VLDL 0.95-1.00 610-80x106 30-80 55-80 5-15 10-20

IDL 1.006-1.019 5-10x106 25-35 20-50 20-40 5-25

LDL 1.019-1.063 2.3x106 18-25 5-15 40-50 20-25

HDL 1.063-1.21 1.7-3.6x106 5-12 5-10 15-25 20-30

* Density: gm/dL
† MW: daltons
‡ Diameter: nm
II Lipids (%): percent composition of lipids; apolipoproteins make up the rest

TABLE 1. PHYSICAL-CHEMICAL CHARACTERISTICS OF THE MAJOR LIPOPROTEIN CLASSES
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by LPL; and by the rates of both removal of small VLDL

from the circulation and its conversion to IDL. Insulin resist-

ance can affect each of these. 

EFFECTS OF INSULIN RESISTANCE 

Overproduction of VLDL appears to be the central and

most important etiology of increased plasma VLDL in

patients with insulin resistance or type 2 diabetes.5 The

series of steps that assemble apo B100 with lipids and VLDL

secretion is regulated posttranscriptionally. Recent studies

have provided significant insights regarding the mecha-

nisms whereby insulin resistance can drive increased VLDL

secretion. The targeting of apo B100 for secretion as VLDL

is regulated by the availability of its lipid ligands, particular-

ly TG. If hepatic lipids are unavailable for assembly into

VLDL, apo B can be degraded by the proteasome after

cotranslational ubiquitination.17 Insulin resistance is associ-

ated with increases in the three main sources of TG for

VLDL assembly: FA flux from adipose tissue to the liver;

hepatic uptake of TG as a component of VLDL, IDL and

chylomicron remnants; and de novo lipogenesis (Figure 1). 

Increased FA in blood and increased FA flux to the liver

occur in insulin resistant humans with and without type 2

diabetes. Plasma albumin bound FA are a source of VLDL

TG.20-21 Recently, Lewis et al showed that acutely raising

plasma FA could increase VLDL secretion in normal individ-

uals.22 We confirmed the role of FA in chronically catheter-

ized normal mice.23 We have also shown, in a mouse model

of insulin resistance and increased secretion of VLDL, that

FA flux to the liver was increased.24 Similar findings were

observed in a sucrose-fed hamster model of insulin resist-

ance and increased VLDL secretion.25 Mice that lack hor-

mone sensitive lipase, one of the adipocyte enzymes need-

ed to release FA from cell TG, have low levels of FA in the

blood and secrete less VLDL TG.26

Hepatic uptake of remnant lipoproteins plays an impor-

tant role in regulating postprandial and fasting levels of

blood TG. Uptake of TG-containing lipoproteins will stimu-

late VLDL assembly and secretion as the liver attempts to

maintain homeostasis regarding FA and TG content.

Delivery of excess remnant TG FA will lead to increased

VLDL secretion. This has been demonstrated in cultured

liver cells27 and in humans.28 Using the mouse model, we

showed that infusion of an emulsion of TG and phospho-

lipids could stimulate both apo B and TG secretion.23 We

found that TG FA acid, delivered via remnant uptake were

not as potent a stimulus for VLDL secretion as when FA

were delivered by albumin. 

SOURCE OF TG

The third source of TG for assembly and secretion with

apo B100 is de novo fatty acid synthesis (lipogenesis) in the

liver. In rodents, lipogenesis is an important source of VLDL

TG. Data in humans is less abundant, but several recent

papers have shown that lipogenesis does contribute to

VLDL TG and is increased in obese individuals with insulin

resistance.29-31 Goldstein and Brown defined in detail the

regulation of hepatic lipogenesis by sterol response element

binding protein isoform one (SREBP1-c).32 Their work indi-

cated that hepatic SREBP1-c gene expression was regulated

by insulin through liver-x-receptor; SREBP1-c gene expres-

sion was increased in hyperinsulinemic ob/ob mice.33 It

appeared that although insulin resistance might exist in the

pathway regulating gluconeogenesis, this resistance did not

extend to insulin’s ability to stimulate lipogenesis.33

LIPOGENESIS IS INCREASED

In our recent studies, we found that lipogenesis is

increased in the apo B/BATless mouse, a model of moder-

ate obesity, insulin resistance and increased VLDL

secretion,24 but that SREBP1-c expression or activity was

not altered. The expression and activity of PPARgamma

was increased in the livers of apo B/BATless mice. That find-

ing, together with data indicating an important role of

PPARgamma in hepatic lipogenesis in other mouse models

of obesity and insulin resistance,34 suggests that a similar

situation may exist in patients with obesity, insulin resist-

ance and fatty livers.

