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Abstract Results from the United Kingdom Prospective Diabetes Study showed that

intensive treatment of type 2 (non-insulin—dependent) diabetes mellitus, with
sulphonylureasor insulin, significantly reduced microvascular complications but
did not have a significant effect on macrovascular complications after 10 years.
Insulin resistance plays a key role in type 2 diabetes mellitus and is linked to a
cluster of cardiovascular risk factors. Optimal treatment for type 2 diabetes mel-
litus should aim to improve insulin resistance and the associated cardiovascular
risk factorsin addition to achieving glycaemic control. Treatment with sul phonyl-
ureas or exogenous insulin improves glycaemic control by increasing insulin
supplies rather than reducing insulin resistance. Metformin and the recently in-
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troduced thiazolidinedi ones have beneficial effectson reducing insulin resistance
as well as providing glycaemic control. There is evidence that, like metformin,
thiazolidinedionesalsoimprove cardiovascular risk factorssuch asdyslipidaemia
and fibrinolysis. Whether these differences will trandate into clinical benefit
remains to be seen. The thiazolidinediones rosiglitazone and pioglitazone have
been available in the US since 1999 (with pioglitazone also being available in
Japan). Both products are now available to physiciansin Europe.

Type 2 (non-insulin—dependent) diabetes melli-
tus results from a combination of tissue resistance
(or insensitivity) to insulin action and an inade-
quate compensatory insulin secretory response.!l
Both genetic and environmental factors probably
contribute to the development of this form of dia-
betes mellitus although the specific causes are not
yet understood. Most patients with type 2 diabetes
mellitus are obese, and obesity itself resultsin in-
sulin resistance. Insulin resistanceisaconditionin
which peripheral tissues (adipose tissue and skele-
tal muscle) show reduced sensitivity to the effects
of insulin-stimulated glucose uptake and thisleads
to hyperglycaemia. Peripheral insulin resistanceis
considered to have a key role in the development
of type 2 diabetes mellitus; itisalso closely linked
to many other risk factorsfor cardiovascular disease:
hypertension, left ventricular hypertrophy, seden-
tary lifestyle, upper body obesity, impaired fibri-
nolysis and atherogenic dyslipidaemia. All these
conditions are independently linked with progres-
sive atherosclerosis and cardiovascular events.

1. Current Management
Recommendations

The current recommendations of the American
Diabetes Association, for the care of patients with
diabetes mdllitus, advocate reduction of blood glu-
cose as the goal of treatment.[t! These recommen-
dations are based on the principle that blood glucose
should be lowered to, or near to, normal levelsin
al patients. They are supported by evidencethat tight
glycaemic control reduces the risk of microvasc-
ular diabetic complications. This evidence comes
from trias in patients with both type 1 (insulin-
dependent)[223! and type 2 diabetes mellitus.[*5! Such
trials commonly use glycosylated haemoglobin

0 Adis International Limited. All rights reserved.

(HbA 1) levels, which reflect the state of glycaemia
over the preceding 8 to 10 weeks, as an indicator of
glycaemic control.

In the Diabetes Control and Complications Tridl,
intensiveinsulin therapy wasfound to delay the onset
and slow the progression of diabetic retinopathy,
nephropathy and neuropathy in patients with type 1
diabetes mellitus (n = 1441) roughly half of whom
had mild retinopathy at baseline.l2 Mean HbA 1.
levels were maintained at around 7% throughout
the study intheintensively treated group compared
with around 9% in those given conventional ther-
apy (after the first year). Similarly, in the Stock-
holm Diabetes Intervention Study in 102 patients
with type 1 diabetes mellitus and unsatisfactory
blood glucose control, nephropathy, neuropathy and
nonproliferativeretinopathy (including seriousret-
inopathy) were all significantly retarded in the
group given intensified insulin treatment.[3! Those
given intensive insulin treatment for 7.5 years
showed greater improvement in glucose control
than those given standard treatment. Mean HbA 1.
levels were reduced from 9.5 to 7.1% on intensive
treatment and from 9.4 to 8.5% on standard treat-
ment.

Intensive blood glucose control with chlorprop-
amide, glibenclamide or insulin substantially de-
creased the risk of microvascular complications
compared with conventional treatment in 3867 pa-
tients with type 2 diabetes mellitus in the United
Kingdom Prospective Diabetes Study (UKPDS).[5!
Mean HbA 1 levels over the 10 yearswere 7.0%in
the intensively treated group and 7.9% in the con-
ventional dietary treatment group. The Kumamoto
study of patientswithtype 2 diabetes(n=110) also
showed that thereweresignificant reductionsinthe
onset and progression of nephropathy, retinopathy
and neuropathy after 6 years of intensive insulin
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treatment compared with conventional treatment.l!
Mean HbA . levels in the two treatment groups
were similar to those reported in the Diabetes Con-
trol and Complications Trial after afew months of
the study.

