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Abstract:

The article reviews the key aspects of pathophysiology of diabetic dyslipidemia, its treatment and associated risk of cardiovascular

complications. It examines the difference in lipid metabolism between type 1 and type 2 diabetes mellitus. The diagnostic values of

particular lipid abnormalities as risk predictors for cardiovascular events are analyzed. Guidelines on hypolipemic treatment in

diabetes are summarized and commented on. Standard and newly introduced methods as well as new opportunities of hypolipemic

treatment are presented.
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– cholesterol ester transport protein, FFA – free fatty acids,

HDL – high density lipoproteins, IDL – intermediate density

lipoproteins, LDL – low density lipoproteins, LPL – liver li-

pase, RCT – reverse cholesterol transport, SREBP-1c – sterol

regulatory element-binding protein 1c, TG – triglycerides,

TGRL – triglycerides enriched lipoproteins, TLC – therapeutic

life changes, VLDL – very low density lipoproteins

Introduction

The main cause of dyslipidemia in diabetes is insulin

deficit – absolute in type 1 diabetes or relative in type 2

diabetes. The result of an insufficient insulin action is

inhibition of glucose oxydation (glicolysis) with si-

multaneous intensification of lipolysis. This leads to

an increased production of free fatty acids (FFA) and

elevation of their plasma concentration. Higher up-

take of FFAs in the liver results in an increased he-

patic production of very low density lipoproteins

(VLDL). Cholesterol ester transport protein (CETP)

activity physiologically inhibited by insulin increases

in the presence of insulin resistance. The final result is

an elevation of triglyceride (TG) concentration in the

blood serum. Clinical observations show that strict gly-

cemic control both in type 1 and type 2 diabetes results

in lower triglyceride levels (TG) and improvement of

other blood lipid parameters. Yet the severity and char-

acter of dyslipidemia is somewhat different in both

types of diabetes. Whereas in type 1 diabetes precise

glycemic control exerted by insulin administration gen-

erally leads to normalization of the lipid profile, in type

2 diabetes blood lipids do not reach normal levels

while achieving normoglycemia. Interventional studies

on both type 1 (DCCT) and type 2 diabetes (UKPDS)
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also suggest that apart from achieving normoglycemia

it is necessary to act on other coexisting risk factors to

reduce the risk of macroangiopathy.

Diabetic patients usually do not have marked hy-

percholesterolemia. An increased total cholesterol

level can result from poor diabetes control. It is

known that hyperglycemia causes mainly a rise of TG

resulting from an increased plasma VLDLs level. It

should be though remembered that VLDLs contain

also cholesterol, thus elevated VLDL level results in

both hypertriglyceridemia and hypercholesterolemia.

Low density lipoproteins (LDL) cholesterol usually only

slightly exceeds normal range and does not reflect the

real cardiovascular risk caused by diabetic dyslipidemia. In

diabetic population a better predictive factor is the level of

non-high density lipoproteins (non-HDL) cholesterol.

Less known, though important, is the influence of

diabetes on the cholesterol metabolism itself. Type 2

diabetic subjects have lower intestinal absorption of

cholesterol and other sterols when compared to non-

diabetics. Simonen et al. discovered that people suf-

fering from type 2 diabetes had lower ability to absorb

cholesterol and higher endogenous liver production of

cholesterol than control subjects [41]. Both in diabetic

and healthy population a strong correlation between gly-

cemia and hepatic cholesterol production (r = + 0.663,

p < 0.01 and r = + 0.590, p < 0.05) has been reported

[41]. In type 1 diabetes the situation is just the oppo-

site, the patients manifest the increased intestinal ab-

sorption of cholesterol and other sterols [28]. This

phenomenon is important regarding the findings of 4S

study – people having high intestinal absorption of

cholesterol are more resistant to hypolipemic action

of statins [29].

Diabetic dyslipidemia

The basic feature of diabetic dyslipidemia is the ele-

vation of TG levels. Other elements of atherogenic

dyslipidemia are to a large extent associated with hy-

pertriglyceridemia (Tab. 1). In diabetes the eleveted

levels of lipoproteines rich in triglycerides, both origi-

nating form the small intestine (chylomicrons) and en-

dogenous (VLDL), result in an increased and prolonged

postprandial hypertriglyceridemia (Fig. 1), which in

turn enhances exposition of the vessel wall to athero-

genic action of these lipoproteins.

