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Diabetes: early screening costs and benefits

M. Marre, F. Travert

BACKGROUND

Although it is well-recognised that type 2 diabetes has become a huge burden for the general
adult worldwide population, there is presently no systematic or structured screening policy
for type 2 diabetes in any country or region except for some general guidance recently issued
by the UK National Screening Committee [1].

Screening for type 2 diabetes will logically allow for early diagnosis and treatment. This
might be important as early diagnosis and treatment could prevent future associated micro-
vascular and macrovascular complications. An estimated 50% of people with diabetes are
currently undiagnosed. According to several major studies, around 20-30% of people with
type 2 diabetes have already developed complications at diagnosis. The approach could be
either to screen for type 2 diabetes alone, or to anticipate the progression to diabetes from
pre-diabetic states and therefore to lower the threshold to allow screening for both impaired
glucose tolerance (IGT) and type 2 diabetes. In addition, for earlier diagnosis of type 2 dia-
betes, interventions could be designed for those identified to have IGT in order to attempt
to delay the onset of type 2 diabetes and/or to prevent complications.

One major programme has been developed in the US, the Diabetes Prevention Program
(DPP), which targeted only individuals with IGT [2]. It clearly demonstrated that behav-
ioural modifications and drug treatments can delay or prevent the development of type 2
diabetes in this population. The DPP randomly assigned subjects with IGT and elevated
fasting glucose to three treatment groups: placebo, a lifestyle modification programme with
goals of 7% weight loss and 150 min of weekly physical activity, or metformin. The average
follow-up was 2.8 years. In comparison with placebo, the lifestyle and metformin interven-
tions reduced the incidence of type 2 diabetes by 58% and 31%, respectively. Versus placebo,
the lifestyle and metformin interventions were estimated to delay development of type 2
diabetes by 11 and 3 years, respectively; the corresponding reductions in absolute lifetime
incidence of diabetes were 20% and 8%, respectively. Compared with placebo, the cost per
quality adjusted life-year (QALY) from a health system perspective was $1100 and $31 300
for the lifestyle and metformin interventions, respectively.

Because this programme focused solely on individuals with known IGT, it concluded
only that it is cost-effective to prevent the conversion from pre-diabetes to diabetes. It did
not answer a distinct, and important, public health question: is it cost-effective to screen
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patients to identify individuals with pre-diabetes or even more crucial to detect individuals
already with full diabetes status?

Only one other trial (with acarbose) was conducted mostly in middle-aged men (STOP-
NIDDM) [3]. Interestingly, a secondary analysis of this trial suggested that those on active
treatment to reduce or delay type 2 diabetes were also protected from cardiovascular events.
The latter account for most of the reduced life expectancy of people with type 2 diabetes.

No definitive trials have yet examined the effectiveness of screening for type 2 diabetes
or IGT: assessment of preventive policies has so far been conducted through simulation
studies [4, 5]. A recent systematic review and meta-analysis of intervention trials for preven-
tion of type 2 diabetes, including the DPP, found that both lifestyle and pharmacological
interventions significantly reduced the risk of type 2 diabetes in people with IGT [6]. Initial
models of screening for type 2 diabetes alone have generally assessed the impact of early
treatment on cardiovascular events, though some also included microvascular events such
as retinopathy. Several more recent decision models have been compiled that have assessed
either the clinical and cost effectiveness of interventions to prevent type 2 diabetes [7-14] or
strategies for screening and early detection of diabetes [4, 15-18]. Overall, most of the mod-
els produced favourable results for screening, but cost-effectiveness varied with age group
screened and the population targeted for screening. Only two studies reported costs for a
UK setting [4, 17], one of which had a limited time horizon of five years [17]. Both studies
concluded that there was uncertainty concerning the cost-effectiveness of screening for dia-
betes. Of the eight models assessing cost-effectiveness of interventions for prevention of
diabetes, only three included costs of identifying individuals with IGT [8, 10, 14]. The time
horizon over which the models were run ranged from just three years after the intervention
up to the expected lifetime of the population. Models used data from various sources: pub-
lished trials, epidemiological studies and national statistics. In general, data were limited to
a few sources. All models compared a strategy of intervention against no intervention, rather
than screening for IGT followed by intervention compared with no screening. All but one
model simulated populations where all individuals had IGT at the start of the model and
the end states were development of diabetes or death. Hence, only a limited section of the
disease pathway was modelled. Also, the models did not take into account that screening
for IGT will at the same time allow individuals with undiagnosed diabetes to be identified,
thus allowing for early treatment and possibly reducing rates of complications. Hence, while
these studies offer an assessment of the cost-effectiveness of interventions for prevention of
diabetes, none assessed the impact of screening followed by intervention on the whole dis-
ease pathway.

In this chapter we will consider what early screening means and whether diabetes could
be a good candidate for such a process. We will describe how it could be possible to screen
for diabetes, and what benefits could be expected from early detection. Finally, we will
develop and illustrate our topic and give some idea of the cost by analysing two recently
published models of cost-effectiveness in type 2 diabetes.

CONSIDERING THE PURPOSE OF EARLY SCREENING, WHY COULD DIABETES BE A
GOOD CANDIDATE FOR SUCH A PROCESS?

The World Health Organization (WHO) defined the minimal criteria to propose a disease for
an early detection programme. The five main reasons to recommend a disease for a screen-
ing programme are:

1. The disease should represent an important health economic concern.

2. The natural history of the disease and the prognosis when not treated should be known.

3. There should be a latent preclinical time before the occurrence of symptomatic disease
during which diagnosis is possible.
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4. There should exist reliable and safe diagnostic tests which are acceptable for screening
the population.

5. The disease should be able to be efficiently treated when diagnosed; the earlier the
treatment is started the more efficient it is.
(Wilson and Jungner, WHO 1968)

So where does type 2 diabetes fit into these five criteria?

CRITERION 1

This is obviously satisfied. Diabetes is a major worldwide and health economic concern. Its
prevalence is more than 8% of the worldwide adult population [19]. It is a major cause of
morbidity and mortality linked to both microvascular complications (blindness, renal fail-
ure, amputation) and macrovascular complications (myocardial infarction and stroke).

CRITERION 2

Regarding the natural history of diabetes, it is known that the duration of diabetes and the
level of hyperglycaemia correlate with the occurrence of microvascular, and possibly with
macrovascular, complications. Diabetes also often clusters with hypertension and dys-
lipidaemia and these are powerful risk factors for cardiovascular complications. The co-
occurrence of cardiovascular risk factors in the same patient has led to the term ‘metabolic
syndrome’. Screening for diabetes without screening for hypertension and dyslipidaemia is
a crucial issue that we will not address here.

CRITERION 3

Type 2 diabetes is typically a disease characterized by a latent phase before the occurrence
of the clinical symptoms. This has been demonstrated by various epidemiological surveys
and during detection programmes performed by physicians. Moreover, at the time of clinical
diagnosis (commonly because of symptoms of hyperglycaemia), a percentage of these newly
diagnosed diabetic patients already have complications, especially retinopathy (2-39%),
nephropathy (8-18%) or neuropathy (5-13%). On this basis, various models estimate the
preclinical phase as 7 to 12 years [20]. During this preclinical phase we have the possibility
of making an earlier diagnosis since hyperglycaemia may remain asymptomatic for years.

CRITERION 4

Performing a blood glucose assessment is relatively easy and acceptable to the people to be
screened.

CRITERION 5

This is the most difficult to address: does a treatment started at the phase of screening result
in a benefit in terms of prevention of the complications? The evidence is currently weak and
there is no large-scale intervention study demonstrating that screening for diabetes provides
a true advantage in terms of preventing complications. Some studies are currently under-
way which aim to evaluate the impact of an early treatment initiated during the pre-
diabetes stage (ORIGIN, NAVIGATOR) [21, 22].

HOW WOULD IT BE POSSIBLE TO SCREEN FOR DIABETES?

Fasting venous plasma glucose assessment is the most recommended measure since it matches
the definition of diabetes which is two consecutive values >7 mmol/l. What about screening
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using random glucose values? This is easier because it is not mandatory to give a specific
appointment when fasting, but it is less widely used. Is it possible to use a home blood glucose
meter? This could be an attractive method if the practitioner is very familiar with the device
and its calibration, and as long as the difference between capillary glucose values and venous
plasma glucose are taken into account: the venous value being higher than the capillary one
(6 mmol capillary corresponds to 7 mmol/1 venous plasma). But this method is not considered
to be sufficiently standardized to be applicable to a large-scale programme.

What about the oral glucose tolerance test (OGTT)? While this has been considered the
‘gold standard’ for a long time, it is too difficult and too expensive to be proposed for large-
scale screening. HbAlc is often proposed for diagnosis, but is not recommended because of
genetic variants that may alter its predictive value and the fact that it is expensive and still
remains to be validated diagnostically.

WHAT BENEFITS CAN BE EXPECTED FROM EARLY DETECTION OF TYPE 2 DIABETES?

Benefits from screening are predicted because it is now accepted that microvascular compli-
cations are mainly determined by the level and duration of hyperglycaemia. Simulation
studies show potential benefits of screening, which would reduce microvascular complica-
tions, especially the risk of blindness [23, 24].

From the point of view of macrovascular complications, we can speculate that detecting
diabetes would categorize a patient in an ‘at risk population” and therefore draw the attention
of the physician to providing multifactorial care focused on blood glucose, blood pressure and
cholesterol. These are logical arguments but assumptions only. Indeed, one study concluded
that public funds would be better spent on treating people with diagnosed diabetes properly
rather than on searching for new cases among the whole population [21].

Only serious and recent modelling studies can help with responding to the cost-effective-
ness question and these are discussed below.

ARE THE PROPOSED MODELS OF COST-EFFECTIVENESS RECENTLY PUBLISHED IN THE
LITERATURE CONCLUSIVE?

In this section we carefully consider the results and the conclusions of two major recent
papers in order to provide an opinion on cost-effectiveness of early detection of type 2
diabetes.

(A) THE ‘NARROW ANALYSIS’

This takes into account only the detection of pre-diabetes in an obese population [25]. The
DPP demonstrated that intensive lifestyle intervention could prevent or delay the onset of
type 2 diabetes. However, the intervention was expensive, and some worried that it might
not prove cost-effective. To address this issue, some authors have applied a simulation
model to estimate lifetime outcomes and costs for subjects known to have IGT and elevated
fasting glucose concentrations [26]. The DPP lifestyle intervention had a relatively attractive
cost-effectiveness ratio from the perspective of the healthcare system. Other studies [27-30]
have examined the cost-effectiveness of lifestyle interventions or drug therapy to prevent
type 2 diabetes among subjects with IGT. All studies but one [29] found that the interven-
tions delay or prevent diabetes onset and reported favourable cost-effectiveness ratios.
These previous results led to a natural next question: if applying the DPP lifestyle interven-
tion to subjects known to have IGT and impaired fasting glucose (IFG) is cost-effective,
would it also be cost-effective to screen for pre-diabetes and then treat subjects identified as
having this condition? To answer this question, Hoerger and colleagues studied the cost-
effectiveness of screening for pre-diabetes among overweight and obese US adults [25]. To
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evaluate the screening issue, they performed a new cost-effectiveness analysis to compare
screening/treatment strategies for pre-diabetes (defined formally as IGT and/or IFG)
among overweight and obese US adults aged 45-74 years. They added screening to the
simulation model to compute the possible benefits and costs of screening to identify pre-
diabetes in the population. They compared two screening/treatment strategies with a base-
line scenario of no screening and no treatment for pre-diabetes to estimate each strategy’s
cost-effectiveness. This approach was conducted only in terms of pre-diabetes detection in
an at risk population. This narrows the spot of interest but gives more chance for such a
programme to be cost-effective.

This study proved very informative as an aid to understanding the complexity of all the
items we have to consider when building up a model of cost-effectiveness in the field of type
2 diabetes. The authors had chosen to restrict their model to an ‘at-risk population” — over-
weight and obese people — and to screen mainly for pre-diabetes. This strategy gave them
the best probability to detect a large number of subjects. They analyzed the effects of screen-
ing and treatment in the obese and overweight (body mass index [BMI] 25 kg/m?) popula-
tion aged 45-74 in the US. They created the virtual study cohort using data from the
overweight population in the 1999-2000 US National Health and Nutrition Examination
Survey [5-7]. Among overweight subjects aged 45-74 years not previously diagnosed with
diabetes, estimates of the prevalence was 9.7% for undiagnosed diabetes; 10.4% for both IFG
and IGT; 23.2% for IFG only; and 7.0% for IGT only. In their model, overweight subjects
without diagnosed diabetes underwent a one-time screening test for pre-diabetes during a
scheduled physician visit. Those screened positive underwent diagnostic testing. Subjects
who had pre-diabetes entered a pre-diabetes module and received the DPP lifestyle inter-
vention. Some subjects with pre-diabetes eventually developed diabetes; they were assumed
to be diagnosed shortly after onset and entered into a diagnosed diabetes module. Screening
was performed through a random capillary blood glucose (CBG) test and added 10 minutes
to a usual 15-minute office visit, incurring costs of $32.68 per screened patient. The CBG test
was selected for screening based on its relatively low cost [4]. Based on previous analysis,
they set 100 mg/dl as the screening cut-off point for the random CBG test. The CBG test and
physician costs come from Medicare fees schedules [8, 9]. All subjects with a positive screen-
ing test received a diagnostic test (either a fasting plasma glucose [FPG] or oral glucose
tolerance test). If the first diagnostic test was positive, a second was performed for confirm-
ation. Because two consecutive elevated FPG tests or OGTT define diabetes [11], they
assumed that this strategy has 100% sensitivity and 100% specificity for diabetes and for IGT
and/or IFG. The cost per diagnostic test totalled $42.92. They considered two different
screening-plus-treatment strategies for subjects with pre-diabetes.

In strategy 1, only subjects diagnosed with both IGT and IFG received the DPP lifestyle
intervention. In strategy 2, subjects diagnosed with either IFG or IGT (or both) received the
lifestyle intervention.

In both strategies, the lifestyle intervention was provided until the subjects developed
diabetes. Progression to diabetes depended on whether the subject had both IGT and IFG or
only one of the conditions. The progression rate for subjects with both IGT and IFG came
directly from the DPP [2], whereas the progression rate for subjects with only one condition
was set to half the DPP value, based on the Hoorn Study [12]. They assumed that the life-
style intervention produced the same relative risk reduction if the subject had both IGT and
IFG or only one of these conditions. The cost of the DPP intervention equalled the incremen-
tal cost of the DPP lifestyle intervention relative to placebo. The DPP lifestyle intervention
had a median follow-up of 3 years. For their analysis, they had to make assumptions about
the intervention’s costs and effectiveness in subsequent years. They assumed that the inter-
vention year 3 costs and the reduction in risk from participating in the DPP continued in
subsequent years as long as the intervention continued. Diabetes subjects with pre-diabetes
entered the diabetes module after developing diabetes. The diagnosed diabetes module,
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which has been described elsewhere [2, 14], models the progression of five complications of
type 2 diabetes: nephropathy, neuropathy, retinopathy, coronary heart disease, and stroke.
Based on earlier analyses [14, 15], they assumed that subjects with diagnosed diabetes
receive intensive glycaemic control once their HbAlc levels reach 6.8% and that subjects
with hypertension and diagnosed diabetes receive intensive hypertension control. Transition
probabilities for diabetes complications were based primarily on results from the UK
Prospective Diabetes Study [31-33]. They applied a multiplicative equation that estimated
annual direct medical costs for diabetes according to demographic characteristics, diabetes
treatment, risk factors for cardiovascular disease, and microvascular and macrovascular
complications [10, 30]. Health utility scores for patients with diabetes were estimated using
an additive prediction model [34]. For the main analysis they used the simulation model to
assess lifetime progression of disease, costs and QALYs. They calculated cost-effectiveness
ratios for the two screening/treatment strategies relative to a baseline of no screening and,
consequently, no treatment for pre-diabetes. They adopted a health system perspective that
considered only direct medical costs and QALYs. They examined repeated screening, with
screening tests performed three times, 3 years apart. For computational purposes, this analy-
sis focused on a single cohort. They evaluated screening followed by applying the DPP
metformin intervention (assuming generic metformin costs) for patients diagnosed with
pre-diabetes. They also evaluated the lifestyle intervention provided in a group setting,
assuming it would produce the same risk reduction but have lower costs. In their main
analysis, the intervention continued and had the same cost and relative reduction in risk as
during the 3-year DPP trial. To assess this critical assumption, they assumed, for all years,
that the relative reduction in risk from the DPP was actually 20% lower than that observed
in the trial; costs were the same as in the main analysis. They then assumed that people
received the DPP intervention for only 3 years, neither receiving benefits nor paying costs
thereafter. Because some subjects diagnosed with pre-diabetes may forego the intervention,
they evaluated cost-effectiveness when only 50% of those diagnosed began the intervention.
They also performed an analysis where the lifestyle intervention did not directly affect the
quality of life for subjects while they had pre-diabetes.

What did they find?

Under strategy 1, 80% of overweight subjects with IFG and IGT were diagnosed and began
treatment. Strategy 2 diagnosed and treated these same subjects but also provided DPP
treatment to 53% of subjects with only IFG or only IGT. As a result, the total number of
subjects receiving treatment tripled.

Relative to no screening, strategy 1 lowered the percentage of subjects with both IFG and
IGT who subsequently developed diabetes from 76.4 to 58.6%. Strategy 2 produced the same
reduction for subjects with both IFG and IGT. Among subjects with only IFG or only IGT,
this strategy lowered cumulative incidence from 57.4 to 45.2%.

In Table 1.1, the cost-effectiveness of strategies 1 and 2 are compared with the alternative
of no screening. The first panel presents numbers per person screened, whereas the second
panel highlights the costs and benefits per screened person with pre-diabetes — the primary
target for the screening/treatment interventions. This alternative presentation does not
change the cost-effectiveness ratios.

Strategy 1 produced higher total costs and more QALYs than the no-screening alterna-
tive. Per-person screening costs accounted for a relatively small fraction of the overall cost
increase. Treatment costs increased because subjects with IFG and IGT received the lifestyle
intervention. This treatment reduced the cost of diabetes complications but not enough to
generate total cost savings. Strategy 1 had a cost-effectiveness ratio of $8181 per QALY.

Strategy 2 produced higher costs and higher QALY than strategy 1 because more subjects
received the lifestyle intervention. The cost-effectiveness ratio for strategy 2 was $9511 per
QALY relative to no screening.
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For both strategies, the cost-effectiveness ratios increased with age. From the societal cost
perspective, the cost-effectiveness ratios were $16 345 and $18 777 per QALY for strategies 1
and 2, respectively. Changing screening parameters produced relatively small changes in
the cost-effectiveness ratios. Repeated screening every 3 years, for example, produced small
increases in these ratios. Changing the CBG cut-off or using an alternative IFG definition
had negligible effects. Changing assumptions about the intervention for subjects diagnosed
with pre-diabetes produced relatively large changes in cost-effectiveness ratios. Using a
metformin intervention produced much higher cost-effectiveness ratios than the lifestyle
intervention. If the lifestyle intervention could be applied in a group setting with lower costs
and the same effectiveness, strategy 1 would be cost saving (i.e. higher effectiveness and
lower costs) and strategy 2 would have a very low cost-effectiveness ratio.

Conversely, if the effects of the lifestyle intervention were 20% less than that seen in the
DPP, the cost-effectiveness ratios would rise by $5000 per QALY. If the DPP lifestyle inter-
vention was implemented for only 3 years and subsequently did not affect progression to
diabetes or incur costs, the cost-effectiveness ratios would also rise. If the lifestyle interven-
tion had no direct effect on the quality of life of subjects with pre-diabetes, the cost-effective-
ness ratios for strategies 1 and 2 would be $12 773 and $16 149 per QALY, respectively. If 50%
of subjects diagnosed with pre-diabetes chose not to participate in the intervention, the
strategies would still have nearly the same cost-effectiveness ratios as in the main analysis.
Including the costs and benefits of treating subjects diagnosed with diabetes during screen-
ing had relatively small effects on cost-effectiveness. Lowering the discount rate reduced
cost-effectiveness ratios, and raising this rate increased the ratio.

Finally for strategy 1, they estimated a cost-effectiveness ratio of $8 per QALY, which is
generally considered to be relatively attractive. They found that strategy 2 had a higher cost-
effectiveness ratio than strategy 1 but even for strategy 2 the ratio is still attractive when
compared with many existing healthcare interventions.

(B) THE ‘OVERALL" ANALYSIS

Taking into account the detection of pre-diabetes and IGT in the general population what
can we conclude on cost-effectiveness [35]?

First of all it is of interest to remember how cost-effectiveness may be assessed. The
group of Gillies built a hybrid model combining a decision tree and a Markov model.

The decision tree comprises three main arms, representing no screening, screening for
undiagnosed type 2 diabetes, and screening for IGT and undiagnosed diabetes, with
either lifestyle or pharmacological interventions applied in those with IGT and type 2
diabetes. The decision tree uses prevalence of IGT and undiagnosed type 2 diabetes to
determine how many individuals from the population start in each state of the Markov
model.

The Markov model consists of seven states: normal glucose tolerance, undiagnosed
impaired glucose tolerance, diagnosed impaired glucose tolerance, death, and three states
for people with diabetes (undiagnosed, diagnosed clinically, or diagnosed through screening).
Each model cycle represents one year and the model is run for a time horizon of 50 years.
Model results include both clinical and cost-effectiveness outcomes, with cost per QALY
being the primary outcome. The base case scenario for the model was a one-off screening for
a population aged 45 years, in whom type 2 diabetes had not previously been diagnosed.
Costs were estimated from various sources: screening costs included the costs of an initial
screening test of fasting plasma glucose and a confirmatory OGTT in those who tested posi-
tive. They estimated the cost of nurse time of 5 minutes for the screening test and 25 minutes
for the OGTT.

People with undiagnosed diabetes incur costs before diagnosis because of increased vis-
its to the general practitioner and prescriptions; with a reported average of three additional
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visits the year before diagnosis and an average of 1.4 additional visits in the two to five
years before diagnosis. For lifestyle interventions they included dietitian costs and costs of
twice-weekly group exercise sessions. Costs of pharmacological interventions were based
on 250 mg of metformin three times a day, the standard dose used by most intervention
studies.

For people with diagnosed diabetes, they took average annual costs of antidiabetic treat-
ment, implementation of treatment, and costs of complications from the UK Prospective
Diabetes Study (UKPDS). For the people with diabetes detected at screening, in whom they
would expect costs of complications to be lower, they used costs from the intensively treated
arm of the UKPDS. For those with clinically diagnosed diabetes, which represents how
individuals are diagnosed currently, they used the reported costs of the conventionally
treated group. The effects of compliance to both screening and interventions were also
important as they assumed 100% compliance to both in the base case model, which could
never be achieved in practice.

What did they find?

Costs for each QALY gained, compared with no screening, were £14 150 for type 2 diabetes
screening, £6242 for screening for diabetes and IGT with lifestyle interventions, and £7023
for screening for both diabetes and IGT with pharmacological interventions. At a willing-
ness to pay threshold of £20 000 per QALY, the probability of each strategy being cost-
effective was 49% for screening for type 2 diabetes only, 93% for screening for both diabetes
and IGT with lifestyle interventions, and 85% for screening for both diabetes and IGT with
pharmacological intervention. Both intervention strategies showed potential benefits in
terms of average years spent without diabetes and cases of diabetes prevented.

Although clinical effects seem small, it must be remembered that they are average gains
across a population, in which only 17% had either IGT or undiagnosed type 2 diabetes at the
time of screening. The comparisons of the three active screening/intervention strategies
compared with no screening remained fairly constant in terms of costs per QALY and prob-
ability of cost-effectiveness. When they lowered compliance with screening, the impact on
results was minimal. Reducing compliance with interventions, however, had a greater
impact in that the total costs and cost per QALY gained increased for both the screening/
intervention strategies. The probability that these strategies were cost-effective compared
with no screening still remained high, with an estimated probability of 88% for screening
with lifestyle interventions and 84% for screening with pharmacological interventions at the
willingness to pay threshold of £20 000. The intervention strategies became cost-effective
when they considered a time horizon of at least 30 years (probability of being cost-effective
of 0.97 for lifestyle and 0.91 for pharmacological interventions at the willingness to pay
threshold of £20 000). Overall, the model’s conclusions were robust to changes made to the
sensitivity analyses, giving strength to the conclusions. When they ran the model for a South
Asian cohort, results for QALYs were lower because of a higher prevalence of type 2 diabe-
tes at the start of the model and an increased rate of transition to diabetes.

Table 1.2 shows clinical and cost-effectiveness outcomes for an undiscounted model and
a model discounted for both costs and benefits at 3.5% a year.

Finally, the strategies involving interventions for prevention of diabetes seem to be cost-
effective compared with no screening in an “at risk” population.

SUMMARY

Type 2 diabetes is a major challenge for our worldwide healthcare economy system and it is
easy to demonstrate how this disease is one of the best candidates for an early detection
programme: screening for diabetes and for pre-diabetes is technically and ethically feasible.
The presented modelling studies tend to confirm the proposal that it is useful and cost-
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Table 1.3 Risk factors for developing type 2 diabetes (adapted with permission from [18, 33, 36])

The presence of two or more among the below factors may lead to a screening procedure:
Age 45 years or more
Body mass index 30 kg/m? or more
History of type 2 diabetes in first-degree relatives
The presence of one of these factors or more may lead to a screening procedure:
Age 55 years or more
History of abnormal glycaemic value
History of diabetes during pregnancy
History of newborn >4 kg
Polycystic ovarian syndrome
Other risk factors:
Sedentarity
Ethnic origin

effective to perform a programme of screening/treatment for type 2 diabetes and pre-
diabetes. These models have been developed because in such situations, clinical trials are
extremely expensive and cannot produce timely recommendations; in their absence, simula-
tions can help policy-makers make better informed decisions.

However, such sophisticated analyses have several limitations inherent in efforts to esti-
mate the cost-effectiveness of interventions targeting chronic diseases. Most deal with the
use of a simulation model to project the lifetime costs and health outcomes of simulated
subjects. All simulation models must make assumptions about the future using the best pos-
sible medical, epidemiological and economic data. As an example, the authors assumed in
their main analysis that the probability of diabetes progression does not change over time;
that adherence to, cost of, and effectiveness of a DPP-like intervention do not change over
time. One might argue with some of these assumptions. There is no broadly accepted con-
sensus on the cost-effectiveness ratio that represents the cut-off for deeming an intervention
as cost-effective or not cost-effective [36]. Some researchers have proposed a cut-off of $50
000 per QALY, whereas others recommend comparing an intervention’s cost-effectiveness
ratio to the highest ratios for treatments currently covered by Medicare or other insurers.
Against either of these criteria, screening for pre-diabetes followed by the DPP lifestyle
intervention seem to have a favourable cost-effectiveness ratio.

Although there are uncertainties due to the structure of the modelling systems and the
lack of specific trials, several scientific societies have reached a compromise which suggests
systematically screening for diabetes in some narrow at risk populations [19, 37, 38]. It is
generally proposed to perform a plasma venous glucose assessment at the occasion of a visit
to the physician for another reason. This pragmatic attitude is called ‘opportunistic screening’.
If screening is negative, it is recommended to re-test within a time interval of 3 to 5 years.
Table 1.3 lists the main characteristics of the most at risk population to help physicians target
their screening processes.

The American Diabetes Association (ADA) recommends a detection test on every patient
aged over 45 years regardless of other risk factors [19] while the Australian guidelines sug-
gest waiting until 55 years old [37]. We have to keep in mind the following key issues before
concluding on the topic:

1. The older the patients are when detected, the shorter the time they will have in which
to benefit from screening and treatment. Nobody has suggested fixing an upper limit of
age, but such screening does not seem logical if life expectancy is below 15 years [39].
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2.

Another population who might be involved in a screening programme for diabetes are
hypertensive and or dyslipidaemic patients and/or those already with evidence of
cardiovascular disease with the purpose of multi-intervention care management.
Neither model nor trial can reproduce real life, where compliance to guidelines by
doctors is very variable, and where patients screened positive are not always well
informed or systematically properly treated. We must remember that screening without
education and/or without intervention is cost without benefit. Whether now is the time
for large-scale screening remains controversial [40].

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

UK National Screening Committee. Handbook for vascular risk assessment, risk reduction and risk
management. University of Leicester, Leicester, 2008.

Knowler WC, Barrett-Connor E, Fowler SE et al, the Diabetes Prevention Program Research Group.
Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl | Med
2002; 346:393-403.

Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. STOP-NIDDM Trial Research
Group. Acarbose for prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet
2002; 359:2072-2077.

Waugh N, Scotland G, McNamee P et al. Screening for type 2 diabetes: literature review and economic
modelling. Health Techno Assess 2007; 11:1-125.

Davies MJ, Tringham JR, Troughton J, Khunti KK. Prevention of type 2 diabetes mellitus. A review of
the evidence and its application in a UK setting. Diabet Med 2004; 21:403—414.

Gillies CL, Abrams KR, Lambert PC et al. Pharmacological and lifestyle interventions to prevent or
delay type 2 diabetes in people with impaired glucose tolerance. BM] 2007; 334:299-302.

Avenell A, Broom ], Brown TJ et al. Systematic review of the long-term effects and economic
consequences of treatments for obesity and implications for health improvement. Health Technol Assess
2004; 8:1-182.