These studies were consistent in demonstrating
that tight glycaemic control reducestherisk of mi-
crovascular disease. The effects of tight glycaemic
control on macrovascular disease, however, were not
clear from these studies, either because this issue
was not addressed or because, as in the case of the
UKPDS,® tight glycaemic control did not have a
significant effect on the risk of macrovascular dis-
ease (after more than 10 years of follow-up). The
influence of treatments on macrovascular disease
is particularly important: although 9% of patients
with type 2 disease develop a microvascular com-
plication within 9 years of diagnosis, 20% have a
macrovascular complication. Furthermore, macro-
vascular disease is 70-fold more likely to result in
death than a microvascular complication in these
patients.[®l Normalisation of blood glucose levels
may be achieved either by increasing insulinlevels
(with sulphonylureas to increase endogenous i nsu-
lin secretion or with exogenous insulin) or by im-
proving insulin sensitivity (metformin, thiazolidi-
nediones).

2. Negative Aspects of
Hyperinsulinaemia

Although in vitro and animal experimental data
have suggested that insulin may promote athero-
sclerosis, however, there are no but human data to
support this finding. Moreover, insulin treatment
in patients with type 2 diabetes mellitus and inten-
sive insulin treatment in patients with type 1 dia-
betes mellitus has not been associated with an in-
creased rate of microvascular complications. High
insulin levels are assumed to represent insulin re-
sistance in epidemiological studies and their re-
sults cannot be interpreted as necessarily indicat-
ing a harmful effect of insulinitself. However, the
use of agents, such as sulphonylureas or insulin,
which promote hyperinsulinaemiamay have some
adverse effects.

0 Adis International Limited. All rights reserved.

Data from animal and in vitro experiments and
from epidemiological studies suggest that insulin
or insulin resistance may have a direct role in the
development of atherosclerosis. Long term treat-
ment with insulin results in lipid-containing le-
sions and thickening of the arterial wall in experi-
mental animals. Insulin also inhibitsthe regression
of diet-induced experimental atherosclerosis, and
insulin deficiency inhibits the development of ar-
terial lesions. Insulin stimulates lipid synthesisin
arterial tissue and this effect of insulin is influ-
enced by haemodynamic factors and may belocal-
ised in certain parts of the artery. Physiological
insulin levelsstimul ate proliferation and migration
of cultured arterial smooth muscle cells but have
no effect on endothelial cells cultured from large
vessels. Insulin also stimulates cholesterol synthe-
sis and low density lipoprotein (LDL) cholesterol
binding in both arterial smooth muscle cells and
monocyte macrophages.”] Elevated insulin levels
increase the level of circulating plasminogen acti-
vator inhibitor 1 (PAI-1) in an environment of in-
creased glucose and triglycerides, typical of type 2
diabetes mellitus.[®l Increased levels of PAI-1 can
lead to decreased fibinolytic activity which, in
turn, may predispose to thrombosis.

In addition to this evidence from experimental
studies, evidence from epidemiological studiesin
men without diabetes mellitus suggests a link be-
tween plasma insulin levels and ischaemic heart
disease. The Quebec Cardiovascular study in men
without diabetes mellitus was undertaken to deter-
mine whether plasma insulin levels were inde-
pendently related to ischaemic heart disease after
adjustment for other risk factors including plasma
lipoprotein levels.[¥ Blood sampleswere collected
from 2103 men without ischaemic heart disease
aged 45 to 76 years. A first ischaemic event, (an-
gina pectoris, acute myocardial infarction or death
from ischaemic heart disease) occurred in 114 of the
men during the next 5 years (case patients). Each
of these men was matched with a control who had
remained free of ischaemic heart disease and fast-
ing plasma insulin levels at baseline were 18%
higher in patients than in controls. The association
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between plasmainsulin levels and ischaemic heart
disease remained after adjustment for other cardio-
vascular risk factors such as high systolic blood
pressure, use of medication, family history of isch-
aemic heart disease, high plasmalevels of triglyc-
erides, apolipoprotein B, high density lipoprotein
(HDL) and LDL cholesterol. Deprés et al.l9 con-
cluded that high fasting plasma insulin levels ap-
pear to be independently related to ischaemic heart
disease in men.

The British Regional Heart study examined this
question using asimilar approach.!1% Insulin levels
were determined i n nonfasting serum samplesfrom
5550 men (aged 40 to 59 years) without known dia-
betes mellitus. After 11.5 years of follow-up, 521
maj or ischaemic heart disease events had occurred,
261 fatal and 260 nonfatal. There was a nonlinear
relationship between serum insulinlevelsand isch-
aemic heart disease events, therisk increasing greatly
at the highest insulin levels (33.8 mU/L or more).
There was some attenuation of the relationship when
adjustments were made for a range of ischaemic
heart disease risk factors but the relationship re-
mained significant even after theadjustments. Thedata
were consistent with the view that a high level of
serum insulin is atherogenic with a threshold effect.