The activity of both lipoprotein and hepatic lipases

(LPL and HL) taking part in triglyceride catabolism is

altered in diabetes – LPL activity is partially inhib-

ited, and HL activity up-regulated – which accelerates

the IDLs to LDLs conversion, causing however no

significant rise in the levels of the latter. As men-

tioned above, insulin resistance is associated with the

lack of inhibition of the VLDL synthesis. Normally

their production is selectively down-regulated in post-

prandial state as the result of an insulin activity. This

mechanism is distorted in type 2 diabetic patients –

insulin mediated inhibition of large VLDLs (VLDL-1)

synthesis in the postprandial period becomes selec-

tively impaired [7, 27]. Another mechanism that may

take part in the pathological overproduction of VLDL

particles in diabetes is the insulin triggered increased

activity of sterol regulatory element-binding protein

1c (SREBP-1c). SREBP-1c activation leads to an in-

creased de novo lipogenesis and plays an important role
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1. High trigliceride plasma level

2. Low HDL-C plasma level

3. Elevation of small dense LDLs

4. Prolonged postprandial hyperlipemia

5. Predominance of small dense HDLs

F L D BT

T
ri
n

g
ly

c
e

ri
d

e
c
o

n
c
e

n
tr

a
ti
o

n
,
m

m
o

l/
l

1 2 3 4 5 6 7

1

2

3

4

0

B

��� � �������� ����������� *���������� �� �������� ���* ���� �
���)���� +,�������� 	�� ������%�-.( /*� ������� �����%����� ���	�� �	
/��� � ���)���% ��)0�%�� +� 1 23. ���* ����� 	������ �����%����� %��"
%���������� +4 �(� ���5. �*����� �*� ������� ��� �67#6�* %������
+)�8.( /*� ���)��� 37# ����%��� �*� ���� ������ �	 ������������9
	������ +�.� ���� )����	��� +�.� )�	��� ��� �	��� ��%* +�.� )�	��� ���
�	��� ������ +�. ��� �� )������ +�
. :�!;



in the lipid acumulation in the liver (steatosis of the

liver) thus increasing the amount of triglycerides

available for VLDL synthesis [26].

The abundance in the plasma triglycerides enriched

lipoproteins (TGRL) triggers the cholesterol ester

transfer protein (CETP) protein dependant mecha-

nism of lipid transfer between different classes of

lipoproteins. In hypertriglyceridemia an “overflow”

of triglycerides from TGRL enhances the CETP medi-

ated triglyceride transport to LDL and HDL particles

in exchange for cholesterol esters. As a result of he-

patic lipases activity which is increased in diabetes,

triglycerides are then split from these particles. Thus,

formed LDL particles have a smaller cholesterol ratio

per one particle of apolipoprotein B-100. They are

called small dense LDL (subfraction LDL-B) and are

believed to be more atherogenic. The atherogenic ac-

tion of small dense LDL is dependent on the particle

size, its architecture, and biological properties. Be-

cause of their small diameter, the dense LDLs penetrate

easier to a vessel wall and are more susceptible to oxida-

tion. Small LDLs have lower affinity to the LDL recep-

tor, resulting in a prolonged plasma circulation which

enhances their transport into a vessel wall and accumu-

lation in atherosclerotic plaques.

Many studies have shown, that in diabetic patients

the number of small dense LDLs increases in correla-

tion with triglyceridemia, starting from level just

slightly higher than 130 mg/dL.