Caro J], Getsios D, Caros I, Klittich WS, O’Brien JA. Economic evaluation of therapeutic interventions
to prevent type 2 diabetes in Canada. Diabet Med 2004; 21:1229-1236.

Eddy DM, Schlessinger L, Kahn R. Clinical outcomes and cost-effectiveness of strategies for managing
people at high risk for diabetes. Ann Intern Med 2005; 143:251-264.

Herman WH, Hoerger TJ, Brandle M et al. The cost-effectiveness of lifestyle modification or metformin
in preventing type 2 diabetes in adults with impaired glucose tolerance. Ann Intern Med 2005; 142:323—
332.

Icks A, Rathmann W, Haastert B et al. Clinical and cost-effectiveness of primary prevention of type 2
diabetes in a ‘real world’ routine healthcare setting: model based on the KORA Survey 2000. Diabet
Med 2007; 24:473-480.

Jacobs-van der Bruggen MA, Bos G, Bemelmans W], Hoogenveen RT, Vijgen SM, Baan CA. Lifestyle
interventions are cost-effective in people with different levels of diabetes risk. Diabetes Care 2007;
30:128-134.

Palmer AJ, Roze S, Valentine W], Spinas GA, Shaw JE, Zimmet PZ. Intensive lifestyle changes or
metformin in patients with impaired glucose tolerance: modelling the long-term health economic
implications of the diabetes prevention program in Australia, France, Germany, Switzerland, and the
United Kingdom. Clin Ther 2004; 26: 304-321.

Segal L, Dalton AC, Richardson J. Cost-effectiveness of the primary prevention of non-insulin
dependent diabetes mellitus. Health Promot Int 1998; 13:197-209.

CDC Diabetes Cost-Effectiveness Study Group. The cost-effectiveness of screening for type 2 diabetes.
JAMA 1998; 280:1757-1763.

Chen TH, Yen ME, Tung TH. A computer simulated model for cost-effectiveness analysis of mass
screening for type 2 diabetes mellitus. Diabetes Res Clin Pract 2001; 54:537-542.

Glumer C, Yuyun M, Griffin S et al. What determines the cost-effectiveness of diabetes screening?
Diabetologia 2006; 49:1536—1544.

Hoerger TJ, Harris R, Hicks KA, Donahue K, Sorensen S, Engelgau M. Screening for type 2 diabetes
mellitus: a cost-effectiveness analysis. Ann Intern Med 2004; 140:756-758.

American Diabetes Association. Screening for type 2 diabetes. Diabetes Care 2004; 27:511-S14.



Diabetes: early screening costs and benefits 13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Engelgau MM, Narayan KM, Herman WH. Screening for type 2 diabetes. Diabetes Care 2000; 23:1563—
1580.

Gerstein HC, Yusuf S, Riddle MC, Ryden L, Bosch H. Rationale, design, and baseline characteristics for
a large international trial of cardiovascular disease prevention in people with dysglycaemia: The
ORIGIN Trial (Outcome Reduction with an Initial Glargine Intervention). Am Heart | 2008; 155:26-32.
Califf RM, Boolell M, Haffner SM et al, for the NAVIGATOR Study Group. Prevention of diabetes and
cardiovascular disease in patients with impaired glucose tolerance: Rationale and design of the
Nateglinide And Valsartan in Impaired Glucose Tolerance Outcomes Research (NAVIGATOR) Trial.
Am Heart ] 2008; 156:623—632.

CDC Diabetes Cost-Effectiveness Study Group, Centers for Disease Control and Prevention.The cost-
effectiveness of screening for type 2 diabetes. JAMA 1998; 280:1757-1763.

Vijan S, Hofer TP, Hayward RA. Estimated benefits of glycemic control in microvascular complications
in type 2 diabetes. Ann Intern Med 1997; 127:788-795.

Hoerger TJ, Hicks KA, Sorensen SW et al. Cost-effectiveness of screening for pre-diabetes among
overweight and obese U.S. adults. Diabetes Care 2007; 30:2874-2879.

Zhang P, Engelgau MM, Valdez R, Benjamin SM, Cadwell B, Narayan KM. Costs of screening for pre-
diabetes among U.S. adults: a comparison of different screening strategies. Diabetes Care 2003; 26:2536—
2542.

Palmer AJ, Roze S, Valentine W], Spinas GA, Shaw JE, Zimmet PZ. Intensive lifestyle changes or
metformin in patients with impaired glucose tolerance: modelling the long-term health economic
implications of the Diabetes Prevention Program in Australia, France, Germany, Switzerland, and the
United Kingdom. Clin Ther 2004; 26:304-321.

Caro JJ, Getsios D, Caro I, Klittich WS, O’Brien JA. Economic evaluation of therapeutic interventions to
prevent type 2 diabetes in Canada. Diabet Med 2004; 21:1229-1236.

Quilici S, Chancellor J, Maclaine G, McGuire A, Andersson D, Chiasson JL. Cost-effectiveness of
acarbose for the management of impaired glucose tolerance in Sweden. Int | Clin Pract 2005; 59:1143—
1152.

Brandle M, Zhou H, Smith BR et al. The direct medical cost of type 2 diabetes. Diabetes Care 2003;
26:2300-2304.

Stevens R], Kothari V, Adler Al, Stratton IM. The UKPDS risk engine: a model for the risk of coronary
heart disease in type II diabetes (UKPDS 56). Clin Sci (Lond) 2001; 101:671-679.

Kothari V, Stevens R], Adler Al et al. UKPDS 60: risk of stroke in type 2 diabetes estimated by the UK
Prospective Diabetes Study risk engine. Stroke 2002; 33:1776-1781.

Adler Al Stevens R], Manley SE, Bilous RW, Cull CA, Holman RR, UKPDS Group: Development and
progression of nephropathy in type 2 diabetes: the United Kingdom Prospective Diabetes Study
(UKPDS 64). Kidney Int 2003; 63:225-232.

Coffey JT, Brandle M, Zhou H et al. Valuing health related quality of life in diabetes. Diabetes Care 2002;
25:2238-2243.

Gillies CL, Lambert PC, Abrams KR et al. Different strategies for screening and prevention of type 2
diabetes in adults: cost effectiveness analysis. BM] 2008; 336:1180-1185.

Gold MR, Siegel JE, Russell LB, Weinstein MC (eds). Cost-Effectiveness in Health and Medicine. Oxford
University Press, New York, 1996.

Colagiuri S, Hussain Z, Zimmet P, Cameron A, Shaw J. Screening for type 2 diabetes and impaired
glucose metabolism: The Australian experience. Diabetes Care 2004; 27:367-371.

Harris R, Donahue K, Rathore SS, Frame P, Woolf SH, Lohr KN. Screening adults for type 2 diabetes: A
review of the evidence for the U.S. Preventive Services Task Force. Ann Intern Med 2003; 138:215-229.
Feig DS, Palda VA, Lipscombe L. Screening for type 2 diabetes mellitus to prevent vascular
complications: Updated recommendations from the Canadian Task Force on Preventive Health Care.
CMA] 2005; 172:177-180.

Borch-Johnsen K, Lauritzen T, Glumer C, Sandbaek A. Screening for Type 2 diabetes—should it be
now? Diabet Med 2003; 20:175-181.



2

Obesity-related disease: how can we stem the
tide?

J. Webber

BACKGROUND

The prevalence of obesity has been increasing dramatically in most parts of the world (Figure
2.1). Sixty-six per cent of adults in North America are obese or overweight [1]. From a
European perspective, while obesity rates may not yet have reached those of North America,
they are following a similar trend [2]. In rapidly-developing countries such as China, while
overall prevalence is low compared to many developed countries, the number of obese sub-
jects is already huge [3].

In England, the 2006 Health Survey for England [4] revealed that 67% of men and 56% of
women were either overweight or obese. This is part of a continuing marked increase over
the last 20 to 30 years such that the prevalence of obesity has increased four-fold over this
time period. In the same report, the figures for obesity in children are equally worrying with
29.7% of children aged 2 to 15 classed as overweight or obese in 2006. The Foresight: Tackling
Obesities: Future Choices project predicts that if no action is taken, by 2050, 60% of men, 50%
of women and 25% of children in England will be obese [5].

Closely linked with this obesity epidemic is an increase in obesity-related comorbidi-
ties, the foremost of these being type 2 diabetes. The total number of people with diabetes
in England is expected to rise from 2.5 million today to 4 million in 2025 [6]. Globally, the
figures are even more frightening, with the number of people with diabetes rising from
30 million in 1985 to 150 million in 2000 and a projected rise to 380 million by 2025 [7].
Most of the resource currently invested in obesity-related diseases such as type 2 diabe-
tes, is spent on the diabetes rather than the underlying weight problem. Thus, in type 2
diabetes, the approach has been centred on trying to correct blood glucose levels, whether
or not this has adverse effects on body weight. There has been great reluctance to cham-
pion more weight-focused approaches that may correct more than just glucose. We are
just starting to change the emphasis in the treatment of those with obesity and obesity-
related disease. Only by tackling obesity at an earlier stage before comorbidities have
developed will the tide be turned.

Stemming the tide of obesity is not easy. So far this is a health-related target that it has not
been possible for governments or society to meet (in contrast to many other areas where
goals have been achieved). In 1992, the English national strategy for public health introduced
a target to reduce the proportion of obese men aged 16-64 years in the population from 7%
in 1986-1987 to 6% in 2005, and obese women from 12% in 1986-1987 to 8% in 2005 [8]. A
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Figure 2.1 Obesity prevalence in North America, France, China and England (data taken from [1-4]).

1996 review of the Health of the Nation by the National Audit Office showed that by 1993,
the proportions of obese men and women in the population had risen to 13% and 16%,
respectively [9]. By 2003, 22% of men and 23% of women were obese and by 2010, on these
trends, obesity will rise to 33% of men and 28% of women [10]. Governments have so far
underestimated the difficulties of the task. The present UK government has set itself the task
of reversing the rising tide of obesity and overweight in the population. Its initial focus is to
be on children, aiming, by 2020, to reduce the proportion of overweight and obese children
to 2000 levels.

WHERE DO THE SOLUTIONS LIE?

Whilst it is apparent that there is an epidemic of obesity, the causes of this epidemic and
hence the preferred solutions remain hotly debated. In terms of the cause of the problem
much research has focused on whether increased energy intake or reduced energy expendi-
ture is more important? The answer to even this deceptively simple question is not clear. In
1995 it was suggested that UK data based on National Food Surveys showed that obesity
was rising at a time when actual energy intake had fallen. At the same time, some proxies
for reduced physical activity, such as car ownership per household and television viewing,
had increased. The conclusion drawn was that low levels of physical activity were playing
a predominant role in driving the obesity epidemic [11]. However, recent US surveys have
shown that both per capita availability of energy and mean energy intake have increased
from the 1970s to around 2000 [12]. Critical to the interpretation of this information on
energy intake is the accuracy of the food surveys used in capturing what people actually eat
and drink as opposed to what they record and recall doing.

In contrast to the debate on trends in energy intake, there is much more agreement that
physical activity has been declining for some time. The reasons for this include increased
time spent in sedentary behaviours such as the use of personal computers, televisions, the
automation of many household and work processes, and transportation trends [13]. It has
been estimated that the average reduction in daily energy expenditure over the past 50
years has been roughly 250-500 kcal per day [14]. This would more than explain the cur-
rent obesity epidemic. One interesting lesson from recent history is the Cuban economic
crisis, which led to both decreased energy intake and an increase in physical activity of
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the population that was sustained for five years. This was associated with 4-5 kg weight
loss and a decline in all-cause mortality and death rates from diabetes and cardiovascular
disease [15].

PHYSICAL ACTIVITY AND THE PREVENTION AND TREATMENT OF WEIGHT GAIN

Whilst it is agreed that reduced physical activity is one of the key drivers for weight gain,
the question is whether increasing physical activity can prevent weight gain as well as being
an effective management strategy for those who are already overweight or obese. Perhaps
even more challenging is finding ways to facilitate and maintain increased individual and
population activity levels. A number of small trials have shown positive effects of increased
physical activity on the prevention of unhealthy weight gain in both children and adults in
the short term, but the effect size has been small and it is often unclear which part of the
intervention was the most important [16].

One of the simplest interventions to increase physical activity in individuals is the use of
a pedometer. These are small, inexpensive devices that count the number of steps walked
per day. They have become popular as a tool to motivate and monitor physical activity and
some guidelines recommend taking 10 000 steps per day. A recent systemic review of their
use has supported their short-term efficacy in increasing activity and in lowering weight
and blood pressure [17]. Setting a realistic step goal for the individual was important in suc-
cess. However, most of the reviewed studies included only small numbers of participants
and were of short duration.

The main areas of physical activity are recreational, occupational and domestic, and pur-
poseful walking and cycling [18]. Efforts to increase sport participation in the UK have not
proved very effective to date. Research has indicated that part of the reason for the failure
of this policy has been the perception by many people that they are not very competent at
sports and see sport as too demanding for them. Changing this perception is critical for
future policy initiatives on sports participation. Another limiting factor is that access to rec-
reational facilities is socially patterned, with fewer opportunities for people living in the
most deprived neighbourhoods. Strategies to make sports participation more attractive and
more accessible to these people are needed.

Whereas it does seem at least possible to increase recreational activity, it seems much less
likely that we can reverse the trends that have led to reduced domestic and occupational
activity. Labour-saving devices are here to stay for the foreseeable future. One might assume
that the availability of devices that make many chores easier and less time-consuming would
lead to increased opportunities for physical activity. Unfortunately, the extra time that has
been generated has been filled with low-energy level activities such as computer use. Trying
to persuade people to reduce sedentary activities such as sitting in front of the television is
likely to be hard to achieve by public message campaigns alone. Instead, we should look at
policies that enhance the availability and appeal of local amenities that involve more phy-
sical activity.

How much activity is required to prevent weight gain? In the United Kingdom, at least
five sessions a week, each lasting 30 minutes, have been recommended for a general health
benefit [19]. To make this more achievable, so-called lifestyle activities that were performed
as part of everyday life, such as climbing stairs or brisk walking were included. In order to
prevent obesity, a higher target of 45-60 minutes of moderate-intensity physical activity was
suggested. Four methods have been proposed to increase physical activity:

1. Brief interventions in primary care.

2. Exercise referral schemes.

3. Pedometers

4. Community-based exercise programmes for walking and cycling [20].
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The evidence behind these interventions is variable to say the least. For instance, brief
interventions are described as a health professional delivering opportunistic advice on activ-
ity levels to patients. Whether provision of information is, on its own, sufficient to change
behaviour is a moot point. Similar guidance to improve activity levels in the workplace has
also been developed [21].

SOCIETAL APPROACHES TO TACKLING OBESITY

The relative failure of individual approaches to obesity prevention and management has
focused attention on societal and social engineering solutions. An influential hypothesis, the
obesogenic environment, suggests that it is the external environment more than individual
differences in metabolism that is driving the obesity epidemic. The solutions may therefore
lie with changing the environment and relying on this approach to change individual behav-
iour [22]. Environmental influences, such as transport policy, are likely to be at least as
strong a determinant of activity as the more easily measured individual-based interven-
tions. A simple example is how to go about measuring the effects of a traffic congestion
scheme (aimed at reducing car use, whilst increasing cycling and walking to work) on over-
all activity levels. Whilst energy expenditure involved in commuting will go up, does this
adversely impact on leisure time activity?

Figures from the UK Department of Transport reveal that the average distance walked
per year per person for transport fell from 255 miles in 1975 to 192 miles in 2003 [23]. Bicycle
distances fell from 51 miles per person to 34 miles over the same period and unsurprisingly
the distance travelled by car went up. Further analysis shows the main reasons for different
types of trips. Walk-only trips were mainly for shopping and these had decreased from 42%
to 30% over the period studied. Only 6% of people now walk to work. Increasing numbers
of people now use the car both for getting to work and for shopping. Understanding what
lies behind these trends is essential to finding solutions to reverse them. Much attention is
now being focused on how the built environment influences activity patterns of those living
there. The proximity of frequently used destinations such as shops, schools and employ-
ment determines the likelihood of walking and cycling to access them [24]. Ensuring there
is convenient access to commonly visited destinations may be one of the most important and
achievable ways of increasing physical activity and helping to stem the tide of obesity.
Appropriate urban planning to help facilitate more walking, even amongst those people
who are less likely to take up recreational opportunities, has the potential to impact on the
vast majority of the population.

LEGISLATION AND OBESITY-RELATED POLICY

A number of countries have introduced proposals centred around food legislation in order
to try and tackle obesity [25]. A traffic light scheme is being trialled in Europe to try and
make it clear to consumers if products have low, medium, or high amounts of fat, saturates,
sugar and salt, by labelling them as green, amber and red respectively. This European Union
scheme is voluntary at present and has run into much opposition from food manufacturers.
Restrictions on the advertising of junk food have been more widely accepted and adopted,
although data on their efficacy are lacking.

In many walks of life, monetary rewards influence behaviour. Financial incentives
have been utilized in the treatment of obesity and overweight. Whilst potentially attract-
ive, this approach does not appear to be successful at least in terms of weight loss.
However, there is some suggestion that rewarding behaviour changes rather than weight
loss per se may be more effective [26]. At present, financial incentives have not been much
studied outside North America, but perhaps they might be employed as part of a package
of interventions.
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Table 2.1 Obesity policy options derived from The Policy Options for Responding to the Growing Challenge
of Obesity Research Project (adapted from [27])

Core options Desired effects

Change planning and transport policies Encourage more physical activity
Improved facilities for walking and cycling
Better public transport

Improve communal sports facilities Better recreational facilities in schools and
communities

Controls on food and drink advertising Restrict advertising and promotion of
obesity-promoting foods

Controlling sales of foods in public Restrict sale of fatty snacks, confectionery and sweet

institutions drinks in schools and hospitals

Catering outlets and vending machines based in public
institutions to sell only healthy foods

Mandatory nutritional information labelling ~ Energy density traffic light system
Help consumers to make healthy choices

Subsidies on healthy foods Improve patterns of food consumption

Taxes on obesity-promoting foods Reduce consumption of unhealthy foods

One attempt to bring together the various initiatives that may help stem the tide of obes-
ity has been The Policy Options for Responding to the Growing Challenge of Obesity
Research Project (PorGrow) [27]. This European project has brought together potential pol-
icies ranging from those centred around activity levels to those influencing diet (Table 2.1).
The question is whether there is the political will to take these initiatives forward.

CHILDHOOD OBESITY

In England, childhood obesity has been prioritized, with a stated ambition to be the first
major nation to reverse the rising tide of obesity and overweight in the population by ensur-
ing that everyone is able to achieve and maintain a healthy weight [28] (Table 2.2). Childhood
obesity, as with adult obesity, has progressively increased over the last 30 years. Prevalence
rates have been increasing by up to 1% per year in many countries with a consequent doub-
ling of childhood obesity [29]. As in adults, as the problem of childhood obesity has emerged,
initial solutions have targeted physical activity and diet [30, 31].

The rapid increase in childhood obesity, once again as in adults, is due to a combination
of increasing energy intake and decreasing physical activity. Among children, foods that are
energy-dense (often high in fat content) have become popular, widely available and cheap
[32]. At the same time, massive marketing campaigns have made many such foods very
desirable, particularly to children [33]. Children are very receptive to marketing when placed
in the context of child-based entertainment. Food advertisements have been shown to influ-
ence children’s food preferences, requests and consumption [34]. If advertising is so impor-
tant in guiding food choices in children, should we look to legislate to ban such advertising,
or should we look to cooperate in some way with the food industry?

Many parallels have been drawn with the tobacco industry [35]. Both smoking and eating
can be pleasurable experiences, and appetite and enjoyment of food persist above intake
levels needed to maintain energy balance. Restrictions around tobacco advertising took
many years to gain public acceptance and hence governmental approval and subsequent
legislation. A number of issues led to gradual reductions in tobacco consumption. These
included concern over adverse health effects (enhanced by education campaigns), financial
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Table 2.2 Summary, focusing on children from Healthy Weight, Healthy Lives: A Cross Government Strategy
for England, 2008 (with permission from [28])

The healthy growth and Identify at risk families as early as possible
development of children Promote breast-feeding as the norm for mothers
Make cooking compulsory for all 11- to 14-year-olds
Give better information to parents about their children’s health

Promoting healthier All schools to develop healthy lunchbox policies

food choices Finalise a Healthy Food Code of Good Practice, in partnership with the
food and drink industry, to reduce consumption of saturated fat, sugar
and salt

Help local authorities to manage the proliferation of fast food outlets

Review restrictions on the advertising of unhealthy foods to children
Building physical activity Develop tailored programmes in schools to increase the participation of
into people’s lives obese and overweight pupils in physical education and sporting

activities

A ‘walking into health” campaign

Develop ‘healthy towns’

Invest in improving cycling infrastructure and skills in areas where child

weight is a particular problem

Develop tools that allow parents to manage the time that their children

spend on sedentary games

costs of smoking (raised significantly by taxation in many countries) and social disapproval
of smoking. In addition, there is strong evidence that smoking causes harm to others. These
issues led to a climate where it was possible for legislation to be introduced that placed
restrictions on where and when people could smoke.

At present, while there is widespread acceptance that excess intake of many foods is
associated with weight gain, there is less enthusiasm to restrict the food supply in any way.
Provision of education about the risks of obesity and its links with certain foods does not
appear to have had any major effect on consumption so far. It has been proposed that
unhealthy products should be taxed at premium rates with the hope that price would deter
consumers. Such a policy does not have much public support at this time, but perhaps with
increasing public concern about obesity, its time may come. Restricting the availability of
certain foodstuffs is more difficult than with similar policies around tobacco, but could be
enforced fairly easily in schools (e.g. removal of vending machines containing high-calorie
drinks and snacks). There is growing awareness of the obesity issue and it looks likely that
a more favourable climate for legislation is emerging. However, perhaps the promotion of
healthy food as part of a healthy lifestyle has more chance of succeeding. Punitive measures
against what are seen to be unhealthy (but ‘nice’) foods risk making them even more attract-
ive to many consumers.

In terms of physical activity it is readily apparent that a major change in childhood behav-
iour in many countries is the increased sedentary time spent in front of televisions and
computers. Reducing the time spent viewing televisions and computers can prevent obesity
and lower body mass index in young children [36]. However, on closer examination of this
study, the positive result appeared more related to reductions in energy intake than increases
in physical activity. It seems that whilst other equally sedentary activities may have replaced
the television, at least these were not linked to food intake.

Whilst influencing large groups of adults from varied backgrounds is difficult, school-
based interventions for children allow a greater and more uniform approach to tackling the
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problem of preventing and treating obesity. A recent Cochrane review [31] concluded that
the results of school-based interventions aimed at reducing obesity were disappointing.
These studies targeted a number of different facets of children’s behaviour, diet, activity and
knowledge. These included decreasing television viewing, reducing consumption of high-
fat foods, increasing vegetable intake and activity levels. One recent example of such a
study is the Christchurch obesity prevention programme in schools [37]. The intervention
focused on persuading children to drink fewer carbonated drinks and consisted of four one-
hour educational sessions spread over four school terms. Results at one year were positive,
with less consumption of carbonated drinks and a modest reduction in the number of chil-
dren becoming overweight or obese. However, these results were not sustained at three year
follow-up.

In order to try and address the complexity of body weight regulation in real life, newer
studies attempt to bundle together a group of interventions rather than focusing on any one
aspect of behaviour. A study from Rotterdam describes a school-based intervention that
targets both individual behaviour (particularly encouraging activity) and the environmental
determinants of behaviour [38]. These interventions include increased physical education
sessions at school, organization of more sport and play activities outside school hours,
cooperation with local sports clubs and fitness tests with score cards for the children. At the
same time there is classroom education on healthy nutrition, active living and healthy life-
style choices with the emphasis on practical activities to consolidate knowledge. Finally,
there is an attempt to involve the parents in what is going on and to promote similar healthy
behaviours in the home. Another complex intervention to reduce childhood obesity is
termed Switch® and is based in North America [39]. In this trial community, family and
school-based approaches are combined and aimed at modifying physical activity, screen
time (internet, television and video games) and nutrition. The results of these studies are
awaited.

THE POTENTIAL IMPORTANCE OF THE IN UTERO ENVIRONMENT AND EARLY CHILDHOOD FEED-
ING PRACTICES IN LATER OBESITY

Is the epidemic of childhood obesity being fuelled by early infancy feeding practices and
perhaps even earlier by the in utero environment? There is considerable evidence that low
birth-weight predicts later obesity, coronary heart disease and type 2 diabetes [40]. If this is
the case, strategies to prevent obesity will need to address this early stage of development.
Adequate maternal nutrition is important with a link shown between low maternal weight
and subsequent increased risk of type 2 diabetes in the offspring [41].

In many parts of the world the concern is now with maternal overnutrition and obesity
and the impact this may have on both in utero and subsequent childhood development.
Obesity during pregnancy is associated with an increased risk of developing gestational
diabetes [42]. The prevalence of macrosomia is much greater in those mothers who have
diabetes or gestational diabetes. Until recently the rationale for active treatment of patients
with gestational diabetes has centred upon the need to reduce the risk of macrosomia and
with it the increased risk of birth trauma. There is also some evidence that treatment of ges-
tational diabetes improves other outcomes such as perinatal mortality [43]. Now, emerging
evidence suggests that intrauterine exposure to maternal diabetes and obesity predisposes
to obesity and type 2 diabetes in children and young adults [44]. This link applies both for
women with pre-existing diabetes and those with gestational diabetes. The link between in
utero exposure to hyperglycaemia and later obesity and diabetes cannot be explained by
genetic factors alone [45]. It is thought that fetal overnutrition may have long-term adverse
effects on adiposity and pancreatic function.

The prevalence of both type 2 diabetes in women of child-bearing age and gestational
diabetes are increasing. If in utero exposure to hyperglycaemia is important in mediating the
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risk of later obesity, this is another factor that will increase childhood and subsequent obes-
ity. Indeed, in Pima Indian children, it has been estimated that the recent epidemic of child-
hood type 2 diabetes can be almost completely explained by exposure to diabetes during
pregnancy and the resultant increase in obesity [46]. Further research is needed to see
whether better glycaemic control in pregnancy can reduce the risk of obesity in childhood
and beyond.

Whilst there remains debate about the long-term consequences of the in utero environ-
ment on obesity and metabolism, there is consensus on the link between infant feeding
practices and the later risk of obesity. Breast-feeding reduces the risk of later excess adipos-
ity [47]. The mechanisms underlying this protective effect are not clear, but include behav-
ioural factors (breast-feeding is often linked with other healthy dietary and lifestyle habits)
and nutritional explanations (the specific content of breast milk with bioactive nutrients
absent from formula feeds). It may also be that rapid early growth (more often seen in
formula-fed infants) in some way programmes later obesity. This has been termed the
‘growth acceleration hypothesis’ [48]. It is proposed that the first few weeks of postnatal life
may be critical in programming long-term health. Infant feeding practices where supple-
mental feeding is routine for small infants may not have beneficial effects in the longer term.
Breast-fed infants tend to have slower growth than formula-fed ones and this may mediate
some of the link to reduced risk of obesity. Consequently, the promotion of breast-feeding
has a role to play in reducing later obesity.

Even after weaning, it seems likely that infancy and early childhood is a critical time in
determining many later behaviours that favour the development of obesity. There is evi-
dence that dietary habits [49] and sedentary behaviour [50] in children track from childhood
to adolescence and adulthood. In infancy, parenting practices are crucial in the subsequent
behaviour of children. For example, in 2- to 6-year-old children, the strongest predictor of
their fruit and vegetable consumption was that of their parents [51]. Similar links are present
between parental activity levels and television viewing and that of their offspring. This evi-
dence has been used to develop a randomized controlled trial using first-time parent groups
in Australia [52]. Parenting skills will be developed that support positive diet and physical
activity behaviours and reduced sedentary behaviours in infancy.

SUMMARY

We can stem the tide, but it will take a lot more political will and resource to achieve this
goal. Targeting individuals has so far proven unsuccessful. More promising are policies that
tackle the underlying drivers of obesity such as food access, transport and urban planning.
In terms of interventions, larger studies looking at longer-term outcomes of multifactorial
approaches to obesity treatment are needed. One example is the Look AHEAD trial for dia-
betes. This long-term trial is aiming to assess the effects over 11.5 years of an intensive
weight loss programme delivered over a four-year period in overweight and obese patients
with type 2 diabetes. The primary study outcome is time to incidence of a major cardiovas-
cular event and not just short-term effects on weight [53]. Even this could be criticized as a
stand-alone initiative that may not be more widely applicable outside the constraints of a
clinical trial.

Much resource and hope continues to be poured into quick fixes. It seems unlikely that
effective pharmaceutical solutions will be forthcoming given the extent of the problem. A
recent article raises the intriguing possibility of an exercise pill that could mimic some of the
effects of aerobic exercise in skeletal muscle [54]. Whilst this is a novel tactic, it is a long way
from fruition, and given the track record of many other drugs developed for obesity man-
agement, let alone obesity prevention, it is probably unlikely to be successful.

There needs to be a focus on strategies to prevent obesity throughout life. This starts with
maternal health, and hence the in utero environment, and continues with infant feeding
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practices. Beyond the family and home surroundings, schools provide an opportunity to
influence many behaviours that protect against weight gain. As a backdrop to these influ-
ences, town planning and legislative policies need to create an environment that fosters
healthy choices rather than making it easy to gain weight.