Thereis considerable evidence of arelationship
between raised serum insulin levels and ischaemic
heart disease but the nature of that relationship is
not yet clear. Elevated plasma insulin levels may
only be a marker for common aetiological factors
in the devel opment of both ischaemic heart disease
and type 2 diabetes mellitus. The UKPDSIS! results
did not indicatean increased cardiovascular risk from
the use of exogenousinsulin or sulphonylureas, but
neither was there a significant reduction in risk. It
seems possible that some of the therapeutic bene-
fits of using these agents may be offset by the po-
tential detrimental impact of increased circulating
insulin levelson cardiovascular outcomes. In view
of these doubts it may be wiser to avoid hyperin-
sulinaemia by favouring treatments that reduce in-
sulinresistance over treatments, such as sulphonyl-
ureas or exogenous insulin, which are likely to
produce hyperinsulinaemia.

0 Adis International Limited. All rights reserved.

3. Sulphonylureas

3.1 Mode of Action

Sulphonylureas exert hypoglycaemic action
mainly by stimulating insulin release both in the
basal state and in response to glucose load.[1Y] This
mechanism requires functional pancreatic B-cells.
Sulphonylureas interact with specific receptors at
the plasma membrane of the insulin-releasing pan-
creatic 3-cells where they inhibit adenosine tri-
phosphate (ATP)-sensitive K* channelsresulting
in depolarisation of the cell membrane, opening of
voltage-sensitive Ca?* channels, increase in intra-
cellular calcium levels and subsequent insulin re-
lease. Thus, endogenous insulin secretion is stim-
ulated but insulin synthesis is unaffected. This
effect of sulphonylureasis augmented by glucose;
further the sensitivity of B-cellsto glucoseand non-
glucose stimuli is increased. Extrapancreatic ef-
fects of the sulphonylureas include promotion of
better insulin sensitivity and insulin receptor bind-
ing, although these effects may well be secondary to
improvement of hyperglycaemia. The idiopathic
loss of first-phaseinsulin releasein type 2 diabetes
mellitusis not restored by sulphonylureas but sec-
ond-phase insulin production is stimulated (by up
to about 25%) in a dose-dependent manner in
healthy individuals.['Y] Insulin production is only
stimulated by sulphonylureasif thereisasufficient
mass of [3-cells. Reductionsin the available 3-cells
with progression of type 2 diabetes mellitusresults
in inadequately stimulated insulin release. There
may be parallel reductionsin hepatic insulin clear-
ance and pancreatic glucagon rel ease although this
latter effect has been questioned.[*!!

3.2 Favourable Effects

The sulphonylurea compounds are effective in
reducing blood glucose levelsin patientswith type
2 diabetes mellitus and are commonly used when
conventional dietary treatment fails to normalise
blood glucose levels.[512.13] After 3 to 6 months of
treatment with sulphonylureas basal and postpran-
dial plasma glucose levels decrease by roughly 3
to 5 mmol/L, HbA 1. levels decrease by about 20%
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and basal and postprandial insulin levelsincrease
by about 50%.114! In the UK PDS the sulphonylureas
chlorpropamide and glibenclamide were both
more effective than conventional dietary treatment
in reducing HbA ;. levels in patients with type 2
diabetes mellitus. Median HbA 1. levels over 10
yearswere 6.7% with chlorpropamide and 6.7% with
glibenclamide compared with 7.1% with insulin
and 7.9% with conventional dietary treatment.[®! In
genera the efficacy of individual sulphonylureas
does not differ greatly.

TheUKPDS® found that intensivetreatment with
chlorpropamide, glibenclamide or insulin pro-
duced a 25% reduction in therisk of microvascular
end-points, including the need for photocoagula-
tion, compared with conventional dietary treatment.
There was no difference between the 3 agentsin
the effect produced.l”! Small, short term studieswith
gliclazide show no apparent effect on nephropathy
or retinopathy but there are some reports that
gliclazide may delay the progression of diabetic
retinopathy more than other sulphonylureas.!419]
Thereisevidence, mainly from animal studies, that
gliclazide may inhibit thrombus formation, im-
prove fibrinolytic activity, reduce platelet
hyperadhesiveness and inhibit abnormal platelet
aggregation and release.[’®l However, whether
glycaemic control contributesto these actions, and
to what extent, remains controversial.

3.3 Adverse Effects

Sulphonylureas carry a slight but recognised
risk of causing acute severe hypoglycaemia, with
its associated risks of death or serious neurological
sequelae. The consequences of the less severe re-
current hypoglycaemia in sulphonylurea-treated
patientsare not established. Inthe UKPDSthe pro-
portion of patients experiencing major hypogly-
caemic episodes per year were 0.7, 1.0, 1.4 and 1.8%
with conventional dietary treatment, chlorpropa-
mide, glibenclamide and insulin, respectively. The
corresponding proporti ons experiencing any hypo-
glycaemic episode in these treatment groups were
10, 16, 21 and 28%, respectively.!18 All the sulph-
onylureas are reported to cause severe hypoglycae-