Fig 1.There are three major sources of TG, the main substrate

regulating apo B secretion as VLDL.They are FA from peripheral

tissues, particularly adipose tissue; chylomicron and VLDL rem-

nants; and de novo hepatic lipogenesis. In insulin resistance, FA

flux through the plasma to the liver is increased, peripheral

removal (by lipolysis) of chylomicron and VLDL TG is reduced,

which leaves TG-enriched remnants for hepatic uptake, and de

novo lipogenesis can be increased. All of these sources of TG

may contribute to the increased VLDL secretion present in

insulin resistant people.
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Studies conducted over a number of years in cultured

liver cells have indicated that insulin not only stimulates

lipogenesis, but also plays a key role in determining

whether apo B is targeted for secretion or degradation.35,36

Recently, Fisher and colleagues suggested that insulin’s stim-

ulation of apo B degradation may be linked to high levels of

oxidant stress in insulin-treated hepatocytes.37 Results in

cultured cells have been extended to in vivo studies in

rodents and humans. In the latter, Lewis and colleagues38

and Malmstrom and coworkers39 showed decreased VLDL

secretion in normal subjects treated with large quantities of

insulin and glucose. The effects of insulin on apo B degrada-

tion appear to diminish significantly if insulin resistance is

present; this is true in cultured cells,40 whole animals41 and

humans.38,39

FATTY LIVERS

A potentially important, clinically relevant finding relates

to the increasing prevalence of fatty livers in people with

obesity and insulin resistance. Although such patients seem

to be able to increase VLDL secretion as they attempt to

maintain hepatic lipid homeostasis in the face of increased

sources of TG, some cannot keep up and TG accumulates.

It is possible that the relative degrees of both insulin resist-

ance and hyperinsulinemia determine whether fatty liver

will develop. If there is severe insulin resistance, then despite

increased uptake of albumin bound FA and TG containing

remnants and regardless of the level of lipogenesis, there

will be enough apo B to unload the TG via VLDL secretion.

If there is moderate insulin resistance and, in particular, ade-

quate insulin signaling of the insulin-mediated apo B degra-

dation pathway, then TG will accumulate and fatty liver will

develop (Figure 2). This hypothesis requires further investi-

gation.

SMALL DENSE LDL

In people with insulin resistance and type 2 diabetes, reg-

ulation of plasma LDL is complex. In the presence of hyper-

triglyceridemia, dense, cholesteryl ester-depleted, TG-

enriched LDL are present. Thus individuals with type 2 dia-

betes and mild to moderate hypertriglyceridemia may have

the Pattern B profile of LDL described by Austin and

Krauss.42 The basis for small dense LDL in insulin resistance

is derived in large part from the action of cholesteryl ester

transfer protein (CETP). This protein is associated with

lipoproteins, particularly HDL. It can mediate the exchange

of VLDL TG for LDL cholesteryl ester, creating a TG-

enriched, cholesteryl ester-depleted LDL particle. This

exchange is increased when hypertriglyceridemia exists. The

TG in LDL can then be lipolyzed by LPL or HL, generating

small dense LDL. Because small dense LDL is present in

insulin resistant and type 2 diabetes patients even when

they have relatively normal TG levels, other factors may also

play a role. One factor is HL. As noted earlier, it is increased

in insulin resistance and can more effectively hydrolyze TG

in LDL. Higher levels of blood FA have also been shown to

stimulate exchange of cholesterol ester and TG between

LDL (or HDL) and VLDL.

HDL cholesterol and apo AI levels are characteristically

reduced in insulin-resistant people. Much of this derives

from the action of CETP-mediated transfer of cholesteryl

ester from HDL to TG-rich lipoproteins; this process is the

same as described above for TG-rich lipoproteins and LDL.

A consistent finding is the inverse relationship between

plasma insulin concentrations and HDL. Fractional catabo-

lism of apo AI is increased in type 2 diabetes with low HDL,

as it is in nondiabetic people with similar lipoprotein pro-

files.43 Although apo AI levels are reduced consistently, cor-

rection of hypertriglyceridemia does not usually completely

normalize apo AI.3 Studies have demonstrated that apo AI

may dissociate from TG-enriched HDL and be cleared by

the kidney.43 Increased HL activity in insulin resistance, with

increased hydrolysis of TG and the generation of smaller

HDL, may also play a role. The fact that low HDL and apo

AI are frequently present – even when TG levels are rela-

tively normal – suggests non-CETP mechanisms are also

important.

