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Abstract It has been increasingly recognised in recent years that type 2 (non–insulin-
dependent) diabetes is part of a cluster of cardiovascular risk factors known as
the metabolic syndrome, but also endorsed with such names as the deadly quartet,
syndrome X and the insulin resistance syndrome. Atherosclerosis is the most
common complication of type 2 diabetes among Europeans, and coronary artery,
cerebrovascular and peripheral vascular disease are 2 to 5 times more common
in people with this condition than in those without diabetes.

These observations indicate that the treatment of type 2 diabetes requires
agents that do more than simply lower blood glucose levels, and a therapy with
both antihyperglycaemic effects and beneficial effects on dyslipidaemia, hyper-
tension, obesity, hyperinsulinaemia and insulin resistance is likely to be most
useful. In this respect, metformin has an important and established role: this drug
has been shown to lower blood glucose and triglyceride levels, and to assist with
weight reduction and to reduce hyperinsulinaemia and insulin resistance.

Studies in the Israeli sand rat, Psammomys obesus, have indicated hyper-
insulinaemia/insulin resistance to be the initial and underlying metabolic disorder
in obesity and type 2 diabetes. Thus, the well established effect of metformin in
reducing insulin resistance makes this drug an excellent candidate for the preven-
tion of progression of impaired glucose tolerance to type 2 diabetes, and for the
reduction of mortality associated with cardiovascular disease.

REVIEW ARTICLE Drugs 1999; 58 Suppl. 1: 21-28
0012-6667/99/0001-0021/$04.00/0

© Adis International Limited. All rights reserved.

In a world with a host of new therapies emerging
for type 2 (non–insulin-dependent) diabetes, it is
remarkable that an agent such as metformin, with
a 40-year history, still plays such an important
role in the management of this condition and
syndromes associated with insulin resistance,
including the metabolic syndrome[1,2] and poly-
cystic ovary syndrome.[3] It is now increasingly
recognised that type 2 diabetes is part of a cluster
of cardiovascular disease (CVD) risk factors
generally known as the metabolic syndrome,[4] but

also endorsed with such names as the deadly quar-
tet,[5] syndrome X,[6] syndrome X plus[7] and the
insulin resistance syndrome.[7] These associations
have great relevance, as atherosclerosis is the most
common complication of type 2 diabetes among
Europeans,[8] and this clustering seems to be the
most likely explanation. CVD accounts for at least
66% of deaths in type 2 diabetes,[8,9] and coronary
artery, cerebrovascular and peripheral vascular dis-
ease are 2 to 5 times more common in persons with
diabetes.[8]



1. Type 2 Diabetes and the Metabolic
Syndrome: Background and
Epidemiology

The clustering of CVD risk determinants repre-
senting the metabolic syndrome was first described
more than 20 years ago, and the description has
been attributed to various people including Vague,
Crepaldi, Welborn and Modan.[7] In 1988, Reaven
refocused attention on the cluster and named it syn-
drome X.[6] As central obesity, omitted by Reaven
from his original description, is a common compo-
nent of the cluster, the term metabolic syndrome is
now favoured.[4]

Individuals with either type 2 diabetes or im-
paired glucose tolerance (IGT) associated with hy-
pertension, central (upper body) obesity and dys-
lipidaemia with or without other characteristics of
the metabolic syndrome pose a major diagnostic
and therapeutic challenge for the diabetologist (fig.
1). These patients are at very high risk of coronary
artery, cerebrovascular and peripheral vascular dis-

ease,[8] as each of the risk factors in the metabolic
syndrome is an important CVD risk factor in its
own right. They also contribute cumulatively to
macrovascular disease.[8] Often, a patient with one
of these conditions (e.g. type 2 diabetes or central
obesity) is found to have at least one or more of the
other CVD risk components.[10]

Epidemiological studies confirm that the metabo-
lic syndrome occurs frequently in a variety of ethnic
groups, including Europeans, Afro-Americans, Mex-
ican-Americans, Asian Indians, Chinese, Australian
Aborigines, Polynesians and Micronesians.[8,11,12]

It is clear that type 2 diabetes in these populations
is the ‘tip of the iceberg’ in a cluster of CVD risk
factors also described as ‘The New World Syn-
drome’.[11] The type 2 diabetes global epidemic is
also the tip of a massive social problem now facing
developing and newly industrialised nations and
ethnic minorities and the disadvantaged in devel-
oped countries.[4] Very high rates of obesity, type 2
diabetes, hypertension and CVD, coupled with cig-
arette smoking, alcohol abuse and the other effects
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Fig. 1.  The iceberg – metabolic syndrome: abnormal glucose tolerance [impaired glucose tolerance (IGT) and type 2 diabetes] is the
‘tip of the iceberg’ of a cluster of cardiovascular disease risk factors that form the metabolic syndrome.
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and outcomes of affluence are just part of the
‘Coca-colonisation’ process.[13] We have predicted
a global doubling in the number of cases of type 2
diabetes by the year 2010.[14]

