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Dedication

This book is dedicated to my teacher and mentor and my very good friend, Knud Lundbcek (1912—1995).
He was a dedicated physician taking care of diabetic patients as well a researcher and teacher for many
young physicians. After his retirement, he explored new areas, namely the interrelationship between
different cultures. He was really a foresighted man.

Carl Erik Mogensen, Aarhus, March 2007

Introduction

In 1991, T wrote with Eberhard Standl in a book on pharmacology of diabetes: “Treatment of diabetes has
become an increasing challenge to the clinicians in recent years. A rapid development has taken place
within a number of pharmalogical areas, both with respect to insulin-dependent and non-insulin-dependent
diabetes, and also within the prevention and treatment of complications of both types of diabetes.”

This is even more true today. Since then we have observed a rapid development in the area with new
drugs for treatment of hyperglycemia — both oral agents and new insulin preparations. Indeed, within the
area of complications, there are also many new perspectives in the treatment strategy. Combination treat-
ment with agents that treat hyperglycemia is more and more important, also in combination with several
agents controlling the complications has become more and more common. It is not unusual that patients
receive four or five or six or even more drugs.

Problems within diabetes treatment can usually be divided into two phases, namely (i) acute and short-term
treatment of patients and related to well-being and near-perfect physical abilities for professional and
leisure activities, most often related to good metabolic control. (ii) On the other hand, the long-term per-
spective is preventive treatment of complications, both microvascular and vascular complications. Under
special situations such as pregnancy, treatment is critical. A number of co-morbid situations are important:
heart disease (although not always specifically related to diabetes), obesity (an increasingly important
problem), and lipid management (very common). Since 1991, we have seen a rapid development in the
treatment of one important issue, namely treatment of erectile dysfunction, which is even more important
in diabetic than in nondiabetic individuals.

The so-called metabolic syndrome is also becoming more and more pertinent and an increasing
number of patients fulfill that criterion (although it may not be a true syndrome); therefore, multifac-
torial intervention is important. Indeed, this book is meant as a working guide and a source for more
basic knowledge regarding pharmacological treatment, for the practising diabetologist, the internist,
and the general physician.



vi Dedication

It has been a great pleasure for me to work with many colleagues, most of them personal and/or
professional friends that I have known for many years. They represent, I believe, the clinical excel-
lence in diabetes treatment, and it has been possible to collect all the chapters within a few months,
which is quite remarkable when you have some experience in editing books.

Finally, I would like to thank the publishers — Springer, who are very much involved in diabetes
treatment in general. It has been a pleasure to work with them throughout the whole process — from
creating the idea to seeing the book on the street.

References
1. Pharmacology of diabetes. Present practice and future perspectives. Eds C.E. Mogensen and E. Standl. Walter de

Gruyter, Berlin/New York, 1991.

Editorial assistant: Birgitte Josefine Henriksen



Aperitif

Edwin Gale, Bristol, UK

Why should anyone bother to put a textbook together? I have often wondered about this, even while doing
the job myself. All those who have engaged in this activity will tell you that the work will be harder than
you can imagine, that chasing reluctant authors is a depressing business, and that there are easier ways of
making money. Worse still, the book you produce will typically have many competitors, and is destined to
suffer from built-in obsolescence. All these are questions for those who create a textbook. For you, the
reader, the question is: should you consider looking further into this one?

I think you should. The reason, I suggest, is that physicians treat patients, and that this is a book about
treatment. Therapy for diabetes is life-long, monotonous, demanding, and has benefits that are mostly
deferred into a distant future. Pleasing though it is for patients to learn that their cholesterol, blood pres-
sure, or glycated haemoglobin have fallen within the target range, the fact is that they often feel no better
in consequence, and may sometimes actually feel worse. The main argument we can offer them in defence
of a demanding diabetes regimen is that—as Maurice Chevalier said of old age — it is so very preferable to
the alternative.

A celebrated physician once remarked that it is not the disease that has the patient, but the patient that
has the disease, that matters. Nowhere is this more true than for diabetes, for which no treatment will work
unless the patient is committed to its success. Insulin is often its own argument, since patients feel so
much better for it that they are often reluctant to stop. This is not the case when it comes to pills: people
like to ask for them, but are less enthusiastic when it comes to swallowing them on a regular basis—and
no medication will work if the patient is not taking it.

Doctors are, or should be, passionate advocates for the benefits of the treatment they offer. Their pas-
sion and their advocacy provide the core element in therapy. However, how do we know which treatment
is best? Guidelines are necessary and useful, but choosing the right set of treatments, with the help of the
person who will have to take them, is the essence of good medicine. And here the choices become ever
more complex. Since diabetes is so intimately involved with lifestyle, especially in the overweight, behav-
iour change is the necessary prelude to any other intervention. Beyond this point, the options proliferate.
There are currently nine classes of glucose lowering medication in development or on the pharmacist’s
shelf, each with its advantages and disadvantages. Further choices as to lipid-lowering and antihy-
pertensive agents will have to be made, with the possible addition of anti-obesity medication. And behind
these routine elements of therapy come all the special situations, pregnancy, foot ulcers, erectile dys-
function, and so forth. The diabetes physician must be equipped to deal with all of these, and this is a
book which covers them all, which is refreshingly up to date, and currently seems to have no competitors.

It might seem that there is no lack of good advice about medication for diabetes. Specialist associations
issue an unending stream of guidelines, and government agencies are increasingly guided by advisory
bodies such as the National Institute for Clinical Excellence (NICE) in the UK, bodies which review the
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evidence and advice as to how money for health care should be spent. Meanwhile, big Pharma continues to
generate new therapies, at ever-increasing cost to the consumer. According to one analysis, global drug costs
of US$3.8 billion dollars for diabetes in 1995 expanded to an estimated US$17.8 billion in 2005, and are
projected to hit US$27.9 billion by 2010 [1]. As these estimates reveal, we have entered a realm of
unsustainable costs and diminishing returns. And it is here, at the cutting edge of pharmacological inter-
vention, that evidence-based medicine lets us down, for the sources of information are controlled by
those who wish us to invest in their therapy.

