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Abstract Insulin deficiency and hyperglycaemia in type 1 (insulin-dependent) diabetes
mellitus produce lipid abnormalities, which can be corrected by appropriate in-
sulin therapy. Diabetic nephropathy, which is the main risk factor for coronary
heart disease (CHD) in type 1 diabetes, causes pro-atherosclerotic changes in lipid
metabolism. Detection and treatment of elevated cholesterol levels is likely to be
of benefit in these patients.

Type 2 (noninsulin-dependent) diabetes mellitus is associated with abnormal
lipid metabolism, even when glycaemic control is good and nephropathy absent.
Elevated triglyceride levels, reduced high density lipoprotein (HDL) cholesterol
and a preponderance of small, dense low density lipoprotein (LDL) particles are
the key abnormalities that constitute diabetic dyslipidaemia. The prevalence of
hypercholesterolaemia is the same as for the nondiabetic population, but the
relative risk of CHD is greatly increased at every level of cholesterol. Based on
effectiveness, tolerability and clinical trial results, treatment with HMG-CoA
reductase inhibitors to lower LDL cholesterol is recommended as primary ther-
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apy. These agents are also moderately effective at reducing triglyceride and in-
creasing HDL cholesterol levels. If hypertriglyceridaemia predominates, treat-
ment with fibric acid derivatives is appropriate, although there is currently only
limited clinical trial evidence that the risk of CHD will be reduced.

In type 1 diabetes, but particularly in type 2 diabetes, lipid disorders are likely
to contribute significantly to the increased risk of macrovascular complications,
especially CHD. Management of the disordered lipid metabolism should be given
a high priority in the clinical care of all patients with diabetes.

Both type 1 (insulin-dependent) and type 2
(noninsulin-dependent) diabetes mellitus are asso-
ciated with increased risk for cardiovascular dis-
ease (CVD). In both types of diabetes, abnormali-
ties of lipid metabolism are important, but the nature
of these abnormalities is different and the therapeu-
tic approach also differs.

1. Coronary Heart Disease (CHD) in
Type 1 Diabetes Mellitus

Studies from the Joslin Clinic in Boston, Massa-
chussetts, USA [1] and the Steno Memorial Hospital
in Copenhagen, Denmark[2] have reported increased
coronary heart disease (CHD) mortality in patients
with type 1 diabetes compared with the nondiabetic
population. In the Joslin Clinic study 35% of the
patients died from CHD before the age of 55, with
similar risk for women and men. This rate was far
higher than the death rates of 4 and 8% for nondi-
abetic women and men in the Framingham Heart
Study.[3] The strongest predictor of increased risk
was the presence of persistent proteinuria, which
increased the risk of CHD 15-fold compared with
patients without nephropathy. At the Steno Memo-
rial Hospital, follow-up of patients with type 1 dia-
betes showed that onset of proteinuria led to a 40%
cumulative prevalence of CHD within 6 years,
compared with a prevalence of 5% in an age- and
sex-matched group without proteinuria. The mor-
tality of patients without proteinuria was only
slightly increased relative to the nondiabetic pop-
ulation. The increased CHD risk associated with
proteinuria can at least in part be linked to lipid
abnormalities (see section 3.1).

2. CHD in Type 2 Diabetes Mellitus

Numerous studies have confirmed that type 2
diabetes is an important risk factor for CHD. The
Framingham study was the first major prospective
analysis of diabetes as a risk factor and showed that
the risk of cardiovascular death was increased 4.5-
fold in women and 2-fold in men with predomi-
nantly type 2 diabetes.[4] The risk of death from
CVD was overall 3 times higher in the 5163 men
from the Multiple Risk Factor Intervention Trial
cohort who reported taking medication for diabetes
compared with the 342 815 men considered as non-
diabetic because, based on medication history, they
were not being treated for diabetes.[5] In the
Nurses’ Health Study, the 1483 women with diabe-
tes had a 6.9-fold increase in fatal CHD and 5.0-
fold increase in fatal stroke, compared with the 114
694 women without diabetes.[6]