0 Adis International Limited. All rights reserved.

mia but drugs with longer duration of action, such
aschlorpropamideand glibenclamide carry thegreat-
est risk. This risk is further increased when drug
elimination is reduced by renal impairment and it
has been recommended that longer-acting sulph-
onylureas should be avoided in elderly patients.[1"]

O’ Keefeet al 118 considered concerns about the
cardiovascular safety of the sulphonylurea com-
poundsin arecent review. Such concernsdate back
to the University Group Diabetes Program,[1® a
prospective randomised trial that found that pa-
tients with diabetes mellitus treated with tolbuta-
mide rather than placebo showed increased cardio-
vascular mortality. Thesignificance of thesefindings
was controversial, however, partly because of crit-
icisms of the methods used.[18] Experimental ani-
mal data have underlined concerns about the car-
diovascular safety of sulphonylureas in patients
with type 2 diabetes mellitus. Sulphonylurea com-
poundslower blood glucose levels by blocking the
opening of ATP-sensitive K* channels in the -
cells of the pancreas but they also block the open-
ing of these channelsin other tissuesincluding the
myocardium and this may have deleterious effects
on the cardiovascular system.[1820] Blocking the
K* ion channel s abolishes ischaemic precondition-
ing and increases the size of myocardial infarction
in experimental animal models. Sulphonylureas
are also vasoconstrictors and worsen vascular re-
activity; they have been reported to increase the
risk of death during long term follow-up after cor-
onary angioplasty, and to increase the risk of in
hospital mortality after angioplasty for acute myo-
cardial infarction.[8] Finally, these compounds
may increase atherogenesis and the incidence of
cardiovascular events by promoting bodyweight
gain and increasing plasmainsulin levels.

O’ Keefeet al 128 did not reach firm conclusions
about the cardiovascular safety of the sulphonyl-
ureas. Despite all of the potential adverse effects,
some studies, such asthe UKPDS, have not shown
any increase in cardiovascular events with intensive
glycaemic control using sulphonylureas. O’ Keefe
et al.['8l considered it prudent, however, to mini-
mise the use of these agents and to use low doses
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and shorter-acting sulphonylureas in patients with
cardiovascular disease. Berger et al .[21 also reviewed
the cardiovascul ar saf ety of the sulphonylureasand
considered that sulphonylureas may exert cardio-
toxic adverse effects in patients with ischaemic
heart disease. They did not recommend the general
use of sulphonylureas for patients with type 2 dia-
betes mellitus until the tolerablility and efficacy of
these agents has been proven with regard to rele-
vant clinical end-points.

Some sulphonylureas, such as glibenclamide, are
taken up in the cells more readily and might give
rise to an increased risk of cardiovascular compli-
cations.[* Glibenclamide also has alonger lasting
and irreversible effect on membrane potential. Gli-
mepiride, anewer sulphonylurea, isamore selective
potassium channel blocker which may havelessneg-
ative cardiovascular effects, although this remains
to be proven.[18 Animal experiments have shown
marked differences between the sulphonylureasin
their effects on cardiac function.[?2 Glibenclamide
and gliclazide, for example, produce stronger cor-
onary vasocongtriction, and subsequent cardiac dys-
function than glimepiride in anaesthetised dogs.

4. Repaglinide

4.1 Mode of Action

Repaglinide is a novel insulin-releasing agent
developed from the nonsulphonylurea portion of
glibenclamide. Repaglinide is the first in the class
of short-acting insulin secretagogues that work by
closing ATP-dependent potassium channels. There
are at least 2 repaglinide receptor binding sites on
the 3-cell, one of which isthe sulphonylurearecep-
tor.[23] However, athough repaglinide stimulatesin-
sulinreleasein asimilar manner to sul phonylureas,
its pharmacokinetic properties confer arapid onset
and short duration of action.

4.2 Favourable Effects

Reductions in fasting blood glucose (FBG) and
HbA 1. levels with repaglinide monotherapy are
similar to those observed with sulphonylureas.[?4
Because of itsshort duration of action (1 to 2 hours)

0 Adis International Limited. All rights reserved.

repaglinide only stimulatesinsulin secretion to cover
the postprandial period without causing sustained
insulin release between meals. It can therefore be
omitted if the meal is missed (‘ skip-a-meal’). Fur-
thermore, the glucose-lowering effect of repaglin-
ideis additive to that of metformin.[2%!

4.3 Adverse Effects

Hypoglycaemiaand bodyweight gainarethemain
adverseeffects associ ated with repaglini detreatment.
However, early evidence suggests that the risk of
hypoglycaemiais about 3-fold lower with repagli-
nide than with sulphonylureas.[23]

Another new short-acting secretagogue, nateg-
linide, isalso undergoing clinical trials. The use of
short-acting insulin secretagogues may preserve [3-
cell function although this remains to be shown in
clinical practice.