How then do we make the best choice for the patient sitting in front of us? At the end of the day, the
wisest advice will usually come from experienced, impartial, and critical clinicians, which is what this
book has to offer.

Reference

Hauber A, Gale EAM. The market in diabetes. Diabetologia 2006;49:247-252.
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Pharmacoepidemiology of Diabetes

Jgrgen Rungby and Andrew J. Krentz

Keywords: Pharmacoepidemiology, Pharmaco-
economics, Pharmacosurveillance.

The Epidemiology of Antidiabetic
Drugs

Type 1 Diabetes

Type 1 diabetes requires insulin treatment soon
after diagnosis and thereafter insulin must be
continued life-long without interruption. By some
definitions type 1 diabetes may have shorter or
longer periods early in the disease during which
insulin is not yet needed. Insulin secretagogues
are often used in such cases before the diagnosis
becomes clear, but they will eventually fail to con-
trol hyperglycaemia as marked insulin deficiency
becomes established. Furthermore, as the obesity
epidemic also strikes in patients with type 1
diabetes, combinations of classical insulin treat-
ment regimens with insulin sensitizers, metformin,
and in some countries, thiazolidinediones, are
becoming more common. Nonetheless, for the
5-10% of the world’s diagnosed diabetics who
have type 1 diabetes, insulin monotherapy
remains lifesaving therapy. The prevalence of
type 1 diabetes varies enormously with popula-
tion genetics, a subject that has been thoroughly
discussed elsewhere. Within the seven major
insulin markets (USA, Japan, France, Germany,
Italy, Spain, UK - total sales) the prevalence
of type 1 diabetes ranges from 0.2% (Japan) to
0.7% (Germany). In these countries alone, more
than 3.1 million (with an expected increase to

3.4 million in 2011) people are affected. Even
though insulin treatment is mandatory, a number
of issues cause continued concern from a phar-
macoepidemiological viewpoint.

Availability of Insulin

Unfortunately insulin, even in standard formulations
(porcine, bovine or human insulin in vials for sub-
cutaneous injections), is not necessarily accessible
to all patients with type 1 diabetes. In a survey by
the International Diabetes Federation (IDF) Task
Force on Insulin performed in 2003 [1], only 44
and 40 out of 74 responding countries reported
uninterrupted access to insulin for people with type
1 or type 2 diabetes, respectively. Thus, in 30 coun-
tries, people with type 1 diabetes were without con-
tinuous access to insulin. Cost remains a major
cause of lack of access. However, availability,
transportation problems and poor quality of insulin
were also reported as major issues. There are con-
siderable regional differences with African coun-
tries reporting the worst situation. An unfortunate
consequence of low access to insulin is pressure on
health personnel and authorities to give preference
to people with type 1 diabetes over people with
type 2 diabetes. However, as highlighted recently
by Beran and Yudkin [2] the life expectancy of
patients with type 1 diabetes in parts of sub-
Saharan Africa remains extremely short. This situ-
ation has changed little in some countries over the
last decade. On a global basis, the commonest
cause of death in a child with diabetes eight
decades since the discovery of insulin is lack of
access to the drug. The recent decision by



NovoNordisk to make insulin available to 50 of the
world’s poorest counties at no more than 20% of
the average price in Europe, North America and
Japan has been applauded [3]. However, the impact
of this initiative has so far been limited.

New Insulin Formulations

In many countries, animal insulin in vials remains
the cheapest and most accessible form of insulin,
although in North America human insulin is now
the cheaper option. The paradigms for insulin treat-
ment have changed within the last two decades
with the introduction of insulin analogues and, to a
certain extent, increasing use of insulin pumps as
an alternative to subcutaneous injections. Currently
a new change is emerging, namely the use of non-
injection insulins, with inhaled insulins becoming
available in some countries [4]. In contrast to the
situation in type 2 diabetes, there is as yet no con-
vincing evidence for insulin treatment during the
pre-diabetes phase of type 1 diabetes. The market
therefore reflects the prevalence and availability of
insulin and, unfortunately, health economy politics
including reimbursement policies.

The Global Insulin Market

Sales of rapid-acting analogues of insulin now
exceed those for human sequence insulin. Humalog
and Novolog (Novorapid) had combined sales
totalling US$1555.2 million in 2005 compared with
US$870.2 million for all other rapid-acting insulins,
Humalog being the market leader. The intermediate-
acting insulins, Humulin and Novolin (Insulatard)
being the dominant examples, sold US$1050.8 mil-
lion in 2005, which was a small decrease compared
with 2004. The market (US$1576.8 million in 2005)
for prolonged-duration analogues is dominated by
Lantus, with Levemir gaining some ground since its
introduction. All insulins, including premixed for-
mulations with a sale of US$2256.1 million in 2005
and dominated by Novolog Mix, Novolin Mix and
Humalog Mix, are used for both type 1 and type 2
diabetes (all data from [5]). As a consequence there
has been a general increase in the use of insulin.
Data from recent years in Denmark (with an esti-
mated 25,000 patients with type 1 diabetes and more
than 200,000 patients with type 2 diabetes) are
shown in Fig. 1. Data from France [6] showed a
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FiG. 1. Trends in the use of insulin in Denmark in the
new millennium, all insulins (defined daily doses, DDD)
(A), fast-acting insulins (left human insulin, middle
lispro, right aspart) (B), basal insulins (left glargine,
middle detemir, right human insulin) (C). (From The
Danish Medicines Agency at www.dkma.dk.) The numbers
reflect the use of insulin in 44,467 patients in 2001,
increasing to 56,501 in 2005. Total use of analogues is
increasing.