TREATMENT OF DIABETIC DYSLIPIDEMIA

Weight Loss. There is universal agreement that weight

reduction is essential to the treatment of insulin resistance

and type 2 diabetes. Several groups have shown that when

weight reduction is achieved and maintained in type 2 dia-

Figure 2. Insulin regulates de novo hepatic lipogenesis, mainly

through its ability to increase the gene expression of SREBP1-c,

the major lipogenic transcription factor. Insulin also can target

nascent apoB for degradation posttranslationally. In an insulin

resistant liver, the relative effects of insulin to increase FA and TG

synthesis and to reduce availability of apoB to secrete TG from

the liver will be a major determinant of both hepatic TG accumu-

lation and plasma TG levels.



betic patients, there is a sustained decrease in TG. Studies

with weight loss in diabetic Pima Indians44 revealed

decreased VLDL synthesis without a change in VLDL

removal rate and LPL activity. We showed that weight loss

in nondiabetic patients who were likely to be insulin resist-

ant was associated with reductions in apo B100 secretion

across the range of VLDL to LDL.45 Most studies show an

increase in HDL cholesterol as well as an improvement in

the ratio of total to HDL cholesterol in type 2 diabetic

patients who lose weight.

Glycemic Agents. Some of the therapeutic choices avail-

able for the treatment of type 2 diabetes, such as met-

formin and the thiazolidinediones (TZDs), can lower plas-

ma triglyceride concentrations 10% to 15% and 15% to

25%, respectively.46 TZDs improve peripheral hepatic

insulin sensitivity, and this leads to inhibition of lipolysis in

adipose tissue. Plasma levels of FA fall about 25% at the

highest dose of both TZDs, and such changes could lead to

lower hepatic TG synthesis and reduced VLDL secretion.

These agents also modestly improve hepatic insulin sensi-

tivity; raising the possibility of direct hepatic actions that

could affect VLDL secretion also modestly improve hepatic

insulin sensitivity. TZDs could also increase LPL gene expres-

sion, and this would improve the clearance of TG from cir-

culation. Of interest, pioglitazone lowers plasma TG levels

but rosiglitazone does not. The basis for this difference is

unclear.47

LIPID-LOWERING DRUGS

HMG-CoA Reductase Inhibitors. TG and HDL abnor-

malities are prominent in patients with type 2 diabetes,

while LDL levels are usually not different. However, the

increased risk of CHD together with the clearly demon-

strated benefits of LDL-lowering therapy indicate that LDL

should be a primary target of pharmacotherapy in these

patients. 

During the past 15 years, the treatment of hypercholes-

terolemia has undergone a revolution with the availability

of HMG-CoA reductase inhibitors. The most potent statins

at their highest doses can lower LDL cholesterol by up to

45% to 60% and decrease TG 20% to 45%. Statins can raise

HDL cholesterol by up to 10%, but the typical increase is
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Apolipoprotein MW Lipoproteins Metabolic functions

apo AI 28,016 HDL, chylomicrons Structural component of HDL; LCAT activator

apo AII 17,414 HDL, chylomicrons Unknown

apo AIV 46,465 HDL, chylomicrons Unknown; possibly facilitates transfer of apos between 
HDL and chylomicrons

apo AV 39,000 HDL Associated with lower TG levels; mechanism unknown

apo B48 264,000 Chylomicrons Necessary for assembly and secretion of chylomicrons from
the small intestine

apo B100 514,000 VLDL, IDL, LDL Necessary for the assembly and secretion of VLDL from the
liver; structural protein of VLDL, IDL and LDL; ligand for the
LDL receptor

apo CI 6,630 chylomicrons, may inhibit hepatic uptake of chylomicrons,  
VLDL, IDL, HDL VLDL remnants

apo CII 8,900 chylomicrons, Activator of lipoprotein lipase             

apo CIII 8,800 chylomicrons, Inhibitor of lipoprotein lipase and of uptake of 
VLDL, IDL, HDL chylomicron and VLDL remnant by the liver 

apo E 34,145 chylomicrons, Ligand for binding of several lipoproteins to 
VLDL, IDL, HDL the LDL receptor, LRP and proteoglycans

apo(a) 250,000 Lp(a) Composed of LDL apoB linked covalently to apo(a);
-800,000 function unknown but is an independent predictor 

of CAD

TABLE 2.  CHARACTERISTICS OF THE MAJOR APOLIPOPROTEINS



ISSUES IN DIABETES

MARCH/APRIL 2005 I DIABETIC MICROVASCULAR COMPLICATIONS TODAY I 25

about 5%. They should not be considered as first-line

agents for individuals with isolated, very low HDL levels.

There is no evidence that statins affect insulin resistance or

glycemic levels in patients with type 2 diabetes.

NON-STATIN LDL LOWERING

Cholestyramine, colestipol and colesevalem are resins

that bind bile acids in the intestine, thus interrupting the

enterohepatic recirculation of those molecules. A fall in bile

acids returning to the liver results in increased conversion

of hepatic cholesterol to bile acids. This results in a diminu-

tion of a regulatory pool of hepatic cholesterol and upregu-

lation of the gene for hepatic LDL receptors. All of these

changes lead to increased LDL receptors on the surface of

hepatoctyes and, therefore, decreased plasma LDL concen-

trations. At recommended doses, resins can lower LDL cho-

lesterol levels about 15% to 20%. A drawback to the use of

bile acid binding resin in diabetic patients is the increase in

hepatic VLDL TG production and plasma TG levels com-

monly associated with their use. The mechanism for this

rise in VLDL TG is not fully defined, but it is not associated

with changes in insulin resistance. A newer bile acid binding

resin, colesevalem has little effect on VLDL levels.