3. Dyslipidaemia in Type 1 
Diabetes Mellitus

3.1 Nature, Prevalence and Aetiology

In the Diabetes Control and Complications Trial,
lipid levels from 1569 generally healthy patients
with type 1 diabetes aged between 13 and 40 were
similar to those in the nondiabetic population[7] (ta-
ble I). However, insulin deficiency reduces lipo-
protein lipase activity and results in defective re-
moval of triglyceride-rich lipoproteins.[8] Poor
glycaemic control can therefore be associated with
increased levels of triglycerides. Conversely, in-
tensive insulin therapy can reduce triglyceride lev-
els and also lower levels of low density lipoprotein
(LDL) cholesterol, as well as increasing high den-
sity lipoprotein (HDL) cholesterol levels.[22] In-
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creased susceptibility of LDL to oxidation has been
shown in patients with type 1 diabetes who have
poor glycaemic control,[9] but not in patients who
are euglycaemic.[23] Improved glycaemic control has
also been reported to reduce levels of lipopro-
tein(a) [Lp(a)], although most studies have re-
ported normal levels in patients with type 1 diabe-
tes.[24] Diabetic nephropathy, even at the early stage
of microalbuminuria, has been associated with li-
poprotein abnormalities, particularly increased LDL
cholesterol and Lp(a), as well as reduced HDL cho-
lesterol levels.[10,11] These pro-atherogenic changes
are likely to contribute to the increased risk of
CHD in patients with diabetic nephropathy.

3.2 Clinical Trials

Elevated cholesterol[2] and triglyceride[25] lev-
els have both been associated with increased risk
of CHD in patients with type 1 diabetes. The effect
of therapy to lower cholesterol levels is similar in
patients with type 1 diabetes and patients who do
not have diabetes,[26] but there have not been any

clinical trials to assess reduction of CHD risk in
patients with type 1 diabetes.

3.3 Management

Obviously, the patients to target for treatment of
dyslipidaemia are those with diabetic nephropathy
because of their greatly increased risk of CHD.
Treatment with an HMG-CoA reductase inhibitor
will reduce LDL cholesterol levels and is well tol-
erated, even in the presence of renal impairment.
The goal of treatment would generally be to reduce
LDL cholesterol levels to 2.5 mmol/L or less in
these high risk patients. Other lipid abnormalities
should be treated as outlined in section 4.4 for type
2 diabetes.

4. Dyslipidaemia in Type 2 
Diabetes Mellitus

4.1 Nature, Prevalence and Aetiology

Even with good glycaemic control and in the ab-
sence of any renal disease, type 2 diabetes is asso-
ciated with abnormal lipid metabolism (table I). In
fact, prospective studies have shown dyslipidaemia
to precede the onset of diabetes.[27,28] The key fea-
tures of this diabetic dyslipidaemia are elevated
levels of triglycerides and reduced levels of HDL
cholesterol, and an increased number of smaller,
denser LDL particles.[12-15,29] Smaller LDL particles
are more liable to oxidation[30] and so are potentially
more atherogenic than larger, less dense particles.
Indeed, increased LDL oxidisability has been dem-
onstrated in patients with type 2 diabetes.[16,17]

Poor glycaemic control exaggerates these abnormal-
ities,[18,19] and the presence of diabetic nephropa-
thy can cause further changes in the lipid pro-
file[20,21,31] as outlined in section 3 for type 1 diabetes.
Superimposed on these abnormalities is a preva-
lence of hypercholesterolaemia similar to that found
in the general population.[32] Lp(a) levels have gen-
erally been reported to be normal and not to change
with improved glycaemic control.[24]

The mechanism underlying the hypertriglyceri-
daemia of type 2 diabetes remains uncertain. Most
studies demonstrate overproduction by the liver of

Table I. Lipid and lipoprotein abnormalities in diabetes mellitus

Diabetes category Lipids and lipoproteins Reference

Type 1 diabetes
Usual levels of
glycaemia

Similar to non-diabetic
population

7

Poor glycaemic
control

Increased triglycerides
Increased LDL susceptibility to
oxidation

8
9

Diabetic nephropathy Increased LDL cholesterol
Decreased HDL cholesterol
Increased lipoprotein (a)

10
10
11

Type 2 diabetes
Usual levels of
glycaemia

Increased triglycerides
Decreased HDL cholesterol
Small, dense, LDL particles
Increased LDL susceptibility to
oxidation

12, 13
12, 13
14, 15
16, 17

Poor glycaemic
control

Worsening of
hypertriglyceridaemia

18, 19

Diabetic nephropathy Increased triglycerides
Decreased HDL cholesterol
Increased lipoprotein (a)