tripling of the use of insulin from 1976 to 1989 most
likely driven by the increasing burden of type 2 dia-
betes. In addition, the adjuvant use of novel amyli-
nomimetics has gained some ground in the USA.
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Prescribing of Insulin in Type 1 Diabetes

Internationally, guidelines for the treatment of
type 1 diabetes vary little between countries. In
essence, the goal remains near-normal glucose
levels without inducing severe hypoglycaemia.
The options available are legion although the
intrinsic limitations of subcutaneous insulin deliv-
ery continue to act as a barrier to attainment of
this goal in the majority of patients. Although
some regimens appear to offer certain advantages
over others [7], the choice of treatment remains
dependent on the availability of insulin prepara-
tions (and delivery systems), local professional
expertise and provision of support, and individual
preferences of both patients and the diabetes
healthcare team. As stated above, while para-
digms of care may change, the choice of therapy
often reflects the impact of factors other than
evidence for treatment efficacy (and safety). For
example, in otherwise comparable markets
(Denmark and Sweden), the use of continuous
subcutaneous infusion systems varies signifi-
cantly [8] according to reimbursement policies.

Type 2 Diabetes

In the majority of subjects type 2 diabetes is usu-
ally not well controlled by lifestyle modifications
and so presents major challenges to pharmacother-
apy. The increasing number of ways to attack the
cardinal metabolic defects of type 2 diabetes —
insulin resistance and beta-cell failure — leaves
patients and doctors with numerous possibilities
for pharmacological interventions. The forecast of
increased prevalence of diabetes in the coming
years raises enormous ethical and practical ques-
tions, which must be resolved to supply patients
with the necessary drugs. Data from the IDF sug-
gest that overweight and obesity will affect major
proportions of the population in the USA and large
European countries, with France at 36% and the
USA at 51.9% [1] by 2011, the latter increasing
from 45.5% in 2005. Unless this trend is reversed,
which at the moment appears unlikely, type 2 dia-
betes will affect significant proportions of the pop-
ulation. In 2005, Italy registered 6.2% of its
population as having type 2 diabetes (increasing
from 6.0% in 2004); corresponding figures
from the USA were 6.1% and 5.9%. In the USA,

diabetes mortality increased form approximately
68,000 deaths in 1999 to 74,000 deaths in 2003.
Diabetes is the sixth leading recorded cause of
death in the USA [5].

Availability

Varying with socioeconomics and health policies,
the availability of oral or injectable antidiabetic
agents varies. However, basic drugs for beta-cell
stimulation, the sulphonylureas, and for treating
insulin resistance and increased hepatic glucose
output (the biguanides) remain cheap, effective and
widely accessible. Alpha-glucose inhibitors and, in
particular, thiazolidinediones, retarding the rates of
intestinal glucose absorption and tissue insulin
resistance, respectively, are alternatives that have
been increasing in use and availability.

The Market for Antidiabetic Agents
for Type 2 Diabetes

Including insulin, half of the global diabetes
market is accounted for by the USA. Other major
markets are Germany (7%), the UK (4%) and
France (3%). Highly populated countries with sub-
stantial numbers of people with diabetes such as
Russia and Brazil each account for approximately
1% of the market. The market is dominated by
(54%) original branded drugs; however, generics
account for some of the market and unknown
numbers of patients are treated with “generics” in
countries such as China and India where licensing
regulations are less strict [5]. Oral antidiabetic
drugs account for 58% of the total market worth
US$18.6 billion in 2005, an increase of 11.5%
compared with 2004. The market is led by the
thiazolidinediones with a pioglitazone turn-over
worth US$ 2.544 billion in 2005 (rosiglitazone
US$ 2.258 billion, rosiglitazone/metformin com-
bination US$ 382.7 million, metformin US$
518.7 million, glimepiride US$ 857.9 million,
vogiblose US$ 547.1 million). There are few
descriptions of regional differences in prescrip-
tion patterns. It can only be assumed that, as for
insulin, availability varies and expectedly even
more so since several oral antidiabetics can be
used to achieve the same treatment goals in the
individual patient. When drugs for associated
conditions are included, it is likely that for some



high-prevalence countries, Germany, for example
[9], diabetes may account for more than 20% of
total pharmacy costs; cardiovascular drugs are the
most important cost factor, reflecting the rates of
atherosclerotic complications.

Prescribing of Antidiabetic Drugs
for Type 2 Diabetes

Although hard end-point studies are somewhat
sparse in diabetology, little doubt exists that near-
normal blood glucose levels are beneficial, relieving
symptoms and preventing long-term vascular com-
plications. Guidelines are legion, and treatment
goals are becoming increasingly ambitious. For
example, the latest IDF guidelines for the treatment
of type 2 diabetes [10] aim for HbA,  levels lower
than 6.5%. Since this goal is rarely achieved through
lifestyle measures alone, oral antidiabetic agents are
usually required. Initially, monotherapy is com-
menced with the most appropriate drug, based on the
clinical and biochemical profile of the patient, and in
the light of safety considerations. For most patients,
drugs from different classes are required in varying
combinations, insulin being ultimately necessary in
many patients. Current guidelines recommend
metformin and sulphonylureas as first-line therapy.

100
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Other regimens may be equally effective or even
more so. However, comparative studies are sparse.
With very prevalent diseases such as type 2 diabetes,
pharmacoeconomics become extremely important.
Thus, both the economy of society at large and the
economy of the individual patient must be taken into
account when choosing drug therapy. Safety issues
remain important since treatment will often be
continued for many years or even life-long, during
which time complications, for example, nephropathy
or cardiovascular disease, that may alter the safety
profile of certain drugs may develop.