Parallels have been drawn between the obesity challenge and the climate change debate,
with obesity seen as the public health equivalent of climate change [55]. The emphasis here
is that simple solutions will not suffice to stem the tide of obesity. Both are problems requir-
ing firm actions however unpopular and difficult many of those actions are likely to be. A
better understanding of the wider environmental determinants of obesity is needed so that
appropriate policy decisions can be made and a less obesogenic environment created. This
may seem a distant utopian dream at present. However, if there is a collective commitment
by countries and their leaders that tackling obesity is worthwhile, then perhaps it is an
achievable goal.
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Managing the normotensive type 2 diabetic
patient with microalbuminuria

F. Joseph, A. Mon, ]. Vora

BACKGROUND

Diabetic nephropathy occurs in 20% to 40% of patients with types 1 and 2 diabetes mellitus
(DM) and is the leading cause of chronic kidney disease (CKD) and end-stage renal disease
(ESRD) [1, 2]. The increasing burden of CKD secondary to the epidemic of type 2 DM has
led to extensive investigation and research to understand, prevent and aggressively treat
diabetic nephropathy.

The natural history of renal disease in type 2 DM has been evaluated in detail. The earli-
est clinical evidence of nephropathy is the small but abnormal increase in urinary albumin
excretion rate (UAER) into the microalbuminuria range (230 mg/24 h; >20-200 png/min usu-
ally in timed overnight urine collections; albumin/creatinine ratio (ACR) between 10-30
mg/mmol in an early morning spot urine sample) due to glomerular leakage of the protein,
which in certain situations may reflect damage to the renal endothelium. Patients with
microalbuminuria are also referred to as having incipient nephropathy. Without interven-
tion, structural injury within the kidney, especially in the glomeruli, increases in severity;
glomerular filtration rate (GFR) declines; and nephropathy becomes overt with the emer-
gence of macroalbuminuria (UAER 2200 pg/min or albumin/creatinine ratio 230 mg/
mmol) [3]. Serum creatinine levels also increase and eventually CKD and ESRD can ensue.
Oxidative stress, increased expression of pro-sclerotic growth factors and associated endothe-
lial dysfunction are important mechanistic factors underlying the pathological events that
result in glomerulosclerosis, tubulointerstitial fibrosis and vascular sclerosis [4-6].

Type 2 diabetic nephropathy is also recognized as a heterogeneous disease entity [7].
Some studies have suggested that increasing UAER does not necessarily result in a decline
in GFR and that GFR can decline even without significant increase in UAER [8]. It has been
suggested that micro-architectural changes in the kidney are better predictors of diabetic
renal disease progression. These changes include baseline glomerular basement membrane
width and mesangial fractional volume expansion [9]. Definite renal lesions including tubu-
lar, interstitial and arteriolar lesions are ultimately present in type 1 DM, as the nephropathy
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progresses, but the most important structural changes involve the glomerulus. In contrast,
the renal morphology is less uniform in microalbuminuric type 2 diabetic patients. It has
been demonstrated that a third of microalbuminuric type 2 DM patients have Kimmelstiel-
Wilson lesions, a third have non-specific lesions and a third have normal kidneys by light
microscopy. Thus, a proportion of type 2 diabetic patients may have microalbuminuria or
proteinuria with normal glomerular structure with or without tubulointerstitial and/or
arteriolar abnormalities [10].

A number of factors contribute to the chain of pathophysiological events that constitutes
the continuum of renal damage [11-14]. These factors include a genetic predisposition as
well as various components of the metabolic syndrome including hypertension and hyper-
glycaemia [15]. Blood pressure (BP) control is vital for renoprotection, but blood pressure-
independent mechanisms are also implicated in the development of microalbuminuria.
Intraglomerular hypertension may exist whether or not systemic hypertension is present
[16]. Transgenic rats, which over-express the human angiotensin 1 receptor (AT1R), develop
significant albuminuria, podocyte effacement, progressive fibrosis and eventually focal seg-
mental glomerulosclerosis independent of blood pressure. These changes can be reversed by
blocking the renin—-angiotensin system (RAS) [17]. Thus, the RAS plays a key role in the
BP-independent mechanisms involved in renal damage and is an important therapeutic
target in at risk patients.

In patients at risk of renal damage, early intervention is essential and the goals of treat-
ment and therapeutic measures in the individual affected patient should be tailored depen-
dent on the stage of the continuum of renal damage reached. For incipient nephropathy,
therapy is aimed at achieving stability of microalbuminuria or indeed regression to
normoalbuminuria. In advanced nephropathy, therapy is aimed at retarding progression to
ESRD and the requirement of renal support.

MICROALBUMINURIA, MACROALBUMINURIA AND CARDIOVASCULAR RISK

Epidemiological studies have shown that microalbuminuria is an important risk factor for
progression of diabetic nephropathy, arteriosclerosis, coronary heart disease and other vas-
cular diseases in persons with type 2 DM.

Over time, the pattern of progression of proteinuria in type 2 diabetic patients with
microalbuminuria is variable, but patients with persistent microalbuminuria have about
20 times the risk of developing diabetic nephropathy [18]. Progression from microalbu-
minuria to overt nephropathy occurs in 20-40% of patients within a 10-year period, with
approximately 20% of those with overt nephropathy progressing to ESRD over a period of
20 years [19]. Higher UAERs, even within the normal range, predict the development of
diabetic nephropathy in type 2 diabetic patients. Progression to microalbuminuria and
progression from microalbuminuria to macroalbuminuria is more frequent in patients with
type 2 diabetes with higher baseline UAERs [20, 21]. After a period of 10 years the risk of
diabetic nephropathy has been shown to be 29 times greater in patients with type 2 dia-
betes with UAE values >10 pg/min [22].

Similar factors contribute to the common pathophysiologies of renal and cardiovascular
disease (CVD) [23, 24]. Thus, the incidence of renal dysfunction is high in patients with CVD
and patients with CVD often develop renal damage simultaneously [25-27]. The reverse is
also true and the incidence of coronary heart disease is higher in patients with increased
UAER. The increase in cardiovascular risk occurs early in the development of CKD and even
when UAER is within the microalbuminuria range [28, 29]. Various studies have shown that
microalbuminuria not only predicts progression of renal disease [30] but is also an indepen-
dent, continuous risk factor for CVD as well, in various populations of patients with or
without diabetes. The Prevention of REnal and Vascular ENd-stage Disease (PREVEND)
study, for example, demonstrated the predictive value of albuminuria on all-cause mortality
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among >40 000 subjects in the general population [31]. Even very low levels of albuminuria,
within the normoalbuminuric range (10-20 pg/min), increased the cardiovascular risk in
the 961-day median follow-up period of the study. In the MIcroalbuminuria, Cardiovascular
and Renal Outcomes (MICRO-HOPE) study, the relative risk of myocardial infarction,
stroke, and death due to CVD in patients with microalbuminuria was 1.97 among those with
DM and 1.61 among those without. An increase in ACR of 0.4 mg/mmol increased the risk
of a cardiovascular event by 5.9% [26, 32]. A recent meta-analysis has shown that proteinuria
is independently associated with increased risk of subsequent CVD. The results from this
meta-analysis of 26 cohort studies included information on over 7000 CVD events in almost
170 000 individuals. Individuals with proteinuria had a risk of CVD that was approximately
50% greater than those without. The strength of the association was substantially higher
among individuals with macroalbuminuria compared with those with microalbuminuria
and the relationship was consistent across diverse population subgroups including indi-
viduals with and without diabetes [33].

Assessment of UAER in patients with Type 2 diabetes is thus imperative as an early
clinical manifestation of diabetic nephropathy so as to initiate interventions to reduce the
progression of diabetic nephropathy and also to minimize the otherwise increased cardio-
vascular risk in the early stages of diabetic nephropathy associated with microalbuminuria
[3, 25, 34, 35].

TREATING THE NORMOTENSIVE TYPE 2 DIABETIC PATIENT WITH MICROALBUMINURIA

Blood pressure has been shown to increase progressively as normoalbuminuria progresses
to microalbuminuria and further to macroalbuminuria [36]. Patients with microalbuminuria
may start and even remain normotensive, although with higher BP than those seen with
normoalbuminuria [37]. Given that hypertension and albuminuria are both continuous vari-
ables, do type 2 diabetic patients who have microalbuminuria warrant treatment before they
become, by definition, hypertensive?

The proposed beneficial effect of RAS blockers in renal disease is dependent on their
ability to predominantly alter efferent arteriolar tone and consequently decrease intra-
glomerular pressure independent of their effect on systemic BP. They also modify other
biochemical and micro-structural processes in the nephron early in the continuum of dia-
betic nephropathy [38]. Thus, the evidence for treating patients with type 2 DM with
microalbuminuria that are ‘normotensive’ is limited and has focused predominantly on the
use of RAS blockers in this clinical scenario. Studies dating as far back as 1988 have been
conducted in this group of patients with RAS blockers [39]. There are some fundamental
drawbacks in applying the results of these studies to clinical practice. The majority of stud-
ies were of limited duration and had small sample sizes. In addition to these issues, the
very definition of hypertension and targets for BP control have changed over the years and
patients that were considered ‘normotensive’ at the time these studies were conducted
would now be considered hypertensive [39-48]. The studies also relied on the use of
microalbuminuria and changes in microalbuminuria as surrogate markers of renal disease
progression as well as CVD. All of these studies showed the benefit of RAS blockade in
lowering albumin excretion either attributable to BP lowering or effects of RAS blockade
beyond BP lowering (Table 3.1).

In2002 and laterin 2006, the published Appropriate Blood Pressure Control In Hypertensive
and Normotensive DM (Normotensive ABCD) and Appropriate Blood Pressure Control In
Hypertensive and Normotensive DM-2-Valsartan (ABCD-2-Valsartan) trials were the first to
explore outcomes of renal disease progression as well as CVD in conjunction with proteinu-
ria. In the Normotensive-ABCD trial, the investigators randomly assigned 480 normotensive
patients with type 2 DM to achieve intensive (mean BP 128 /75 mmHg) and moderate (mean
BP 137/81 mmHg) control of BP. The moderate group received placebo, and the intensive
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group received either nisoldipine or enalapril in a double-blind fashion. Metoprolol or
hydrochlorothiazide was used as secondary antihypertensive therapy. No difference was
noted in creatinine clearance between the two treated groups. A lower percentage in the
intensive group progressed from normoalbuminuria to microalbuminuria and from microal-
buminuria to overt proteinuria. Creatinine clearance remained stable over 5 years in nor-
moalbuminuric and microalbuminuric patients, but not in those with overt
macroalbuminuria. Compared with moderate BP control, intensive treatment was associated
with a slower progression of diabetic retinopathy and a lower incidence of stroke. The results
were the same whether nisoldipine or enalapril was used as the initial antihypertensive
therapy [49].

The data from the Normotensive ABCD trial supported a BP target of 130/80 mmHg in
type 2 diabetes. The results of the later published ABCD-2 Valsartan trial, provided some
support for a BP goal of 120/75 mmHg. During this study, 129 normotensive patients with
type 2 diabetes with a mean baseline BP of 128 mmHg were randomly assigned to receive
either placebo or valsartan. After a mean of approximately 2 years, the BP in the placebo arm
was 124+11/80+6.5 mmHg. The BP of patients in the valsartan group was significantly
lower, at 118+11/75+6 mmHg with no difference in creatinine clearance but a significant
decrease in UAE rate. Intensive treatment was apparently well tolerated, because the drop-
out rates were the same in the two groups. The study did have a small sample size, the
duration of follow-up was short and again UAE was only a surrogate marker. Nevertheless,
the study did provide some evidence that targeting a diastolic blood pressure of 75 mmHg
is practical in normotensive microalbuminuric patients with type 2 diabetes. It also offered
some suggestion that such a target might actually prevent renal damage [50].

More recent studies have further provided evidence that treatment with various angio-
tensin receptor blockers (ARBs) or angiotensin-converting enzyme inhibitors (ACE-Is)
results in longer-term stabilization or even normalization of proteinuria in normotensive
type 2 diabetic patients with microalbuminuria and incipient nephropathy. In this group of
normotensive individuals, the effects of RAS blockade have been shown to be beyond their
BP-lowering effect and these effects have been shown to exist in both Caucasian as well as
non-Caucasian populations [51-59].

Larger-scale studies looking at hard endpoints for renal disease progression, CVD, renal
and cardiovascular mortality have recently provided evidence for intensive therapy but
have also prompted debate and caution. The Action in Diabetes and Vascular Disease:
PreterAx and DiamicroN MR Controlled Evaluation (ADVANCE) trial [60-64] was the first
major large-scale clinical trial to demonstrate the benefits of BP reduction on both micro-
vascular and macrovascular events in both hypertensive and normotensive patients with
type 2 DM. To examine whether BP lowering provided renoprotection across a broader
range of blood pressures beyond the current guideline targets, the primary outcome for this
analysis was defined as a composite of new microalbuminuria (ACR of 30-300 pg/mg),
new-onset nephropathy (ACR >300 pg/mg), doubling of serum creatinine >200 pmol/1
(2.3 mg/dl), requirement for renal replacement therapy, or renal death. Secondary outcomes
included the separate components of the primary outcome, progression or regression of >1
albuminuria stage, and restoration of normoalbuminuria (ACR <30 pg/mg). During a
median follow-up of 4.3 years, mean BP fell from 145.0/80.6 mmHg at entry to
134.7/74.8 mmHg and 140.3/77.0 mmHg in patients on active and placebo treatment,
respectively (P <0.0001). Active treatment with perindopril/indapamide reduced the risk of
all renal events by 21% (P <0.0001); reduced progression of albuminuria by 22% (P <0.0001);
and increased regression of albuminuria by 16% (P = 0.002). The benefits of active treatment
were consistent across subgroups defined by baseline systolic blood pressure (SBP) ranging
from <120 to 2160 mmHg or diastolic blood pressure (DBP), ranging from <70 to 290 mmHg.
A continuous association was seen between renal events and achieved SBP, with a 6.9%
relative risk (RR) reduction per 10 mmHg reduction in SBP (P for trend <0.0001). These
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findings suggested that administration of a fixed-dose combination of perindopril/indap-
amide to patients with type 2 diabetes resulted in renoprotection, even among those with
initial BP in the normal range of <120/70 mmHg. This association was related to the degree
of reduction in SBP and was seen down to achieved SBP levels of 106 mmHg, much lower
than the SBP levels recommended in current guidelines, which recommend reducing BP to
130/80 mmHg in patients with diabetes or to 125/75 mmHg in those with nephropathy.
Significant reductions were also seen in RR of cardiovascular death (18%), and death from
any cause (14%) (Figure 3.1).

The benefits observed in ADVANCE were similar in hypertensive and normotensive patients
with varying levels of UAE and suggest that normotensive type 2 diabetic patients with
microalbuminuria would benefit from treatment with an ACE-I plus thiazide combination.

In the ONTARGET (ONgoing Telmisartan Alone and in combination with Ramipril Global
Endpoint Trial) study, dual blockade of RAS was evaluated in a mixture of 25 620 normoten-
sive, hypertensive, micro- and macro-albuminuric patients with vascular disease or high-risk
diabetes (n = 6982), who were followed for 5 years. Patients either received ramipril, telmi-
sartan or both agents. Estimated glomerular filtration rate (eGFR) declined less with ramipril,
compared with telmisartan (-2.82 ml/min/1.73 m? versus —4.12 ml/min/1.73 m? P <0.0001)
but the increase in UAE was less with telmisartan (P = 0.004) than with ramipril. The primary
renal outcome was, however, a composite of dialysis, doubling of serum creatinine and death.
This was similar for both telmisartan (13.4%) and ramipril (13.5%). The secondary renal out-
come, dialysis or doubling of serum creatinine, was similar with telmisartan and ramipril as
well. Ramipril and telmisartan were also equally effective in reducing the combined primary
endpoint consisting of cardiovascular death, myocardial infarction, stroke, and hospitaliza-
tion from heart failure. The conclusion from ONTARGET was that in people at high vascular
risk, the effects of telmisartan on major renal outcomes are similar to ramipril. Given that the
study included a population of type 2, normotensive patients with microalbuminuria,
ONTARGET provides some further evidence to support the use of an ACE-I or ARB in this
group of patients.

Co-administration of an ACE-I and an ARB has been shown to provide a greater degree
of blockade of the RAS with additional reductions in BP. These additional reductions in BP
have been shown to maintain or even decrease UAER in diabetic patients with microalbu-
minuria and nephropathy [65-72].

The decrease in proteinuria in diabetic nephropathy and non-diabetic chronic renal fail-
ure has also been shown to occur independent of BP reductions [73, 74].The antiproteinuric
effect of an ACE-I-ARB combination implies a synergistic action of these agents that is spe-
cific to the intrarenal RAS and occurs at plasma concentrations of ACE-I and ARB below
levels affecting systemic BP [75]. The role of combination therapy in normotensive type 2
DM patients with microalbuminuria was first explored by Atcama and colleagues in a small
study. The study compared the effects of lisinopril, losartan and their combination in 27
patients for 12 months. The 24-h UAE rate decreased significantly in each group but with no
significant difference among groups [76].

The much larger ONTARGET trial did not focus specifically on the same group of patients
but did have similar patients enrolled. Even though the combination therapy group in this
trial achieved greater decreases in proteinuria in association with lower achieved blood
pressures, the patients in this arm had higher doubling of serum creatinine, more patients
reaching ESRD, more requiring dialysis and higher mortality. Major drawbacks when co-
administering ACE-Is and ARBs include the aggravation of CKD, increase in the incidence
of acute renal failure in patients with CKD and the increased occurrence of hyperkalaemia.
The incidence of these complications was reported to be low in previous meta-analyses [77,
78] but was found to be higher in the ONTARGET study.

The ONTARGET trial raises a number of questions and there are caveats to interpreting
its findings. It clearly casts doubt on the use of proteinuria reduction by itself as a definitive
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Figure 3.1 For patients assigned active treatment or placebo, cumulative incidence of (A) combined major
macrovascular or microvascular outcomes and (B) all-cause mortality. Vertical broken lines indicate 24-month
and 48-month study visits, at which additional information on microvascular events (measurement of urinary
albumin/creatinine ratio and retinal examination) was obtained. For outcomes relating to these
measurements, event times were recorded as the visit date. The curves were truncated at month 57, by which
time 99% of events had occurred. The effects of treatment (hazard ratios and P-values) were estimated from
unadjusted Cox proportional hazard models that used all available data.
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surrogate marker of improved renal function. Type 2 diabetic nephropathy is a heteroge-
neous disease entity and some individuals have non-persistent albuminuria and some have
changes in eGFR discordant with predicted changes in proteinuria. This further complicates
the interpretations of proteinuria indices in clinical studies and trials. It must also be borne
in mind that the patients included in ONTARGET were high-risk-patients who had CVD but
did not have heart failure, a group of patients who have been shown to benefit from the use
of dual blockade [79, 80]. The benefits of combination RAS blockade on major renal out-
comes in more selected patient groups remain to be demonstrated. Based on the evidence of
the ONTARGET trial, dual RAS blockade must only be used in well-selected diabetic patients
with proteinuria, without concomitant disease or nephrotoxic medication, who might ben-
efit from a combination treatment strategy. Potassium levels and kidney function should be
closely monitored in these patients.

TREATMENT OF THE HYPERTENSIVE TYPE 2 DIABETIC PATIENT WITH ALBUMINURIA

The evidence for the benefit of BP lowering in hypertensive patients with type 2 DM and
albuminuria is very strong. Numerous studies have demonstrated that treatment of hyper-
tension, irrespective of the agent used, produces a beneficial effect on albuminuria in both
the micro- and macroalbuminuric range [81]. Furthermore, the Modification of Diet in Renal
Disease (MDRD) trial demonstrated that the rate of decline in renal function is reduced
when BP is lowered to levels below 125/75 mmHg, especially in the presence of significant
proteinuria (>1 g over 24 h) [82, 83].

The major progression trials including ADVANCE, ONTARGET, Irbesartan in Diabetic
Nephropathy Trial (IDNT), IRbesartan in patients with type 2 diabetes and MicroAlbuminuria
(IRMA-2), Reduction in Endpoints in Non-insulin dependent diabetes mellitus with the
Angiotensin II Antagonist Losartan (RENAAL), Normotensive ABCD and MICRO-HOPE
have provided clear evidence that hypertensive, type 2 diabetic patients with persistent
albuminuria, in the micro- as well as macroalbuminuric range, benefit from the renoprotect-
ive mechanisms of RAS blockade with ACE-Is and ARBs. The renoprotective effect of RAS
blockers occurs independent of their BP-lowering effect and occurs with BP lowered to lev-
els well below current recommended targets [51, 84-88]. In addition to nephroprotection,
the use of ACE-Is and ARBs also reduces cardiovascular risk in hypertensive patients with
type 2 diabetes and microalbuminuria [28, 29, 89, 90]. The use of these agents is thus recom-
mended in various guidelines [35, 91].

NEWER RAS AGENTS IN THE MANAGEMENT OF MICROALBUMINURIA

The Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study [92] evaluated the
renoprotective effects of dual blockade of the RAS by adding aliskiren, the first in the new
class of oral direct renin inhibitors, to treatment with 100 mg daily losartan in 599 patients
who had hypertension (135/78 mmHg) and type 2 diabetes with nephropathy. Treatment
with 300 mg of aliskiren daily, as compared with placebo, reduced the mean urinary ACR
by 20% (P <0.001). The benefit of aliskiren appeared to be independent of the small reduc-
tion in BP (2/1 mmHg). A reduction in proteinuria of 50% or more was observed in only 25%
of the patients receiving the combination of both drugs, suggesting that a number of patients
might only have a limited additional benefit from renin inhibition [93]. Other limitations
identified were the use of single daytime BP recordings; the limited 6-month study period;
and the relatively poor glycaemic control (HbAlc 8.0+1.5%) of the patients included in the
AVOID study. The efficacy of these new agents is still to be proven, and after the ONTARGET
study, much longer studies over several years and including ESRD, dialysis and death as
endpoints are needed to confirm that dual therapy to block the RAS with aliskiren and other
agents will provide sustained renal protection and not cause an increased number of adverse
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events. The role of these agents in normotensive type 2 diabetic patients with microalbu-
minuria cannot be extrapolated given the inexperience with these agents and requires fur-
ther investigation.

BEYOND BP LOWERING AND RAS BLOCKADE

Intensive glycaemic control

Intensive diabetes management with the goal of achieving near-normoglycaemia has been
shown in large prospective randomized studies to delay the onset of microalbuminuria
and the progression of micro- to macroalbuminuria in patients with type 2 diabetes [88,
94, 95], but the effects on CVD have been less clear. The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) [96], Veterans Affairs Diabetes Trial (VADT) [97] and
ADVANCE [60-64] trials were all designed to clarify this. The patient population and the
approach to treatment differed substantially in the three studies but none of the trials
showed a reduction in macrovascular or CVD outcomes from intensive glycaemic control
(HbAlc <7.0% versus >7.0%). In ACCORD, a greater number of deaths in the intensive
glycaemic group caused the trial to be stopped early [96]. The excessive mortality was due
to a greater number of deaths from CVD, but the explanation for this finding is not clear
— thiazolidinedione usage, hypoglycaemia, heart failure and weight gain all appear not to
explain the excessive mortality.

Intensive glucose control in the ADVANCE trial [60-64] did result in a significant reduc-
tion in renal events, including new or worsening nephropathy (hazard ratio [HR] 0.79; P =
0.006) compared with the non-intensive arm (HbA1lc levels at study end were 6.4% versus
7.0%). The greatest benefit associated with intensive glucose control was seen for the devel-
opment of macroalbuminuria (2.9% vs. 4.1% with standard control; HR 0.70; P <0.001), with
a trend towards a reduction in the need for renal replacement therapy or death from renal
causes (0.4% vs. 0.6%; HR 0.64; P = 0.09) but no effect on the doubling of serum creatinine
level (1.2% vs. 1.1%). The most impressive effect was seen when the joint effect of BP lower-
ing and intensive glucose control was analyzed in ADVANCE [61, 63]; new or worsening
nephropathy was reduced by a relative risk ratio (RRR) of 33% (P = 0.005). It could be
argued that given the size of the study population, this effect could be extended to the sub-
set of patients with microalbuminuria who were normotensive at baseline that were included
in the study. Furthermore, the patients with microalbuminuria in the intensive BP control
group who were rendered ‘normotensive” with RAS blockade also did better as a result of
intensive glycaemic control.

The ACCORD, ADVANCE and VADT trials compared the effects of glycaemic control
and not how that difference in glycaemic control was achieved. The current balance of evi-
dence suggests caution in pursuing intensive glycaemic control in patients with long-stand-
ing type 2 diabetes and known or suspected cardiac disease, but such a decision should be
individualized [98, 99]. The glycaemic targets for patients with relatively recent-onset type
2 diabetes without CVD are still to be defined. Given the benefits of intensive glycaemic
control on microvascular disease, however, it may be beneficial to pursue intensive glycae-
mic control in normotensive type 2 diabetic patients with microalbuminuria with a view to
retarding the progression of diabetic nephropathy in these individuals.

Statin use

Statins have been proposed to have pleiotropic effects, actions independent of their cho-
lesterol-lowering mechanism. These include decreased reactive oxygen species genera-
tion via inhibition of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
and therefore statins have a role as renoprotective agents. Statins which are commonly
used in patients with type 2 DM for CVD risk reduction have been shown to decrease
UAE as well [23].
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Dietary protein restriction

High protein intake increases GFR and may induce hyperfiltration, thereby worsening
glomerular injury in patients with renal disease. Studies in patients with varying stages
of nephropathy have shown that protein restriction helps slow the progression of albu-
minuria; GFR decline; and occurrence of ESRD [100-103]. Protein restriction should be
considered particularly in patients whose nephropathy seems to be progressing despite
optimal glucose and blood pressure control with the use of ACE-Is or ARBs [103]. Most
experts agree that a high-protein diet may accelerate CKD progression and guidelines
recommend that patients with CKD restrict their animal protein intake to less than
0.8 g/kg per day [2].

Smoking cessation

Development of macroalbuminuria decreased in patients with type 2 DM who were former
smokers or who had never smoked compared with patients with type 2 DM who were
active smokers. This finding suggests that smoking cessation may significantly impact dia-
betic nephropathy progression in patients with microalbuminuria and that smoking cessa-
tion should be promoted for not just nephroprotective effects but also for the added benefits
to CVD risk reduction [104, 105].

Obesity

Studies have identified body mass index (BMI) as well as waist circumference as risk factors
for albuminuria [106, 107]. Weight loss achieved by various means has been shown to have
a positive impact on albuminuria in obese type 2 diabetics with albuminuria and should be
actively pursued [108-110].

SUMMARY

Albumin excretion rate is the mainstay of early detection of diabetic kidney disease. It is
an important predictive tool in assessing the risk of progression of nephropathy as well as
CVD. An approach that identifies other factors which add to its predictive accuracy is also
essential. Careful family history, smoking history, consideration of absolute versus cate-
gorical UAER values, more frequent UAER measurements, ambulatory BP monitoring,
precise GFR measurements, diabetic retinopathy assessments and plasma lipid levels can
all add to predictive accuracy for diabetic nephropathy. Comprehensive diabetes care,
involving a multifaceted therapeutic approach that targets control of blood pressure and
lipids, aspirin use, smoking cessation, weight loss, exercise, and glycaemic control, remains
the foundation for the care of the individual with type 2 diabetes. Achievement of recom-
mended goals for these non-glycaemic risk factors should be aggressively pursued in all
patients with type 2 diabetes. Such a multifactorial intervention improves the clinical out-
come in patients with type 2 DM and microalbuminuria [111]. The evidence to support the
management of normotensive type 2 diabetic subjects with microalbuminuria is predomi-
nantly based on the use of reduction in microalbuminuria as a surrogate marker. Outcome
data in this group have been extrapolated from large trials including this subgroup of
patients. Current balance of evidence suggests that BP targets much lower than currently
recommended may benefit this group. The early use of an ACE-I or ARB confers benefit.
The evidence for the combination of ACE-I and ARB must be restricted to strictly selected
patients without concomitant CVD with strict monitoring. As practitioners, we can and
should offer our patients an individualized judgment, based on their actual risk profile.
We must weigh up the risk and cost benefit assessments in treating normotensive diabetic
patients but multifactorial risk reduction should be the cornerstone of the management of
these individuals.
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Should south Asians with type 2 diabetes have
lower treatment targets?

S. Bellary

BACKGROUND

It is estimated that by 2025 there will be 330 million people globally with diabetes [1].
Nearly a quarter of these will be in the Indian subcontinent alone and there is growing
concern that even this figure may be an underestimation. Diabetes is the leading cause of
end-stage renal disease (ESRD), blindness, and lower limb amputations [2]. Diabetes also
significantly increases the risk of macrovascular complications and is a major risk factor for
coronary artery disease and stroke [3]. The cost of diabetes and its complications is therefore
huge [3, 4].

Diabetes often tends to co-exist with other metabolic abnormalities such as visceral obes-
ity, dyslipidaemia and hypertension [5]. These risk factors have all been shown to increase
the risk of complications in people with diabetes. The overall burden of these risk factors,
however, varies between populations, and people of certain ethnicities, such as south Asians,
appear to more susceptible than others to complications [6, 7]. While there is little doubt that
aggressive management of these risk factors is essential to reduce the burden of the long-
term complications, it is not clear if the targets for intervention determined from studies in
one ethnic group apply to people of all ethnicities equally [6].