20
20
21

HDL = high density lipoprotein; LDL = low density lipoprotein.
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very low density lipoprotein (VLDL) triglyceride
and apolipoprotein B.[33,34] Impaired VLDL catab-
olism has also been reported, probably caused by
reduced activity of lipoprotein lipase.[33,34] Reduced
HDL cholesterol levels may be due to increased
catabolism, resulting from increased hepatic triglyc-
eride lipase action on HDL particles with higher
triglyceride content.[34,35] There is a strong inverse
correlation between LDL particle size and triglyc-
eride level, again placing the hypertriglyceridae-
mia at the centre of diabetic dyslipidaemia.[36,37]

Insulin resistance is a strong candidate as the
underlying abnormality responsible for all these
changes. The same type of dyslipidaemia has been
reported as part of the ‘Insulin Resistance Syn-
drome’[38,39] and prospective studies have shown
that hyperinsulinaemia predicts the onset of both
dyslipidaemia and diabetes.[40] Abnormalities of both
VLDL production[41] and lipoprotein activity[42] have
been linked with insulin resistance. Alternatively,
or in addition, a high level of intra-abdominal fat,
with increased release of free fatty acids, could in-
duce insulin resistance[43] and at the same time pro-

vide substrate for increased production of VLDL
particles.[44]

4.2 Clinical Trials

Elevated cholesterol levels have been shown in
several studies to predict increased risk of CHD in
patients with type 2 diabetes.[5,6,45,46] Elevated tri-
glycerides[47,48] and reduced HDL cholesterol[46,48,49]

levels have also been linked with increased CHD
risk in this population. No studies have looked spe-
cifically at LDL particle size as a risk factor for
CHD in type 2 diabetes.

Although patients with type 2 diabetes have
been included in studies on primary prevention of
CHD using HMG-CoA reductase inhibitors,[50,51]

the number of events in the diabetic cohort from each
study was too small to produce a significant result.
On the other hand, benefit from treatment with HMG-
CoAreductase inhibitors in patients with pre-existing
CHD has been reported now in the subgroups with
type 2 diabetes from 3 major studies (table II). In
202 patients with diabetes from the Scandinavian
Simvastatin Survival Study (4S), baseline mean
LDL cholesterol levels were 4.80 mmol/L (total

Table II. Clinical trial effects of lipid modifying drugs on lipids and coronary heart disease (CHD) events in type 2 diabetes mellitus

Drug and study type No. treated Lipid or lipoprotein Effect CHD event reduction Reference

Simvastatin 20-40mg daily
Secondary prevention

105 LDL cholesterol
Triglycerides
HDL cholesterol

36% reductiona

11% reductiona

7% increasea

55% (p = 0.002) 52

Pravastatin 40mg daily
Secondary prevention

282 LDL cholesterol
Triglycerides
HDL cholesterol

28% reductionb

14% reductionb

5% increaseb

25% (p = 0.05) 53

Pravastatin 40mg daily
Secondary prevention

396 LDL cholesterol
Triglycerides
HDL cholesterol

25% reductionb

11% reductionb

5% increaseb

19% (p = NS) 54

Gemfibrozil 600mg twice
daily
Primary prevention

59 LDL cholesterol
Triglycerides
HDL cholesterol

5% reduction
22% reduction
5% increase

68% (p = NS) 55

Gemfibrozil 600mg twice
daily
Secondary prevention

309 LDL cholesterol
Triglycerides
HDL cholesterol

No changeb

31% reductionb

6% increaseb

24% (p = 0.05) 56

Bezafibrate 400mg daily
Primary prevention

81 LDL cholesterol
Triglycerides
HDL cholesterol

10% reduction
37% reduction
8% increase

67% (p = 0.01) 57

a Changes relative to baseline values, rather than placebo response.

b Changes in total cohort (diabetic and nondiabetic).