Hyperinsulinaemia is a predictor of both type 2
diabetes and coronary artery disease in a number
of epidemiological studies.[4,11,12] Evidence is ac-
cumulating that insulin resistance and/or hyper-
insulinaemia may be the common aetiological fac-
tor/s for the components of the metabolic
syndrome,[4,6,10] although there appears to be some
variation in this relationship between populations,
particularly with respect to hypertension.[15]

2. Therapy in Type 2 Diabetes

The frequent association of type 2 diabetes with
other CVD risk factors means that management
needs to be focused not only on tight blood glucose
control, but also on strategies for reduction of the
other CVD risk factors such as obesity, hyperten-
sion, hyperinsulinaemia and dyslipidaemia.[4,6]

Strong evidence for this is provided by the recently
published findings of the UK Prospective Diabetes
Study (UKPDS)[16,17] and the results of the Scan-
dinavian Simvastatin Survival Study.[18]

It is also now well established that the other
features of the metabolic syndrome can be present
up to 10 years before diagnosis of type 2 diabe-
tes.[8,12] In Mauritius, we found that the major
CVD risk factors were present at baseline assess-
ment up to 5 years before the development of the
disease (table I).[8] This is of great importance in
our understanding of the aetiology of type 2 diabe-

tes and the associated CVD risk, and the potential
to prevent CVD and its morbidity and mortality in
persons with glucose intolerance. In other words,
the risk and the actual development of CVD start
many years before the manifestation of glucose in-
tolerance, and Haffner et al.[12] have posed the very
relevant question: ‘When does the clock start tick-
ing for CVD in persons with type 2 diabetes?’

Thus, paradoxically, the prevention of CVD in
persons with type 2 diabetes should actually begin
many years before diabetes is diagnosed. Is this
really feasible at our current state of knowledge?
The diagnosis of the metabolic syndrome without
type 2 diabetes denotes a group at very high risk of
future type 2 diabetes, and aggressive early man-
agement of the syndrome may therefore have a sig-
nificant impact on both the prevention of type 2
diabetes and CVD mortality.[8,12]

3. Metformin Therapy in Type 2
Diabetes and the Metabolic Syndrome

It is very apparent that the therapy of type 2
diabetes requires more than blood glucose lower-
ing alone. A therapy with effects on both glycaemia
and the other CVD risk factors associated with the
metabolic syndrome (e.g. dyslipidaemia, hyper-
tension, obesity, hyperinsulinaemia and insulin re-
sistance) is therefore likely to be beneficial in the
prevention of macrovascular complications. Asso-
ciated defects in the fibrinolytic system that result
in increased plasma levels of plasminogen activa-
tor inhibitor-1 (PAI-1) have been seen in type 2
diabetes and the metabolic syndrome.[1,19] It is

Table I.  Baseline cardiovascular risk factors in 1987 in a population of normoglycaemic Mauritian males and in a subpopulation who developed
diabetes by the follow-up survey in 1992 (unpublished observations)

Risk factor Baseline measurements

total population 
(n = 1029)

subpopulation who developed diabetes 
(n = 70)

Body mass index (kg/m2) 22.4 24.3**

Waist-to-hip ratio  0.88  0.91**

Diastolic blood pressure (mm Hg) 78.3 82.0*

Fasting plasma insulin level (mU/L)  4.1  6.5*

2-hour plasma glucose level (mmol/L)  5.6  6.3**

Plasma triglyceride level (mmol/L)  1.3  1.9**

* p < 0.05, ** p < 0.01 between groups.
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against this background that this article reviews
data showing the importance and role of
metformin.