ETHNIC DIFFERENCES IN DIABETES AND CARDIOVASCULAR DISEASE

There is considerable variation in the prevalence of diabetes among different ethnic groups.
Studies in migrants of south Asian origin in the United Kingdom and North America sug-
gest that the prevalence rates are particularly high among people of south Asian origin
compared to those of white European ethnicity [8, 9]. In the UK, south Asians constitute
about 4% of the population. The overall prevalence of diabetes in this ethnic group is around
20%, which is four to six times that observed in the local white European population [9]
(Figure 4.1). There is also considerable heterogeneity within the south Asian population,
with the prevalence being highest among Bangladeshis, followed by those of Pakistani and
Indian origin [10]. Migration, increased life expectancy, and westernized lifestyle have been
important contributors to this increased prevalence. A similar trend is emerging in the native
countries following recent economic growth, plus increasing urbanization and more seden-
tary lifestyles. The prevalence of diabetes in the urban Indian population is now estimated
to be around 15% with rates in the rural population also increasing [11, 12].
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Figure 4.1 Prevalence of diagnosed and undiagnosed diabetes in different ethnic groups in the United
Kingdom Health Survey for England, Health of Ethnic Minorities, 2004 (with permission from [10]).

The increased susceptibility to diabetes in south Asians appears to be determined by both
environmental and genetic influences. Definitive characterization of genetic susceptibility in
south Asians, however, has been difficult largely due to the paucity of genetic studies and the
heterogeneity within the population itself. Although the search for genetic differences is ongo-
ing, so far data from published studies have not identified any significant genetic differences
between south Asians and other Asian groups [13]. There is, however, indirect evidence that
increased susceptibility to insulin resistance and diabetes in south Asians may be genetically
determined. Diabetes in south Asians tends to occur early and there is often a strong family
history with more than one first-degree relative affected with diabetes, suggesting a strong
genetic component. Studies in south Asian children have shown that features such as insulin
resistance and visceral obesity present as early as infancy [14]. Recent studies in south Asian
pregnant women have shown that maternal malnutrition is associated with development of
insulin resistance in babies — an adaptive response to the adverse intrauterine environment
[15]. The gene—environment interaction therefore appears to starts very early in south Asians.

Genetic predisposition alone, however, does not fully explain the excess susceptibility to
diabetes in south Asians. There is now sufficient evidence to suggest that environmental
factors play a much more significant role. A classic example is the relatively higher preva-
lence of diabetes among migrant south Asians compared to those living in native countries,
following exposure to a high-calorie diet and sedentary lifestyle [16]. Studies in migrant
Asians have shown that physical activity levels are typically low in south Asians compared
to those of white European or afro-Caribbean origins [10, 17]. A report from the Health
Survey of England on the health of ethnic minorities identified that less than a third of the
people of south Asian origin participated in exercise such as walking for 30 minutes four
times a week [10]. Similarly low levels of exercise have been reported by other groups [17].
Although average consumption of fresh fruit and vegetables is higher in migrant south
Asians, much of the nutrient value is lost due to excessive cooking [10]. In addition, unhealthy
cooking practices such as the use of ‘ghee’, poor of knowledge of disease, cultural practices
and economic deprivation also contribute to the increased risk of diabetes.
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Table 4.1 Numbers of deaths and IHD (ICD-10, I20-I25) SMRs by sex and country of birth for people
aged >20 years (with permission from [20])

Country of birth Men Women
No. of deaths SMR (95% CI) No. of deaths SMR (95% CI)

England and Wales 149 950 96 (96-97) 125 289 97 (96-97)

Scotland 3813 104 (100-107) 2767 107 (103-111)
Bangladesh 409 175 (158-193) 97 167 (136-204)
India 2528 131 (126-137) 1672 149 (142-157)
Pakistan 1044 162 (152-172) 454 174 (159-192)

(I = confidence interval; IHD = ischaemic heart disease; SMR = standardized mortality rate.

Prevalence of cardiovascular disease (CVD) in south Asians is much higher compared to
that observed in white Europeans [18]. The standardized mortality rate in people of south
Asian origin living in the UK is 1.5 to 2 times greater than in the local white population [19]
(Table 4.1). Diabetes is a major risk factor for CVD and increases the risk of CHD death by
up to three times compared to those without diabetes [7, 20]. Although there is a paucity of
data from south Asian countries, CVD is thought to be responsible for nearly a quarter of
the deaths in this population [21]. A Canadian study comparing CVD in different racial
groups showed that south Asians were particularly prone to CVD despite having less ath-
erosclerosis [22]. A popular theory for this excess risk of CVD in south Asians is the coexis-
tence of multiple risk factors in the same individual. Features of metabolic syndrome
(presence of visceral obesity, impaired glucose tolerance, hypertension, raised triglycerides,
and low high-density lipoprotein [HDL] in the same individual) are more common in peo-
ple of south Asian ethnicity [23]. Data from the International Diabetes Federation suggest
that up to 40% of urban Indians have metabolic syndrome and that this figure rises to over
70% in those with diabetes. The presence of metabolic syndrome has been associated with
increased risk of both diabetes and CVD, suggesting that these two diseases may in fact
share a common aetiology [24].

The pattern of dyslipidaemia is also very distinct in south Asians. Despite the reportedly
lower levels of total cholesterol, lipid profiles of south Asians are typically characterized by
high triglycerides, low HDL levels and elevated apolipoprotein (apo)B/apoA ratios [25]. In
fact, in the INTERHEART study the elevated apoB/apoA ratio was the most significant con-
tributor to the increased cardiovascular risk in south Asians [26] (Table 4.2). Recently, several
novel risk factors such as plasminogen activator inhibitor-1 (PAI-1), fibrinogen, homocysteine
and high-sensitivity C-reactive protein (CRP) have been identified as independent markers
of cardiovascular risk [27]. Cross-sectional studies have found that these factors are elevated
in south Asians [28]. The role of these factors, however, has not been validated in prospective
studies and the benefits of modifying these risk factors are at present not clear.

Microvascular complications in south Asians

Among the microvascular complications, nephropathy is the most studied in south Asians
with diabetes. This probably reflects the disproportionately higher prevalence of end-stage
renal disease in this population, which is not explained merely by the excess prevalence of
diabetes [29, 30]. Various studies have estimated the prevalence of microalbuminuria in
south Asians to be between 30—40% [31-35] (Table 4.3). A study comparing prevalence of
microalbuminuria in different ethnic groups in the UK found that microalbuminuria was
present in up to 40% of south Asians [34]. In a study from south India, the crude prevalence
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Table 4.2 Comparison of the nine major risk factors for acute myocardial infarction in individuals from
South Asia and other countries - the INTERHEART study (adapted with permission from [28])

Risk factor Cases (%)  Controls (%)  0dds ratio (95% CI)
Diabetes

Other countries 18.2 7.2 3.20 (2.93-3.50)
South Asia 20.2 9.5 2.52 (2.07-3.07)
Hypertension

Other countries 40.5 23.6 2.44 (2.30-2.60)
South Asia 29.6 12.7 2.92 (2.46-3.48)
ApoB/ApoA

Other countries 48.3 31.8 3.01 (2.77-3.26)
South Asia 61.5 43.8 2.57 (2.03-3.26)
High waist-to-hip ratio

Other countries 46.7 34.0 2.21 (2.06-2.38)
South Asia 44.0 29.6 2.44 (2.05-2.91)
Exercise(moderate or high intensity)

Other countries 15.8 21.6 0.70 (0.65-0.76)
South Asia 4.6 6.1 0.72 (0.53-0.97)
Smoking(current and former)

Other countries 65.7 49.4 2.22 (2.09-2.36)
South Asia 61.6 40.8 2.57 (2.22-2.96)
Psychosocial factors

Other countries 84.2 82.0 1.83 (1.58-2.13)
South Asia 86.0 82.6 2.62 (1.76-3.90)
Alcohol consumption >once/week

Other countries 25.7 26.9 0.79 (0.74-0.85)
South Asia 13.3 10.7 1.06 (0.85-1.30)
Consumption of fruit and vegetables

Other countries 38.3 45.2 0.70 (0.65-0.76)
South Asia 20.0 26.5 0.65 (0.53-0.81)

of microalbuminuria was 36% [36]. Interestingly, in another study, microalbuminuria was
present in up to a quarter of the subjects with newly diagnosed diabetes [37]. Similarly,
higher rates of microalbuminuria in people of south Asian origin have been reported in
studies from other countries [38]. Not all studies, however, have reported higher prevalence.
In the United Kingdom Prospective Diabetes Study (UKPDS), no differences in the preva-
lence of microalbuminuria were observed and another study reported prevalence to be the
same in south Asians and white Europeans [39]. These disparities in quoted prevalence may
have arisen due to the differences in duration of diabetes and the sizes of populations stud-
ied. There is also some inconsistency in the reported rates of decline in glomerular filtration
rate (GFR). While one study reported faster progression in south Asians with diabetes, no
significant difference was found in another study [38, 40]. Despite these inconsistencies,
however, it is generally accepted that south Asians have a greater risk of diabetic renal
disease.

It is not entirely clear why south Asians should have an increased susceptibility to renal
disease. South Asians have much higher rates of ESRD than white Europeans and diabetes
accounts for the majority of these cases. Although ethnicity itself may be an independent
risk factor, however, traditional risk factors such as hypertension, diabetes duration and
glycaemic control are all strong predictors for development of microalbuminuria and neph-
ropathy [37]. While blood pressure (BP) is acknowledged as an important risk factor for
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Table 4.3 Studies showing the prevalence of microalbuminuria in south Asians versus white Europeans

Author(s) [Ref] Study population  Comparison groups % with microalbuminuria
Mather et al [34] Diabetes South Asian vs. white 40 vs. 33 (Men)
European 33 vs. 19 (Women)
UKPDS Group [39] Diabetes South Asian vs. white 18 vs. 19 (Men)
European 17 vs. 23 (Women)
Varghese et al [36] Diabetes South Asian (south 32.1 (Men)
Indian only) 39.9 (Women)
Fischbacher et al [32] Non-diabetic and South Asian vs. white 12.7 vs. 6.6
diabetic European
Dixon et al [31] Diabetes South Asian vs. white 31 vs. 20
European

progression of nephropathy, the ideal BP threshold below which this risk decreases is not
known. Data from the pilot phase of the United Kingdom Asian Diabetes Study (UKADS)
certainly suggest that this threshold is probably lower in south Asians [31]. Lower targets
for BP in these individuals may therefore be needed in order to limit the progression of
nephropathy.

In contrast to nephropathy, data on other microvascular complications in south Asians
are limited. Differences in methodology and the population screened make it difficult to
estimate the true prevalence but reports from various studies suggest that the prevalence of
diabetic retinopathy is between 20-27% [41]. This figure is lower than that reported in those
of white European origin [42]. However, a recent report from the UKADS suggested the
prevalence of retinopathy in south Asians to be as high as 40% [43]. Duration of diabetes, BP
and glycaemic control appear to be the main factors that influence the severity of diabetic
retinopathy [44]. Aggressive risk factor control therefore appears to be the mainstay for the
management of these patients.

Application of treatment targets to south Asians

Susceptibility to disease is determined by several factors including genetic, environmental,
cultural and economic factors. As these vary between ethnic groups, there is much diffi-
culty in applying targets based on studies in people from one ethnic group to others. In
south Asians, this has proven more difficult due to the lack of large randomized controlled
trials and poor representation in clinical trials. As more data emerge and the differences
between ethnic groups become more apparent, the need for ethnic-specific targets is being
recognized. A typical example is the cut-off values for body mass index (BMI) used to
define obesity. Comparative studies in south Asians and other racial groups have shown
that even at lower BMIs, south Asians have greater visceral obesity and insulin resistance.
Applying the same cut-off values for BMI used in Europeans would significantly underes-
timate obesity in south Asians. Ethnic-specific cut-offs are therefore required to correct this
anomaly [45].

Many studies comparing the risk factors between south Asians and white Europeans
have identified important differences between these two groups. A meta-analysis of the
studies comparing prevalence of hypertension showed that south Asians had a lower sys-
tolic blood pressure and similar or higher diastolic blood pressure than in white Europeans
[46]. Comparison of risk factors among patients recruited to the UKPDS showed that south
Asians had lower blood pressures compared with Afro-Caribbeans but similar values to
those observed in white Europeans [39]. The average systolic blood pressure reported in
most studies in south Asians is lower than the recommended target in UK general practice
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[47]. It is clear that even at lower BP values the risk of cardiovascular events and nephropa-
thy is much higher in south Asians. Given that even a small reduction in BP offers significant
protection from cardiovascular events, a lower target in this population could well be justi-
fied. Similarly, studies comparing lipid profiles have shown that south Asians have lower
total cholesterol levels. Despite the low levels of total cholesterol, south Asians typically
have elevated triglycerides, low HDL levels and raised apoB/apoA ratios [28]. Using total
cholesterol level as a target would therefore fail to identify most patients with adverse lipid
profiles. Interestingly, despite many guidelines stating that all patients with diabetes should
be on statins, only a small proportion of south Asians appear to be prescribed them [47, 48].
Thus, a target-driven approach might result in under-treatment, particularly if it does not
adequately reflect the needs of a population.

Many studies have compared the accuracy of risk engines in estimating the cardiovascu-
lar risk among different ethnic groups [49]. In a study comparing predicted mortality rates
with standardized mortality in south Asians, the risk engines were shown to underestimate
the risk. Another study concluded that both the Framingham equation and FINRISK pre-
dicted observed mortality rates correctly [50]. The validity of these risk engines in south
Asians can only be established by prospective studies, but in the interim, adding 10 years to
the age may be a simple option to correct these differences.

A consistent observation in most studies involving south Asians has been the younger
age of onset of both diabetes and CVD in south Asians. As the disease process may begin
well before diabetes is diagnosed, these individuals are exposed to the risk factors for longer.
Furthermore, some of the complications may be well-established even at diagnosis and
could explain the excess morbidity and mortality observed in this ethnic group. It is essen-
tial that treatment targets should reflect this excess risk from long-term exposure. There are
no exclusive trials in south Asians to assess the benefits of intensive glycaemic control. In the
UKPDS and ADVANCE studies, however, south Asians treated intensively had similar reduc-
tions in microvascular complications to other ethnic groups [51, 52].

NEW APPROACHES TO MANAGEMENT

While the genetic mechanisms of type 2 diabetes and CVD are yet to be unravelled, there is
ample evidence now to suggest that disease modification through control of risk factors is
associated with significant reduction in long-term complications. Known risk factors still
account for more than 80% of risk for CVD and this is true regardless of ethnicity [26].
However, as risk profiles and risk burden differ between ethnic groups, management strat-
egies should be tailored to the needs of each ethnic group.

Two main approaches can be considered in tackling the problem of excess risk of diabetes
and CVD in south Asians — early intervention and lower targets.

Primary prevention

As discussed earlier in the chapter, both diabetes and CVD occur 5-10 years earlier in
south Asians. It is now well known that insulin resistance can be present very early and
most individuals have features of metabolic syndrome even before the diagnosis of dia-
betes is made. Normal glucose tolerance, impaired glucose tolerance (IGT) and diabetes
represent different states in a continuum and it is likely that the risks of CVD and death
increase progressively during the transition from one stage to the other [53]. Epidemiological
studies have shown a linear relationship between blood glucose and the risk of macro-
vascular disease, and there is no threshold identified at which this risk becomes non-
existent [53]. This is supported by the presence of varying degrees of glucose intolerance
in patients with myocardial infarction [54]. It can be argued, therefore, that aggressive
management of risk factors at this early stage could protect against future cardiovascular
events.
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In contrast, the relationship between microvascular complications and glycaemia is less
linear. The risk of microvascular complications is known to increase significantly once blood
sugars are within the diabetic range [53]. However, the presence of microvascular complica-
tions in patients with IGT and in newly diagnosed diabetes patients would strongly support
that this threshold is probably much lower than previously thought.

The prevalence of microvascular complications in south Asians is high, suggesting that
the diagnosis of diabetes is often delayed and earlier diagnosis would facilitate aggressive
treatment of hyperglycaemia in these individuals. Treatment of hyperglycaemia to near-
normal levels of HbAlc is associated with substantial reductions in the risk of microvascular
complications and this appears to be regardless of ethnicity [51, 52]. Moreover, recent evi-
dence from the UKPDS trial suggests that the benefits of intensive treatment in the early
years are associated with long-term benefits for both microvascular and macrovascular com-
plications — the so-called metabolic memory effect [55]. The case for early detection and
management could therefore not be more persuasive.

Early detection of disease depends on effective screening strategies. With diabetes this
has proven very difficult. Mass screening is clearly not cost-effective and targeted screen-
ing has its own limitations [56]. Although several population-based risk scores have been
proposed to increase rates of detection, these are specific to populations studied and can-
not be universally applied. Moreover, the rates of progression from normal glucose toler-
ance to IGT and diabetes vary considerably between populations and it is not clear how
often individuals have to be re-screened. There are no clear data to suggest the ideal age
to screen for diabetes in south Asians [56]. High prevalence of glucose abnormalities and
earlier onset would suggest screening in high-risk individuals should begin as early as 30
years of age. Controversy remains as to how these patients are then best managed and
whether there is a role for pharmacological intervention, but hopefully this will be
answered by some of the ongoing trials [57, 58]. Despite these limitations, early screening
offers the best chance of detecting individuals with a risk of diabetes and macrovascular
disease and a lower threshold must therefore be applied to screen south Asians for
diabetes.

Secondary prevention

While screening and early intervention are appropriate primary prevention strategies, risk
factor control still appears to be the most effective strategy for secondary prevention. Many
clinical trials have shown that effective risk factor control reduces risk of complications sig-
nificantly. Evidence from the BP and statin trials suggests that even a modest reduction in
these risk factors could offer substantial protection from CVD [59-62]. Similarly, data from
the UKPDS and other diabetes studies have shown that even a small decrease in HbAlc is
associated with significant reduction in microvascular complications [59, 62]. As a result,
there has been a greater emphasis on multiple risk factor interventions. The targets derived
from these studies are often used to make treatment decisions. Risk factors, however, oper-
ate in a continuum and it is often difficult to identify precisely a point below which the risk
becomes negligible. A target-driven approach may therefore fail to identify those with
modest risk.

A significant proportion of south Asians have BP and lipid levels lower than the recom-
mended targets. Even at these lower levels they appear to have greater susceptibility to
diabetes and its complications. Applying lower targets specific to south Asians will have
two major benefits. Firstly, it will increase the proportion of those with modest risk receiving
treatment. Secondly, it will allow those individuals who are at greater risk, and who may
have already been receiving treatment, to be treated more aggressively. Such an approach
would ensure that south Asians who are at a modest risk receive important treatments such
as statins and ACE inhibitors [58, 63]. As BP is a major risk factor for CVD and microvascu-
lar disease, these lower targets, if achieved, can be hoped to significantly reduce the mortal-



50 Clinical Challenges in Diabetes

ity and morbidity in this group. Recent evidence shows that treating to tighter glycaemic
targets can lower the risk of microvascular complications [52]. Given the increased suscep-
tibility of south Asians to microvascular complications there is a greater need to achieve
these targets. Aiming for lower glycaemic targets will also help intensification of treatments
and early use of insulin in patients with diabetes.

Recommendations

The paucity of large randomized controlled trials in south Asians makes it difficult to set
definitive treatment targets for this ethnic group. Indirect evidence from studies in the
healthy rural Indian population, however, would suggest that the targets for BP, lipids and
glycaemic control should be lower than currently recommended. Accordingly, a BP of 125/75
mmHg, total cholesterol of 4 mmol/l and HbAlc of 6.5% might be considered appropriate.
These lower targets can also be justified on the basis of hypertension and lipid trials which
have shown continued benefit in individuals treated to lower targets compared to those
treated to higher targets. There is no doubt a great need for more randomized studies in
south Asians to establish the benefits of intensive risk factor treatment but the decision to
treat those at risk must not be delayed for want of such studies.

Intensive treatment strategies obviously raise concerns about safety. Achieving the rec-
ommended BP and cholesterol levels would often require the use of two or more agents. As
the number of medications increases there is also an increased risk of adverse effects and
drug interactions. Similarly, intensive treatments to achieve tighter glycaemic control can be
associated with increased risk of hypoglycaemia. Fortunately, however, data from the major
trials show that most available agents are well-tolerated and that availability of new thera-
pies should hopefully overcome some of the other problems in the future.

SUMMARY

The disproportionately higher rates of diabetes and cardiovascular disease in the south
Asian population remains a major concern. Although ethnicity itself may be an important
contributor, a greater proportion of this excess risk can be attributed to known risk factors.
At present there is insufficient evidence to advocate lower treatment targets for south Asians
but there is little doubt that a more aggressive approach towards control of risk factors is
needed if better clinical outcomes are to be achieved. Whilst risk factor management remains
the mainstay in those with established disease, there is also a need for effective preventative
strategies.
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Does pharmacotherapy have a place in the
weight management of patients with type 2
diabetes?

L. FE. Van Gaal, C. E. De Block

BACKGROUND

Obesity and type 2 diabetes are reaching epidemic proportions worldwide [1, 2]. Type 2
diabetes affects approximately 5% of the Western population, and this number continues
to increase. Obesity increases the risks of type 2 diabetes, metabolic syndrome (visceral
obesity, dyslipidaemia, hyperglycaemia, and hypertension), cardiovascular disease (CVD)
(including stroke, congestive heart failure, myocardial infarction), obstructive sleep apnoea,
non-alcoholic fatty liver disease, certain forms of cancer and premature death [3-5].
Diabetes is associated with a very high risk of CVD and is the sixth leading cause of death
worldwide. Early identification and treatment of patients at risk for developing type 2
diabetes and CVD is therefore of paramount importance. Indeed, the DECODE study
clearly showed that impaired glucose tolerance (IGT) already increased the risk for CVD
mortality [6], and a recent population-based retrospective cohort study revealed that dia-
betes confers an equivalent cardiovascular risk to ageing 15 years in people aged 40 years
or older [7]. Correspondingly, the health consequences and associated costs of both obesity
and diabetes provide major incentives to reverse this continuing diabesity epidemic. The
treatment of multiple cardiovascular risk factors is thus central to the management of type
2 diabetes.

Both obesity and type 2 diabetes are preventable. Lifestyle changes, use of metformin,
acarbose and orlistat are partially effective to prevent or slow the development of diabetes.
Bariatric surgery has a much more profound and sustained impact on weight, lipids, blood
pressure (BP) and glucose metabolism compared with pharmacotherapy. However, do
antidiabetes and anti-obesity drugs still have a place in the weight management of patients
with type 2 diabetes?

The goals of obesity treatment include sustained weight loss with a preferential reduc-
tion of abdominal (visceral) fat, amelioration of obesity-related health risks and reduced
quality of life, and reduction in mortality. Intentional weight loss in diabetic patients is
associated with reduced mortality, and improved BP, lipid profile, mental health and quality
of life [8].
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Lifestyle management is recommended as the first-line treatment for obesity and its
metabolic consequences. Pharmacotherapy may be useful in patients for whom non-pharma-
cological approaches alone are ineffective or insufficient. Weight reduction by means of
dietary interventions and exercise are beyond the scope of this chapter. Before assigning an
individual to a pharmacological treatment, a thorough assessment of the patient should be
performed, including the history of weight gain, the maximum body weight, consideration
of medications that may contribute to weight gain (such as corticosteroids and antipsychotic
drugs), previous attempts at weight reduction, patterns of food intake (quality and quan-
tity), and physical activity [9]. In addition, a thorough endocrine evaluation including
laboratory tests (e.g. cytology, biochemistry, hormonology) and measurement of basal meta-
bolic rate are important.

A modest weight loss of 5-10% significantly reduces obesity-related health risks [10, 11].
Regular physical activity, cognitive behavioural modification of lifestyle, including dietary
habits, and administration of anti-obesity drugs facilitate weight loss and improve weight loss
maintenance. However, weight reduction is hard to achieve in type 2 diabetes since most antid-
iabetes drugs increase weight [12], with metformin, acarbose, and the recently developed incre-
tin mimetics and dipeptidyl peptidase-4 inhibitors as exceptions. Weight gain is important
since the risk of diabetes is increased by 9% for every 1 kg increase in body weight [2].

BENEFITS OF PHARMACOLOGICAL TREATMENT IN THE PRIMARY PREVENTION OF DIABETES AND
IN SECONDARY PREVENTION OF CHRONIC VASCULAR COMPLICATIONS

In primary prevention, weight reduction may reduce the risk of developing diabetes in sub-
jects with IGT, as shown by lifestyle interventions [13-16], and by use of drugs such as
metformin [15], acarbose [17, 18] and orlistat [18].

The Finnish Diabetes Prevention Study (DPS) included 522 subjects with IGT [13]. After
1 and 3 years, weight reduction was 4.5 and 3.5 kg in the lifestyle intervention group versus
1.0 and 0.9 kg in the control group. Lifestyle intervention included changes in food intake
and composition, and increased physical activity. Glycaemic parameters improved more in
the intervention group, with a 58% reduction in the incidence of diabetes (4.3 per 100 person-
years in the intervention group and 7.4 per 100 person-years in the control group) [14].

In the Diabetes Prevention Program (DPP), enrolling 3234 overweight and obese subjects
with elevated fasting and postprandial glucose, lifestyle modification was almost twice as
effective as metformin in preventing diabetes (relative reduction 58% vs. 31%) [15]. The
lifestyle modification programme resulted in a weight loss of 6.7 kg at 1 year follow-up,
compared with weight losses of 2.7 kg and 0.4 kg in the metformin and placebo groups,
respectively. After 4 years of follow-up, lifestyle, metformin and placebo groups maintained
weight losses of 3.5 kg, 1.3 kg and 0.2 kg, respectively. Lifestyle intervention reduced the
incidence of diabetes by 58% and metformin by 31% as compared with placebo [15].

The Study TO Prevent Non-Insulin-Dependent Diabetes Mellitus (STOP-NIDDM), a dou-
ble-blind, placebo-controlled, randomized trial, assessed the effects of acarbose in 1429 over-
weight and obese subjects with IGT. Acarbose was associated with a mean weight loss of
-1.15 kg compared with 0.26 kg weight gain in the placebo group at 3 years. Acarbose sig-
nificantly reduced weight, waist circumference, body mass index (BMI), systolic and dia-
stolic blood pressure, 2-h plasma glucose levels and triglycerides compared with placebo.
Acarbose treatment was associated with a 36% reduction in the incidence of type 2 diabetes
[17] and a 49% relative risk reduction in the development of cardiovascular events [18].

In the XENDOS study, a 4-year double-blind prospective study, 3305 individuals were ran-
domized to lifestyle changes plus either 120 mg of orlistat or placebo, three times daily. Subjects
had a BMI 230 kg/m? and normal (79%) or impaired glucose tolerance (21%). After 4 years,
mean weight loss was greater with orlistat (5.8 vs. 3.0 kg with placebo). The incidence of dia-
betes was 6.2% in the orlistat group compared to 9.0% in the placebo group, corresponding to
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a 37% risk reduction. This beneficial effect was primarily due to prevention of diabetes in
subjects with IGT where a 52% reduction was noted [19]. The XENDOS studly is the first study
to demonstrate that a weight loss agent in combination with lifestyle changes over 4 years is
of greater benefit than lifestyle changes alone for producing long-term weight loss, improve-
ments in cardiovascular risk factors, and prevention of diabetes in high-risk subjects.
However, in secondary prevention, convincing data that weight reduction in patients
with type 2 diabetes may beneficially impact chronic complications or outcome are only
partially available. Indeed, the feasibility and benefits of weight reduction in established
type 2 diabetes are less well documented. Ongoing studies addressing this topic include the
Swedish Obese Subjects (SOS) surgery study, the Look AHEAD (Action for Health in
Diabetes) study in obese type 2 diabetic subjects in the USA, and the Comprehensive
Rimonabant Evaluation Study of Cardiovascular ENDpoints and Outcomes (CRESCENDO)
placebo-controlled trial. The Look AHEAD study is an 11-year prospective multicentre clin-
ical trial that will examine whether long-term weight loss is achievable and beneficial in
overweight individuals with type 2 diabetes (www.niddk.nih.gov/patients/SHOW /looka-
head.htm). The SCOUT trial (Sibutramine Cardiovascular OUTcome trial), including over
8000 patients with type 2 diabetes, was the first study to elucidate to what extent moderate
weight loss — partially induced by drug therapy — may have beneficial effects on cardiovas-
cular endpoints [20]. Unfortunately, results have been disappointing (see also page 60).

PHARMACOTHERAPY FOR WEIGHT LOSS

Improving diet combined with reinforced physical exercise constitutes first-line management
for overweight patients, but adherence to lifestyle measures is difficult to achieve. Patients who
do not lose weight by lifestyle changes alone may benefit from agents that promote weight loss
such as orlistat, sibutramine (its licence has recently been withdrawn by the European Medicines
Agency because of safety concerns), rimonabant, metformin and the glucagon-like peptide-1
(GLP-1) analogue exenatide. Orlistat and sibutramine are indicated in obese patients (BMI
230 kg/m?) or overweight people (BMI 228 kg /m? for orlistat) with an additional cardiovascu-
lar risk factor. These risk factors include diabetes, hypertension, sleep apnoea or another factor
that warrants weight loss. Rimonabant, although withdrawn from the market, is discussed for
the sake of completeness and in view of the interesting physiology behind the molecule.