HDL = high density lipoprotein; LDL = low density lipoprotein; NS = nonsignificant.
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cholesterol 6.71 mmol/L) and fell by 36% in those
treated with simvastatin 20 to 40mg daily, produc-
ing a 55% reduction in CHD events.[52] In the Cho-
lesterol and Recurrent Events (CARE) study 586
patients with diabetes had baseline mean LDL cho-
lesterol levels of 3.51 mmol/L (total cholesterol 5.32
mmol/L), a reduction of 32% in those treated with
pravastatin 40mg daily and a 25% reduction of
CHD events.[53] The Long-term Intervention with
Pravastatin in Ischaemic Disease (LIPID) study in-
cluded 782 patients with diabetes, again receiving
pravastatin 40mg daily or placebo. Baseline me-
dian LDL cholesterol levels of 3.89 mmol/L (total
cholesterol 5.66 mmol/L) fell by 25% and CHD
events by 19% in the treated group.[54]

There have also been 2 reports of primary pre-
vention studies with fibric acid derivatives in pa-
tients with type 2 diabetes. The 68% reduction of CHD
events with gemfibrozil treatment in the subset of
patients with diabetes participating in the Helsinki
Heart Study was not statistically significant.[55] In
the St Mary’s, Ealing, Northwick Park Diabetes
Cardiovascular Disease Prevention (SENDCAP)
study, 164 patients with diabetes had a mean base-
line triglyceride level of 2.17 mmol/L, a 33% reduc-
tion of triglyceride in the group treated with bezafi-
brate 400mg daily and a 67% reduction of CHD
events.[57] The Veterans Affairs Cooperative Studies
Program HDL-C Intervention Trial (VA-HIT)[56]

was a secondary prevention study, in which 25% of
patients had diabetes. Cardiovascular events were
reduced by 24% in patients both with and without
diabetes taking gemfibrozil.

Several major primary and secondary preven-
tion trials, each involving between 3000 and 8000
patients with type 2 diabetes, are currently in the re-
cruitment stage. The largest of these studies, the
Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) trial, will study 8000 patients in
Australia, New Zealand and Finland, comparing
treatment with micronised fenofibrate 200mg daily
and placebo. The British Heart Protection Study
will include 6000 patients with diabetes in a com-
parison of simvastatin 40mg daily and placebo.
Both groups will be further randomised to receive

the combination of tocopherol (vitamin E), ascor-
bic acid (vitamin C) and β carotene or placebo.

4.3 Lifestyle Intervention

Exercise is likely to provide particular benefits
for patients with type 2 diabetes, as it improves
insulin sensitivity and reduces intra-abdominal fat,
thereby reducing triglyceride and increasing HDL
cholesterol levels.[58] The American Diabetes As-
sociation recommends aerobic exercise at 50 to
70% maximum O2 uptake for 20 to 45 minutes, at
least 3 days per week.[59]

Nutritional intervention is also important, par-
ticularly reduction of saturated fat intake.[60] Whether
the saturated fat should be replaced in the diet by
carbohydrate or by poly-unsaturated or mono-un-
saturated fat is probably not important, although
mono-unsaturated fat may result in lower triglyc-
eride levels and better glycaemic control than car-
bohydrate. In patients who are obese, most of the
calories from saturated fat should not be replaced
at all in order to promote bodyweight loss. When
marked hypertriglyceridaemia is present (>10
mmol/L) severe restriction of dietary fat and com-
plete avoidance of alcohol (ethanol) are recom-
mended.

4.4 Pharmacological Intervention

Any therapy that improves glycaemic control
will improve diabetic dyslipidaemia, particularly
hypertriglyceridaemia. Thus treatment with insu-
lin,[19,61] sulphonylureas,[18,62] metformin,[63] acar-
bose[64] and troglitazone[65] have all been reported
to improve the lipid profile.

The most effective agents for reduction of LDL
cholesterol levels in patients with type 2 diabetes
are HMG-CoA reductase inhibitors and the most
effective agents for reduction of triglyceride levels
are fibric acid derivatives[66,67] (table III).

4.4.1 HMG-CoA Reductase Inhibitors
HMG-CoA reductase inhibitors (statins) inhibit

the enzyme HMG-CoA reductase, which is a rate
limiting enzyme in the cholesterol synthesis path-
way. Their main effect on the lipid profile is there-
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fore to lower LDL cholesterol levels, which they
do with increasing efficacy on a per mg basis from
fluvastatin to pravastatin to simvastatin and lova-
statin to atorvastatin.[68] As indicated in section 4.2,
studies with pravastatin 40mg daily have shown a
32% reduction of LDL cholesterol levels in one
study in 586 patients with type 2 diabetes[53] and a
25% reduction in another study of 782 patients with
diabetes.[54] With simvastatin 20 to 40mg daily, a
36% reduction has been reported in 202 patients
with diabetes.[52] Combined data from a series of
studies with atorvastatin 10mg daily showed a 36%
reduction in a total of 156 patients with diabetes.[69]

The reduction in LDL cholesterol levels in patients
with diabetes was the same as in the larger numbers
of patients without diabetes included in all these
studies.