Trends in the Use of Antidiabetic Drugs

A recent survey [11] of antihyperglycaemic drugs
in ten European countries showed that their use
increased in all countries but with very different
treatment patterns. The use of insulin doubled from
1994 to 2003 in some countries (England and
Germany) but remained stable in others (Belgium,
Portugal, Italy). The use of biguanides increased
substantially, whereas the use of sulphonylureas
increased more moderately in most countries.
Insulin accounted for more than 50% of the daily
antidiabetic doses in Sweden, the corresponding
number in Portugal was <20% (Fig. 2). In an

50 A
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FiG. 2. Use of insulins (black), sulphonylureas (white) and biguanides (grey) as proportions of the total use of
antidiabetics drugs in ten European countries (2003). Regional variation is substantial. Reproduced with

permission from [11].
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interesting comparison between Finland and
Denmark (with the expected prevalence of diabetes
being 7.2% and 6.9% in 2003, respectively) it was
found that in 2000, 3.15% of the population in
Finland (insulin 1.76%, oral agents 2.40%) was
treated with antidiabetic drugs, the corresponding
numbers for Denmark was 1.96% for any antidia-
betic treatment (insulin 0.78%, oral agents 1.31%)
[11]. It is unlikely that differences in detection
levels of diabetes or different diabetic phenotypes,
let alone drug availability, can explain such a dif-
ference. Local therapeutic convention is a plausible
explanation. As described in a comparison of two
neighbouring communities in Sweden [12] tradi-
tion (specialized diabetes clinician compared with
non-specialist clinicians) may have major influ-
ences on both drug type and dose. Along with pro-
gressively more aggressive treatment of glycaemia,
the use of cardiovascular and lipid-lowering drugs
also increases with time in patients with diabetes
[13]. Although the result is improvements in a
number of biochemical risk factors, the relation
between prescriptions and improved survival
remains somewhat elusive since time-related
changes are severely confounded by improved
diagnostic awareness and, particularly in the case
of diabetes, of recent changes in diagnostic levels
of blood glucose [14].

The impact of recommendations or guidelines
(more similar between countries for cardiovascu-
lar diseases) has been studied in the Euroaspire
programme [15]. Among patients with coronary
heart disease there appears to be room for
improvement in aspects of cardiovascular pre-
scribing if international guidelines were to be rig-
orously applied. For antidiabetic drugs, however,
it has been shown that changes in recommenda-
tions coincide with substantial changes in drug
prescription [16].

Use of drugs to prevent diabetes or to treat
related diagnoses (e.g. polycystic ovary syndrome)
may result in changes in prescription patterns in the
future. Such changes may confound the interpreta-
tion of data on drug use. At present there is some
evidence for the efficacy of metformin, troglita-
zone (now withdrawn), orlistat, rosiglitazone and
rimonabant [17-19] on delaying the development
from impaired glucose tolerance to diabetes.
However, use of these drugs to prevent diabetes is
not currently recommended.

Pharmacoepidemiology of Diabetes:
Safety Considerations

While phase 1 and 2 trials are necessary for the
demonstration of early safety in humans, phase 3
trials (randomized controlled trials) are unsurpassed
in design for the demonstration of the effects of a
drug on the disease course (efficacy). Post-marketing
phase 4 trials vary in design; however, they are
often not suited to evaluate therapeutic effects
(effectiveness) in the population as a whole and
long-term safety in non-selected groups of patients.
Pharmacoepidemiology offers methods, retrospec-
tive but often including prospective follow-up
designs, that allow for the surveillance of larger
populations for longer periods. In many cases, as
has recently been described for glargine, a long-act-
ing insulin analogue, efficacy and effectiveness
measurements are comparable in type and magni-
tude [20]. Unfortunately, safety issues have in some
cases been undetected, and to some extent over-
looked, as was the case for troglitazone in the late
1990s [21,22]. It should be borne in mind that well-
established antidiabetic drugs such as metformin,
sulphonylureas and insulin, even when used appro-
priately, are associated with appreciable rates of
morbidity and, less frequently, mortality [23].
Diabetes-related  pharmacoepidemiological
research, applying state-of- the-art methodologies,
may prove to be a helpful tool in choosing which
drugs to prescribe. Recently we [24, 25] and others
[26] have evaluated the safety of sulphonylureas
by epidemiological methods. Based on preclinical
evidence it was suspected that some sulphony-
lureas were preferable to others with respect to the
main cause of mortality in type 2 diabetes,
myocardial infarction. In population-based studies
from Italy and Denmark similar results have
shown a significantly reduced risk of myocardial
infarction and mortality (relative risks being
approximately 0.8) for gliclazide and glimiperide
when compared with other sulphonylureas. This
applies for monotherapy as well as for combination
therapy when sulphonylureas are used together with
antidiabetic agents from other classes. The results
were unchanged by corrections for a large number
of potential confounding factors, a key issue in
epidemiological research that can now be met with
an increasing use of detailed databases that allow
simultaneous registrations of treatment, disease and



mortality data and a large number of socioeconomic
parameters. The estimated number of participants in
a prospective controlled trial designed to test this
hypothesis would be >60,000 for a 5-year period
making the performance of such a study less than
likely on economic and practical grounds.