Anti-obesity agents affect different targets in the central nervous system or peripheral
tissues and can be divided according to their primary mode of action:

1. Drugs involved in appetite behaviour (nutrient intake), mainly appetite suppression
and satiety enhancement.

2. Drugs involved in increasing energy expenditure, mainly thermogenic properties.

3. Drugs affecting metabolism or nutrient partitioning.

Characteristics aimed for by an ideal anti-obesity agent include:

1. Reducing weight and preferentially visceral and/or ectopic fat, in a dose-dependent
manner.

. Safe without major side-effects.

. Effects should be long-lasting.

. Activity through oral administration.

No addictive properties and/or toxicity.

. Inexpensive.

Ul W N

However, pharmacotherapy for overweight is sometimes surrounded by a ‘negative
halo’, particularly appetite suppressants, because of concerns about addiction. In addition,
the plateau of body weight that is reached (-5 to —10% body weight) when homeostatic
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Table 5.1 Characteristics of some anti-obesity agents

Orlistat Sibutramine* Rimonabant*
Commercial name Xenical Reductil, Meridia Acomplia
Mechanism Pancreatic lipase Monoamine reuptake Endocannabinoid

Mode of action

Dosage

Time to peak
concentration
Elimination half-life

Elimination

Placebo-subtracted

weight loss

Lipids
LDL-cholesterol
HDL-cholesterol
Triglycerides

Glucose metabolism
HbA1c (%)

Blood pressure
Systolic (mmHg)
Diastolic (mmHg)

Attrition rate

Side-effects

inhibitor
Reduces fat
absorption
120 mg 3/day
8h

14-19 h

Faeces (over 96% of
total drug ingested;
83% unchanged)
3% (or 2.9 kg)

-0.27 mmol/L
NS
NS

Not reported

-1.8

-1.6

33%

Oily spotting,
flatulence, faecal

inhibitor (NE and 5-HT)

Increases satiety

10 or 15 mg daily
1.2 h (3 h for
metabolites)

1.1 h (14-16 h for
metabolites)

Urine (77%)

4.6% (or 4.2 kg)

NS
Conflicting data
Conflicting data

-0.3%

1.7

2.4

48%

Increase in blood
pressure and heart

receptor-1 blocker
Central and peripheral
effects

20 mg daily

2h

6-9 days (16 days in
obese subjects)
Biliary excretion and
faecal elimination
(86%)

5% (or 4.6 kg)

NS
7-9% increase
12-16% decrease

-0.7%

NS
NS

Depression, anxiety,
nausea, diarrhoea

urgency rate

*Sibutramine and rimonabant have both been withdrawn from the market because of safety concerns.

mechanisms in the body come into play and stop further weight loss seems somewhat lim-
ited. Finally, there are concerns about toxicity associated with some anti-obesity agents.

Orlistat

Orlistat is a potent and selective inhibitor of gastric and pancreatic lipase that reduces the
absorption of lipids across the gastrointestinal tract by about 30%. These lipases are respon-
sible for the hydrolysis of ingested triglycerides into fatty acids and monoglycerides, which
are absorbed by the enterocytes. Absorption of ingested fat is reduced by one-third and the
non-absorbed triglycerides and fat are eliminated in the faeces. Because of low systemic
absorption and first-pass metabolism, the bioavailability of orlistat is less than 1%. Most of
the drug is excreted unchanged in faeces (Table 5.1).

A meta-analysis of clinical trials showed that treatment with orlistat resulted in a 2.9 kg
greater weight loss compared to placebo [21, 22]. Modest positive effects on glycaemic con-
trol (fasting glucose and HbAlc), BP (systolic —1.8 mmHg and diastolic —1.6 mmHg), and
low-density lipoprotein (LDL)-, high-density lipoprotein (HDL)-cholesterol and triglyceride
concentrations have also been observed with its use. Orlistat has a direct cholesterol-lower-
ing effect independent of weight loss, probably due to its inhibitory effect on the absorption
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of dietary fat and cholesterol from the gastrointestinal tract [23]. Orlistat partially offsets the
excess cardiovascular risk in subjects with the metabolic syndrome [24].

There are a limited number of studies performed in patients with diabetes [25-33]. Type 2
diabetic patients treated with orlistat 120 mg three times daily for 1 year lost more weight
(between 1.3 and 3.8 kg) than the placebo-controlled group [25-29, 31]. Orlistat-treated patients
also showed a greater decrease in HbAlc, ranging from —0.3% to —1.7% absolute reduction.
The extent of improvement depends on baseline factors (weight, HbAlc), concomitant antid-
iabetes treatment, and duration of therapy. There is also a beneficial effect of orlistat on LDL-
cholesterol (with reductions up to 12.8%) and on BP.

In a pooled 2-year study including 675 obese subjects, 6.6% of the patients taking orlistat
converted from normal to impaired glucose tolerance, compared to 10.8% in placebo-treated
individuals. Moreover, in the subjects with IGT at baseline, those assigned to orlistat developed
less diabetes (3%) compared to those in the placebo group (7.6%). Furthermore, considering
individuals with IGT at baseline, glucose tolerance normalized in more orlistat-treated than
placebo-treated subjects (72 vs. 49%) [34]. This report was however a retrospective analysis.

As indicated, the XENDOS study, a 4-year double-blind prospective trial, randomized
3305 individuals to lifestyle changes plus either 120 mg of orlistat or placebo, three times daily.
One-fifth of the subjects had IGT (21%). There was a 37% reduction in the incidence of diabetes
in the orlistat group (6.2%) compared to the placebo group (9.0%). The overall effect of orlistat
in preventing diabetes was primarily due to the beneficial effect in IGT patients. XENDOS
illustrates clearly that orlistat plus lifestyle changes is able to reduce incident type 2 diabetes
above the result achieved with implementation of lifestyle modifications over 4 years. However,
only 43% of the patients completed the study [19]. Although not yet studied in MODY (matu-
rity onset diabetes of the young) or youngsters with classical type 2 diabetes, the effect of orlistat
may be of importance in view of the beneficial effects in non-diabetic obese adolescents [35].

Since orlistat is not absorbed, its side-effects are thus related to the blockade of triglycer-
ide digestion in the intestine. Indeed, in 15-30% of subjects, orlistat has gastrointestinal
side-effects, including fatty stool, faecal urgency and oily spotting, which are typically short-
lived. Orlistat may cause small decreases in fat-soluble vitamins. Orlistat does not seem to
influence the absorption of other drugs except acyclovir [36, 37].

The beneficial effect of orlistat on glucose tolerance and metabolic control could be asso-
ciated with weight loss itself; to the limited absorption of lipids and reduction of plasma free
fatty acids (FFA); to increased production of incretins; or to modulation of secretion of adi-
pokines [38]. Orlistat, when given before a relatively high fat content meal in obese type 2
diabetic patients is associated with lower postprandial levels of plasma free fatty acids com-
pared with placebo [39, 40]. This is beneficial since FFA can modulate the severity of insulin
resistance in type 2 diabetes, inhibiting whole body glucose utilization and oxidation [41].
In addition, lipotoxicity may impair B-cell function [42].

Another possibility is an incretin response to orlistat treatment. The reduced absorption of
fat and the increase in intestinal fat content may lead to increased secretion of GLP-1. Orlistat
increases GLP-1 levels, enhancing the insulin secretory response to a meal and blunting the
postprandial rise in glycaemia. The increased GLP-1 levels, which lead to diminished food
intake, may also contribute to the weight loss that is associated with the use of orlistat [43].

Reductions in inflammatory mediators tumour necrosis factor alpha (TNF-o) and interleu-
kin (IL)-6, in high-sensitivity C-reactive protein (hsCRP) are more pronounced in subjects
assigned to orlistat as compared to placebo-treated individuals [44, 45]. Also, significant reduc-
tions in leptin and increases in adiponectin have been observed with the use of orlistat [44].

Sibutramine

Sibutramine is a serotonin and norepinephrine reuptake inhibitor that works centrally to
produce a feeling of satiety. Its structure and mode of action differ from those of the fenflu-
ramines, which stimulate serotonin release. Sibutramine also stimulates thermogenesis and
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prevents diet-induced decline in metabolic rate. Serotonin 5-HT,, receptors modulate fat
and caloric intake. Sibutramine undergoes extensive first-pass metabolism, mainly by
hepatic cytochrome P450 3A4 enzymes to active primary (M1) and secondary (M2) amine
metabolites, which are more potent than the parent compound [46]. Most of the drug and
its active compounds are renally excreted (Table 5.1).

In clinical trials, subjects receiving sibutramine experienced a 4.2 kg (or 4.6%) greater
than placebo weight loss [21, 22]. Sibutramine has been shown to positively influence gly-
caemic control, reducing HbAlc by 0.3% on average, but has little effect on LDL-cholesterol
levels, and the effects on HDL-cholesterol and triglycerides are variable. Sibutramine also
improves insulin sensitivity [47]. The recently completed SCOUT study assessed the efficacy
of sibutramine in reducing myocardial infarction, stroke and cardiovascular mortality in >10
000 obese and overweight subjects [20]. The results have recently been announced, reporting
an increase in mortality in the group taking sibutramine. This has resulted in licence with-
drawal by the European Medicines Agency. For completeness, the literature on sibutramine
is reviewed below.

The effect of sibutramine in diabetic patients has been examined in a few studies [48-58].
Placebo-substracted weight loss ranged between —1.8 to —8.5 kg, depending on the type of
intervention protocol, the baseline antidiabetes treatment and the duration of the trial. HbAlc
remained stable or decreased with up to —2.7% unit reduction, also depending on baseline
HbAlc level. The results on lipids and BP are variable. Only a few trials that reported on fast-
ing glucose and HbAlc levels provided a detailed assessment of the types of, doses of, and
changes in antidiabetes medications that were administered to trial participants.

Ameta-analysis of studies in diabetic patients receiving sibutramine showed positive effects
on body weight, waist circumference, glucose, HbAlc, triglycerides, and HDL-cholesterol [59,
60]. The mean weight loss was 5.5 kg for those treated with sibutramine and 0.9 kg for placebo-
treated patients. There was no significant change in systolic blood pressure, but diastolic blood
pressure was higher in sibutramine-treated patients [60]. However, the tendency to increase
BP is offset by the weight loss. Hypertension is of particular concern in type 2 diabetes: in the
United Kingdom Prospective Diabetes Study (UKPDS), improved BP control (144/82 mmHg
vs. routine: 154 /87 mmHg) reduced cardiovascular events by 25% [61]. The risk-benefit ratio
must therefore be carefully evaluated. In the 6-week run-in period of SCOUT, baseline BP
appeared to determine the effect on BP; in patients with diabetes a reduction in systolic blood
pressure was observed in those with a baseline tension >130/85 mmHg [20].

Side-effects associated with sibutramine include an increase in BP (+1.7 mmHg in systolic
and +2.4 mmHg in diastolic blood pressure) and pulse rate (4-5 beats/min) which are
related to its adrenergic properties [22]. In 7-20% of the patients receiving sibutramine,
insomnia, nausea, dry mouth and constipation occurred. Sibutramine is contraindicated in
patients with a history of uncontrolled hypertension, coronary artery disease, congestive
heart failure, cardiac arrhythmias or stroke. Sibutramine should also not be used in subjects
using selective serotonin reuptake inhibitors (SSRI) or monoamine oxidase (MAO) blockers,
and there should be at least a 2-week interval between stopping MAO-inhibitors and begin-
ning sibutramine. By contrast with fenfluramine and dexfenfluramine, sibutramine does not
increase the release of serotonin and has not been associated with valvular heart disease of
pulmonary hypertension. Sibutramine is metabolized by the cytochrome P-450 enzyme sys-
tem (isoenzyme CYP3A4) and may therefore interfere with the metabolism of erythromycin
and ketoconazole, and it has a small effect (7% increase in area under the curve) on the
metabolism of simvastatin, but not other statins [36].

Rimonabant

Rimonabant, being a selective blocker of the cannabinoid receptor-1 (CB-1), reduces food
intake and tobacco dependence by blocking endocannabinoid receptors in the central ner-
vous system. The endocannabinoid system has a key role in energy homeostasis, food
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intake and body weight. The two endogenous endocannabinoids, anandamine and
2-arachidonoylglycerol, increase food intake by acting on the CB-1 receptor. Rimonabant
also affects the metabolic profile by targeting the endocannabinoid system in adipocytes,
hepatocytes, and potentially B-cells. Potential peripheral effects include enhanced thermo-
genesis via increased oxygen consumption in skeletal muscle, diminished hepatic and adi-
pocyte lipogenesis, augmentation of adiponectin concentrations, promotion of vagally
mediated cholecystokinin-induced satiety, inhibition of pre-adipocyte proliferation, and
increased adipocyte maturation without lipid accumulation [46]. Rimonabant is hepati-
cally metabolized and excreted in bile. Patients with obesity or type 2 diabetes exhibit
higher concentrations of endocannabinoids in visceral fat or serum, respectively, than the
corresponding controls [62].

In clinical trials, rimonabant reduced weight by 3.9-5.4 kg more than placebo [63-66]. It
also had a beneficial effect on the lipid profile, lowering triglycerides and increasing HDL-
cholesterol levels and LDL-cholesterol particle size. Approximately half of the observed
effect of rimonabant on the lipid levels was reported to be independent of weight loss,
which may be explained by direct effects of rimonabant on adipocytes, including increasing
adiponectin [65] and reducing leptin concentrations. Positive effects on systolic and diastolic
blood pressure have also been observed.

In 1047 overweight or obese type 2 diabetic patients who were already on metformin or
sulphonylurea monotherapy, rimonabant (RIO-Diabetes study) reduced weight by 3.9 kg
more than placebo-treated patients, and reduced HbAlc by 0.7% from a baseline of 7.5%
[66]. This is clinically relevant since every 1% reduction in HbAlc has been shown to be
associated with a reduction in risk of 21% for any diabetes-related endpoint [67]. HDL-
cholesterol (+15.4%), triglycerides (-9.1%), non-HDL-cholesterol (-1.8%), and systolic blood
pressure (-0.8 mmHg) were also beneficially affected in patients treated with rimonabant
20 mg/day. Also, self-esteem and measures of quality of control increased in rimonabant-
treated individuals. However, the retention rate of about 66% in all treatment groups might
be considered as rather low. A second 6-month study in 278 drug-naive diabetic patients
(SERENADE) confirmed the above-mentioned findings [68]. The beneficial metabolic effects
obtained in diabetic patients with use of rimonabant can be explained by weight loss and by
reduced lipogenesis and free fatty acid synthesis preventing hepatic fat accumulation, by
increased adiponectin release, and by improved skeletal muscle glucose uptake.

Common side-effects of rimonabant include nausea, dizziness, diarrhoea and insomnia,
each occurring 1-9% more frequently than with placebo. Patients given rimonabant were
2.5 times more likely to discontinue the treatment because of depressive mood disorders
than were those given placebo [69, 70]. Moreover, the Food and Drug Administration (FDA)
did not approve rimonabant because of concerns over depression (with suicidality risk)
and anxiety, which occurred in 6% of rimonabant-treated subjects and in 3% of the placebo
group. In late 2008, after the EMEA (European Medicines Agency) advised a temporary
halt to the marketing of rimonabant in Europe because of concerns over the risk-benefit
analysis, the company decided to withdraw the drug from the market worldwide.
Consequently, the CRESCENDO study (Comprehensive Rimonabant Evaluation Study of
Cardiovascular ENDpoints and Outcomes) investigating the outcome effect of rimonabant
on myocardial infarction, stroke, and cardiovascular death in 17 000 obese subjects was
stopped.

Depression has been associated with obesity, especially in women and in severely obese
men, and obese subjects who are seeking treatment for obesity are especially prone to
depression.

Phentermine
Phentermine is an adrenergic stimulant that enhances the release of norepinephrine in cer-
tain brain regions and reduces food intake.
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The efficacy and safety of this drug are limited [9]. In randomized controlled trials of
phentermine, weight reduction was 3—-4% greater than in the placebo group.

However, BP must be closely monitored, and there are concerns over dependency. Limited
data suggest that phentermine may be effective for more than 10 years, but it has only been
approved for short-term use [9]. No randomized controlled trials of this agent have been
performed in diabetic subjects.

Fluoxetine

Fluoxetine is a selective serotonin reuptake inhibitor that blocks the transporters that remove
serotonin from the neuronal cleft into the presynaptic space for metabolism by monoamine
oxidase or storage in granules. It reduces food intake. Fluoxetine is approved by the FDA
for treatment of depression.

Fluoxetine results in short-term weight loss in the first 6 months of treatment, but in the
next 6 months usually 50% of the weight lost is regained. Therefore, fluoxetine is an inap-
propriate choice for chronic treatment. Modest reductions in weight are observed with flu-
oxetine, with a placebo-substracted weight loss of approximately 5-6 kg at 1 year. A few
studies have been performed in diabetic subjects [71-75]. Placebo-substracted weight loss
ranged between 1.8 and 8.0 kg. Fluoxetine also produces a significant decrease in HbAlc
levels, ranging between —0.8% and —1.8% unit reduction. No data on lipid levels or BP have
been reported. Side-effects commonly reported with the use of fluoxetine include tremor,
somnolence, and sweating.

Combination therapy

Combination therapy with sibutramine and orlistat did not influence weight loss as com-
pared to either agent alone [76, 77]. The combination of phentermine and fenfluramine, two
agents that act by separate mechanisms, showed a highly significant weight loss of nearly
15%, but due to reports of aortic valvular regurgitation associated with fenfluramine, this
drug was withdrawn from the market worldwide in 1997 [78]. No studies are available in
patients with diabetes.

ANTIDIABETIC AGENTS THAT PRODUCE WEIGHT LOSS

Metformin

Several studies have reported beneficial effects of metformin on insulin resistance, metabolic
parameters and weight loss in obese subjects with type 2 diabetes [79, 80]. Evidence for a
modest satiety-promoting effect of metformin has been noted. Metformin has also been
shown to significantly increase GLP-1 levels after an oral glucose load [81].

A randomized prospective clinical trial in obese type 2 diabetic patients that were not
treated with antidiabetic agents examined the efficacy of sibutramine (2 x 10 mg/d) ver-
sus orlistat (3 x 120 mg/d) versus metformin over a 6-month treatment period [82]. At 6
months, all treatment groups experienced significant reductions in BMI: -13.6% with
sibutramine, —9.1% with orlistat and —9.9% with metformin. BP, lipid profile and fasting
and postprandial glucose levels also improved in all three groups. A limitation of this
study was the lack of a placebo group. The DPP, studying subjects with IGT, showed a
2.1 kg weight loss and a 31% decrease in the incidence of diabetes with metformin use.
Also, the incidence of the metabolic syndrome was reduced by 17% in the metformin
group [15].

Acarbose
Acarbose is an a-glucosidase inhibitor, an antihyperglycaemic agent that reduces postpran-
dial glucose excursions by delaying and reducing carbohydrate absorption. Acarbose binds
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with high affinity and specificity to a-glucosidases found in the brush border of the small
intestine. These enzymes are responsible for the hydrolysis of complex carbohydrates (starch
and oligosaccharides) to absorbable simple sugars (monosaccharides such as glucose).
Acarbose may also increase GLP-1 levels [83].

In the STOP-NIDDM study, performed in 1429 overweight and obese subjects with IGT,
the risk of progression to type 2 diabetes over 3.3 years was reduced by 25% (32% in the
acarbose group and 42% in the placebo group) [17]. Furthermore, acarbose increased the
likelihood that IGT reverted to normal glucose tolerance. The study also demonstrated that
acarbose was associated with a mean weight loss of —1.15 kg compared with 0.26 kg weight
gain in the placebo group at 3 years. Acarbose significantly reduced weight, waist circum-
ference, BMI, systolic and diastolic blood pressure, 2-h plasma glucose levels and triglycer-
ides compared with placebo. Acarbose treatment was associated with a 34% relative risk
reduction in the incidence of hypertension, and a 49% relative risk reduction in the devel-
opment of cardiovascular events [18]. A meta-analysis of seven long-term studies of acar-
bose in type 2 diabetes found that treatment with acarbose led to a small but significant
weight loss (=1.1 kg) compared with placebo, improvements in glycaemic control, triglyc-
eride levels, and systolic blood pressure [84]. In addition, a 64% relative risk reduction for
myocardial infarction was achieved with acarbose use [84]. When one realizes that CVD is
the leading cause of mortality among patients with type 2 diabetes, accounting for 40-50%
of all deaths, and that the mortality risk for cardio- and cerebrovascular disease is 2- to
10-fold higher than in the non-diabetic population, the above-mentioned findings are very
important.

Side-effects reported with the use of acarbose include flatulence, diarrhoea and abdom-
inal pain. Acarbose is poorly absorbed into the bloodstream, and has a low systemic avail-
ability of less than 2%. As a result, the risk of any toxic reaction is very low.

Exenatide

Exenatide is a new injectable treatment for type 2 diabetes. It is a synthetic agonist of recep-
tors of GLP-1, that is resistant to the rapid inactivation by dipeptidyl peptidase-4 (DPP-4)
and acts as an incretin mimetic. GLP-1 is an incretin hormone that is released by the entero-
endocrine L-cells of the ileum and colon in response to meal intake and that helps to main-
tain glucose homeostasis. It stimulates insulin release from pancreatic B-cells and inhibits
glucagon output from the a-cells in a glucose-dependent manner. Biological effects of GLP-1
include slowing gastric emptying and decreasing appetite.

Exenatide lowers haemoglobin Alc levels, and postprandial glucose excursions, without
being directly responsible for hypoglycaemia. This novel incretin-mimetic offers the poten-
tial to reduce body weight or prevent weight gain that is typically associated with improved
metabolic control. In a meta-analysis, the HbAlc decreased on average by 1% unit and
weight decreased by 1.4 kg [85]. In two longer-term observational studies, the weight loss
achieved with the use of exenatide was 5.3 kg at 3 years [86, 87]. However, the durability of
these effects and the potential long-term benefits remain to be proven. In addition, nearly
40% of patients in clinical studies reported gastrointestinal side-effects, mainly nausea,
although only 4% had to stop their treatment due to side-effects [88].

Pramlintide

Pramlintide is a synthetic analogue of amylin, a pancreatic islet cell hormone colocalized
within the B-cells and co-secreted with insulin. Amylin complements the influence of
insulin on the regulation of the postprandial glucose excursions, contributes to the sup-
pression of glucagon secretion, and slows down gastric emptying. Due to the B-cell dys-
function that occurs in the progression of type 2 diabetes, amylin availability may be
compromised [89]. Administration of pramlintide in patients with type 2 diabetes has
significantly improved postprandial glycaemia [90-92], abated hyperglucagonaemia [93],
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and decreased the rate of gastric emptying [94]. This compound may also decrease 24-h
caloric intake and binge eating [95]. Studies with longer treatment periods found even
greater weight losses, significant reductions in waist circumference, improvements in
appetite control [96-98] and a proportionate decline in daily insulin requirements [96].
Patients with a BMI >40 kg/m? or those treated with metformin experienced the greatest
reduction in body weight [96].

In a 52-week, double-blind, placebo-controlled, parallel-group, multicentre study,
656 patients with type 2 diabetes treated with insulin, were randomized to receive addi-
tional preprandial subcutaneous injections of either placebo or pramlintide (60 pg t.i.d.,
90 pg b.i.d., or 120 pg b.i.d.). Treatment with pramlintide 120 pg b.i.d. led to a sustained
reduction from baseline in HbAlc (-0.6%) and a weight loss of —1.4 kg [99]. In a study of 651
subjects with type 1 diabetes randomized to placebo or subcutaneous pramlintide, 60 ng
three or four times a day along with an insulin injection, HbAlc decreased 0.29% to 0.34%,
respectively. Weight decreased by 0.4 kg in the pramlintide group, compared to a weight
gain of 0.8 kg in the placebo group [100]. In a pooled analysis of two 1-year studies in
insulin-treated type 2 diabetic patients randomized to pramlintide 120 pg twice a day or
150 pg three times a day, weight decreased by —2.6 kg and HbAlc by —0.5% [101]. The
improvement in diabetes correlated with the weight loss. The most common side-effect was
nausea, which was present in 25% of individuals but was mild and confined to the first 4
weeks of treatment. In another pooled post hoc analysis of two trials in overweight type 2
diabetic subjects randomized to pramlintide 120 pg b.i.d. or placebo, pramlintide treatment
resulted in significant reductions from baseline to week 26 in HbAlc and weight, for pla-
cebo-corrected reductions of —0.4% and —1.8 kg, respectively [96]. The potential of pramlin-
tide as an anti-obesity agent was assessed in a 16-week randomized, placebo-controlled
study in 204 obese subjects. Individuals completing 16 weeks of pramlintide treatment
(maximum of 240 pg daily) experienced placebo-corrected reductions in body weight of
3.6 kg, and waist circumference of 3.6 cm. Appetite control and overall well-being improved
significantly more in pramlintide-treated subjects [97].

Liraglutide
Liraglutide is a human GLP-1 analogue with 97% homology to native GLP-1. The addition
of a fatty acid side chain and a single amino acid substitution produces self-association of
the molecule that prolongs absorption from the subcutaneous depot. The fatty acid side
chain also promotes albumin binding that renders the molecule resistant to degradation by
DPP-4. The resultant plasma half-life of liraglutide is 13 h. The pharmacokinetic profile
makes liraglutide suitable for once-daily injection, in contrast to exenatide, which needs to
be administered twice a day.

Depending upon dose, duration of treatment and concomitant therapy, type 2 diabetic
patients receiving liraglutide had mean reductions in HbAlc of 0.8-1.5%, and reductions in
body weight of 1.2 to 3.0 kg [102-104]. Nausea was reported by 10-20% of patients.

NEW AND FUTURE TREATMENT OPTIONS

Leptin

Leptin is an adipocytokine that acts on the gp130 family of cytokine receptors in the hypo-
thalamus to activate the Janus kinase signal transduction and translation system (JAK-
STAT). The lack of leptin, a hormone derived from the adipocyte, causes massive overweight.
The discovery of leptin generated hope that leptin administration would be an effective
treatment for obesity. In one study, obese subjects were treated with 0.3 mg/kg leptin sub-
cutaneously for 24 weeks. They lost circa 7 kg of body weight [105]. However, pegylated
leptin at 20 and 60 mg/week in obese individuals over 8-12 weeks did not produce more
weight loss than placebo [106].
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Tesofensine

Tesofensine is an inhibitor of the presynaptic uptake of noradrenaline, dopamine, and sero-
tonin. In a 24-week phase II, randomized, double-blind, placebo-controlled trial of 203 obese
subjects, tesofensine 0.25 mg, 0.5 mg and 1 mg produced a mean weight loss of 4.5%, 9.2%,
and 10.6% respectively, greater than diet and placebo [107]. The most common adverse
effects caused by tesofensine were dry mouth, nausea, constipation, hard stools, diarrhoea
and insomnia. There was no significant increase in systolic or diastolic blood pressure, but
heart rate was increased by 7.4 beats per minute in the tesofensine 0.5 mg group. The effi-
cacy still needs to be validated in phase III and IV studies, and in diabetic patients.

SUMMARY

Weight loss induced by currently available anti-obesity drugs is only modest, reaching
5-10% of initial body weight. The average weight loss is 3-5% greater in the drug-treated
than in the control group. However, combination therapy might be more efficacious. Special
attention should then be paid to the potential drug interaction and safety.

It has been consistently shown that obese subjects with type 2 diabetes have greater dif-
ficulty in achieving and maintaining weight loss than matched non-diabetic overweight
subjects [12, 26], probably because of the underlying disease state or because medications
used to treat diabetes tend to increase weight. Weight loss may be especially difficult for
those patients receiving sulphonylurea, glinides, thiazolidinediones or insulin. Type 2 dia-
betes requires a holistic approach, including weight reduction, glycaemic control, and ade-
quate treatment of dyslipidaemia and hypertension.

Treatment of a patient with a particular anti-obesity agent should respect its licensed
indications and contraindications; sibutramine should not be used in patients with uncon-
trolled hypertension; orlistat should not be administered to patients with cholestasis; and
centrally-acting agents should not be prescribed in patients with a history of depression.
Anti-obesity agents should also only be used in patients with an adequate response to the
initial phase of treatment over a 1.5- to 3-month period. Non-responders lose less than
1-2 kg after 6 weeks of treatment.

Other important points to be aware of include:

Nearly all studies performed with anti-obesity agents received funding from the drug
manufacturers.

Two-thirds of participants were women.

About 90% of participants were white.

Mean age was 45-50 years.

Mean weight was 100 kg.

Mean BMI was 35-36 kg/m? [22].

Attrition rates were high in obesity studies, averaging 30% for orlistat studies and 40%
for sibutramine and rimonabant studies, which compromises the validity of the
results.

For all the above-mentioned reasons, extrapolation of the results of clinical trials to regu-
lar clinical practice must be done with caution. Effects of anti-obesity agents on surrogate
endpoints such as lipids, glucose tolerance and BP (except for sibutramine) are positive.
However, so far no data on mortality or cardiovascular morbidity are available.

Current anti-obesity agents are costly, ranging between 45-80 Euro for 28 days’ treatment.

In the absence of data showing that one particular drug is more effective than another,
initial pharmacotherapy can be guided by physician and patient preference, local drug costs
and availability.