Low HDL

Low level of HDL, together with hypertriglyceride-

mia constitute a dominant feature of diabetic dyslipi-

demia. Characteristically there is a predominance of

HDL particles of smaller diameter, belonging to the

HDL 3 subclass, and large HDL (HDL 2) level is de-

creased [43]. The diameters of HDLs (just like the

diameters of LDLs) correlate with the TG in the fast-

ing state. Another specific feature is a relatively

greater decrease in the level of HDL containing apoAI

and apoAII (Lp AI : AII). In type 2 diabetes the level

of Lp AI : AII seems to be more important than that of

LpAI for the activity of a reverse cholesterol transport

from the peripheral tissues. Therefore, it may be

speculated that in type 2 diabetes the low HDL level

is associated with its smaller effectiveness in the pro-

cess of reverse cholesterol transport (RCT).

The key mechanism responsible for HDL level

decrease is the process of lipid exchange between

VLDL, HDL, and LDL, described above, mediated by

CETP protein (Fig. 2). The factor intensifying this

process is an increase in VLDL level, during prolonged

postprandial lipemia (see below). Triglycerides en-

riched HDLs undergo hydrolysis caused by hepatic li-

pase (HL). As a result of the interaction with liver li-

pase the HDL particles become like those of LDL,

smaller and denser. Small dense HDLs are catabolized

faster leading to renal excretion of apoprotein AI [18,

31]. The relative predominance of the subfraction of

small dense HDL-C in diabetes is another feature of

diabetic dyslipidemia.

Prolonged postprandial lipemia

An important element of abnormal lipid metabolism

in diabetes is prolonged hyperlipemia. A number of

mechanisms have been suggested to be responsible

for this process. The postprandial increase in concen-

tration of chylomicrons in serum is combined with the

increased levels of VLDL particles, the production of

which, in contrast to normal state, is not inhibited in

diabetes. Both types of lipoproteins compete for bind-

ing with LPL what prolongs their catabolism. Addi-

tionally, LPL activity itself is impaired. The third

postulated mechanism is due to the impaired liver

clearance of remnants resulting from a disturbed up-

take of these particles by LDL receptors and LDL re-
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ceptor related protein (LRP) [20, 46]. It has not been

determined whether in type 2 diabetes mellitus the

production of apo B-48-containing lipoproteins (chy-

lomicrons) is enhanced. The equal atherogenic poten-

tial of remnants derived from VLDL (containing protein

apo B-100) and remnants containing apo B-48 is em-

phasized. The increased postprandial lipemia is a state

associated with an impaired endothelial function [9, 35].

Many studies have shown, that in the state of insu-

lin resistance, there is the “lipid intolerance”, present-

ing as substantially higher increase in triglyceride lev-

els in the postprandial period as well as long lasting

fasting hypertriglyceridemia. Another important patho-

genic mechanism associated with the postprandial hiperli-

pemia is an increased prothrombotic activity, which can

be the trigger factor for an acute coronary syndrome, fol-

lowing fatty meal [4].

Diabetic patients show specific disturbaces in their

lipid profile – known as diabetic dyslipidemia (Tab. 1). It

should be emphasized that usually in diabetes mellitus the

level of cholesterol contained in LDL – widely believed

to be the main atherogenic fraction of cholesterol in se-

rum – is only slightly increased. This relatively “normal”

level of LDL-C was, until recently, the reason for neglect-

ing hypolipemic treatment of patients with diabetes.

Apart form a moderate increase in LDL choles-

terol, usually not exceeding 130–150 mg/dL, in

atherogenic dyslipidemia there is an increase in TG

levels to above 150–200 mg mg/dL and simultaneous

decrease in HDL cholesterol to below 40 mg/dL. An

important additional feature of atherogenic diabetic

dyslipidemia, not evaluated in standard lipidogram, is

an increase of subfraction of small dense LDL. Re-

cently, several simple laboratory tests have been devel-

oped to enable a quantitative assessment of LDL-B (small

dense LDL) subfraction in daily clinical practice [25].

In hypertriglyceridemia assessment of non-HDL

cholesterol (non HDL-C) may be useful. The Third

National Panel of Experts of the National Cholesterol

Education Program Adult Treatment Panel (ATP III

NCEP) has decided the non-HDL cholesterol level to be

the secondary target of intervention in the population of

patients with hypertriglyceridemia > 200 mg/dL, es-

pecially in patients with diabetes and/or the metabolic

syndrome. The level of non HDL-C reflects better the

risk associated with the presence of the increased lev-

els of lipoproteins containing atherogenic apoprotein B

(apo B) i.e. VLDL, IDL and LDL, and lipoprotein (a)

(Lp(a)). In diabetic patients the non-HDL cholesterol

target should be < 130 mg/dL.