5. Improving Insulin Sensitivity

Since insulin resistance is a fundamental prob-
lem in type 2 diabetes mellitus, focusing on treat-
ment to improve insulin sensitivity seems appro-
priate. Unlike the sulphonylureas or insulin itself,
treatments that improve insulin sensitivity tend to
reduce, rather thanincrease, circulatinginsulinlev-
els. This approach may have additional beneficial
effectson dyslipidaemia, hypertension and fibrino-
Iytic activity, in addition to effects on hyperglycae-
mia.[18] Therapeutic options that improve insulin
sensitivity include biguanides (e.g. metformin),
and thiazolidinediones, which appear to specific-
aly influence insulin sensitivity in peripheral tis-
sue sites (e.g. skeletal muscle and adipose tissue).

5.1 Biguanides (Metformin)

5.1.1 Mode of Action

Metformin is antihyperglycaemic but not hypo-
glycaemic: it lowers blood glucose levels in the
presence of hyperglycaemia but does not decrease
them below the normal range. Metformin does not
affect pancreatic insulin secretion and is not effec-
tiveintheabsence of insulin. Therelative contribu-
tion of the various effects of metformin in achiev-
ing its antihyperglycaemic effect is controversial.
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Proposed mechanisms for the antihyperglycaemic
effect include enhanced insulin-stimul ated glucose
uptake from the blood into the tissues, decreased
glucose production in the liver, and decreased in-
testinal absorption of glucose.[2326] Metformin ac-
cumulatesin theintestinal wall and decreases glu-
cose absorption in animals but this mechanism
alone does not account for the antihyperglycaemic
effect of metformin in patients with diabetes mel-
litus. In addition, metformin inhibits hepatic glu-
cose production in obese and lean patients with
diabetes mellitus. Thereis also evidence that met-
formin increases glucose uptake and utilisation in
adipose tissue, skeletal muscles, erythrocytes and
intestines, but not in the brain, liver, skin and renal
medulla.

The mechanism by which metformin improves
peripheral disposal of glucose has now been linked
to the activity of the drug on glucose uptake mech-
anisms, which aredependent of glucosetransporter
(GLUT) systems that differ according to tissue.[2"]
Metformin appears to act by facilitating the activ-
ity of glucose transporters; it does not appear to
affect the subcellular distribution of the major glu-
cose transporter in skeletal muscle, GLUT 4, (as
doesinsulin) but stimulates the transport of GLUT
1 from theintracellular compartment to the plasma
membrane. Its effect differs from that of insulin and
this may account for its additive effect with other
treatments which increase insulin levels, such as
sulphonylureas.?? The clinical implications of this
in vitro effect are not yet clear.[17]

5.1.2 Favourable Effects

Metformin is considered to be afirst-line treat-
ment for glycaemic control in patients who are
obese (where adequate control isnot achieved with
diet alone) since unlike the sulphonylureas it does
not tend to promote bodyweight gain and may cause
some bodyweight 10ss.[26281 This approach has been
underpinned by the results of the UKPDS study!1€!
which showed that intensive treatment with met-
formin caused a decrease in the risk of diabetes-
related end-points in overweight patients with
diabetes mellitus and was associated with less
bodyweight gain and fewer hypoglycaemic attacks

0 Adis International Limited. All rights reserved.

than were insulin and sulphonylureas.!8 The drug
isalso used in combination with other agents, such
as sulphonylureas, and may provide satisfactory
glycaemic control for several years. Dunn and Pe-
terd 28! reviewed clinical studiesof metformin mono-
therapy in obese and non-obese patients (mainly
comparisonswith other agents) and metformin was
associated with either no change or areduction in
bodyweight in all studies whereas sulphonylurea
treatment was always associated with no change
or, more commonly, an increase in bodyweight.
Most investigators reported similar anti-
hyperglycaemic efficacy for metformin and sul-
phonylurea treatment. Reductions in FBG and ran-
domly determined blood glucose levels were 7 to
45% of baseline after metformin, compared with 8
to 43% after sulphonylurea treatment.

Inthe UKPDS,!18l 753 overweight patients with
newly diagnosed type 2 diabetes mellitus who had
rai sed fasting plasmaglucoselevel swithout hyper-
glycaemic symptoms after 3 months initial diet
were included in arandomised controlled trial com-
paring conventional treatment, primarily with diet
alone, with intensive blood glucose control using
metformin. A secondary analysis compared the
342 patients allocated to metformin with 951 over-
weight patients all ocated to intensive blood glucose
control with sulphonylureasor insulin. Inasupple-
mentary trial, 537 overweight and non-overweight
patients who were already on maximum sulph-
onylureatherapy but had rai sed fasting plasmaglu-
coselevelswereall ocated to continuing sul phonyl-
ureatherapy alone or to the addition of metformin.
In the comparison of metformin with conventional
treatment, median HbA ;. level was 7.4% compared
with 8% in the conventional group. Those treated
with metformin had risk reductions of 32% for any
diabetes-related end-point, 42% for diabetes-related
death and 36% for all-cause mortality. Compared
with the other intensive glucose control therapies
(chlorpropamide, glibenclamide or insulin), met-
formin showed asignificantly greater effect on any
diabetes-related end-point, all-cause mortality and
stroke.
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Metformin improves various aspects of the se-
rum lipid profilesof patientswith hyperlipidaemia;
it generally decreases serumlevelsof triglycerides,
very low density lipoproteinsand LDL cholesterol,
and has been found in some studies to decrease
total cholesterol and slightly increase HDL choles-
terol levelsl[2629-32 |n one study of patients with
dyslipidaemia (fasting plasma triglycerides >2.0
mmol/L) and mild type 2 diabetes mellitus (fasting
plasma glucose <7.5 mmol/L) treatment with
metformin, 2.5 g/day for 3 months, had favourable
effects on plasma lipoprotein levels as well as on
glycaemic control. Plasmaglucose, plasmainsulin,
free fatty acid and triglyceride levels all declined
whiletheplasmaHDL cholesterol level increased.[3
In contrast, in another study in patients with type 2
diabetes mellitus inadequately controlled by diet
alone, metformin improved glycaemic control and
significantly reduced the plasma LDL cholesterol
levels but did not affect the serum triglyceride or
HDL cholesterol levels.3