Thus, structured epidemiological surveillance of

established diabetes treatments can powerfully
complement more established methods used during
the development of new drugs.
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New Definitions of Diabetes: Consequences

Knut Borch-Johnsen
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In 1980, the World Health Organisation (WHO)
ended a long phase of confusion by providing inter-
national standards for diagnosis and classification
of diabetes [1]. Before this, confusion existed with
respect to the glucose threshold for diagnosis of dia-
betes and other categories of glucose intolerance as
well as the glucose load used for the oral glucose
tolerance test. As always, however, new scientific
data and insight combined with health political
issues have led to several revisions of the diagnostic
criteria and classification of patients with diabetes
as well as with other categories of glucose intoler-
ance. The first revision was made in 1985 [2], the
second in 1999 [3] and most recently the third revi-
sion came out in 2006 [4] based on a collaborative
effort between WHO and the International Diabetes
Federation (IDF). In addition to these global defini-
tions, national agencies like the American Diabetes
Association (ADA) [5,6] as well as international
organizations such as the IDF [7] have provided
definitions that are not fully in accordance with the
WHO definitions of diabetes, glucose intolerance
and the metabolic syndrome (Table 1). This lack of
concordance has not only created confusion among
researchers but also among clinicians. As a conse-
quence of the use of different diagnostic criteria,
studies and trials may no longer be directly compa-
rable as “diabetes” “IGT” or “IFG” no longer
represents the same population in different studies.
Finally, the fact that leading personalities within the
field of diabetes have identified themselves with
some definitions and not with others as the “fathers
and mothers” of the different definitions has split

observers and users into groups of “believers”
rather than into scientific orientation.

This chapter focuses on the following questions
related to definition and classification of diabetes:

e What are the criteria used to identify diagnostic
thresholds for DM and impaired glucose regulation
(IFG and IGT together)?

* Redefining diabetes — what are the consequences
for prognosis and diagnostic tests?

e Reclassifying diabetes — how to differentiate
between type 1 and type 2 diabetes?

e Establishing a third category — IFG — why and
what is IFG?

e Lowering the threshold for IFG — what are the
consequences?

* Open questions by 2007

What are the Criteria Used to
Identify Diagnostic Thresholds for
DM and Impaired Glucose
Regulation (IFG and IGT Together)?

Diabetes is a disease characterised by abnormal
glucose metabolism, a risk of developing microvas-
cular complications specific to diabetes and a
markedly increased risk of developing macrovas-
cular complications. Consequently, all three ele-
ments have been used in trying to define diagnostic
thresholds or cut points for diabetes.

Defining diabetes by glucose distribution: In
some populations [8,9] but certainly not in all [10]
the glucose distribution is bimodal, suggesting that
there are distinctly different glucose distributions
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TaBLE 1. Changes in diagnostic criteria for diabetes and glucose intolerance (all values are

plasma glucose in mmol/L).

Category WHO 1985 WHO 1999 WHO 2006 ADA 1997 ADA 2003
Diabetes Fasting 7.8 7.0 7.0 7.0 7.0
2h 11.1 11.1 11.1 11.1 11.1

Impaired Fasting <7.8 <7.0 <7.0 <7.0 <7.0
Glucose 2h 7.8-11.0 7.8-11.0 7.8-11.0 7.8-11.0 7.8-11.0
Tolerance
(IGT)

Impaired Fasting Not defined 6.1-6.9 6.1-6.9 6.1-6.9 5.5-6.9
Fasting 2h Not defined <7.8 <7.8 Not recom-  <Not recom-
Glycaemia mended mended
(IFG)

Normal Fasting <7.8 <6.1 <6.1 <6.1 <5.5
(NGT) 2h <7.8 <7.8 <7.8 <7.8 <7.8

ADA (American Diabetes Association) does not recommend the use of an oral glucose tolerance test.
Consequently the use of ADA-criteria will normally not allow for identification of individuals with IGT
or diabetic individuals where only the post-challenge value is abnormal.

in individuals with and without diabetes. This
bimodality was an essential element in deciding on
the 2-h post-OGTT cut-point for diabetes in 1980
and 1985 [1,2] with the final cut-point of 11.1 mmol/l
largely based on data from the Pima Indian popula-
tion in the USA. A recent analysis based on global,
epidemiological data shows that bimodality is not a
universal phenomenon, but furthermore in popula-
tion where this is found, the actual cut-point in the
bimodal distribution varies between populations. In
other words, defining diagnostic threshold values for
diabetes based on distributions of glucose values at
the population level is not particularly helpful.
Defining diabetes by microvascular complications:
The microvascular complications in the retina and the
kidney are to a large extent specific to diabetes. Based
on this observation the ADA expert committee in
1997 [5] was able to define thresholds for fasting and
2-h post-OGTT glucose values based on data from
Egypt and the USA. This analysis led to the lowering
of the fasting plasma glucose threshold from 7.8 to
7.0 mmol/L. Low numbers in the populations
included, however, left this analysis with considerable
uncertainty with respect to the optimal cut-point.
Defining diabetes by macrovascular complica-
tions: Although microvascular complications are
only specific to diabetes, macrovascular complica-
tions remain the leading cause of death in diabetic
individuals. Consequently, it has been suggested
that abnormal glucose values should be defined as
the glucose values in fasting and following an
OGTT, which are associated with an increased risk
of developing or dying from CVD (cardiovascular

disease). Several publications from the DECODE-
study have tried to follow this track. For fasting
glucose values this analysis would support a
threshold of 7.0 mmol/L while for the 2-h value
there is no threshold but a continuous increase in
mortality with increasing glucose value from the
normal range, through the IGT range to diabetes as
defined at present [11].

In conclusion none of the three approaches
described here have proven to be superior in defin-
ing diabetes. Nevertheless, the use of microvascu-
lar complications still appears to be the most
rational way as this is the only approach based on
a feature specific to diabetes. This view was also
adopted by WHO in the 2006 version of diagnostic
criteria for diabetes. Thus, the focus should be on
providing additional scientific data that could be
helpful by conducting epidemiological surveys in
individuals without previously diagnosed diabetes,
where standardised screening for retinopathy using
methods that can detect the very early stages of
retinopathy are included as part of the study.

Redefining Diabetes — What are the
Consequences for Prognosis and
Diagnostic Tests?