Future goals for the drug treatment of obesity include:
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1. Evaluation of predictors of drug-induced weight loss and its maintenance, which
include metabolic, nutritional, psychobehavioural and genetic factors.

2. Primary drug effects on health risks.

Efficacy and safety of combined drug treatment.

Anti-obesity drugs in children, adolescents and elderly patients.

W

Since the prevalence of obesity continues to increase, reaching epidemic proportions, the
need for effective and safe anti-obesity agents that produce and maintain weight loss and
improve morbidity and mortality is evident.

CONCLUSION

Cardiovascular risk factors, including hypertension, dyslipidaemia, and hyperglycaemia
commonly cluster, particularly in subjects with type 2 diabetes and abdominal obesity.
Obesity and type 2 diabetes significantly affect quality of life and reduce average life expect-
ancy. Excess body weight is the most modifiable risk factor for type 2 diabetes and it is
estimated that up to 90% of all type 2 diabetic patients are overweight or obese. Intentional
weight loss has proven to reduce cardiovascular risk factors in type 2 diabetic subjects and
slows progression of (prevents?) diabetes mellitus in subjects with IGT.

Even modest pharmacologically facilitated weight loss (5-10%) produces important
metabolic benefits, including improving glucose metabolism, and reducing LDL-cholesterol
and BP. Anti-obesity agents reduce HbAlc levels on average by 0.5%. This decrease should
result in reduced risk of vascular complications.

Anti-obesity treatment should be individually tailored according to the following criteria:
sex, age, the degree of obesity, individual health risks, psycho-behavioural and metabolic
characteristics, and the outcome of previous weight loss attempts [108]. The patient can best
be treated in a centre of excellence where a multidisciplinary team including an expert
endocrinologist, dietician, psychiatrist, exercise physiologist and experienced surgeon pro-
vide comprehensive programmes for the treatment of obesity based upon evidence-based
medicine [108].

REFERENCES

1. James PT, Rigby N, Leach R. International Obesity Task Force. The obesity epidemic, metabolic
syndrome and future prevention strategies. Eur | Cardiovasc Prev Rehabil 2004; 11:3-8.

2. Mokdad AH, Ford ES, Bowman BA. Diabetes trends in the U.S. Diabetes Care 2000; 23:1278-1283.

3. Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular disease. Nature
2006; 444:875-880.

4. Adams KF, Schatzkin A, Harris TB ef al. Overweight, obesity, and mortality in a large prospective
cohort of persons 50 to 71 years old. N Engl ] Med 2006; 355:763-778.

5. Haffner SM, Letho S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary heart disease in
subjects with type 2 diabetes and in nondiabetic subjects with and without prior myocardial infarction.
N Engl ] Med 1998; 339:229-234.

6. The DECODE study group on behalf of the European Diabetes Epidemiology Group. Glucose
tolerance and mortality: comparison of WHO and American Diabetes Association diagnostic criteria.
Lancet 1999; 354:617-621.

7. Booth Gl, Kapral MK, Fung K, Tu JV. Relation between age and cardiovascular disease in men and
women with diabetes compared with non-diabetic people: a population-based retrospective cohort
study. Lancet 2006; 368:29-36.

8. Wing RR, Koeske R, Epstein LH, Nowalk MP, Gooding W, Becker D. Long-term effects of modest
weight loss in type II diabetic patients. Arch Intern Med 1987; 147:1749-1753.

9. Eckel RH. Nonsurgical management of obesity in adults. N Engl ] Med 2008; 358:1941-1950.

10. Van Gaal LF, Wauters MA, De Leeuw IH. The beneficial effects of modest weight loss on
cardiovascular risk factors. Int | Obes Relat Metab Disord 1997; 21:55-S9.



Does pharmacotherapy have a place in weight management of patients with diabetes? 67

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Mertens IL, Van Gaal LE. Overweight, obesity, and blood pressure: the effects of modest weight
reduction. Obes Res 2000; 8:270-278.

Wing RR, Marcus MD, Epstein LH, Salata R. Type II diabetic subjects lose less weight than their
overweight nondiabetic spouses. Diabetes Care 1987; 10:563-566.

Tuomilehto J, Lindstro J, Eriksson JG et al, for the Finnish Diabetes Prevention Study Group.
Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose
tolerance. N Engl | Med 2001; 344:1343-1350.

Linderstrom J, Ilanne-Perikka P, Peltonen M et al. Sustained reduction in the incidence of type 2
diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention Study. Lancet 2006;
368:1673-1679.

Knowler WC, Barrett-Connor E, Fowler SE et al, for the Diabetes Prevention Program Research Group.
Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl | Med
2002; 346:393-403.

Pan XR, Li GW, Hu YH et al. Effects of diet and exercise in preventing NIDDM in people with
impaired glucose tolerance: the Da Qing IGT and Diabetes Study. Diabetes Care 1997; 20:537-544.
Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. STOP-NIDDM Trial Research
Group. Acarbose for the prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial.
Lancet 2002; 359:2072-2077.

Chiasson JL, Josse RG, Gomis R ef al. Acarbose treatment and the risk of cardiovascular disease and
hypertension in patients with impaired glucose tolerance: the STOP-NIDDM trial. JAMA 2003;
290:486-494.

Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the prevention of diabetes in obese
subjects (XENDOS) study: a randomized study of orlistat as an adjunct to lifestyle changes for the
prevention of type 2 diabetes in obese patients. Diabetes Care 2004; 27:155-161.

Torp-Pedersen C, Caterson I, Coutinho W ef al. SCOUT Investigators. Cardiovascular responses to
weight management and sibutramine in high-risk subjects: an analysis from the SCOUT trial. Eur
Heart ] 2007; 28:2915-2923.

Padwal R, Li SK, Lau DC. Long-term pharmacotherapy for obesity and overweight. Cochrane Database
Syst Rev 2004: CD004094.

Rucker D, Padwal R, Li SK, Curioni C, Lau DC. Long term pharmacotherapy for obesity and
overweight: updated meta-analysis. BMJ 2007; 335:1194-1199.

Muls E, Kolanowski ], Scheen A, Van Gaal L, ObelHyx Study Group. The effects of orlistat on weight
and on serum lipids in obese patients with hypercholesterolemia: a randomized, double-blind,
placebo-controlled, multicentre study. Int | Obes Relat Metab Disord 2001; 25:1713-1721.

Didangelos TP, Thanapoulou AK, Bousboulas SH et al. The ORLIstat and CARdiovascular risk profile
in patients with the metabolic syndrome and type 2 DIAbetes (ORLICARDIA) study. Curr Med Res
Opin 2004; 20:1393-1401.

Hollander PA, Elbein SC, Hirsch IB et al. Role of orlistat in the treatment of obese patients with type 2
diabetes: a 1-year randomized double-blind study. Diabetes Care 1998; 21:1288-1294.

Lindgérde F, on behalf of the Orlistat Swedish Multimorbidity Study Group. The effect of orlistat on
body weight and coronary heart disease risk profile in obese patients: the Swedish Multimorbidity
Study. | Intern Med 2000; 248:245-254.

Kelley DE, Bray GA, Pi-Sunyer FX ef al. Clinical efficacy of orlistat therapy for overweight and obese
patients with insulin-treated type 2 diabetes: a 1-year randomized controlled trial. Diabetes Care 2002;
25:1033-1041.

Miles JM, Leiter L, Hollander P et al. Effect of orlistat in overweight and obese patients with type 2
diabetes treated with metformin. Diabetes Care 2002; 25:1123-1128.

Hanefeld M, Sachse G. The effects of orlistat on body weight and glycaemic control in overweight
patients with type 2 diabetes: a randomized, placebo-controlled trial. Diabetes Obes Metab 2002; 4:415-423.
Halpern A, Mancini MC, Suplicy H et al. Latin-American trial of orlistat for weight loss and
improvement in glycaemic profile in obese diabetic patients. Diabetes Obes Metab 2003; 5:180-188.
Berne C, on behalf of the Orlistat Swedish Type 2 Diabetes Study Group. A randomized study of
orlistat in combination with a weight management programme in obese patients with Type 2 diabetes
treated with metformin. Diabet Med 2005; 22:612-618.

Shi YF, Pan CY, Hill ], Gao Y. Orlistat in the treatment of overweight or obese Chinese patients with
newly diagnosed type 2 diabetes. Diabet Med 2005; 22:1737-1743.



68

33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.

46.
47.

48.

49.

50.
51.
52.
53.

54.

55.

56.

57.

Clinical Challenges in Diabetes

Kuo CS, Pei D, Yao CY, Hsieh MC, Kuo SW. Effect of orlistat in overweight poorly controlled Chinese
female type 2 diabetic patients: a randomised, double-blind, placebo-controlled study. Int | Clin Pract
2006; 60:906-910.

Heymsfield SB, Segal KR, Hauptman ] et al. Effects of weight loss with orlistat on glucose tolerance
and progression to type 2 diabetes in obese adults. Arch Intern Med 2000; 160:1321-1326.

Chanoine JP, Hampl S, Jensen C, Boldrin M, Hauptman J. Effect of orlistat on weight and body
composition in obese adolescents: a randomized controlled trial. JAMA 2005; 293:2873-2883.

Bray GA. Lifestyle and pharmacological approaches to weight loss: efficacy and safety. | Clin
Endocrinol Metab 2008; 93:581-S88.

Van Gaal L, Bray GA. Drugs that modify fat absorption and alter metabolism. In: Bray GA, Bouchard
C (eds). Handbook of Obesity. Marcel Dekker, New York, 2004.

Mancini MC, Halpern A. Orlistat in the prevention of diabetes in the obese patient. Vasc Health Risk
Manag 2008; 4:325-336.

Kelley DE, Kuller LH, McKolanis TM et al. Effects of moderate weight loss and orlistat on insulin
resistance, regional adiposity, and fatty acids in type 2 diabetes. Diabetes Care 2004; 27:33-40.

Tan K, Tso A, Tam S et al. Acute effect of orlistat on post-prandial lipaemia and free fatty acids in
overweight patients with type 2 diabetes. Diabet Med 2002; 19:944-948.

Randle PJ, Garland PB, Hales CN et al. The glucose fatty-acid cycle. Its role in insulin sensitivity and
the metabolic disturbances of diabetes mellitus. Lancet 1963; 13:785-789.

Cnop M. Fatty acids and glucolipotoxicity in the pathogenesis of type 2 diabetes. Biochem Soc Trans
2008; 36:348-352.

Damci T, Yalin S, Balci H et al. Orlistat augments postprandial increases in glucagon-like peptide-1 in
obese type 2 diabetic patients. Diabetes Care 2004; 27:1077-1080.

Hsieh CJ, Wang PW, Liu RT ef al. Orlistat for obesity: benefits beyond weight loss. Diabetes Res Clin
Pract 2005; 67:78-83.

Samuelsson L, Gottsater A, Lindgéarde F. Decreasing levels of tumour necrosis factor alpha and
interleukin 6 during lowering of body mass index with orlistat or placebo in obese subjects with
cardiovascular risk factors. Diabetes Obes Metab 2003; 5:195-201.

Padwal RS, Majumdar SR. Drug treatments for obesity: orlistat, sibutramine, and rimonabant. Lancet
2007; 369:71-77.

Hung Y], Chen YC, Pei D et al. Sibutramine improves insulin sensitivity without alteration of serum
adiponectin in obese subjects with type 2 diabetes. Diabet Med 2005; 22:1024-1030.

Finer N, Bloom SR, Frost GS, Banks LM, Griffiths ]. Sibutramine is effective for weight loss and
diabetic control in obesity with type 2 diabetes: a randomized, double-blind, placebo-controlled study.
Diabetes Obes Metab 2000; 2:105-112.

Fujioka K, Seaton TB, Rowe E et al. Weight loss with sibutramine improves glycaemic control and
other metabolic parameters in obese patients with type 2 diabetes mellitus. Diabetes Obes Metab 2000;
2:175-187.

Gokcel A, Karakose H, Ertorer EM, Tanaci N, Tutuncu NB, Guvener N. Effects of sibutramine in obese
female subjects with type 2 diabetes and poor blood glucose control. Diabetes Care 2001; 24:1957-1960.
Serrano-Rios M, Melchionda N, Moreno-Carretero E. Role of sibutramine in the treatment of obese
type 2 diabetic subjects receiving sulphonylurea therapy. Diabet Med 2002; 19:119-124.

McNulty SJ, Ur E, Williams G. A randomized trial of sibutramine in the management of obese type 2
diabetic subjects treated with metformin. Diabetes Care 2003; 26:125-131.

Redmon JB, Raatz SK, Reck KP ef al. One-year outcome of a combination of weight loss therapies for
subjects with type 2 diabetes. Diabetes Care 2003; 26:2505-2511.

Kaukua JK, Pekkarinen TA, Rissanen AM. Health-related quality of life in a randomised placebo-
controlled trial of sibutramine in obese patients with type II diabetes. Int ] Obes Relat Metab Disord
2004; 28:600-605.

Sanchez-Reyes L, Fangh G, Yamamoto J, Martinez-Rivas LN, Campos-Franco E, Berber A. Use of
sibutramine in overweight Hispanic patients with type 2 diabets mellitus: a 12-month, randomized,
double-blind, placebo-controlled clinical trial. Clin Ther 2004; 26:1427-1435.

Redmon JB, Reck KP, Raatz SK et al. Two-year outcome of a combination of weight loss therapies for
type 2 diabetes. Diabetes Care 2005; 28:1311-1315.

Wang TE, Pei D, Li JC et al. Effects of sibutramine in overweight, poorly controlled Chinese female
type 2 diabetic patients: a randomised, double-blind, placebo-controlled study. Int | Clin Pract 2005;
59:746-750.



Does pharmacotherapy have a place in weight management of patients with diabetes? 69

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Derosa G, D’Angelo A, Salvadeo SAT et al. Sibutramine effect on metabolic control of obese patients
with type 2 diabetes mellitus treated with pioglitazone. Metabolism 2008; 57:1552-1557.

Norris SL, Zhangs X, Avenell A et al. Efficacy of pharmacotherapy for weight loss in adults with type 2
diabetes mellitus: a meta-analysis. Arch Intern Med 2004; 164:1395-1404.

Vettor R, Serra R, Fabris R, Pagano C, Federspil G. Effect of sibutramine on weight management and
metabolic control in type 2 diabetes: a meta-analysis of clinical studies. Diabetes Care 2005; 28:942-949.
UK Prospective Diabetes Study Group: Tight blood pressure and risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS 38. BM] 1998; 317:703-713.

Matias I, Gonthier MP, Orlando P et al. Regulation, function, and dysregulation of endocannabinoids
in models of adipose and B-pancreatic cells and in obesity and hyperglycaemia. | Clin Endocrinol Metab
2006; 91:3171-3180.

Van Gaal LF, Rissanen AM, Scheen AJ et al. Effects of the cannabinoid-1 receptor blocker rimonabant
on weight reduction and cardiovascular risk factors in overweight patients: 1-year experience from the
RIO-Europe study. Lancet 2005; 365:1389-1397.

Pi-Sunyer FX, Aronne L], Heshmati HM et al. Effect of rimonabant, a cannabinoid-1 receptor blocker,
on weight and cardiometabolic risk factors in overweight or obese patients: RIO-North America: a
randomized controlled trial. JAMA 2006; 295:761-775.

Després JP, Golay A, Sjostrom L. Effects of rimonabant on metabolic risk factors in overweight patients
with dyslipidemia. N Engl ] Med 2005; 353:2121-2134.

Scheen A]J, Finer N, Hollander P, Jensen MD, Van Gaal LF, for the RIO-Diabetes Study Group. Efficacy
and tolerability of rimonabant in overweight or obese patients with type 2 diabetes: a randomised
controlled study. Lancet 2006; 368:1660-1672.

Stratton IM, Adler AI, Neil HA et al. Association of glycaemia with macrovascular and
microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study. BM]
2000; 321:405-412.

Rosenstock ], Hollander P, Chevalier S, Iranmanesh A, for the SERENADE Study Group. SERENADE:
The study evaluating rimonabant efficacy in drug-naive diabetic patients. Effects of monotherapy with
rimonabant, the first selective CB1-receptor antagonist, on glycemic control, body weight, and lipid
profile in drug-naive type 2 diabetes. Diabetes Care 2008; 31:2169-2176.

Christensen R, Kristensen PK, Bartels EM, Bliddal H, Astrup A. Efficacy and safety of the weight-loss
drug rimonabant: a meta-analysis of randomised trials. Lancet 2007; 370:1706-1713.

Van Gaal L, Pi-Sunyer X, Després JP, McCarthy C, Scheen A. Efficacy and safety of rimonabant for
improvement of multiple cardiometabolic risk factors in overweight/obese patients: pooled 1-year
data from the Rimonabant in Obesity (RIO) program. Diabetes Care 2008; 31:5229-5240.

Kutnowski M, Daubresse JC, Friedman H et al. Fluoxetine therapy in obese diabetic and glucose
intolerant patients. Int | Obes Relat Metab Disord 1992; 16(suppl 4):563-566.

Gray DS, Fujioka K, Devine W, Bray GA. A randomized double-blind clinical trial of fluoxetine in
obese diabetics. Int | Obes Relat Metab Disord 1992; 16:567-572.

O’Kane M, Wiles PG, Wales JK. Fluoxetine in the treatment of obese type 2 diabetic patients. Diabet
Med 1994; 11:105-110.

Connolly VM, Gallagher A, Kesson CM. A study of fluoxetine in obese elderly patients with type 2
diabetes. Diabet Med 1995; 12:416-418.

Daubresse JC, Kolanowski J, Krzentowski G, Kutnowski M, Scheen A, Van Gaal L. Usefulness of
fluoxetine in obese non-insulin-dependent diabetics: a multi-center study. Obes Res 1996; 4:391-396.
Sari R, Balci MK, Cakir M, Altunbas H, Karayalcin U. Comparison of efficacy of sibutramine or orlistat
versus their combination in obese women. Endocr Res 2004; 30:159-167.

Wadden TA, Berkowitz RI, Womble LG et al. Effects of sibutramine plus orlistat in obese women
following 1 year of treatment by sibutramine alone: a placebo-controlled trial. Obes Res 2000; 8:431-437.
Connolly HM, Crary JL, McGoon MD et al. Valvular heart disease associated with fenfluramine-
phentermine. N Engl | Med 1997; 337:581-588.

Després JP. Potential contribution of metformin to the management of cardiovascular disease risk in
patients with abdominal obesity, the metabolic syndrome and type 2 diabetes. Diabetes Metab 2003;
29:6553-6561.

Lee M, Aronne L]. Weight management for type 2 diabetes mellitus: global cardiovascular risk
reduction. Am | Cardiol 2007; 99:68B-79B.

Mannucci E, Ognibene A, Cremasco F ef al. Effect of metformin on glucagon-like peptide 1 (GLP-1)
and leptin levels in obese nondiabetic subjects. Diabetes Care 2001; 24:489-494.



70 Clinical Challenges in Diabetes

82. Gokcel A, Gumurdulu Y, Karakose H et al. Evaluation of the safety and efficacy of sibutramine,
orlistat, and metformin in the treatment of obesity. Diabetes Obes Metab 2002; 4:49-55.

83. Qualmann C, Nauck MA, Holst JJ, Orskov C, Creutzfeldt W. Glucagon-like peptide-1 (7-36 amide)
secretion in response to luminal sucrose from the upper and lower gut. A study using alpha-
glucosidase inhibition (acarbose). Scand | Gastroenterol 1995; 30:892-896.

84. Hanefeld M, Cagatay M, Petrowitsch T, Neuser D, Petzinna D, Rupp M. Acarbose reduces the risk for
myocardial infarction in type 2 diabetic patients: meta-analysis of seven long-term studies. Eur Heart |
2004; 25:10-16.

85. Amori RE, Lau J, Pittas AG. Efficacy and safety of incretin therapy in type 2 diabetes: systematic
review and meta-analysis. JAMA 2007; 298:194-206.

86. Klonoff DC, Buse JB, Nielsen LL et al. Exenatide effects on diabetes, obesity, cardiovascular risk factors
and hepatic biomarkers in patients with type 2 diabetes treated for at least 3 years. Curr Med Res Opin
2008; 24:275-286.

87. Ratner RE, Maggs D, Nielsen LL et al. Long-term effects of exenatide therapy over 82 weeks on
glycaemic control and weight in over-weight metformin-treated patients with type 2 diabetes mellitus.
Diabetes Obes Metab 2006; 8:419-428.

88. Van Gaal LF, Gutkin SW, Nauck MA. Exploiting the antidiabetic properties of incretins to treat type 2
diabetes mellitus: glucagon-like peptide 1 receptor agonists or insulin for patients with inadequate
glycemic control. Eur | Endocrinol 2008; 158:773-784.

89. Hays NP, Galassetti PR, Coker RH. Prevention and treatment of type 2 diabetes: current role of
lifestyle, natural product, and pharmacological interventions. Pharmacol Therap 2008; 118:181-191.

90. Weyer C, Maggs DG, Young AA, Kolterman OG. Amylin replacement with pramlintide as an adjunct
to insulin therapy in type 1 and type 2 diabetes mellitus: a physiological approach toward improved
metabolic control. Curr Pharm Des 2001; 7:1353-1373.

91. Buse JB, Weyer C, Maggs DG. Amylin replacement with pramlintide in type 1 and type 2 diabetes: a
physiological approach to overcome barriers with insulin therapy. Clin Diabetes 2002; 20:137-144.

92. Edelman SV, Weyer C. Unresolved challenges with insulin therapy in type 1 and type 2 diabetes: a
potential benefit of replacing amylin, a second B-cell hormone. Diabetes Technol Ther 2002; 4:175-189.

93. Fineman M, Weyer C, Maggs DG, Strobel S, Kolterman OG. The human amylin analog, pramlintide,
reduces postprandial hyperglucagonemia in patients with type 2 diabetes mellitus. Horm Metab Res
2002; 34:504-508.

94. Vella A, Lee ]S, Camilleri M et al. Effects of pramlintide, an amylin analogue, on gastric emptying in
type 1 and type 2 diabetes mellitus. Neurogastroentrol Motil 2002; 14:123-131.

95. Smith SR, Blundell JE, Burns C et al. Pramlintide treatment reduces 24-h caloric intake and meal sizes
and improves control of eating in obese subjects: a 6 week translational study. Am | Physiol Endocrinol
Metab 2007; 293:E620-E627.

96. Hollander P, Maggs DG, Ruggles JA et al. Effect of pramlintide on weight in overweight and obese
insulin-treated type 2 diabetes patients. Obes Res 2004; 12:661-668.

97. Aronne L, Fujioka K, Aroda V et al. Progressive reduction in body weight after treatment with the
amylin analog pramlintide in obese subjects: a phase 2, randomized, placebo-controlled, dose-
escalation study. | Clin Endocrinol Metab 2007; 92:2977-2983.

98. Chapman I, Parker B, Doran S ef al. Effect of pramlintide on satiety and food intake in obese subjects
and subjects with type 2 diabetes. Diabetologia 2005; 48:838-848.

99. Hollander PA, Levy P, Fineman MS ef al. Pramlintide as an adjunct to insulin therapy improves long-
term glycemic and weight control in patients with type 2 diabetes. A 1-year randomized controlled
trial. Diabetes Care 2003; 26:784-790.

100. Ratner RE, Dickey R, Fineman M et al. Amylin replacement with pramlintide as an adjunct to insulin
therapy improves long-term glycaemic and weight control in type 1 diabetes mellitus: a 1-year,
randomized controlled trial. Diabet Med 2004; 21:1204-1212.

101. Maggs D, Shen L, Strobel S, Brown D, Kolterman O, Weyer C. Effect of pramlintide on Alc and body
weight in insulin-treated African Americans and Hispanics with type 2 diabetes: a pooled post-hoc
analysis. Metabolism 2003; 52:1638-1642.

102. Nauck M, Frid A, Hermansen K et al. Efficacy and safety comparison of liraglutide, glimepiride, and
placebo, all in combination with metformin, in type 2 diabetes: the LEAD (liraglutide effect and action
in diabetes)-2 study. Diabetes Care 2009; 32:84-90.



Does pharmacotherapy have a place in weight management of patients with diabetes? 71

103.

104.

105.

106.

107.

108.

Garber A, Henry R, Ratner R et al. Liraglutide versus glimepiride monotherapy for type 2 diabetes
(LEAD-3 Mono): a randomised, 52-week, phase III, double-blind, parallel-treatment trial. Lancet 2009;
373:473-481.

Visbell T, Zdravkovic M, Le-Thi T et al. Liraglutide, a long-acting human glucagon-like peptide-1
analog, given as monotherapy significantly improves glycemic control and lowers body weight
without risk of hypoglycemia in patients with type 2 diabetes. Diabetes Care 2007; 30:1608-1610.
Heymsfield SB, Greenberg AS, Fujioka K et al. Recombinant leptin for weight loss in obese and lean
adults: a randomized, controlled, dose-escalation trial. JAMA 1999; 282:1568-1575.

Hukshorn CJ, Westerterp-Plantenga MS, Saris WH. Pegylated human recombinant leptin (PEG-OB)
causes additional weight loss in severely energy-restricted, overweight men. Am | Clin Nutr 2003;
77:771-776.

Astrup A, Madsbad S, Breum L, Jensen TJ, Kroustrup JP, Larsen TM. Effect of tesofensine on body
weight loss, body composition, and quality of life in obese patients: a randomised, double-blind,
placebo-controlled trial. Lancet 2008; 372:1906-1913.

Hainer V, Toplak H, Mitrakou A. Treatment modalities of obesity. What fits whom? Diabetes Care 2008;
31:5269-5277.



6

What should be the second-line therapy after
metformin in the overweight type 2 diabetic
patient?

B. Gallwitz

BACKGROUND

Type 2 diabetes is a progressive disease that requires an escalation of therapeutic efforts over
time as metabolic control deteriorates [1]. Metformin is considered to be the first-line drug
due to its efficacy, its effect on insulin resistance, its weight neutrality, its pharmacological
profile and the lack of risk for causing hypoglycaemia. In the UK Prospective Diabetes Study
(UKPDS) patients treated with metformin had a very favourable outcome [2]. On the basis
of these data and decades-long clinical experience with metformin, this drug was imple-
mented in most guidelines for the treatment of type 2 diabetes as the first-line drug. In a
joint recommendation for the treatment of type 2 diabetes by the American Diabetes
Association (ADA) and the European Association for the Study of Diabetes (EASD) [3, 4], as
well as the evidence-based treatment guidelines of the German Diabetes Association [5],
metformin was proposed as the first-line drug. After this initial step of pharmacological
monotherapy, the escalation of antidiabetic treatment has many options for second-line
combinations. These are depicted in Figure 6.1, which shows the joint ADA/EASD guide-
lines for the pharmacological treatment of type 2 diabetes. Novel drugs with new mecha-
nisms of action based on the physiological effects of incretin hormones have been introduced
since then, so that it seems prudent to critically review the treatment options for obese type
2 diabetic patients with metformin monotherapy failure.

SUBSTANCES AVAILABLE FOR A SECOND-LINE THERAPY AFTER METFORMIN MONOTHERAPY

A great variety of substances are available for combination with metformin to escalate ther-
apy after monotherapy failure on metformin (Table 6.1). Among the oral antidiabetic drugs,
sulphonylureas, glinides, a-glucosidase inhibitors and glitazones have been available for at
least a decade, and with dipeptidyl peptidase-4 (DPP-4) inhibitors a novel class of oral
agents is available.

An option besides oral combination therapies is the possibility of combining metformin
treatment with insulin as an injectable drug. Here, different forms of insulin therapy can be
implemented (e.g. long-acting ‘bed-time’ insulin once daily, prandial insulin regimes or con-
ventional insulin therapy).

Baptist Gallwitz, MD, PhD, Consultant Endocrinologist, Department of Medicine IV, Eberhard Karls University
Tiibingen, Tiibingen, Germany.

© Atlas Medical Publishing Ltd
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| Lifestyle intervention + metformin |

(Moo wie =76 Dof e

Add basal insulin* Add sulphonylurea Add glitazone
- Most effective - Least expensive - No hypoglycaemia
Intensify insulin# Add glitazone* Add basal insulin# | Add sulphonylurea*

| Add basal or intensify insulin#

—

| Intensive insulin + metformin +/— glitazone |

Figure 6.1 Algorithm for the metabolic management of type 2 diabetes according to the joint ADA/EASD
recommendation, 2006 [3].

A novel oral/injectable agent treatment combination is available with metformin and
glucagon-like peptide-1 (GLP-1) receptor agonists, either in the form of the incretin mimetic
exenatide or as the human GLP-1 analogue liraglutide.

All of these treatment options will be described and discussed below.

Sulphonylureas

Sulphonylureas act by interfering with the potassium/ATP channel of the B-cell. The closure
of this channel by sulphonylureas leads to a depolarization of the B-cells and a consecutive
calcium influx. The rise in the intracellular calcium concentration results in insulin release
independent from the actual glucose concentration [6].

The combination of metformin with sulphonylureas has been a standard combination for
decades. From a theoretical point of view, it is advantageous to combine a treatment princi-
pally acting on insulin resistance with one that alters insulin secretion. Besides, a number of
clinical studies have investigated cardiovascular outcomes of different cohorts of patients
with type 2 diabetes being treated with this combination using different sulphonylureas.
Taking these studies together, no consistent disadvantage of this combination on cardiovas-
cular endpoints was observed.