Treatment of dyslipidemia in patients

with diabetes mellitus

Modification of dyslipidemia should be one of the key

elements in diabetes management. dyslipidemia can

be modified by non-pharmacological approach – named

the therapeutic life changes. They include weight loss,

regular physical activity, smoking cessation, and a change

of dietary habits, especially by patients with type 2 diabe-

tes and the metabolic syndrome.

Next to the glycemic control, the hypolipemic

drugs are the main element of pharmacotherapy of

diabetic dyslipidemia.

Guidelines for the treatment of diabetes consis-

tently emphasize the importance of lowering LDL

cholesterol in order to lower the cardiovascular risk

[3, 13, 16, 23, 41]. Several guidelines including stan-

dards published by ESC and NCEP ATP III [13, 16],

regard HDL-C level to be a marker of increased car-

diovascular risk, and do not consider HDL-C as a tar-

get for intervention. However, the current American

Diabets Association (ADA) standards emphasize the

need of increasing HDL cholesterol by pharmacological

means to achieve cardiovascular risk reduction [3].

The basic elements of therapeutic decisions are the

type and the grade of dyslipidemia, and the target levels

of lipids accepted by current guidelines.

Lowering of LDL-cholesterol

In accordance with the recommendations NCEP ATP

III diabetes has been classified as a state of high car-

diovascular risk. Accordingly, the target level of LDL

cholesterol in diabetic patient should be below 100

mg/dL. In most cases the administration of lipid lower-

ing drugs is required.

Statins are drugs of choice in hypercholesterolemia

in diabetic patients [3, 16, 42]. In classic “statin trials”

however, the patients with diabetes constituted

a small part of study population [4, 9, 20, 35, 46]. The

4S trial – the first big statin trial was a breakthrough

in the way of thinking about the pharmacological

treatment of dyslipidemia [37]. The study population

consisted of people belonging to the highest CV risk

group (post-MI patients, with high cholesterol level).

In the subgroup of patients with diagnosed diabetes,
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the reduction of cardiovascular events was 55% and

was significantly higher than 38% reduction achieved

in non-diabetic population of 4S study [22]. The analy-

sis of 4S study, conducted while taking into account

fasting glucose levels, revealed similar results (Fig. 3).

In the subgroup of patients with abnormal fasting glu-

cose level (110–125 mg/dL), the treatment with sim-

vastatin lowered the coronary risk by 38% [22] The

number of patients requiring treatment (NNT) to avoid

one myocardial infarction was 12 for patients without

diabetes, 8 and 7 for patients with impaired fasting glu-

cose level and overt diabetes, respectively [22].

The HPS study included the group of 20,536 high

risk patients with total cholesterol level of no less than

135 mg/dL. They were randomized either to a group

receiving treatment with 40 mg of simvastatin or to

a placebo group. Among the diabetic participants

(n = 5,963) the incidences of concomitant coronary

artery disease or other vascular disease were signifi-

cantly lower. Moreover, the diabetic patients had sig-

nificantly lower LDL cholesterol and higher triglyceride

levels, while the HDL cholesterol levels were similar

in both subgroups [12]. Simvastatin therapy in dia-

betic patients was associated with 20% reduction of

coronary deaths (p = 0.02) and 37% reduction of MI

(p = 0.0002) (Fig. 4), all cardiovasular events reduc-

tion by 22% (p < 0.0001) and lowering of total mor-

tality by 15% (p = 0.02). Similarly to the whole popu-

lation, the beneficial effect of simvastatin was inde-

pendent of baseline LDL cholesterol level, time from

the onset of diabetes, HbA1c levels and the presence

of diabetes complications such as nephropathy. In

HPS study the number of diabetic patients with cho-

lesterol level within normal range requiring treatment

with 40 mg of simvastatin to avoid one cardiovascular

incident (NNT) was 12. Benefits of using statins were

confirmed in diabetic patients with hypertension

(ASCOT trial) and with coronary artery disease (LIPS

trial) [38, 39]. No such advantages were observed in

the ALLHAT and PROSPER studies, what could be

due to the little difference in LDL-C between treat-

ment groups achieved during the treatment with

prevastatin [1, 40].