These agents also reduce triglycerides, by up-
regulating the hepatic LDL receptor and probably
by reducing VLDL production.[70] In the studies in-
dicated in the previous paragraph, pravastatin re-
duced triglycerides by 11 and 14%, simvastatin by
11% and atorvastatin by 21%. HDL cholesterol lev-
els increased slightly, by between 4 and 8%. Gly-
caemic control is not altered by HMG-CoA reduc-
tase inhibitor therapy in patients with diabetes.

HMG-CoA reductase inhibitors are well toler-
ated, with minor gastrointestinal disturbances the
most commonly reported adverse effect. Discontinu-

ation of therapy because of adverse effects was very
unusual in the clinical trials. Myositis has been re-
ported and monitoring of creatine kinase levels,
particularly at the first review after initiation of ther-
apy, is recommended. There is no concern about
minor elevations, but an increase above 5 times the
upper limit of normal is an indication to reduce the
dose or to stop treatment, unless there is another ex-
planation, such as recent vigorous muscular exercise.
Liver function tests (LFTs) should also be moni-
tored, with an increase in levels of AST or ALT
above 3 times the upper limit of normal an indica-
tion for reduction of dose or cessation of treatment.
These agents should be used with particular care
(including increased monitoring) in patients with
pre-existing liver disease or when used in combi-
nation with nicotinic acid or fibric acid derivatives.
Abnormal LFTs in patients with hypertriglyceri-
daemia may be due to fatty infiltration and may
actually improve after triglyceride lowering with
treatment. Extreme caution is required in patients also
receiving cyclosporin, as metabolism of the HMG-
CoA reductase inhibitors is impaired.[71]

Based on the relative potency of the different
HMG-CoA reductase inhibitors, and on the results
of the clinical trials discussed earlier in this section,
the most logical starting doses are pravastatin 40mg,
simvastatin 20mg and atorvastatin 10mg. The Amer-
ican Diabetes Association position statement on
treatment of dyslipidaemia in adults with diabetes
has set an LDL cholesterol level of 2.6 mmol/L
(100 mg/dL) as the goal to be achieved in patients
with pre-existing CVD, and a level of 3.35 mmol/L
(130 mg/dL) in patients without clinical evidence of
CVD.[72] We recommend a treatment goal of <3.0
mmol/L for primary prevention and <2.5 mmol/L
for secondary prevention in type 2 diabetes (based
on recommendations by various diabetes associa-
tions, including American guidelines translated to
SI units). To achieve these goals, the dose of HMG-
CoA reductase inhibitor may need to be titrated in
response to the LDL cholesterol levels achieved
with initial therapy. The dose can be adjusted after
4 to 6 weeks.

Table III. Choice of therapy for lipid abnormalities in type 2 diabetes
mellitus

Lipid or lipoprotein
abnormality

First-line therapy Additional therapy

Increased LDL
cholesterol

HMG-CoA reductase
inhibitor

Bile acid sequestrant
Nicotinic acid

Increased
triglyceride

Fibric acid derivative HMG-CoA reductase
inhibitor
Omega 3 fatty acids
Nicotinic acid

Increased LDL
cholesterol and
triglyceride

HMG-CoA reductase
inhibitora

Fibric acid derivative
Omega 3 fatty acids
Nicotinic acid

Reduced HDL
cholesterol

HMG-CoA reductase
inhibitorb

Fibric acid derivative
Nicotinic acid

a Therapeutic priority is to lower LDL cholesterol.

b Will improve ratio of LDL to HDL cholesterol.

HDL = high density lipoprotein; LDL = low density lipoprotein.
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Taking note of the tolerability and effectiveness
of HMG-CoA reductase inhibitors, as well as their
proven benefit in secondary prevention of CHD,
the American Diabetes Association has set lower-
ing of LDL cholesterol levels as the top priority in
the treatment of diabetic dyslipidaemia.[72] The sec-
ond priority is lowering of triglyceride levels and
the third priority is raising levels of HDL choles-
terol, both of which are achieved to some extent by
statin therapy.