In the UKPDS, patients receiving a combination of metformin and a sulphonylurea had
a higher mortality than patients receiving sulphonylurea monotherapy [2]. This observation
may be explained by the fact that patients in the sulphonylurea monotherapy group had a
remarkably low incidence of mortality and cardiovascular events [2]. In a Scandinavian
study, negative outcomes were also observed with the metformin-sulphonylurea combin-
ation [7]. A limitation of this study is that the patient cohort with this combination therapy
had longer diabetes duration and worse metabolic control than the controls [7]. A five-year
Canadian observational study showed a significantly reduced mortality risk in patients on
the metformin—sulphonylurea combination (odds ratio [OR] 0.66; n = 4684); the overall mor-
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tality rate was 6.4% in this group compared to 7.0% in the metformin monotherapy group
[8]. The mortality risk in the combination therapies may be dependent on the type of sul-
phonylurea used. An Italian observational study on more than 2000 patients showed a sig-
nificantly higher 3-year mortality with a combination of metformin with glibenclamide
(8.7%) than with repaglinide (3.1%; P = 0.002), gliclazide (2.1%; P = 0.001) or glimepiride
(0.4%; P <0.0001). Even after correcting for various confounders, the mortality risk with a
metformin—glibenclamide combination was significantly higher (OR 2.09) [9]. Other retro-
spective studies with very large patient numbers did not reveal an increase of cardiovas-
cular risk with a metformin-sulphonylurea combination [10].

Sulphonylureas are cheap so that a broad application in combination therapy may cause
less of a financial burden to the healthcare systems provided care is taken to minimize the
risk of hypoglycaemic events. This can be achieved by choosing a sulphonylurea with an
action time that is not longer than necessary, and an efficacy, time course and potency that
fit the patient’s daily needs. Since most sulphonylureas are eliminated by the kidney, great
care should be taken to adjust the dose in patients with renal impairment, if the choice falls
on using a sulphonylurea [11, 12]. Some sulphonylureas are metabolized generating metab-
olites that are also able to lower blood glucose [13]. This fact should also be considered when
choosing a sulphonylurea.

The main disadvantages of sulphonylureas are the risk of causing hypoglycaemia and
weight gain [3]. The incidence of severe hypoglycaemic episodes with sulphonylurea ther-
apy in type 2 diabetic patients was 1.4% in the UKPDS and similarly high in other studies,
regardless of the sulphonylurea used [1, 14]. The weight gain observed with a sulphony-
lurea therapy amounted to 1.7 to 2.9 kg over the study period, also depending on the
sulphonylurea used [1, 15]. Furthermore, sulphonylureas lose their efficacy over time. In the
ADOPT study, the cumulative incidence of monotherapy failure at 5 years on the sulphony-
lurea glyburide was 34% and much higher than for metformin or rosiglitazone [16].

Glinides

Glinides have the same mode of action as sulphonylureas. Their pharmacological half-life is
much shorter than that of sulphonylureas and they are mainly metabolized and eliminated
by the kidneys [17, 18]. Due to their shorter action profile, they can be administered with
meals and therefore allow more flexibility in dosing and action [17, 18]. To date, only two
glinides are available — repaglinide and nateglinide. Weight gain and hypoglycaemia have
also been described with glinide therapy. With repaglinide, the data on body weight are
inconsistent — one study reported weight gain [19], another did not [20]. The present study
data also do not show a significant advantage of glinides comparing hypoglycaemia risk
with the sulphonylureas [19, 21, 22].

In combination therapy with metformin, both repaglinide and nateglinide lower HbAlc
more effectively than metformin alone [23, 24].

Concerning cardiovascular complications of combination therapy of glinides with met-
formin, they have the same mode of action on -cells as sulphonylureas. Repaglinide does not
only specifically bind to the B-cell expressed sulphonylurea receptor SUR-1, but also to the
cardiovascular sulphonylurea receptors SUR-2A and SUR-2B [25, 26]. In light of these preclini-
cal findings, cardiovascular outcome studies for the glinides are needed to clarify the possible
benefits and harms of a metformin—glinide combination. Presently, there are no endpoint stud-
ies available regarding cardiovascular outcomes with glinide therapy. The NAVIGATOR study,
currently still running, will generate data on endpoints with nateglinide [27].

Alpha-glucosidase inhibitors
Alpha-glucosidase inhibitors are molecules with a structural similarity to tetrasaccharides.
They have an affinity to intestinal disaccharidases and competitively bind to the enzyme,
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inhibiting disaccharide breakdown into monosaccharides. As a result, postprandial absorp-
tion of glucose is diminished, improving glycaemic control [28]. The effect of a-glucosidase
inhibitors is meal-dependent, which explains their limited efficacy compared to other classes
of oral antidiabetic agents. Alpha-glucosidase inhibitors do not have an intrinsic risk for
causing hypoglycaemia, but in combination with sulphonylureas or insulin, hypoglycaemic
events should be treated with glucose, as polysaccharides are ineffective in treating the
hypoglycaemia due to the mechanism of action [29].

Alpha-glucosidase inhibitors can be combined with metformin (and any other anti-
diabetic treatment option). In clinical studies, an additional HbAlc reduction of 0.65-0.8%
was observed in patients receiving acarbose additional to ongoing metformin therapy [30].
The results of the acarbose arm of the UKPDS showed that the additional therapy with
acarbose in previously drug-treated patients with type 2 diabetes led to a 0.5% reduction in
HbAlc in the group of patients receiving the drug over 3 years (39% of patients in the acar-
bose arm). The total acarbose cohort had an HbA1 reduction of 0.2% [31]. A multicentre
observational study carried out in Germany showed an efficacy of acarbose to lower HbAlc
by 1.8-2.4% in an outpatient and general practice setting [32].

High evidence class outcome studies on acarbose, miglitol or voglibose are lacking. For
acarbose, there is a retrospective meta-analysis of a variety of studies showing an advan-
tage for acarbose concerning cardiovascular endpoints with a significant relative risk
reduction of 64% for myocardial infarction and 35% for all macrovascular events [33]. For
subjects with impaired glucose tolerance (IGT), the use of acarbose to lower postprandial
glucose has shown a 49% relative risk reduction for a combination of cardiovascular end-
points [34].

Alpha-glucosidase inhibitors do not cause weight gain [35]. In some studies a moderate
weight loss was observed in patients receiving these compounds [35, 36].

Compared to sulphonylureas, the price of a-glucosidase inhibitors is higher, but it should
be considered that a reduced necessity to self monitor glucose (due to the lack of intrinsic
hypoglycaemia risk) may be a cost saving, as is a reduced incidence of severe hypoglycae-
mia necessitating emergency treatment with hospital admissions.

Glitazones

Rosiglitazone and pioglitazone are selective agonists of the peroxisomal proliferator-acti-
vated receptor gamma (PPARy) receptor and are the only glitazones available today. They
improve glucose control by lowering insulin resistance in the adipose tissue, the skeletal
muscle and the liver [37]. They do not cause hypoglycaemia, but weight gain was observed
in clinical studies — on average 3.3 kg with rosiglitazone and 1.5 kg with pioglitazone
[38-54].

There are several studies of both substances showing an improvement of glycaemic con-
trol when either rosiglitazone or pioglitazone is added to ongoing metformin therapy [44,
45, 47]. The additional lowering of HbAlc by the glitazones was in the range between 0.33
and 1.9%, depending on the baseline HbAlc and the characteristics of the patient population
[38, 4045, 47, 55-62].

Concerning effects on lipid metabolism, pioglitazone was shown to lower low-density
lipoprotein (LDL)-cholesterol by up to 4%; other studies could not confirm these changes.
However, pioglitazone has beneficial effects on lipid parameters by lowering small dense
LDL and raising high-density lipoprotein (HDL)-cholesterol. Rosiglitazone also has the lat-
ter two effects, but increases LDL-cholesterol [45, 63-67]. Both glitazones also lowered sys-
tolic (by 6.2 mmHg) as well as diastolic (by 4.2 mmHg) blood pressure in some clinical
studies [48, 49, 51, 68].

Regarding cardiovascular outcomes, pioglitazone treatment led to a non-significant rela-
tive risk reduction of 10% in the PROActive study in the combined primary endpoint (total
mortality, non-fatal myocardial infarction, acute coronary syndrome, stroke, major amputa-
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tion, cardiovascular intervention [cardial or peripheral bypass operations, percutaneous
angioplasties]). In this study, patients with type 2 diabetes after a macrovascular event were
either treated with pioglitazone or placebo additional to their ongoing therapy. For the sec-
ondary endpoint (myocardial infarction, stroke, death) a significant risk reduction of 16%
was reported. The number needed to treat was 144 per year [69]. In the pioglitazone group
the need for additional insulin therapy was reduced by 46.9% compared to placebo, but a
higher proportion (1.6%) of patients had to be hospitalized due to heart failure. Oedema
without clinical signs of heart failure was observed in the pioglitazone group in 21.6% and
in 13.0% in the placebo group [69].

A meta-analysis of glitazone therapy showed a reduction of total mortality for patients
with diagnosed heart failure but a higher hospitalization rate due to a decompensation of
heart failure [70]. Some recent retrospective studies and meta-analyses of rosiglitazone
showed a higher incidence of myocardial infarction [71-73], whereas the RECORD study
that was prematurely published after these reports, could not detect a difference in the
incidence of myocardial infarction or cardiovascular death in patients treated either with a
combination of metformin and a sulphonylurea or the combination of metformin and
rosiglitazone [73].

Dipeptidyl peptidase-4 (DPP-4) inhibitors

Dipeptidyl peptidase-4 is a ubiquitous enzyme that is the key enzyme for degradation of
the incretin hormones GLP-1 and gastric inhibitory polypeptide (GIP). These hormones
are secreted from endocrine cells in the intestine postprandially and are responsible for
glucose-dependent stimulation of insulin secretion. Approximately 60% of the postpran-
dial insulin release is promoted by these two hormones [74]. Besides GLP-1 and GIP,
DPP-4 has additional peptides as substrates, but the affinity of DPP-4 is higher toward
GLP-1 than towards other peptides including GIP. Since DPP-4 inhibitors also inhibit the
degradation of GIP, pituitary adenylate cyclase-activating polypeptide (PACAP) and other
peptides involved in regulating glucose homeostasis, they could also have additional
effects that are favourable in diabetes treatment. DPP-4 belongs to a whole enzyme family
of endopeptidases. Therefore, DPP-4 inhibitors need to have a high selectivity to inhibit
exclusively DPP-4 and not other DPPs. DPP-4 inhibitors are the first class of oral agents to
have a pharmacological mechanism of action utilizing the physiology of GLP-1 [75]. The
DPP-4 inhibitors, sitagliptin, saxagliptin and vildagliptin, are two compounds of the DPP-4
inhibitor class that have been approved in various countries. Further DPP-4 inhibitors are
in development.

After a meal, active endogenous GLP-1 and GIP concentrations are increased two- to
threefold by DPP-4 inhibitors. Across doses and multiple clinical and preclinical studies, no
apparent adverse effects have been reported so far, and tolerability and safety data are good.
DPP-4 inhibitors do not cause hypoglycaemia because they stimulate insulin secretion only
under hyperglycaemic conditions. They also are not involved in drug-drug interactions,
especially with other antihyperglycaemic oral agents [76-79].

In animal models, DPP-4 inhibitors increased the number of insulin-positive B-cells
in islets, and the B- to a-cell ratio in different diabetic animals was normalized. Furthermore,
islet insulin content was found to be increased and glucose-stimulated insulin secretion
in isolated islets was found to be improved in comparison to glipizide-treated mice. Based
on these experimental results, DPP-4 inhibitors may have the potential to delay or prevent
disease progression in type 2 diabetes and to improve B-cell mass and function [76-79]. In
mice deficient in DPP-4 (CD26-/—; DPP-4 knockout mice), concentrations of circulating
intact GLP-1 and GIP are elevated and these animals are resistant to streptozotocin-induced
B-cell destruction [80].

In monotherapy or in combination with other oral antidiabetic agents, DPP-4 inhibitors
improve glycaemic control in the fasting and in the postprandial state as well as parameters
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of B-cell function (postprandial insulin and C-peptide responses, HOMA-B, proinsulin/
insulin ratio) in patients with type 2 diabetes. They lead to a significant reduction in HbAlc
compared to placebo and to fasting plasma glucose reductions in clinical studies up to
2 years [76-79]. Treatment with DPP-4 inhibitors is weight-neutral.

As an add-on combination to ongoing metformin therapy in patients with type 2 diabetes
not reaching therapeutic goals, DPP-4 inhibitors reduce HbAlc, fasting plasma glucose, and
two-hour postprandial plasma glucose. A direct comparison of sitagliptin added to an
ongoing treatment with metformin showed a similar efficacy to the addition of glipizide to
metformin. Sitagliptin was non-inferior in this 52-week study compared to glipizide. HbAlc
and fasting glucose decreased equally in both groups. The occurrence of hypoglycaemic
episodes was much larger in the glipizide group than in the sitagliptin group. Body weight
increased by 1.1 kg in the glipizide-treated patients, whereas the patients on sitagliptin had
a weight loss of 1.5 kg [81].

In clinical studies, sitagliptin, saxagliptin and vildagliptin were well-tolerated in terms of
the number of adverse events and the incidence of hypoglycaemia. The incidence of total
adverse events, as well as hypoglycaemic episodes, was similar in the treatment and in the
placebo groups. The addition of DPP-4 inhibitor therapy was weight-neutral [76-79].

In a study of patients with type 2 diabetes with impaired renal function, including end-
stage renal disease, dose-adjusted sitagliptin (25 mg/day for patients with severely impaired
renal function [creatinine clearance <30 ml/min or end-stage renal disease or 50 mg/day for
moderately impaired patients]) was generally well-tolerated and appeared to be effective
[76].

GLP-1 receptor agonists

Exendin-4, a peptide with a 52% amino acid sequence similarity to GLP-1, acts as a high-
potency agonist at the GLP-1 receptor on B-cells [82]. Synthetic recombinant exendin-4
was named exenatide. Exenatide shares all the effects of native GLP-1, but is not enzy-
matically degraded by DPP-4 [83]. Subcutaneous exenatide exerts biological effects for
approximately 5-7 hours in humans. Based on this prolonged in vivo half-life compared to
GLP-1, with twice-daily subcutaneous administration, sufficient plasma concentrations
can be reached to obtain the desired GLP-1-like therapeutic effects in type 2 diabetic
patients [84].

In clinical trials, therapy with exenatide led to an overall improvement in glycaemic con-
trol, plus weight loss with sustained HbA1lc reduction of approximately 1.0% and a decrease
in body weight of approximately 5.0 kg in 2 years [83, 84]. Adverse effects were mild, mostly
in the beginning of the study and generally gastrointestinal (nausea and fullness). Mild
hypoglycaemia was noted only in patients receiving sulphonylureas in combination [83, 84].
In addition, exenatide treatment produced clinically significant improvements in cardiovas-
cular risk factors in long-term treatment [85, 86]. Exenatide thus represents an efficacious
supplement to failing conventional oral antihyperglycaemic agents, and the sustained effect
observed in the extension studies and its continued weight-lowering effects must be consid-
ered very promising [84, 86].

In comparative studies, exenatide therapy as add-on to metformin or a sulphonylurea
was compared to an insulin add-on. Both exenatide and insulin reduced HbAlc levels by
approximately 1.0%. Exenatide reduced postprandial glucose excursions more than insulin,
while insulin reduced fasting glucose concentrations more than exenatide. Body weight
decreased 2.3 kg with exenatide and increased 1.8 kg with insulin glargine in one study.
Rates of symptomatic hypoglycaemia were similar, but nocturnal hypoglycaemia occurred
less frequently with exenatide [84, 86].

In animal studies, exenatide caused an increase of 3-cell mass due to a stimulation of islet
cell neogenesis from precursor cells on the one hand and due to an inhibition of apoptosis
of B-cells on the other [87]. The improvement of B-cell function in humans receiving exenatide
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was demonstrated in a study showing the restoration of the first and second phases of insu-
lin secretion after an intravenous glucose bolus [88].

Exenatide treatment leads to antibody formation. However, this is rarely associated with
any reduction in efficacy and the antibodies do not cross-react with native human GLP-1.
Nausea is the most common adverse reaction, but is mild, transient and most pronounced
in the beginning of exenatide treatment. For this reason, a dose titration is recommended
when starting therapy. Hypoglycaemia has not been reported during monotherapy, but can
occur when exenatide is administered in combination with sulphonylureas [84].

Liraglutide is a long-acting DPP-4 resistant human GLP-1 analogue with two modifica-
tions in the amino acid sequence of the native GLP-1 and an attachment of a fatty acid side
chain to the peptide. It is injected subcutaneously once daily [89]. The fatty acid side chain
allows non-covalent binding of liraglutide to albumin after injection. This effect, as well as
the protection against degradation by DPP-4, contributes to the long action profile. The
biological half-life of liraglutide is approximately 13.5 hours in humans so that liraglutide is
suitable for once-daily subcutaneous injection. A steady state of stable liraglutide plasma
concentrations is reached after 3 days of once-daily application.

In animal studies involving diabetic rodent models, liraglutide has been shown to increase
B-cell mass. Liraglutide lowers blood glucose, body weight and food intake in a broad selec-
tion of animal models [89]. In clinical studies in humans, it is efficacious and safe in the
treatment of type 2 diabetes across all stages of the natural course of the disease [91-97].
More GLP-1 receptor agonists are in clinical development, some of them for once-weekly
application (e.g. albiglutide, taspoglutide and others) [98].

Alarge and comprehensive clinical study programme called ‘liraglutide effects and action
in diabetes (LEAD)” has investigated the clinical efficacy and safety of liraglutide in doses of
1.2 mg and 1.8 mg once daily in monotherapy, in combinations with either metformin or a
sulphonylurea or in combination with two oral antidiabetic agents. Additionally, a head-to-
head study compared a liraglutide treatment with an exenatide therapy in patients with
type 2 diabetes not optimally controlled under an oral therapy with metformin, a sulphony-
lurea, or a combination of both. In all the LEAD studies, both doses of liraglutide lowered
HbAlc by up to 1.5% from a baseline of 8.0-8.4%. Other glycaemic parameters were also
improved significantly, especially fasting plasma glucose, postprandial glucose and
HOMA-B. In the LEAD-3 study in drug-naive patients with type 2 diabetes receiving lira-
glutide as monotherapy, the glycaemic effects were sustained over a period of two years. In
the LEAD-6 study comparing liraglutide to exenatide, liraglutide was non-inferior to
exenatide and lead to a significantly greater reduction of fasting plasma glucose. The inci-
dence of hypoglycaemia with liraglutide was at placebo level [91-97].

Liraglutide leads to a sustained weight loss comparable to that observed with exenatide.
Weight reductions of approximately 2-3 kg were observed after 26 weeks in the LEAD stud-
ies. Furthermore, liraglutide leads to a significant reduction in blood pressure that is inde-
pendent of the weight reduction. An improvement in the surrogate parameters of
cardiovascular risk factors was also described with liraglutide therapy in a number of clini-
cal studies [91-97].

Nausea and gastrointestinal side-effects (vomiting and diarrhoea) are the most common
adverse events observed with liraglutide therapy. These side-effects are mostly mild-to-
moderate, transient and less severe than exenatide therapy in the LEAD-6 study [91-97].

Liraglutide has been approved by the European Medicines Agency (EMEA) in 2009 and
by the US Federal Drugs Administration (FDA) in 2010.

Insulin therapy

There are several studies showing favourable effects on metabolic control for the combin-
ation of insulin with metformin [99-103]. This combination has advantages in obese
patients and in patients with insulin resistance. With the maintenance of metformin ther-
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apy, the amount of insulin may be lower and the effect on body weight is superior to
insulin monotherapy [101, 104-106]. The incidence of hypoglycaemic events is signifi-
cantly higher with insulin therapy compared to therapy with oral antidiabetic agents. In
the UKPDS, the incidence of severe hypoglycaemic events with insulin therapy was 2.3
per 100 patient-years [1]. Weight gain with insulin therapy in the UKPDS amounted to a
4 kg difference in a time period of 10 years on average compared to the conventionally
treated patient group [1].

When metformin is combined with a long-acting insulin given once daily as bedtime
insulin, long-acting insulin analogues (insulin glargine and insulin detemir) are superior
compared to NPH insulin from the point of view of incidence of hypoglycaemia, especially
nocturnal hypoglycaemia [41, 107-112]. Also, insulin detemir is associated with less weight
gain compared to other long-acting insulins. In a direct comparison between insulin glargine
and insulin detemir, insulin glargine therapy resulted in mean weight gain of 3.5 kg com-
pared with 2.7 kg for insulin detemir [113]. Insulin detemir was also associated with less
weight gain compared to NPH insulin (1.2 kg vs. 2.8 kg, respectively) [109].

SUMMARY

Large intervention trials have demonstrated that antihyperglycaemic therapy with treat-
ment goals aiming at normoglycaemia can reduce the risk or the progression of microvascu-
lar as well as macrovascular risk [114-119]. However, normalizing HbAlc alone is not
sufficient in risk reduction. A distinct glycaemic threshold for the reduction of complications
has not been found and, therefore, the goal of antidiabetic treatment should be to achieve
near-normoglycaemia as safely as possible regarding HbAlc, fasting plasma glucose and
postprandial glucose concentrations. Since normal HbAlc levels cannot be reached by treat-
ing fasting plasma glucose alone, postprandial glucose must also be considered in therapeu-
tic strategies. Atlower HbAlc concentrations, the proportional contribution of postprandial
glucose to HbAlc is greater than at higher HbAlc values [120]. In addition, a prospective
intervention study in a cohort with IGT demonstrated that by reducing post-meal glucose
with pharmacological intervention using an a-glucosidase inhibitor, macrovascular events
could be significantly reduced [34].

All of the drugs discussed above have shown their efficacy in combination with
metformin.

Sulphonylureas, glinides and insulin therapy are associated with an increased risk of
hypoglycaemia and are also associated with weight gain. Therefore, these agents should not
be considered first-line for combination therapy in overweight patients with type 2 diabetes
and metformin monotherapy failure. Sulphonylureas and glinides are insulin secretagogues
that, from a theoretical angle, may be a good combination with a drug like metformin acting
on insulin resistance, but their glucose-independent mode of action is definitely a disadvan-
tage compared to the novel incretin-based therapies that are safe regarding hypoglycaemia
and that are weight-neutral (DPP-4 inhibitors) or even allow weight loss (GLP-1 receptor
agonists). The only advantage of the sulphonylureas may be their low cost, but this has to
be weighed against the costs of more frequent blood glucose testing and the financial and
personal costs of severe hypoglycaemic events.

Insulin has the advantage that it can be dosed in a manner to lower glycaemic parameters
to any desired goal, but also has the limitations of weight gain and hypoglycaemia. The lat-
ter problem may be reduced by using insulin analogues, but weight gain remains a problem
that is only less severe when insulin detemir is used as a long-acting insulin [121]. Here,
incretin-based therapies, especially injectable GLP-1 receptor agonists, may be an alternative
leading to an improvement of overall glycaemia while allowing weight loss [92, 93, 122].

Acarbose specifically acts on post-meal hyperglycaemia, is weight-neutral and has low-
ered cardiovascular events in a prospective, randomized double-blind clinical trial in sub-
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jects with IGT. In type 2 diabetic patients, a meta-analysis also showed a reduction of
cardiovascular events in patients treated with acarbose. Gastrointestinal side-effects and
costs, however, are a barrier to broad use of this compound [33, 34].

Glitazones may not appear to be ideal candidates for combination with metformin as the
next escalation step, since they act on insulin resistance like metformin and are also associ-
ated with weight gain, although they do not cause hypoglycaemia [16]. In a prospective trial
on cardiovascular outcomes, pioglitazone failed to show a significant improvement of cardio-
vascular events defined in the primary endpoint of the study (although the principal second-
ary endpoint of cardiovascular death, myocardial infarction and stroke was reached) [67].

Presently, many epidemiological studies show an association of post-meal- or post-
challenge hyperglycaemia and cardiovascular risk. However, data on the beneficial effects
of a pharmacological intervention on cardiovascular endpoints is scarce and still missing for
the recently released compounds (DPP-4 inhibitors, GLP-1 receptor agonists).

In recent long-term trials addressing glycaemic goals for the treatment of type 2 diabetes,
a lowering of HbAlc to levels not below 6.5% led to a significant reduction in microvascular
endpoints, but macrovascular endpoints were not reduced significantly. A very vigorous
reduction of the HbAlc to levels below 6.5% lowered non-fatal cardiovascular events but
increased mortality for reasons that are most likely associated with hypoglycaemia and
unfavourable multiple combinations of oral antidiabetic agents with insulin. In this inten-
sively treated group of patients, the majority of participants with a baseline HbAlc >8.0%
received a antidiabetic combination therapy of more than two drugs and gained signifi-
cantly more weight than the patient group having a higher HbAlc goal [123, 124]. In this
respect, a safe antihyperglycaemic treatment not leading to hypoglycaemia and weight gain
may be favourable, especially in patients with HbAlc values below 7.5%, where postpran-
dial hyperglycaemia contributes to a high degree to the HbAlc reduction. Here, the incretin-
based therapies may become attractive and effective treatment options, especially for
overweight patients with type 2 diabetes. DPP-4 inhibitors have been shown to be weight-
neutral, and if weight loss is an additional therapeutic goal in obese patients, GLP-1 receptor
agonists would appear to be ideal in combination with metformin. Furthermore, DPP-4
inhibitors demonstrated a sustained durability of efficacy in combination with metformin
over 2 years [125, 126]. Exenatide also showed a durable HbAlc reduction in a small cohort
of patients treated in an open study for 3 years with a baseline oral therapy of metformin or
sulphonylureas or a combination of both [85].

In general, however, we need long-term intervention studies to investigate the durability
of the effect of these drugs and their effect on vascular outcomes and hard endpoints. These
studies will have to be very large and will need to have a long duration to clarify the open
questions that still remain.
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The place of incretin-based therapies in patients
with type 2 diabetes

M. Evans, R. Peter

SUMMARY

The management of blood glucose in patients with type 2 diabetes remains a considerable
therapeutic challenge, with less than 50% of patients achieving the desired HbAlc target
of 7%. This may be related to the progressive nature of the condition along with inherent
limitations of currently available therapies, in particular hypoglycaemia and weight
gain.

Pharmacotherapies that augment the incretin pathway have recently become available,
which include incretin mimetics in the form of glucagon like peptide-1 (GLP-1) analogues
(exenatide) and incretin enhancers (vildagliptin and sitagliptin) that inhibit the breakdown
of endogenous GLP-1 by blocking the peptidase involved in its degradation, dipeptidyl
peptidase-4 (DPP-4). Their role in the management of type 2 diabetes is not clearly defined
yet. In this chapter we review the rationale, mechanism of action, efficacy and safety profiles
of this class of agents with a view to defining their role in the treatment paradigm of type 2
diabetes.

The results of the randomized, multicentre United Kingdom Prospective Diabetes Study
(UKPDS) confirmed the importance of long-term glycaemic control in limiting the complica-
tions associated with type 2 diabetes [1]. Such data drive current clinical practice in which
treatment is directed towards the attainment of near normal glycaemia (HbAlc concentra-
tions <7%). While such targets may be difficult to attain for many patients, there is clear
consensus that chronic hyperglycaemia should be optimally managed, weighing safety and
quality of life considerations on an individual basis.

Insulin resistance along with defective insulin secretion are the cardinal metabolic fea-
tures of type 2 diabetes, with subtle abnormalities of both being evident even at the earli-
est stages of glucose intolerance. Whilst insulin resistance is highly prevalent, linked to
obesity and physical inactivity, near normal glucose tolerance can be maintained as long
as B-cell insulin secretion is maintained. The development of glucose intolerance and type
2 diabetes is thus dependent on progressive B-cell dysfunction. The initial management of
a person newly diagnosed with type 2 diabetes involves advice and education relating to
the potential benefits of dietary modification and lifestyle change, the objectives of these
being to improve metabolic control through reductions in body weight that may help
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Figure 7.1 The incretin effect results in increased insulin release in response to an oral glucose stimulus.

improve insulin sensitivity. The majority of patients will, however, require pharmacologi-
cal therapy in the medium- to long-term. In the UKPDS, only 25% of patients maintained
an HbAlc level <7% after 9 years without either oral agents or exogenous insulin [2].
Indeed, in routine clinical practice, fewer than half of patients with type 2 diabetes achieve
an HbAlc target of <7% [3]. Ineffective implementation of existing pharmacotherapies
may be a significant factor contributing to suboptimal glucose control; however, efficacy
of available therapies, even when used appropriately, diminishes as the disease progresses
because of a steady, relentless decline in pancreatic B-cell function [2]. The limitations of
traditional blood glucose-lowering therapies were illustrated in the ADOPT study, in
which only 21.9%, 21% and 16.5%, respectively, of patients treated with either rosiglita-
zone, metformin or glyburide monotherapy demonstrated sustained blood glucose control
after 4 years of treatment [4].

Furthermore, current therapies for type 2 diabetes are often limited by adverse effects
such as weight gain, oedema, or hypoglycaemia, and most do not target postprandial hyper-
glycaemias effectively. Therefore, therapies that improve glucose control, while reducing
both postprandial and fasting plasma glucose, without causing weight gain and with mini-
mal adverse effects are desirable. In this chapter we assess the potential role of new ther-
apies targeting the incretin pathway in the treatment strategy of type 2 diabetes.