Inaddition toitsfavourable effectsonlipid pro-
files, metforminisreported to have anumber of other
potentially beneficial vascular effects.[2629 De-
creased platelet density and aggregability and in-
creased fibrinolytic activity have been reported af -
ter metformin treatment in clinical studies.[26.:28.29]
Increased fibrinolytic activity may result from an
increase in tissue plasminogen activator levelsand
reductions in tissue plasminogen activator antigen
and PAI-1 levels.[26.2831] Blood pressure and arterial
resistance may also be reduced by metformin but it
is unclear whether these changes are direct effects
of the drug or arethe result of overall improvements
in metabolic and glycaemic status.

5.1.3 Adverse Effects

Gastrointestina adverse effects of metformin are
dose related and affect an estimated 5 to 20% of
patients, but are usually mild and transient. These
effectsinclude anorexia, abdominal discomfort, nau-
sea, metallic taste in the mouth and diarrhoea.[17:28]
Taking metforminwith food and gradually increas-
ing the drug dosage will usually minimise or avoid
these effects. Diarrhoeamay respond to dosage re-
duction, however, any reduction in dose may com-

0 Adis International Limited. All rights reserved.

promise glucose control and combination therapy
may be required to achieve optimal glycaemic con-
trol.

Lactic acidosis is a potentialy serious adverse
effect associated with the use of biguanides. Met-
formin is thought to decrease gluconeogenesis from
alanine, pyruvate and lactate, which may at times
lead to accumulation of lactic acid.[?8] Small in-
creasesin blood lactatelevelsare characteristically
associated with metformin treatment. The reported
prevaence of lactic acidosis with metformin ranges
from 0 to 0.084 occurrences per 1000 patient-years
resulting in a mortality risk of 0 to 0.024 per 1000
patient-years. A recent review of worldwide datahas
estimated the prevalence of this adverse effect at
0.03 cases per 1000 patient-years.[37 Somereviewers
have noted that the incidence of metformin-associ-
ated lactic acidosis is significantly lower than the
incidence of hypoglycaemia associated with gli-
benclamide and has a similar mortality rate.[28.34

Metformin use is contraindicated in patients
with renal or hepatic impairment or with alcohol -
ism, all of which are associated with decreased lac-
tate clearance. Conditions that promote tissue hyp-
oxia and the subsequent accumulation of lactate,
including acute cardiac failure and various forms
of circulatory shock, are also contraindications to
metformin treatment. Metformin may be used in
elderly patients who do not have any of the above
contraindications.!?8l

5.2 Thiazolidinediones

The thiazolidinediones improve insulin sensi-
tivity at peripheral tissue sites (skeletal muscle
and adipose tissue) resulting in increased insulin-
dependent glucose disposal.[3% Their action is de-
pendent on the presence of endogenously produced
insulin. The improved insulin sensitivity resultsin
improved glycaemic control, as evidenced by re-
duced plasma glucose and HbA 1 levels, without
increasing circulating insulin levels. The direct ac-
tion of these compounds in improving insulin re-
sistance together with their effect on some cardio-
vascular risk factors suggests that they may have
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advantagesin the treatment of type 2 diabetes mel-
litus.