The PROVE IT study points to the key role of low-

ering plasma LDL-C. In this study treatment with

40 mg of pravastatin and 80 mg of atorvastatin was

compared in patient after the acute coronary syn-

drome [8]. The study showed that administration of

atorvastatin, which caused significantly lower mean

level of LDL-C (62 vs. 95 mg/dL) led to 16% (p < 0.005)

relative risk reduction of death, myocardial infarction,

angina recurrence or re-vascularisation. The risk re-

duction in the 734 diabetic study participants, al-

though not significant statistically due to the small

size of the group, was 16.8% (NNT – 17) compared to

14.6% (NNT – 28) in the nondiabetic group.

In the updated ATP III NCEP guidelines [21], pub-

lished in 2004 after PROVE – IT study, diabetic pa-

tients with coronary artery disease are put into a group

of a very high risk for cardiovascular events (esti-

mated 10-years CV risk > 30%). In this group more

aggressive treatment is suggested to reach LDL-C <

70 mg/dL.

CARDS study evaluated 10 mg atorvastatin treat-

ment as compared to placebo in primary prevention of

cardiovascular events in a group of 2833 subjects with

type 2 diabetes and LDL-C � 160 mg/dL and TG �

(600 mg/dL), with at least one additional risk factor

(retinopathy, albuminuria, smoking, hypertension)

[11]. Treatment with 10 mg atorvastatin for a mean

period of about 4 years resulted in 37% reduction of
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all cardiovascular events (p < 0.001), including coronary

events reduction by 37%, and 48% reduction of stroke,

and 27% reduction of total mortality (p = 0.059).

It has to be mentioned that in some patients with

diabetes with exceedingly high risk like patients in

end stage renal failure treatment with statins this treat-

ment may be of no benefit [50].

Treatment with statins is safe. Current recommen-

dations do not advise routine follow-up of liver and

muscle enzymes in diabetic patients treated with

statins [16, 30]. Caution should be maintained when

treating patients with an increased risk of adverse re-

actions (women, age > 80, fragile body constitution,

hypothyreosis) also when concomitant treatment with

other drugs is considered, especially CYP3A inhibi-

tors and hypoglycemic drugs (possible adverse inter-

action of atorvastatin and tiazenolidines). Combined

hypolipemic therapy with statins and fibrates also

should be implemented with caution [2].

Modification of HDL-C and triglycerides

levels

Although LDL-C constitutes the primary therapeutic

target in the prevention of cardiovascular disease in

diabetic population, other lipid disorders are impor-

tant risk factors for atherosclerotic complications.

Low HDL level is an indication for non pharma-

cological intervention (weight loss, regular physical

exercise, smoking cessation) [32]. Most important in-

terventions aimed to lower triglyceridemia are glyce-

mia control, weight loss, physical exercise and reduc-

tion of alcohol consumption [23]. In case of TG levels

exceeding 400 mg/dL fibrate treatment should be in-

troduced because of the risk of pancreatitis [13, 16].

Fibrates effectively lower triglyceride level, cause

a moderate rise of HDL-C and lower the level of

small dense LDLs [33]. At present we have a limited

number of studies on role of fibrates in the prevention

of cardiovascular diseases in diabetic population. In

Helsinki Heart Study designed as primary prevention

study, fewer events were observed in the group of dia-

betic patients treated with gemfibrozil than in the pla-

cebo group (3.4% vs. 10.5%) [17]. VA HIT study

showed that in diabetic men after myocardial infarc-

tion, gemfibrozil treatment reduced the risk of cardio-

vascular events by 32% (p = 0.04) and cardiovascular

death by 41% (p = 0.02) [36]. Insulin resistance state

was associated with a significantly higher risk of car-

diovascular events, independently of coexisting dia-

betes. Benefits of using gemfibrozil proved in the

whole VA HIT cohort could be attributed mostly to

the treatment effect in patients with hyperinsulinemia
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and insulin resistance [34] (Fig. 5). Three years long

treatment with fenofibrate of 418 subjects with type 2

diabetes in DAIS study proved beneficial in retarding

progression of atherosclerosis in coronary arteries

[14]. The effect was partly due to fenofibratre action

on the size of LDL particles [47].