Ezetimibe is a very recent addition to the drugs that can

be used to lower LDL cholesterol. It is the inhibitor of intes-

tinal cholesterol absorption. This agent appears to interact

with a recently identified receptor for cholesterol transport

across the brush border of enterocytes in the small intes-

tine.48 At the single recommended dose of 10 mg/day, eze-

timibe lowers LDL cholesterol between 15% and 20%. It has

little effect on TG or HDL. Ezetimibe seems additive when

used in combination with statins. There are no published

data for ezetimibe in combination with other agents or as a

therapy for patients with type 2 diabetes. There is no evi-

dence that insulin sensitivity is affected by ezetimibe.

Plant stanol and sterol esters compete with intestinal

cholesterol for incorporation into micelles, thereby reduc-

ing cholesterol absorption. At 1 to 3 g/day, the plant sterol

and stanol esters reduce LDL cholesterol levels by 15%.

They have no known effects on insulin resistance.

Fibric Acid Derivatives. Fenofibrate and gemfibrozil are

the available in the United States. Several other derivatives

are available in Europe and Canada. Fibric acid derivatives

have potent lipid-altering effects that may be quite useful

in diabetics. In general, fibrate use in patients with type 2

diabetes results in lowering of TG from 20% to 35% and

increases in HDL from 10% to 20%. Effects on LDL levels are

variable. 

Although their mechanism of action is unclear, these

agents appear to work by both decreasing hepatic VLDL

production as well as increasing the activity of LPL. The

usual dose is 600 mg twice daily of gemfibrozil and 148 mg

once daily for micronized fenofibrate. In the Veterans

Administration HDL Intervention Trial, gemfibrozil was effi-

cacious in a group of men who had CHD and LDL levels

that were low (111 mg/dL) at baseline and did not change

during the trial.49 The treated group did show a 7% in-

crease in HDL and a 25% reduction in TG. These effects

were associated with a 24% reduction in CHD events. 

Similarly, The Diabetes Atherosclerosis Intervention

Study showed that treatment with fenofibrate was associ-

ated with lower TG and higher HDL levels and decreases in

focal CAD by angiography in subjects with type 2 dia-

betes.50 The use of fibrates with statins can produce out-

standing overall changes in VLDL, LDL and HDL levels;

treatment with this combination has been limited by the

risk of myositis. Recent data suggest  – but do not prove –

that while gemfibrozil together with a statin might have a

risk of myositis about 1%, the risk will be significantly lower

with fenofibrate.51

Niacin. Niacin, when used in pharmacologic doses has

the ability to potently lower TG (25% to 40%) and raise

HDL (10% to 25%). Niacin also lowers LDL, and this adds to

its potential efficacy in a high-risk population. The mecha-

nism of action is generally thought to be through lowering

hepatic VLDL apo B production and increasing the synthe-

sis of apo AI. Unfortunately, some studies have demonstrat-

ed that niacin therapy worsens diabetic control, likely by

inducing insulin resistance. This finding is interesting at a

theoretical level, because niacin’s ability to inhibit lipolysis

and lower plasma free FA levels after a single dose of the

drug might be expected to improve insulin sensitivity. Not

all investigators believe that niacin is contraindicated in

patients with diabetes, and two recent studies with an

intermediate release form of niacin has rekindled interest

for its potential in this population.52 Results suggest that

although HbA1c levels tended to rise during niacin treat-

ment, titration of glycemic agents limited the rise. On the

other hand, use of niacin compounds in patients with

insulin resistance without diabetes carries a risk of convert-

ing a patient to type 2 diabetes. 

People with insulin resistance have a characteristic dys-

lipidemia with an overproduction of VLDL and hyper-

triglyceridemia. Regulation of the hepatic assembly and

secretion of apo B-lipoproteins has been investigated

extensively for the past several decades and much is known

As a recent addition to the drugs

that may be used for lowering LDL 

cholesterol, ezetimibe inhibits the

absorption of intestinal cholesterol. 



about how lipid substrates and insulin signaling regulate

the formation and secretion of VLDL. New information

about the molecules involved in both lipogenesis and the

synthesis, degradation and association of apo B with hepat-

ic and intestinal lipids may provide novel approaches to

future therapies. Until then, diet, exercise, weight loss, and,

when needed, pharmacotherapy should be used to correct

dyslipidemia, which is a major contributor to the risk of

CHD in patients with insulin resistance. ■
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