5.2.1 Mode of Action

The mechanism of action of the thiazolidine-
diones at the cellular level has not been fully elu-
cidated.[39 Thereis, however, avariety of experi-
mental data suggesting that the thiazolidinediones
stimulate transcriptional events in the adipocytes
by activating a specific nuclear receptor, the per-
oxisome proliferator-activated receptor gamma
(PPARY), which is expressed mainly in white and
brown adipocytes.[3¢ The lipophilic thiazolidine-
diones readily enter the cells and bind to PPARy
which resultsin activation of regul atory sequences
of DNA that control the expression of specific
genes, some of which are also controlled by insulin.
Thiazolidinediones thus amplify or mimic certain
genomic effects of insulin on adipocytes. Themain
resulting effects of thiazolidinediones on adipo-
cytesareincreased fatty acid uptake and lipogene-
sis. Theobesity that might be expected to result has
not been observed suggesting that other mechanisms
counter excessive adipogenesis. Thereis some ev-
idence that thiazolidinediones may cause glucose-
and lipid-lowering effects in the absence of white
and brown adipose tissue. It has also been suggested
that these compounds may bind with lower affinity
to other forms of PPARsin muscle, liver and other
tissues resulting in different effects from those
seen in adipose tissues.[3¢

Increased expression of insulin-sensitive genes,
which are activated by PPARy are considered to be
the main route through which thiazolidinediones
reduce insulin resistance. The interactions of these
compounds with PPARys, however, may not fully
explaintheir biological effects. Other explanations
that have been proposed include lowering circul at-
ingtriglycerideand non-esterified fatty acid levels,
which will increase insulin sensitivity by correct-
ing imbalances in the glucose—fatty acid cycle, in-
creased GLUT production and translocation into
the plasma membrane in skeletal muscle and fat,
increased hepatic glucose disposal, decreased he-
patic glucose production and reduction of tumour
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necrosis factor (TNF)-a (thus reducing local ag-
gravation of insulin resistanceinduced by TNFa).[3¢!

5.2.2 Favourable Effects

The thiazolidinediones reduce hyperglycaemia
in arange of animal modelswith impaired glucose
tolerance and obesity/diabetes syndromes similar
to type 2 diabetes mellitus.[38! The effectsare dose-
dependent and high dosages reinstate normal or
near-normal glycaemiain less severely hypergly-
caemic animal model swithout causing overt hypo-
glycaemia. Improvement ininsulin sensitivity with
thiazolidinediones generally involves both increased
peripheral glucose disposal and reduced hepatic glu-
cose production in models with hyperinsulinaemia.

5.2.3 Troglitazone

Troglitazone was the first thiazolidinedione to
reach the market. Numerous clinical trials in both
obese and non-obese patients with diabetes melli-
tus demonstrated the efficacy of troglitazone as
monotherapy and combination therapy for lower-
ing blood glucose levels over periods of 6 weeks
to 1 year.[3% Due to hepatotoxicity issues (see sec-
tion5.2.7), thedrug waswithdrawnfrom salein all
countries by March 2000.

5.2.4 Rosiglitazone

Rosiglitazone has been evaluated as monother-
apy in morethan 2300 patientswith type 2 diabetes
mellitus. Doses of 4 to 12 mg/day significantly im-
proved glycaemic control compared with placebo.
After 26 weeks of treatment, FBG and HbA 1 lev-
elswere reduced by about 13 to 28% and 9to 17%,
respectively, compared with placebo (table 1).137
The addition of rosiglitazone 2 to 8 mg/day, given
once or twice daily, to pre-existing sulphonylurea,
metformin or insulin therapy resulted in further re-
ductionsin fasting plasma glucose and HbA ¢ lev-
€ls.[38-40] Rosiglitazone was launched in the US in
1999 and in the UK and Europein 2000. Inthe US,
it may be used as monotherapy or in combination
with metformin or sulphonylureas but in the UK
and Europeitispresently licensed for combination
use with either sulphonylureas or metformin.
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Table I. Comparison of the utilisation profile of thiazolidinediones
currently available in the US

Drug Indication in the US Dosage and
administration
Pioglitazone Use as monotherapy orin  15-45 mg/day

combination with
sulphonylureas, metformin
or insulin

once daily

Rosiglitazone Use as monotherapy or 4-8 mg/day once
in combination with or twice daily
metformin, only

5.2.5 Pioglitazone

Pioglitazone has been assessed in over 3500 pa-
tients with type 2 diabetes mellitus. HbA ;. and FBG
levelswere significantly decreased with pioglitazone
15 to 45mg, given once daily, compared with pla-
cebo. Reductionsin FBG and HbA 1 level s after 26
weeks of treatment were about 15 to 25% and 9 to
16%, respectively, compared with placebo (table1).
In patients naive to oral antidiabetic therapy, pio-
glitazone 45 mg/day reduced HbA1c levels by
19.38% compared with baselinevalues. HbA 1¢ lev-
elsincreased by 6.86% from baselinevaluesin pla-
cebo recipients.[*! The addition of pioglitazone 15
to 30 mg/day to sulphonylureas, metformin or in-
sulin therapy produced additional reductions in
FBG and HbA . levels. The therapeutic effect of
pioglitazone was observed in patients regardl ess of
the dosage of pre-existing therapy.[3" Pioglitazone
was launched in the US in 1999 and may be used
as monotherapy or in combination with metformin,
sulphonylureas and insulin. In the UK and Europe,
pioglitazone is likely to become available in late
2000 for combination therapy with metformin or
sulphonylureas.