FIELD study is most recently published multina-

tional study on fibrate treatment in patients with dia-

betes mellitus [45]. Fenofibrate treatment resulted in

11% (p = 0.16) relative reduction of coronary events

(primary outcome). This finding corresponds to a 24%

reduction in non-fatal (p = 0.01) and increase in coro-

nary heart disease mortality by 19% (p = 0.22). Obvi-

ously benefits from treatment of diabetic subjects are

less than it has been proven with statins [11, 12, 22].

Niacin is the most effective, currently approved

drug increasing HDL-C (rise up to 30%). Since high

doses of this drug have an adverse effect on diabetes

control, it is not a first line hypolipemic drug used

with diabetic patients [15]. Nicotinic acid as such has

never been widely used in Poland and no convenient

(large dose) formulas are available.

Combined therapy

The complex character of dyslipidemia in diabetes

and the more strict therapeutic aims for target lipid

levels will require more often the administration of

newer strong hypolipemic drugs and a more frequent

use of combined therapy. Recent experience with

a combined use of hypolipemic drugs (cerivastatin

and gemfibrozil) has revealed a significant risk of se-

rious adverse reactions. The combined therapy re-

quires caution because of possible drug interactions

and demands thorough knowledge of contraindica-

tions associated with concomitant diseases. With

a proper choice of medications the combined therapy

is very effective and safe enough. It should be noted

that gemfibrozil – so far the best studied fibrate in

large clinical trials – should not be used in combina-

tion with any statin [30]. Fenofibrate is believed to be

safer since it does not inhibit statins’ metabolism and

does not raise their blood levels [21]. Adding fenofi-

brate to simvastatin in patients with the metabolic

syndrome results in an additional lowering of non-

HDL-C by 36% and HDL-C increase by 23% [48].

Another study examined the efficacy of fenofibrate

and atorvastatin alone or a combination of both in dia-

betic patients with respect to achieving target lipid

levels as stated by ATP III. Combination of the two

drugs allowed for 96% efficacy in reaching target

LDL-C and 100% efficacy for target triglyceride

level. This combination was also highly effective in

achieving target HDL-C level (goal achieved in over

60% subjects) [5].

New hypolipemic drugs

Much research is devoted to new drugs affecting lipid

metabolism. Increasingly more potent hypolipemic

statins (rosuvastatin) are investigated in clinical trials

but an assessment of their safety requires a longer ob-

servation period. Ezetimib, a drug that has been re-

cently registered, produces a selective inhibition of

cholesterol absorption in the small intestine [19]. Al-

though its hypolipemic action is moderate (around

20% reduction of LDL-C), it has been proved to act

synergistically with statins (a combination of ezetimib

and simvastatin in one tablet has been registered)

[19]. Ezetimib can also be combined with fibrates. Its

use can be particularly important in type 1 diabetic

patients, who have high intestinal absorption of cho-

lesterol [28]. Drugs inhibiting the CETP protein activ-

ity are currently in the initial phase of clinical trials.

The increased activity of this protein plays a key role

in the pathogenesis of diabetic dyslipidemia. Torcetrapib

– one of CETP inhibitors used in healthy volunteers –

caused a dose dependant rise of HDL-C (16–91%),

and a lowering of LDL-C level (by 21–42%) [10].

Clinical trials have been started with this drug used in

monotherapy and in combination therapy with ator-

vastatin. Torcetrabip used in daily doses of 120 mg in

subjects with HDL-C < 1 mmol/l caused an increase

of HDL-C by 61% (p < 0.001) in a group treated with

20 mg of atorvastatin daily and by 46% in a group

without additional treatment. Doubling of the dose in

a group without atorvastatin resulted in HDL-C increase

by 106% (HDL-C = 1.8 mmol/l) [6].