4.4.2 Fibric Acid Derivatives
Fibric acid derivatives act through peroxisome

proliferator-activated receptors (PPAR)α to reduce
hepatic production of VLDL particles and increase
lipoprotein lipase activity.[73] The main result of these
actions is to reduce triglyceride levels, but there is
also a reciprocal rise in HDL cholesterol levels that
is generally between 5 and 15%, and greater when
the baseline triglyceride level is higher.[74] The re-
sponse of LDL cholesterol also varies with the base-
line triglyceride level. With normal or slightly el-
evated triglyceride levels, LDL cholesterol levels are
lower after fibric acid derivative therapy,[55,57] but
when baseline triglyceride levels are high, LDL lev-
els rise because of improved VLDL metabolism.[67]

Of potential importance in the treatment of dia-
betic dyslipidaemia, gemfibrozil treatment has been
shown to increase LDL particle size, with changes
inversely proportional to the fall in triglyceride
level.[75,76] Fenofibrate and bezafibrate would be
expected to have similar effects and all 3 agents
should enhance post-prandial lipoprotein clearance
in patients with diabetes.[77] As with the HMG-
CoA reductase inhibitors, the fibric acid derivatives
do not alter glycaemic control.

Except in patients with renal impairment or when
used in combination with HMG-CoA reductase in-
hibitors, fibric acid derivatives are generally initi-
ated at the full therapeutic dose and are not titrated.
For gemfibrozil this dosage is 600mg twice daily,
for bezafibrate 400mg daily and for fenofibrate
200mg daily. Lower doses of the sustained-release
preparations of bezafibrate and fenofibrate can be
achieved by taking the medication every second or
third day. Fibric acid derivatives are well tolerated

but can cause gastrointestinal adverse effects, par-
ticularly diarrhoea. Fibric acid derivatives have also
been associated with a slight increase in the risk of
gallstones and occasionally cause abnormal LFTs.
However, as mentioned in section 4.4.1 for HMG-
CoA reductase inhibitors, fibric acid derivatives
can improve abnormal LFTs associated with fatty
infiltration of the liver, by lowering triglyceride
levels. The most significant potential adverse ef-
fect of fibric acid derivatives is myositis, particu-
larly in patients with impaired renal function.

Because there is little current evidence for reduc-
tion of CHD in patients with diabetes treated with
fibric acid derivatives, these agents are not gener-
ally used as first-line treatment for diabetic dys-
lipidaemia.[72] As indicated in section 4.4.1, prior-
ity is given to lowering LDL cholesterol levels,
which HMG-CoA reductase inhibitors do better
than fibric acid derivatives. Fibric acid derivatives
are used when more marked hypertriglyceridaemia
is present (triglycerides >5 mmol/L) or as second-
line therapy, in addition to an HMG-CoA reductase
inhibitor. In this latter situation, monitoring of cre-
atine kinase levels after 4 to 6 weeks therapy, after
another 3 months and then at 6-monthly intervals
is recommended. The risk of myositis has been low
in several studies of combination therapy in pa-
tients without diabetes,[78,79] but caution must be
maintained.

4.4.3 Omega 3 Fatty Acids
Omega 3 fatty acids (fish oils) lower triglycer-

ides with minimal effects on HDL cholesterol and
LDL cholesterol levels.[80] They are well tolerated
at the commonly used dosages of 1 to 2 capsules
daily (2 to 4 g/day). At higher dosages there may
be worsening of glycaemic control.[81]

Omega 3 fatty acids are primarily used in the
treatment of more marked hypertriglyceridaemia,
usually as second-line therapy, after a fibric acid
derivative. However, they can also be combined
readily with an HMG-CoA reductase inhibitor.
There have not been any clinical trials in patients
with diabetes showing reduction of CHD from
treatment with omega 3 fatty acids, but their use is
supported by epidemiological evidence that in-
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creased dietary consumption of fish is associated
with a lower risk for CHD.[80]

4.4.4 Nicotinic Acid
Nicotinic acid has multiple effects on the lipid

profile. It is the most effective agent available for
elevating HDL cholesterol levels and it also lowers
triglyceride, LDL cholesterol[82] and even Lp(a) lev-
els.[83] Unfortunately, it has a number of disadvan-
tages, particularly for the patient with type 2 dia-
betes. The most significant adverse effect is that it
worsens glycaemic control,[82] probably by increas-
ing insulin resistance.[84] It also causes flushing, ag-
gravates hyperuricaemia,[82] and can activate peptic
ulcer disease and cause abnormal liver function. As
a result, nicotinic acid is generally used as a sec-
ond-line agent in higher risk patients and dosages
do not generally exceed 1g daily. It can be used in
combination with either fibric acid derivatives or
HMG-CoA reductase inhibitors, provided that LFTs
and creatine kinase levels are monitored.