Following the change in diagnostic threshold for
diabetes by ADA in 1997, a large range of studies
analysed the potential consequences of changing
the diagnostic criteria for diabetes. The largest and
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most systematic effort was done through the
DECODE-study initiated under the European
Diabetes Epidemiology Study Group [12]. This
collaborative effort used population-based epi-
demiological studies of diabetes based on the use
of a standard 75-g oral glucose tolerance test from
a large number of centres in Europe to analyse the
effect of revising the diagnostic criteria. Most of
the publications are based on data from between
25,000 and up to 50,000 individuals.

The first DECODE-publication [12] clearly
showed that there is only a partial overlap between
individuals diagnosed based on the revised fasting
glucose criteria and those diagnosed on the basis of
the 2-h post-challenge value. Approximately 1/3
are diagnosed by the fasting value only, 1/3 by the
2-h value only and the remaining 1/3 are diabetic
based on both the fasting and the 2-h value. The
same study demonstrated some phenotypic differ-
ences between those diagnosed based on the fast-
ing and those diagnosed based on the 2-h value.
Those with diabetic fasting values only tended to
be younger and more obese than those diagnosed
based on the 2-h value.

As the two groups were different in phenotype,
the emerging question was whether this had an
impact on prognosis [13]. As demonstrated in
Table 2 the 2-h post-OGTT glucose value was
more strongly associated with prognosis (all cause
mortality and death from CVD) than fasting
plasma glucose, and individuals with diabetic fast-
ing, but normal post-OGTT values, did not have
any excess mortality at all.

These studies were the first to challenge the
concept that the more convenient diagnosis based on
fasting glucose values equalises the more compli-
cated diagnosis based on the oral glucose tolerance
test. The observations were, however, confirmed by
others, and this was the rationale for WHO in
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modifying the diagnostic criteria in 1999, where
WHO in contrast to the ADA recommended the use
of the oral glucose tolerance test in epidemiologi-
cal surveys as well as in the diagnosis of diabetes
in individuals at high risk based on the fasting
plasma glucose.

In conclusion, the revised diagnostic criteria for
diabetes, suggested by ADA in 1997 and subse-
quently confirmed with minor modification by
WHO in 1999, increased the number of individuals
with diabetes to a moderate extent. They identified a
fasting plasma glucose level that statistically (but not
necessarily clinically) corresponded better to the
diagnostic 2-h value, but initiated studies that clearly
demonstrated that the prognostic impact of fasting
versus 2-h post-challenge glucose is not identical.

Reclassifying Diabetes — How
to Differentiate Between Type 1
and Type 2 Diabetes

So far the focus on the 1997 ADA and 1999 WHO
revision of the diagnostic criteria has been on the
impact of the revised diagnostic thresholds.
Another often neglected but equally (or even more)
important revision relates to the classification of
patients. In 1985, patients were classified as having
insulin-dependent (IDDM) and non-insulin-
dependent (NIDDM) diabetes based on the under-
lying disease, that is, whether beta-cell dysfunction
was reduced to a level where insulin was needed to
survive without entering ketoacidosis (insulin-
dependent diabetes) or whether the patient had
diabetes based on insulin resistance (with or without
associated beta-cell dysfunction) where the patient
would survive without insulin, but where insulin
could be necessary to maintain acceptable metabolic

TABLE 2. All cause excess mortality by fasting and 2 hour glucose
in the DECODE study (Adopted from ref 11).

Fasting plasma glucos (mmol/L)

<6.1 6.1-6.9 7.0-7.7  =7.0

2-h plasma <77 1 1.1 1.4 1.4
glucose 7.8-11.0 1.6 1.3 1.7 1.7
(mmol/L) 211.1 2.1 1.9 2.2 23
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control. From 1985 and onwards several clinical
studies [14] as well as practical clinical experience
demonstrated that a large proportion of patients
characterised as non-insulin dependent would sub-
sequently need insulin to maintain acceptable
metabolic control. This often led to confusion with
respect to classification of the individual patient,
and increasingly patients were re-classified from
NIDDM to IDDM. This clinical observation com-
bined with a wish to establish a classification based
on a combination of clinical stages and aetiological
types [15] led WHO to abandon the terms IDDM
and NIDDM and to reintroduce the terms Type 1
and Type 2 diabetes. This development was helped
by the identification of several markers of autoim-
munity linked to the destruction of beta cells such as
islet cell antibodies (ICA), insulin auto- antibodies
(IAA) and auto-antibodies to glutamic acid decar-
boxylase (anti-GAD). Consequently, the revised
classification included as the two main groups

* Type 1 diabetes (beta-cell destruction, usually
leading to absolute insulin deficiency). In this
group 85-90% are antibody positive for at least
one of the antibodies ICA, IAA or GAD, while a
smaller group (10-15%) have total beta-cell
destruction without any signs of autoimmunity.
Within the group of patients with type 1 diabetes
there is a smaller group that have antibodies, but
are not insulin-requiring for survival at least for
several years. These patients are characterised by
a slower disease process and very slow loss of
beta-cell function and this group is often referred
to as latent autoimmune diabetes in adults
(LADA).

* Type 2 diabetes (predominantly insulin resistant
with relative insulin deficiency or predominantly
an insulin-secretory defect with/without insulin
resistance). These individuals consequently have
a relative not an absolute insulin deficiency. At
the same time this group of individuals have no
other known specific aetiology. At present this
group comprises 70-80% of all cases of diabetes
(even more in some parts of the world), but given
the fact that molecular biology combined with
other scientific disciplines continuously identifies
an increasing number of “specific types” this
group will gradually diminish. Apart from this
the specific types will not be discussed further in
this chapter.