An equally interesting approach of preventing athe-

rosclerosis is pharmacologic modification of lipid ex-

change in the peripheral tissues particularly in vessel

wall by inhibition of acylo-CoA: cholesterol acyl-

transferase (ACAT). Avasimib – an ACAT inhibitor

prevents the process of accumulation of cholesterol
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esters by macrophages in vessel wall. Thus, it may in-

hibit the formation and growth of atherosclerotic plaque

what in fact has been proved in animal model. However,

the initial clinical trials have not confirmed avasimib ef-

ficacy in inhibiting of coronary atherosclerosis in humans

as evaluated by intravascular ultrasonography [44].

Summary

The key abnormality of lipid metabolism in type 2

diabetes is an increased VLDL synthesis. The arising

consequences are abnormalities in other lipid fractions,

which strongly stimulate atherogenesis: increase of TG

and TG-rich remnants (TGRL), formation of small

dense LDL, decrease of HDL level with relative in-

crease of small dense HDL. The above changes are

due to insulin resistance state presenting both as a dis-

turbed regulation of key enzymes regulating lipid me-

tabolism in adipose tissue and liver, and hyperglyce-

mia which additionally stimulates the processes of

modifications of lipoproteins. Knowledge of the patho-

genesis of lipid disturbances in diabetes allows for

a number of therapeutic options, some of which have

come to be used in clinical practice, the rest being in

the state of more or less advanced clinical trials. In

meta-analysis of lipid studies by Vijan et al. in sub-

groups with diabetes, the relative risk reduction of

cardiovascular events was similar in primary (22%)

and secondary prevention (24%) [49]. The number of

patients who needed to be treated for 4 years to save

one person (NNT) was 34 in primary prevention stud-

ies and 13.8 in secondary prevention.

Intensive treatment of dyslipidemia in diabetic pa-

tients is a prerequisite for lowering the risk of cardiovas-

cular complications. The key goal is to achieve LDL-C

level below 100 mg/dL (Fig. 6). Non-pharmacological

treatment should be the first step, but if not successful

within 3–6 months, pharmacotherapy should be intro-

duced, especially if LDL-C is above 130 mg/dL. In

case of coexisting coronary artery disease or its

equivalents, the pharmacotherapy should be imple-

mented without delay if LDL-C exceeds 100 mg/dL.

The target LDL-C in patients with diabetes and CHD

should be < 70 mg/dL. The drug of choice is statin. If

monotherapy is not successful, a combined treatment

with statin and fibrate should be considered, or a com-

bination of statin with ezetimib or resin. Combining

the statin and fibrate should be also considered in case

of low HDL-C level. Isolated hypertriglycerydemia,

especially if exceeding 400 mg/dL, requires first of all

strict glycemic control and/or fibrate treatment.

Mixed hyperlipidemia requires a combined pharma-

cotherapy or high doses of statin if TG level is below

400 mg/dL. Diabetic patients should have lipidograms

checked every year and, in case of values within tar-
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* if TG 200–400 mg/dl, and high LDL-C, ** only recomended for pts abusing alcohol earlier,
if hypertriglicerydemia is absent, (TLC) therapeutic life changes: diet, physical excercise,
body mass reduction, quit smoking; [36]

Drug of choice: statin

Drug of second choice:

• fibrate

• ezetymibe

• resins

• combined therapy

TargetTarget LDLLDL--C < 100 mg/C < 100 mg/dLdL

TLC • TLC

• glicemia control

• omega- 3 acids

TargetTarget TG < 150 mg/TG < 150 mg/dLdL

Drug of choice: fibrate

• Fenofibrate

• Gemfibrozil

Drug of second choice:

• High dose statin*

• Fenofibrate + statin

TargetTarget HDL > 50 mg/HDL > 50 mg/dLdL

• TLC

• low alcohol intake**

• omega- 3 acids

Drug options:

• fibrate

• niacin (1.5 g/24 h)
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get limits (LDL < 100 mg/dL, TG < 150 mg/dL, HDL

> 40 mg/dL), once every two years.
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