4.4.5 Bile Acid Sequestrants
When an elevated LDL cholesterol level is the

primary lipid abnormality, and the response to
maximum therapy with HMG-CoA reductase in-
hibitors is not adequate or there is some contraindi-
cation to their use, treatment with a bile acid sequestr-
ant or binding resin such as cholestyramine can be
considered. Because bile acid sequestrants can in-
crease triglyceride levels[85] they are not recom-
mended if the triglyceride level is elevated to more
than 3.0 mmol/L. Use of these agents is also asso-
ciated with a high rate of gastrointestinal adverse
effects and interference with the absorption of other
drugs. Nonetheless, therapy with bile acid seques-
trants can usefully lower LDL cholesterol levels in
carefully selected patients and may even improve
glycaemic control.[86]

4.4.6 Estrogen
In postmenopausal women without diabetes, es-

trogen therapy increases HDL cholesterol levels, de-
creases LDL cholesterol and Lp(a) levels, but in-
creases triglyceride levels[87] and reduces LDL
particle size.[88] The increase in HDL cholesterol
levels and decrease in LDL cholesterol levels with

estrogen therapy are comparable with those achieved
by treatment with simvastatin 10mg. In postmeno-
pausal women with type 2 diabetes, short term es-
trogen therapy has been reported to have beneficial
effects on lipids, fibrinolytic parameters and hepatic
insulin resistance.[89] Analysis of cardiovascular
risk in postmenopausal women with diabetes tak-
ing hormone replacement therapy has also sug-
gested benefits similar to the nondiabetic popula-
tion.[90] However, the data for women with diabetes
are very limited and the benefits even for women
who do not have diabetes remain uncertain.[91] Cer-
tainly, estrogen replacement therapy needs to be
used with some caution in women with diabetes, be-
cause of the risk of aggravating pre-existing hyper-
triglyceridaemia. Estrogen is better avoided if the
fasting triglyceride level exceeds 3.0 mmol/L.

5. Cerebrovascular Disease, 
Peripheral Vascular Disease 
and Diabetic Nephropathy

An unanticipated result in recent trials of HMG-
CoA reductase inhibitor treatment was a reduction
in the risk of non-haemorrhagic stroke.[92,93] This
reduction would be a particularly important benefit
for patients with type 2 diabetes, whose risk of
stroke is greatly increased. Peripheral vascular dis-
ease (PVD) has been linked with the presence of
diabetic dyslipidaemia,[94] but there is no evidence
on whether correction of the lipid abnormalities
will reduce the risk for this complication. Although
the main rationale for lipid modifying therapy in
patients with diabetes is the reduction of CHD, it
is a reasonable expectation that additional benefit
will accrue in the form of reduced incidence or se-
verity of non-haemorrhagic stroke and PVD.

As described in sections 3 and 4, the presence
of diabetic renal disease has been linked with a
number of lipid abnormalities.[10,11,20,21,31] Two re-
cent studies have raised the interesting possibility
that treatment with an HMG-CoA reductase inhib-
itor may slow the progression of diabetic nephropa-
thy.[95,96]
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6. Conclusion

Reduction of LDL cholesterol levels with HMG-
CoA reductase inhibitor therapy is of proven bene-
fit for patients with type 2 diabetes and pre-existing
CHD. It is also likely to benefit many patients with
type 1 diabetes and elevated LDL cholesterol lev-
els, particularly those with diabetic nephropathy.
For patients with type 2 diabetes who do not have
CHD, treatment with an HMG-CoA reductase in-
hibitor or a fibric acid derivative may be beneficial,
but the appropriate choice of therapy and the thresh-
olds for initiation and goals of therapy will be de-
fined by the results of clinical trials currently un-
derway.
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