5.2.6 Effects on Cardiovascular Risk Factors

Improvements in lipid profile appear to be a
class effect of thiazolidinediones, however, there do
appear to be some subtle differences in effects on
individual lipid parameters. Studies using high
dosages of troglitazone demonstrated significant
reductionsin serum triglyceride and non-esterified
fatty acid levels.[3642 Marked reductions in serum
triglyceridelevelshave been observed with all dos-
ages of pioglitazone (15 to 45 mg/day), whereas
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changes in serum triglyceride levels during ro-
siglitazone therapy were variable and not signifi-
cantly different from placebo.l3”1 Dose-dependent
reductionsin serum freefatty acid levelshave been
observed with rosiglitazone treatment.[43 Serum
HDL cholesterol levels are significantly increased
with pioglitazone within thefirst 24 weeks of treat-
ment, but are only slightly increased during rosi-
glitazone therapy. Pioglitazone shows no significant
changes in serum LDL cholesterol and total cho-
lesterol levels over placebo, whereas rosiglitazone
is associated with significant increases in serum
LDL cholesterol and total cholesterol levels com-
pared with placebo.31 Theoverall effect of longterm
treatment with thiazolidinediones on lipid metabo-
lism and its impact on the related cardiovascular
risk needs to be further investigated.

5.2.7 Adverse Effects

In worldwide clinical trials, more than 5000 pa-
tients have been treated with rosiglitazone or pio-
glitazone. The overal incidence and typesof adverse
eventsreported withrosiglitazone and pioglitazone
therapy were not significantly different from those
with placebo.[37]

Severe, and sometimes fatal, hepatotoxicity has
been observed with troglitazonel3¢! and this led to
thewithdrawal of thedrug from marketsinthe UK,
Japan and the US, and to the abandonment of its ap-
proval processin Europe.

In clinical trials the incidence of liver dysfunc-
tion with rosiglitazone and pioglitazone was sim-
ilar to that observed with placebo.[3744 However,
liver enzyme monitoring is recommended before
initiation of therapy with either agent, and periodi-
cally thereafter. In the meantime, several thousand
patients are being treated with these agents in the
US with an incidence of liver dysfunction compa-
rable to that seenin clinical trials (0.2%). Further-
more, arecent US Food and Drug Administration
statement concerning the withdrawal of troglitazone
inthe USreported that rosiglitazone and pioglitazone
offer the same benefits as troglitazone without the
same risk.[49]

Increased plasma volume has been reported af -
ter administration of thiazolidinediones in healthy
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individuals and these agents should not be used in
patients with moderate to severe (New Y ork Heart
Association functional class Ill or 1V) chronic
heart failure.[36.48] Peripheral oedemahasal so been
seen with thiazolidinediones and this may be due
to a vasodilatory effect. Bodyweight gain (in the
order of 3 to 4kg) has aso been noted in the first
year of treatment with thiazolidinediones. Mono-
therapy with thiazolidinediones has not been asso-
ciated with hypoglycaemiato date.

6. Conclusion

Therational e for the use of agents such asinsu-
lin and sulphonylureas, which increase circulating
insulin levels, in patients with type 2 diabetes mel -
litusmay be questioned in light of recent evidence.
There is, so far, no clear evidence that their use
reduces macrovascular disease, which is the main
cause of death in these patients. Use of agents such
as metformin or the newer thiazolidinediones that
specifically reduce insulin resistance appearsto be
amorelogical approach to thetreatment of patients
with type 2 diabetes mellitus sinceimprovement of
insulin sensitivity is closely linked with a cluster
of risk factors for cardiovascular disease. Thiazo-
lidinediones offer an alternative management op-
tion for the treatment of patientswith type 2 diabe-
tes mellitus, especially where hyperinsulinaemia is
present at diagnosis. These drugs may be used as
monotherapy or in combination therapy. In terms
of glucose-lowering efficacy, pioglitazone (30 to
45mg once daily) and rosiglitazone (4mg once to
twice daily) appear to achieve similar reductionsin
FBG and HbA ¢ levels as currently available oral
antidiabetics. Astheir effect isgreatest wherethere
isstill sufficient circulating insulin, they should be
used asearly aspossiblein thetreatment of patients
with type 2 diabetes mellitus.

In conclusion, in those patients with type 2 dia-
betes mellitus who are overweight, the positive
cardiac benefits seenin the UKPDS would support
the use of metformin as the drug of choice where
diet, exerciseand lifestyle measures do not achieve
satisfactory glycaemic control. However, alterna-
tive therapies will be necessary where monother-
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apy with metformin has adverse effects, and in
combination with metformin or sulphonylureas
where either drug aloneisinsufficient for control-
ling blood glucose levels. The thiazolidinediones
offer a new approach in the treatment of patients
with type 2 diabetes mellitus through reduction of
insulin resistance, improvement of glycaemic con-
trol and positive secondary benefits on 3-cell func-
tion. Clinical experience with these new agents will
show if their effect on lowering insulin resistance
improves cardiovascular outcome. The promiseis
there and the clinical end-point resultsare awaited.
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