Knut Borch-Johnsen

One problem related to the change in classification
to an aetiological definition is that the diagnosis of
a so-called type 1 process is based on measure-
ment of autoimmune markers, which is not a part
of routine clinical practice, and markers that cur-
rently have none or very limited impact on the
treatment regiment for the individual patient. As a
consequence of this, a patient with diabetes with
considerable residual beta-cell mass and obviously
not insulin requiring from a clinical point of view,
but with an ongoing autoimmune process, will be
diagnosed as having type 2 diabetes unless admit-
ted to a centre where measurement of auto-antibodies
for some reason (typical research) is a part of rou-
tine clinical practice. In this case, in real life, the
classification of the patient would therefore reflect
the centre at which the patient is treated, not the
underlying disease process. This would clinically
be a minor problem, but with 5-15% of patients
with type 2 diabetes being antibody positive, and
given that treatment guidelines differ and type 1
diabetes patients are treated centrally while type
2 diabetic patients are treated in general practice,
this would have tremendous impact on the organi-
sation of the health care system if all patients had
antibodies measured and subsequently were
remitted accordingly.

Another problem that has not been solved is that
even in the general population with normal glucose
tolerance following an OGTT 2-5% are antibody
positive [16,17]. This would suggest that some
antibody positive individuals with clinical T2DM
are truly type 2 diabetic where antibody positivity
reflects a “by chance finding” and not necessarily
an ongoing autoimmune disease process.

Establishing a Third Category —
IFG — Why and What is IFG?

The new category — Impaired Fasting Glycaemia
— was introduced by the ADA expert committee in
1997. This was in many ways the logical conse-
quence of their recommendation to stop using the
OGTT, as this would make the diagnosis of IGT
impossible. The hope was that through establishing
the new category IFG it would be possible to identify
a group comparable to the IGT with respect to risk of
progression to diabetes and risk of developing CVD.
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As already discussed, the DECODE-study
showed that while IGT is associated with an
increased risk of developing CVD this is only the
case in IFG-individuals if they also have abnormal
2-h glucose values [11,13]. In other words, isolated
IFG is not associated with increased risk of CVD
or increased all cause mortality. It has also been
shown that while IGT is often associated with other
abnormalities associated with the metabolic
syndrome as dyslipidemia and hypertension, this is
not the case for isolated IFG (at least not to the
same extent) [18].

The different phenotypes of individuals with
IFG and IGT have led to the question whether these
two conditions reflect the same underlying patho-
genic mechanisms. An answer to this question is
important, as several trials have shown that
progression from IGT to diabetes can be prevented
by life style intervention (diet and physical activ-
ity) [19-22]. These interventions are likely to
exhibit their effects through increased insulin
sensitivity and modifications in body composition.
Consequently, the interventions are only likely to
be effective in the case of insulin resistance as the
underlying mechanism. If, however, IFG is more
linked to beta-cell dysfunction than to insulin
resistance (which would be in compliance with the
relative absence of metabolic abnormalities in IFG-
individuals), then life style intervention would be
less likely to have an effect on this group of indi-
viduals. It should also be noted that IFG only iden-
tifies approximately 25-30% of all individuals with
IGT in a given population. In conclusion it should
therefore be noted that IFG and IGT are not the
same conditions; they are not characterised by the
same phenotypic abnormalities; and they are not
associated with the same risk of progression to
diabetes or risk of developing CVD. Therefore, the
clinical relevance of IFG as a clinical category or
risk group remains questionable.

Lowering the Threshold for IFG
— What are the Consequences?

The most recent revision of the diagnostic criteria
for IFG by ADA [6] lowered the diagnostic thresh-
old for IFG 6.1-5.6, so now the diagnostic interval
for IFG according to ADA is 5.6-6.9. The major
reason for redefining IFG was an attempt to improve
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the alignment of IFG and the corresponding inter-
mediate category based on the oral glucose
tolerance test [impaired glucose tolerance (IGT)] in
predicting the future development of type 2
diabetes. The proposed new diagnostic threshold is
derived from receiver—operator characteristic
curves of the different levels of fasting plasma
glucose that predict the development of diabetes.
The optimal cut-point (optimising the sum of sensi-
tivity and specificity) was between 5.2 and 5.7
mmol/LL [6]. A secondary, but equally important
consideration was to increase the proportion of indi-
viduals with IGT identified as having IFG. With the
previous definition (6.1-6.9) [18] only 29% of
individuals with IGT also have IFG. Lowering the
diagnostic threshold to 5.5 mmol/L. would increase
this proportion to 69%. Identification of patients
with IGT is important from the perspective of
preventive medicine, as this is the group where inter-
vention studies have proven effective in preventing
progression to diabetes as discussed above [19-22].