The use and efficacy of metformin alone and in
combination with other oral hypoglycaemic agents
and insulin have been reviewed in detail else-
where,[1,2,20-23] and reports indicate that metformin
has a well established role among drugs that im-
prove insulin sensitivity. In summary, metformin
has been shown to lower blood glucose and triglyc-
eride levels in plasma without causing hypoglycae-
mia, to assist with weight reduction and to reduce
hyperinsulinaemia and insulin resistance.
Metformin has also been shown to lower plasma
PAI-1 levels.[1] By improving the sensitivity of
cells to insulin, the drug reduces hepatic glucose
production and increases glucose uptake in muscle
and other peripheral tissues.[24]

While the improvement of glycaemic control
results in improved lipid profiles, metformin has
lipid-lowering effects quite independent of its anti-
hyperglycaemic action.[25] Metformin is indicated
as initial therapy in obese patients with type 2 diabe-
tes.[25] Sulphonylurea[26] and thiazolidinedione[27]

therapy may result in weight gain, an outcome that
does not provide optimal therapy for obese pa-
tients. On the other hand, weight loss or at least no
weight gain is the usual situation with
metformin.[1] The data for hypertension vary, with
some studies showing reduction of blood pressure
and others showing no effect.[22]

These metabolic effects make metformin a log-
ical choice for the treatment of obese patients with
type 2 diabetes as well as lean patients who fit the
metabolic syndrome phenotype. Table II compares
the effect of metformin and troglitazone on the pa-
rameters of the metabolic syndrome and clearly
demonstrates the advantages of the former agent.
The combination of metformin with another thiazo-
lidinedione, rosiglitazone, produces an additive ef-
fect, which suggests that these agents act to reduce
insulin sensitivity through different pathways
(Rebuck, personal communication).

4. Hyperinsulinaemia,
Hyperleptinaemia and the 
Metabolic Syndrome

Although attention has focused on the fact that
insulin resistance and/or hyperinsulinaemia may
be the common aetiological factor/s for the compo-
nents of the metabolic syndrome,[4,28] there appears
to be considerable heterogeneity between popula-
tions in this relationship.[15] More recently, we sug-
gested that hyperleptinaemia rather than hyper-
insulinaemia may be one of the central driving
forces of the metabolic syndrome.[29] Another,
more recent, study from the UK supports this
contention,[30] and we have shown that plasma
leptin levels in normal individuals are directly re-
lated to insulin sensitivity when measured by the
euglycaemic clamp technique.[31] We have also
suggested that hyperleptinaemia/leptin resistance
is an important new component of the metabolic
syndrome.[29]

This debate is still wide open, with some in vitro
and in vivo studies having shown disparate and
sometimes opposing effects of leptin on glucose
uptake and insulin action. As many of the human
studies have been carried out in small groups of
patients, their findings are open to question. Cer-
tainly, epidemiological data[29,32] and certain in
vivo studies in the Israeli sand rat Psammomys obe-
sus (an excellent animal model of obesity, insulin
resistance and type 2 diabetes)[33] keep alive the
possibility of a role for peripheral leptin in either
insulin resistance or the modulation of insulin sen-
sitivity.

Table II.  Comparison of the actions of metformin and troglitazone
on the various components of the metabolic syndrome

Component Metformin Troglitazone

Hyperglycaemia   ↓ ↓
Insulin resistance   ↓ ↓
Dyslipidaemia   ↓ ↓
Obesity   ↓ → ↑
Hypertension ? ↓ →
Platelet aggregation   ↓ →
↓ = decreases; → = no effect; ↑ = increases.
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It will therefore be interesting to see whether
metformin has any effect on plasma leptin levels
that are independent of its other actions. We intend
to examine this in Psammomys obesus. These ani-
mals, when placed on an ad libitum laboratory diet,
develop hyperinsulinaemia, insulin resistance,
IGT and diabetes, together with hyperleptinaemia
and leptin insensitivity.[33] This is therefore an ex-
cellent polygenic model for the study of obesity
and diabetes.[34] The metabolic characteristics and
the heterogeneous development of defects, includ-
ing elevated leptin levels, mimic those found in
susceptible human populations.[33,35-40] The in-
verted U-shaped curve that describes the relation-
ship between fed glucose and insulin levels in
Psammomys (fig. 2) is similar to Starling’s curve
of the pancreas as described by DeFronzo in human
populations.[41] Studies in this model suggest
hyperinsulinaemia/insulin resistance to be the ini-
tial metabolic lesion in the development of obesity
and type 2 diabetes.[34]

When comparing animals separated on the basis
of glucose and insulin levels into normal and dia-
betic groups, the diabetic animals are hypergly-
caemic, hyperinsulinaemic, and have elevated
plasma levels of triglyceride and cholesterol, in-
creased fat stores and increased bodyweight (fig.
3). These metabolic changes constitute some of the
major features of the metabolic syndrome as seen
in humans. Interestingly, at weaning, animals that
go on to develop obesity and hyperinsulinaemia
are indistinguishable on the basis of metabolic
characteristics such as bodyweight, glucose, insu-
lin and triglycerides from those that remain lean
throughout life.[39] However, at an early stage,
some animals overeat and develop subsequent me-
tabolic disturbances that include hyperleptinae-
mia. Furthermore, high plasma leptin levels in
Psammomys are associated with insulin resistance
independently of bodyweight, a phenomenon we
have also described in humans.[32] Thus, one may
speculate that hyperleptinaemia and leptin resis-
tance may be central in the development of the me-
tabolic syndrome.[29,31]

In previous studies examining the role of leptin
treatment in energy balance in Psammomys, we
have clearly demonstrated a relative leptin resis-
tance in hyperleptinaemic, obese animals. Only the
lean animals responded to exogenous leptin by de-
creasing food intake and body fat mass. Even with
supraphysiological doses, obese animals remained
resistant to the anorectic effects of leptin.[40]
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Fig. 2.  (a) The inverted U-shaped curve describing the relation-
ship between plasma glucose and insulin levels in Israeli sand
rats (Psammomys obesus) in the fed state (n = 37). (b)
Plasma glucose and plasma insulin levels in 4 separate groups
of Israeli sand rats in the fed state. Results are expressed as mean
± standard error. Group A, normoglycaemic and normo-
insulinaemic (n = 10); group B, normoglycaemic and
hyperinsulinaemic (n = 13); group C, hyperglycaemic and
hyperinsulinaemic (n = 11); group D, hyperglycaemic and
normoinsulinaemic (n = 7) [adapted from Cusi & DeFronzo[2]].
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5. Prevention of Type 2 Diabetes

Perhaps leptin resistance at the central nervous
system level is an expression of the ‘thrifty gene’
described almost 40 years ago by Neel.[42] This
would predispose some animals and humans to
obesity and diabetes. The ability to develop leptin

resistance would be a survival advantage to the an-
imal that would allow consumption of large
amounts of food without the suppression of appe-
tite by leptin. Subsequently, with overfeeding,
these animals would develop metabolic distur-
bances, including obesity and diabetes.

With respect to prevention of type 2 diabetes,
the thrifty gene scenario as seen in Psammomys obe-
sus provides a basis for better understanding.[33,35] A
trait that was previously advantageous and allowed
survival during famine (i.e. favoured conservation
and storage of energy as fat) now leads to insulin
resistance, type 2 diabetes and obesity in times of
affluence.[33,35] Thus, healthy nutrition along with
exercise, resulting in reduced energy intake and in-
creased energy expenditure, provide the logical
means of prevention. This is supported by the only
major type 2 diabetes intervention yet reported, the
Da Qing study in China.[43] Here, the incidence of
IGT converting to type 2 diabetes was reduced by
a third in the intervention group compared with
controls. Given the projected epidemic of diabetes
in China, the largest population in the world, such
a cost-effective intervention is of great importance.
We have also recently shown that a similar commu-
nity-based lifestyle approach in Mauritius could re-
duce some of the key risk factor determinants for
type 2 diabetes and CVD such as eating behaviour,
sedentary lifestyle, plasma lipid profiles and ciga-
rette smoking.[44] The study has yielded additional
information on ‘when the clock starts ticking’ for
CVD in type 2 diabetes and on the potential for
early intervention (both primary and secondary) to
reduce the huge burden of CVD in this disorder.
This research could have been directed only by the
results of well planned longitudinal epidemiologi-
cal studies such as those in Mexican-Americans,[12]

and in Rancho Bernado[45] and Mauritius.[46]

It is likely that a similar sequence of events to
that in Psammomys obesus occurs in the transition
from the prediabetic state to type 2 diabetes in hu-
mans. Thus, the established effect of metformin in
reducing insulin resistance makes this drug an ex-
cellent candidate for the prevention of progression
of IGT to type 2 diabetes, and for the reduction of
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mortality associated with CVD. A recent study has
demonstrated an additional beneficial effect of
metformin in reducing hyperinsulinaemia (in-
creased ovulatory response in obese women with
polycystic ovary syndrome).[3]

The efficacy of primarily nonpharmacological
interventions such as those used in the Chinese IGT
intervention study[43] provides support for the view
that interventions in IGT should be given a high
priority. The US National Institutes of Health have
risen to the challenge and have funded a major
multicentre IGT intervention study to examine the
potential for type 2 diabetes prevention.[47] The
role of pharmacological intervention with met-
formin will also be assessed (notwithstanding the
termination because of potential hepatotoxicity of
troglitazone treatment in this study).
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