We used the DETECT-2 database [23] to analyse
the consequences of change in diagnostic criteria
on concordance between IFG and IGT, on the
CVD-risk profile in individuals with IFG and on
the public-health impact of modifying the diagnos-
tic criteria [24]. We analysed the impact on con-
cordance based on populations from Denmark,
France, USA, India and China. In these countries
the prevalence of IGT was 12.0, 8.2,20.3, 11.2 and
10.3%, respectively, and based on the old criteria
for IFG only 3.5, 3.5, 4.4, 3.0 and 2.8% were IGT
and IFG positive. As indicated above, one aim was
to increase the fraction of IGT individuals identi-
fied through IFG, and this was a success as the
prevalence of combined IGT and IFG positivity
based on the new criteria increased to 7.2, 6.1, 9.4,
7.2 and 5.2%, respectively, in the five countries.
However, everything comes with a price. The
increased probability of identifying individuals with
IFG was only possible because the prevalence of
IFG increased dramatically from 11% to 16% with
the old criteria to 29-46% with the new criteria.
Consequently, the probability of an individual with
IFG also having IGT decreased from approximately
27% to 20%. As expected, the cardiovascular risk
profile is even less atherogenic in individuals classi-
fied as IFG based on the new diagnostic criteria
from ADA, as illustrated in Table 3 based on
data from the Inter99 study from Denmark [24,25].
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TABLE 3. The cardiovascular risk profile according to the diagnostic criteria in the Inter99
population [24] (from ref [24]).
IFG_old IFG new
(6.1-6.9 mmol/L) (5.6-6.0 mmol/L) p-value
N 1,645 788
% Women 29.6 38.4 <0.0001
Age 49.4(6.8) 47.4(7.4) <0.0001
SBP (mmHg) 139.5(17.4) 133.1(15.8) <0.0001
DBP (mmHg) 88.0(11.4) 84.4(10.6) <0.0001
Total-cholesterol (mmol/L) 5.9(1.2) 5.7(1.1) <0.0001
HDL-cholesterol (mmol/L) 1.3(0.4) 1.4(0.4) 0.002
Triglyceride® (mmol/L) 1.5(0.6) 1.2(0.5) <0.0001
Fasting insulin (pmol/L) 47.0(0.6) 37.8(0.5) <0.0001
2-h insulin (pmol/L) 211.2(0.9) 160.1(0.9) <0.0001
BMI (kg/m?) 28.4(4.8) 27.0(4.4) <0.0001
Waist (cm) 94.6(12.3) 90.0(12.1) <0.0001
% daily smoker 64.4 64.5 N.S
Values are mean (SD), where stated percentage are given.
“Values are geometric means and coefficient of variation.
120 - the number of individuals in the age group of 45-64
[0 WHO criteria years that would have IFG based on the WHO and
ADA criteria, respectively. The effect was dramatic
[l ADAcriteria || . . . Lo
100 in all three countries leaving the number of individuals

FI1G. 1. Number of individuals with IFG in India, China
and USA in the age group 45-64 years based on the
WHO and ADA diagnostic criteria for IFG by 2005
(based on the DETECT-s study (modified from [24])).

The public health impact of the ADA-revision of
the diagnostic criteria is illustrated in Fig. 1. We
used population-based studies from India, China and
USA and the demographic data from WHO for these
three countries to illustrate the effect by calculating

characterised as having IFG so high that any possibil-
ity of individual-based prevention programme would
seem impossible to even think of.

In conclusion, from this part of the chapter the
revised diagnostic criteria for IFG seem to have
limited relevance. The additional individuals iden-
tified by the revised criteria seem to be at low risk
of developing CVD; they have lower probability of
also having IGT and meanwhile the overall number
of individuals diagnosed as having IFG will be
double to triple. All together this explains why
WHO did not follow ADA in their 2006 version of
diagnostic criteria for diabetes and impaired glu-
cose regulation [4].

Open Questions by 2007

With the recent publication from WHO and IDF on
definition and diagnosis of diabetes mellitus and
intermediate hyperglycaemia [4], a natural question
could be — have we now reached the end of the
road? Unfortunately, the only possible answer is a
no. Science is progressing, and as part of this, our
understanding of the underlying aetiology and
pathogenic mechanisms behind abnormalities in
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glucose metabolism will improve. Definition and
classification of diseases must (or at least should)
always be following progress in our understanding
of the disease aetiology. When it comes to defini-
tion and classification of diabetes there are a num-
ber of open questions.

1. Could the diagnosis of diabetes be simplified?
This was the intention of the ADA-recommenda-
tion in 1997, where they recommended discontin-
uation of the logistically complicated and
time-consuming oral glucose tolerance test and
recommended that all diagnostic tests should be
based on fasting glucose. Unfortunately, this strat-
egy did not fulfil its aim, and consequently the
WHO retained the OGTT. An alternative would be
to replace the diagnosis based on fasting plasma
glucose or the OGTT with a diagnosis based on
HbA | as it reflects the average plasma glucose
over a period of 2-3 months and as it does not
require any special preparation such as fasting.
HbA | _ is associated with the risk of retinopathy in
the same manner as fasting or 2-h glucose [5] and
is associated with the risk of developing CVD
even in the non-diabetic range [26]. There is, how-
ever, still a considerable variability dependent on
the laboratory method used although standardisa-
tion is ongoing [27], and the association between
HbA,_ and the category of normal or impaired glu-
cose metabolism is not clear-cut [28]. If the diag-
nosis was to be made on HbA and not on glucose,
this would clearly lead to the reclassification of
individuals and it would require global standardis-
ation of the method. Consequently, this change
will not happen in the near future, but it may hap-
pen in the more distant future.

2. Should intermediate hyperglycaemia (IFG and
IGT) be redefined? As outlined above, the
rationale for maintaining IFG as a separate cat-
egory is somewhat weak. On the other hand,
there is a need for identifying individuals at
high risk of developing diabetes with the aim of
initiating targeted intervention in these. At
present little is known with respect to the
underlying mechanisms behind IFG and IGT,
but several studies are ongoing. These studies
will tell us whether we will need this category
also in the future.

3. How should patients with auto-antibodies (anti-
GAD in particular) be classified? According to

15

the 1999 WHO classification, all these individuals
are expected to have an ongoing type 1 process
classifying them as having type 1 diabetes
independent of the actual glucose levels. From a
scientific point of view this seems rational, but
in practice this creates confusion. If the principle
was followed rigorously then up to 10-15% of
all current type 2 diabetic patients should proba-
bly be reclassified, almost doubling the pool of
patients classified as having type 1 diabetes.
Generally, patients with type 1 diabetes are
treated in specialised centres but would that be
relevant for all patients now classified as having
type 1 diabetes and what would be the correct
treatment for these patients to preserve their
residual beta-cell function. All these answers are
presently unanswered and call for further studies
leading to clarification and ultimately to new
classification guidelines.
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