THE INCRETINS AS A THERAPY IN TYPE 2 DIABETES

Recently, improved understanding of the incretin effect on the pathophysiology of type 2
diabetes has led to the development of a variety of new hypoglycaemic agents. The incretin
effect is the augmentation of glucose-stimulated insulin secretion by intestinally derived
peptides, which are released in the presence of glucose or nutrients in the gut [5]. The the-
ory evolved from the observation that an oral glucose load was more effective at releasing
insulin compared with the same amount of glucose given intravenously [6] (Figure 7.1).
GLP-1 and glucose-dependent insulinotropic polypeptide, also called gastric inhibitory
polypeptide (GIP), are the two main physiological incretins synthesized in the intestinal
tract. Research has focused on GLP-1 as a candidate antidiabetic agent for several reasons.
First, it is estimated that GLP-1 accounts for at least 50% of the total incretin activity [7].
Second, on a molar basis, the effect of exogenous GLP-1 on insulin secretion in healthy
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Figure 7.2 Multiple physiological actions of GLP-1.

subjects is substantially greater than that of GIP [7]. Third, in addition to its insulinotropic
action, GLP-1, but not GIP, inhibits glucagon release, delays gastric emptying, and may
promote early satiety [7] (Figure 7.2). Fourth, in patients with type 2 diabetes, GLP-1 admin-
istered in physiological [7] and supraphysiological [8] doses proved a potent insulin secre-
tagogue, whereas GIP given in approximate equimolar doses had minimal [8, 9], or no effect
on insulin secretion. Finally, the response of native GLP-1 to meals in type 2 diabetes is
decreased or absent [7, 10], a defect that may exacerbate postprandial hyperglycaemia.
These factors coupled with the fact that the insulinotropic actions of incretins are glucose-
dependent, with their function ceasing when serum glucose levels are below 3.0525 mmol/1
(55 mg/dl) [7], has made the incretin pathway an appealing therapeutic target. Despite the
beneficial actions of GLP-1 and GIP on glucose control, their use as anti-diabetic agents was
impractical due to their short half-lives as a result of their rapid inactivation by a protease
called dipeptidyl peptidase type 4 [7], with the half-life of GLP-1 being around 2 min [11].
Thus, two approaches have been undertaken to overcome this problem. The first consists in
the development of GLP-1 analogues, also called incretin mimetics, that bind to GLP-1
receptors with the same affinity as GLP-1 but resist degradation by DPP-4. The second is to
design drugs that inhibit the action of DPP-4, which prolong the effects of native GLP-1 and
GIP, and increase their serum levels approximately two-fold.

In April 2005, the US Food and Drug Administration approved the first incretin mimetic,
exenatide, an exendin-based GLP-1 receptor mimetic, as adjunctive therapy for patients
with type 2 diabetes at initial doses of 5 pg b.i.d. for 4 weeks increasing to 10 pg b.i.d.
Liraglutide is an injectable GLP-1 analogue rendered resistant to DPP-4-mediated degrad-
ation due to enhanced albumin binding which is in late stage clinical development with a
dose range 0.6 to 1.8 mg daily, while a long-acting version of exenatide (LAR) is also under-
going clinical evaluation. Two DPP-4 inhibitors sitagliptin and vildagliptin are currently
available in the UK and Europe for use in combination with other oral hyperglycaemic
agents, while a variety of other such agents, including saxagliptin and alogliptin, are in late-
stage clinical development.
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Figure 7.3 Pathophysiology of type 2 diabetes includes B- and a-cell dysfunction.

LIMITATIONS OF CURRENT THERAPIES

Prior to considering the role of these newer agents, it is reasonable to evaluate the utility and
limitations of established agents and strategies. Islet cell dysfunction, including defective
B-cell insulin secretion and inappropriate a-cell glucagon secretion resulting in suboptimal
suppression of hepatic gluconeogenesis, are key elements in the pathophysiology of type 2
diabetes (Figure 7.3). While metformin improves hepatic insulin sensitivity, thiazolidine-
diones (TZDs) improve both hepatic and peripheral insulin sensitivity and sulphonylureas
stimulate B-cell insulin secretion, none of the currently available therapies address both -
and a-cell dysfunction.

The results of the UKPDS and ADOPT studies [2, 4] have demonstrated the limitations of
current therapies with respect to the maintenance of long-term blood glucose control.
Exogenous insulin is accepted as the most efficacious means of reducing blood glucose in
patients with type 2 diabetes. Insulin initiation is, however, often a late event in the natural
history of type 2 diabetes, with mean HbAlc on commencement of insulin of over 9% [12],
resulting in often disappointing effects of insulin therapy on glycaemic control in patients
with type 2 diabetes. This delay in insulin initiation is largely related to the inherent limita-
tions associated with exogenous insulin therapy, in particular fear of injection and concerns
around weight gain and hypoglycaemia.

The effectiveness of oral therapies in patients with type 2 diabetes may also be limited
by their tolerability and adverse event profile. Metformin is widely accepted as the first-
line oral blood glucose-lowering therapy for the majority of patients with type 2 diabetes.
Its use is contraindicated in patients with impaired renal function (serum creatinine >150
pmol/1; GFR <60 ml/min), along with conditions pre-disposing to tissue hypoxia, includ-
ing severe liver disease, alcohol abuse and previous history of metabolic acidosis.
Gastrointestinal side-effects are the commonest adverse event associated with metformin,
occurring at a frequency of up to 50% [13]. Furthermore, metformin may also reduce gas-
trointestinal absorption of vitamin B;,; while anaemia is very rare, an annual haemoglobin
measurement and B;, assessment is prudent. Sulphonylureas are commonly used second-
line agents stimulating glucose-independent B-cell insulin secretion. Consequent weight
gain of up to 3 kg [13], and in particular hypoglycaemia, are the commonest sulphonylurea
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side-effects, with the reported incidence of sulphonylurea-related hypoglycaemia ranging
from 10-40% [13].

Thiazolidinediones improve glucose control by improving insulin sensitivity and are
widely used as either monotherapy or in combination therapy. TZDs are associated with
multiple adverse effects including weight gain of up to 5 kg [4], oedema at a frequency of
5-15% and fluid retention-related congestive heart failure [13]. TZD therapy may also be
associated with an increase in bone fracture risk [14], while there is persisting debate relat-
ing to the cardiovascular safety of rosiglitazone [15].

HYPOGLYCAEMIA

Hypoglycaemia is a major consideration in the management of blood glucose. Severe hypo-
glycaemia is associated with increased mortality rates [16] and it has been speculated that
the excess mortality reported in the ACCORD study [17] may have been precipitated by
hypoglycaemia. Furthermore, hypoglycaemia and the fear of hypoglycaemia are recognized
barriers to the achievement of glucose control and have a markedly negative impact on
quality of life [16].

There are also a number of specific patient groups in whom hypoglycaemia is of particu-
lar concern:

Vocational drivers and those in jobs where hypoglycaemia may be particularly detrimen-
tal (e.g. heavy machine operators).

Those living alone.

Those where cultural or lifestyle factors may increase the risk of hypoglycaemia.

Those with a previous history of hypoglycaemic episodes.

WEIGHT GAIN

The majority of people with type 2 diabetes have excess body weight or are obese [18]. While
much attention has focused on the adverse health consequences of excess body weight, little
consideration has been given to the effects of weight gain in people with type 2 diabetes.
Weight gain in this group has a detrimental effect on the physiological capacity of these
people to achieve glycaemic targets but also has significant adverse effects on psychological
health, quality of life and adherence to therapy [19]. Thus, while weight gain is undesirable
for any patient with type 2 diabetes, it is of particular concern in specific patient groups:

Those whose body weight is already high.

Those from certain ethnic groups in whom definitions of obesity and excess weight are
reflective of an increased cardiometabolic risk.

Those where further weight gain may exacerbate or complicate comorbid conditions (e.g.
obstructive sleep apnoea, polycystic ovarian syndrome).

Based on the foregoing discussion, blood glucose-lowering therapies with positive effects
on body weight and minimal hypoglycaemia risk may have an important role in the treat-
ment paradigm of type 2 diabetes.

EXENATIDE

Exenatide is available in a pre-loaded pen (5 pg and 10 pg) and is currently indicated for use
as add-on therapy for type 2 diabetes subjects inadequately controlled with metformin and/
or sulphonylureas. Exenatide rapidly and significantly reduces both fasting and postpran-
dial glucose levels and, in principle, should be associated with a low rate of hypoglycaemia



96 Clinical Challenges in Diabetes

since its therapeutic effects are glucose-dependent. Exenatide demonstrates an 11-fold lon-
ger half-life and 14-fold plasma clearance rate compared with human GLP-1. It is exclu-
sively eliminated by the kidneys primarily via glomerular filtration followed by proteolytic
inactivation in the renal tubules. It has a half-life of 2.4 h and drug concentrations are detect-
able for up to 10 h following a single injection. Exenatide pharmacokinetics are unaffected
by age, sex, race or obesity. Exenatide clearance is significantly reduced in subjects with end-
stage renal disease precluding its use in these subjects. A number of potential drug interac-
tions may occur primarily due to the delay in gastric emptying. Although dose adjustment
is not necessary, careful monitoring is advised for agents with a narrow therapeutic window
(e.g. digoxin).

Exenatide does not appear to have any impact on the pharmacokinetic properties of met-
formin and sulphonylureas. The effect on gastric emptying is influenced by the timing of
administration, with a significant delay in gastric emptying occurring within 1 hour of
exenatide administration. Thus, any oral therapies which may be affected by a delay in
gastric emptying should be taken >1 hour prior to exenatide administration.

CLINICAL EFFICACY

Exenatide has been assessed as adjunctive therapy in three trials of similar design, including
>1400 obese patients with type 2 diabetes uncontrolled with metformin [20], sulphonylurea
(SU) [21], or both [22]. After 30 weeks, average reductions in HbAlc levels with a high dose of
exenatide (10 pg b.i.d.) were approximately 0.8% and 1.0% compared with baseline and pla-
cebo, respectively. Similar reductions in HbAlc values were reported in a smaller trial (1 =
232) of shorter duration (16 weeks), in which exenatide was evaluated as add-on therapy in
patients with type 2 diabetes suboptimally controlled on a TZD and metformin [23]. At the
end of the previous five trials, the average proportions of subjects who achieved HbAlc value
of <7.0%, were 45% and 10% in the exenatide and placebo groups, respectively, an observation
which relates both to drug efficacy and baseline HbAlc. In subgroup analysis of subjects with
baseline HbAlc >9% compared with <9%, greater reductions were seen with exenatide (5 pg
dose, —0.8% vs. —0.4%, respectively; and 10 pg, —1.5% vs. —0.6%).

Exenatide was compared with insulin glargine in 549 patients with type 2 diabetes (base-
line HbAlc 8.3%) on a background therapy of SU plus metformin [24]. After 26 weeks,
HbA1lc was reduced by 1.1% in both groups. In another trial, exenatide was compared with
biphasic insulin aspart (formed of 30% short-acting insulin aspart and 70% intermediate-
acting insulin) as adjunctive therapy in patients with type 2 diabetes (n = 501) inadequately
controlled on metformin plus SU (mean baseline HbAlc 8.6%) [25]. After 52 weeks, no sig-
nificant differences in HbAlc reductions were found between the exenatide and biphasic
insulin aspart groups: 1% and 0.9%, respectively. At 52 weeks, significantly more subjects
achieved an HbAlc <7 % in the exenatide group (32%) vs. the biphasic aspart group (24%).
In both studies, better postprandial control was achieved with exenatide (difference —0.7 to
—1.7 mmol/1).

In the previous two studies, the mean daily doses of insulin glargine and biphasic insulin
aspart at the study ends were 26 and 24 units, respectively, suggesting that exenatide effi-
cacy (10 pgb.i.d.) may be equivalent to mean daily insulin doses close to that range. However,
more studies are needed to examine the benefits and risks of switching from insulin to
exenatide therapy. Until these studies become available, such a strategy is not recommended,
particularly in patients whose diabetes is not controlled on relatively high doses of insulin.
For instance, in an exploratory study of 49 subjects with type 2 diabetes having mean base-
line HbAlc values of approximately 8.1% while receiving insulin doses >40 units/day, the
substitution of exenatide for insulin resulted in further deterioration of glycaemic control in
40% of patients, and lack of improvement in the remaining 60% of patients [26]. Open-label
long-term extension data have demonstrated a sustained reduction in HbAlc and progres-
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Figure 7.4 Long-term glucose-lowering effects of exenatide: completer analysis.
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Figure 7.5 Long-term effects of exenatide on body weight.

sive weight loss (Figures 7.4 and 7.5), with reductions in HbAlc of 1.1% achieved after
12 weeks being maintained after 3 years [27].

In clinical studies, exenatide was associated with progressive and dose-dependent weight
loss. After 30 weeks, subjects receiving 10 ng b.i.d. exenatide had lost more weight than
those receiving placebo (mean 1.6 kg or 2.8 kg) compared with 0.3 kg and 0.9 kg for placebo
[22]. There was no correlation between reported nausea and weight loss. Weight loss was
progressive throughout the study period and persisted through the 104-week open-label
completer analysis. In this study there was progressive reduction in body weight of 1.6, 2.4
and 4.7 kg at weeks 12, 30 and 104, respectively [27]. A similar pattern of weight loss was
seen in an 82-week open-label completer analysis study (2.9 kg at 30 weeks, 5.3 kg at 82
weeks) [28]. At week 156, patients completing 3 years of exenatide treatment (1 = 217) con-
tinued to lose body weight (-5.3 = 0.4 kg; 95% confidence interval [CI] -6.0 to —4.5 kg;
P <0.0001) [27]. In both insulin comparator trials, weight change favoured exenatide after
only 2 weeks [24, 25] (Figures 7.6 and 7.7).
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Figure 7.7 Effect of exenatide vs. biphasic insulin aspart on body weight.

Significant reductions in apolipoprotein B (apoB) (5.2 mg/dl) and triglycerides (=73 mg/
dl), and increases in high-density lipoprotein cholesterol (HDL-C) (+4.5 mg/dl) have been
seen compared to placebo [28]. Total and low-density lipoprotein cholesterol (LDL-C) were
also reduced (-7.3 mg/dl and —4.4 mg/dl), while LDL-C/HDL-C and TC/HDL-C ratios
both fell (-0.37 and —0.73, respectively). Systolic and diastolic blood pressures were also
reduced using exenatide for 82 weeks by 6.3 mmHg and 4.1 mmHg, respectively. These
effects appear to have been maintained after up to 3.5 years of therapy (Table 7.1)

SAFETY AND TOLERABILITY

The main reported adverse events are gastrointestinal, occurring in a dose-dependent man-
ner in 39% and 48% of subjects receiving 5 nug or 10 ng exenatide, respectively. Symptoms
peaked after 8 weeks and declined thereafter, resulting in study withdrawal in only 2% (5
pg) and 4% (10 pg) of subjects, respectively. The aetiology of nausea is not fully clear, but
may be related to the delay in gastric emptying. Nausea did not seem to be the predominant
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Table 7.1 Effects of exenatide on cardiovascular risk factors

Change from
Cardiovascular Baseline baseline Mean
risk factor (mean + SEM)  (mean + SEM) % change  95% (I P-value
Triglycerides 225.1 £ 11.6 -44.4 £ 12.1 -12 -68.3 to -20.5 0.0003
(mg/dy)
Total cholesterol 184.4 + 3.0 -10.8 + 3.1 -5 -17.0 to -4.6 0.0007
(mg/dl)
HDL-C (mg/dl) 38.6 £ 0.8 8.5+ 0.6 +24 7.2t0 9.7 <0.0001
LDL-C (mg/dl) 113.7 £ 2.7 -11.8 £ 2.9 -6 -17.5 to -6.1 <0.0001
Systolic blood 129.3 £ 1.0 -3.5+ 1.2 -2 -5.9 to -1.0 0.0063
pressure (mmHg)
Diastolic blood 79.2 + 0.6 -3.3+£0.8 —4 -4.9 to -1.7 <0.0001
pressure (mmHg)

factor in the weight loss induced by exenatide, as there was no significant correlation
between change in body weight and the duration of nausea [20, 22].

Consistent with the glucose-dependent insulinotropic effect of exenatide, hypoglycaemia
caused by the drug is generally uncommon and mild-to-moderate in severity. Studies in
healthy volunteers suggest that glucagon and other hormonal counter-regulatory responses
to hypoglycaemia are preserved with short-term administration of exenatide [29]. In clinical
trials using metformin alone as background treatment, the frequency of hypoglycaemia in
the exenatide and placebo groups was similar [20]. However, hypoglycaemia was more
frequent with exenatide compared with placebo in trials that included a SU as background
therapy [22]. The incidence and severity of hypoglycaemia with exenatide treatment were
similar when compared with insulin glargine [24] and biphasic insulin aspart [25], which
may be due in part to the moderate insulin doses used in these studies. Nocturnal hypogly-
caemia was however lower with exenatide compared with either glargine or biphasic insu-
lin (1.6 and —0.9 events per patient-year) [24, 25].

Anti-exenatide antibodies were present in 41% to 49% of subjects receiving exenatide,
although the clinical significance is unclear [30]. The antibodies were generally in low titre
and were not predictive of glycaemic control or adverse events.

In the post-marketing period, 30 cases of pancreatitis possibly caused by exenatide were
reported from the date of the drug’s approval through to 31 December 2006 [31], although
the frequency of pancreatitis did not appear to be significantly greater than that observed in
the background population of patients with type 2 diabetes.

LIRAGLUTIDE

Liraglutide is another GLP-1 analog with a long duration of action (half-life of around
12 hours) owing to its stability against DPP-4, albumin-binding acylated side chain and self-
association, resulting in slow absorption from subcutaneous tissue [32]. It is given by a sin-
gle daily subcutaneous injection [33], and has recently been licensed for use in Europe for
use in combination therapy with metformin, metformin and a TZD or metformin and a
sulphonylurea. In the US, liraglutide also has a license indication for use as monotherapy in
patients with suboptimal glycaemic control following appropriate lifestyle modifications.
The clinical profile of liraglutide has been extensively studied in the Liraglutide Effect
and Action in Diabetes (LEAD) study programme. In the largest of these studies, LEAD-3
[33], 746 patients with early type 2 diabetes were randomly assigned to once daily lira-
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glutide (1.2 mg [n = 251] or 1.8 mg [n = 247]) or glimepiride 8 mg (n = 248) for 52 weeks, with
the primary outcome being change in HbAlc. At 52 weeks, HbAlc decreased by 0.51% with
glimepiride, compared with 0.84% with liraglutide 1.2 mg (difference —0.33%; 95% CI —0.53
to -0.13, P = 0.0014) and 1.14% with liraglutide 1.8 mg (-0.62; -0.83 to -0.42, P <0.0001). Five
patients in the liraglutide 1.2 mg, and one in the 1.8 mg group discontinued treatment
because of vomiting, whereas none in the glimepiride group did so, while subjects receiving
liraglutide 1.8 mg od had a reduction in body weight of 3.5 kg as opposed to 0.8 kg weight
gain in the glimeparide group.

The effectiveness of liraglutide compared with exenatide has also been evaluated as part
of the LEAD programme. In the LEAD-6 study [34] adults with inadequately controlled type
2 diabetes on maximally tolerated doses of metformin, sulphonylurea, or both, were strati-
fied by previous oral antidiabetic therapy and randomly assigned to receive additional lira-
glutide 1.8 mg once a day (n = 233) or exenatide 10 pg twice a day (n = 231) in a 26-week
open-label, parallel-group, multinational study with an intention to treat efficacy analysis.
Mean baseline HbAlc for the study population was 8.2%. Liraglutide reduced mean HbAlc
significantly more than did exenatide (-1.12% [SE 0.08] vs —-0.79% [0.08]; estimated treatment
difference -0.33; 95% CI —0.47 to —0.18; P <0.0001) and more patients achieved an HbAlc
value of less than 7% (54% vs. 43%, respectively; odds ratio 2.02; 95% CI 1.31 to 3.11; P =
0.0015). Liraglutide reduced mean fasting plasma glucose more than did exenatide (-1.61
mmol/I [SE 0.20] vs. —0.60 mmol /1 [0.20]; estimated treatment difference —1.01 mmol/1; 95%
CI -1.37 to —0.65; P <0.0001) but postprandial glucose control was less effective after break-
fast and dinner. Both drugs promoted similar weight losses (liraglutide —3.24 kg vs. exenatide
-2.87 kg). Both drugs were well tolerated, but nausea was less persistent (estimated treat-
ment rate ratio 0.448, P <0.0001) and minor hypoglycaemia less frequent with liraglutide
than with exenatide (1.93 vs. 2.60 events per patient per year; rate ratio 0.55; 95% CI 0.34 to
0.88; P = 0.0131; 25.5% vs. 33.6% had minor hypoglycaemia). Liraglutide in this study thus
appeared to both provide significantly greater improvements in glycaemic control and be
better tolerated compared with twice daily exenatide.

The results of the LEAD clinical trial program suggest that liraglutide may be a particu-
larly useful treatment option for people with type 2 diabetes, particularly when hypoglycae-
mia and weight gain are major considerations. Indeed analysis of the LEAD study program
demonstrates that a greater number of patients achieve a composite endpoint of an HbAlc
target of <7% with no hypoglycaemia and no weight gain with liraglutide at doses of 1.2 and
1.8 mg daily than with active comparators (Figure 7.8).

GLP-1: ANALOGUES UNDER DEVELOPMENT

A variety of long acting GLP-1 analogue preparations are under late stage clinical evalua-
tion. Taspoglutide is a new antidiabetic drug from Hoffmann-La Roche. The compound is to
be administered as a subcutaneous injection once weekly and is also effective given bi-
weekly. It is a long acting 10% formulation of (Aib 8-35) human glucagon-like polypeptide-1
(7-36 amides) with 93% homology with the native polypeptide. In clinical studies taspo-
glutide reduces blood glucose and has favourable effects on body weight and significantly
reduces three of five diagnostic criteria for metabolic syndrome, namely glucose, waist cir-
cumference and fasting triglyceride [35].

The effects of a long-acting release (LAR) formulation were assessed in a 15-week pla-
cebo-controlled study [36] in which exenatide LAR was given once weekly at doses of 0.8
mg and 2.0 mg to patients suboptimally controlled with metformin and/or diet and exercise
with mean duration of diabetes of around 5 years and mean baseline HbAlc 8.5%. From
baseline to week 15, exenatide LAR reduced mean HbAlc by -1.4 +/- 0.3% (0.8 mg) and
-1.7 +/- 0.3% (2.0 mg), compared with +0.4 +/— 0.3% with placebo LAR (P <0.0001 for
both). HbAlc of <7% was achieved by 36% and 86% of subjects receiving 0.8 mg and 2.0 mg
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Figure 7.8 Composite endpoint of HbA1lc target achievement with no hypoglycaemia and no weight gain for
liraglutide versus active comparators in the LEAD study program.

exenatide LAR, respectively, compared with 0% of subjects receiving placebo LAR. Fasting
plasma glucose was reduced by —2.4 +/—- 0.9 mmol/1 (0.8 mg) and -2.2 +/- 0.5 mmol/1 (2.0
mg) compared with +1.0 +/- 0.7 mmol/1 with placebo LAR (P <0.001 for both). Exenatide
LAR reduced self-monitored postprandial hyperglycaemia. Subjects receiving 2.0 mg
exenatide LAR had body weight reductions (-3.8 +/— 1.4 kg) (P <0.05), whereas body weight
was unchanged with both placebo LAR and the 0.8 mg dose. Mild nausea was the most
frequent adverse event, with no subjects withdrawing from the study. Thus, based on these
early results, both liraglutide and exenatide LAR appear to be promising therapeutic
entities.

DPP-4 INHIBITORS

Dipeptidyl peptidase-4 inhibitors lowered HbAlc compared with placebo (weighted mean
difference, —0.74%; 95% CI, —0.85% to —0.62%) with similar efficacy as monotherapy or add-
on therapy. The two available DPP-4 inhibitors have not been compared directly, but both
appeared to lower HbAlc similarly compared with placebo (-0.74% vs. —0.73% for sitaglip-
tin and vildagliptin, respectively). Tables 7.2 and 7.3 list the comparative mechanisms of
action and clinical effects of exenatide/GLP-1 analogues and DPP-4 inhibitors.

In a study formed of six groups of patients, sitagliptin was evaluated as monotherapy as
well as part of initial combination therapy with metformin. At 24 weeks, the mean decreases
in HbAlc values from a mean baseline of 8.8% were 0.7, 0.8, 1.1, 1.4, 1.9, and a slight increase
of 0.2% in the groups randomized to sitagliptin 100 mg od, metformin 500 mg b.i.d., met-
formin 1000 mg b.i.d., sitagliptin 50 mg b.i.d. + metformin 500 mg b.i.d., sitagliptin 50 mg
b.i.d. + metformin 1000 mg b.i.d. and placebo, respectively [37]. The effects of metformin
and sitagliptin on HbAlc reduction were additive, with metformin increasing GLP-1 levels
[38], possibly by acting as a weak DPP-4 inhibitor [39]. Vildagliptin when added to met-
formin produced similar effects on glucose control [40].
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Table 7.2 Summary of differences in mechanisms of action between GLP-1 analogues and DPP-4
inhibitors

Exenatide/GLP-1 analogues DPP-4 inhibitors

Inhibition of DPP-4
enzyme, resulting in
increased levels of
endogenous incretion
hormones, GLP-1 and
GIP

Near physiological

Overall mechanism of action Exogenous supply of GLP-1
analogue that exerts its effects

via the GLP-1 receptor

Level of GLP-1/GLP-1 analogue Supraphysiological,
concentration relating to meals

about 5 times that of DPP-4

inhibitors
Improves B-cell mass and function Yes Yes
Glucose-dependent increase in insulin Yes Yes
release
Glucose-dependent lowering of glucagon  Yes Yes
endocrine secretion
Reduced production and release of Yes Yes
glucose from Lliver
Delayed stomach emptying Yes No
Decreased appetite and increased feeling Yes No

of satiety (resulting in less
food intake and giving the body smaller
amounts of nutrients to deal with)

Table 7.3 Comparative summary of clinical effects of exenatide and DPP-4 inhibitors

Proven effects

Exenatide

DPP-4 inhibitors

Average lowering of HbA1lc
Effect on postprandial glucose

0.6% to 1.43%
Substantial lowering

rise
Effect on fasting glucose

Improved proinsulin/insulin ratio

Long-term effect

Hypoglycaemic risk inherent in

treatment
Weight decrease

Lowering of triglycerides

Lowering of LDL-cholesterol
Increase in HDL-cholesterol

Lowering of liver values
(ALT and AST)

Lowering of blood pressure

Feeling unwell

Yes

Yes

Stable HbA1c lowering proven for up to
three years [17]

No, but increased risk in combination
with, for example, sulphonylurea

Yes, average about 2 kg after 6 months,
about 5 kg after 2 years

Yes

Yes

Yes

Yes, in subjects with raised values

Yes, moderate effect (6/4 mmHg)
Yes, slight to moderate and usually
passing with continued treatment
[16, 18, 19, 31]

0.48% to 0.74%
Moderate lowering

Yes

Yes

Only studied for one
year

No, but increased risk in
combination with, for
example, sulphonylurea
No, weight-neutral

Little or no effect
Little or no effect
Little or no effect
No

No
No
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Hermansen and colleagues [41] evaluated the additional effect of sitagliptin versus pla-
cebo in 441 patients with uncontrolled type 2 diabetes (baseline HbA1lc 8.3%) on glimepiride
alone or on glimepiride plus metformin. After 24 weeks, the addition of sitagliptin to
glimepiride resulted in mean HbAlc reductions of 0.3% and 0.6% compared with baseline
and placebo, respectively. In the subgroup of patients randomized to triple therapy formed
of metformin, glimepiride and sitagliptin, the corresponding reductions in HbAlc values
were 0.6% and 0.9%. Likewise, in patients with type 2 diabetes uncontrolled on glimepiride
(baseline HbAlc 8.5%), the addition of vildagliptin 50 mg once daily (n = 170) and 50 mg
twice daily (n = 169) resulted in reductions in HbAlc values of around 0.6% after 24 weeks,
compared with the addition of placebo (1 = 176) [42]. The results of the previous two trials
suggest that DPP-4 inhibitors may have some value in improving glycaemic control when
used in conjunction with metformin or sulphonylurea, despite the fact that both sulphony-
lureas and DDP-4 inhibitors stimulate insulin secretion. This improvement may result from
the glucagon-suppressive effect of DPP-4 inhibitors, and perhaps by boosting the action of
sulphonylureas on postprandial insulin secretion.

The addition of sitagliptin (100 mg od) to ongoing pioglitazone therapy (30 mg or 45 mg
od) for 24 weeks was associated with a mean reduction in HbAlc values of 0.8% and 0.7%
compared with baseline (8.0%) and placebo, respectively [43]. Similar results were obtained
with the addition of vildagliptin to patients with inadequately controlled type 2 diabetes
(average baseline HbAlc 8.7%) on maximal pioglitazone doses (45 mg/day). The mean
reductions in HbAlc values with vildagliptin 50 mg b.i.d. were 1.0% and 0.7% compared
with baseline and placebo, respectively [44]. In a third trial, 607 drug-naive patients with
uncontrolled type 2 diabetes (mean baseline HbAlc 8.7%) were randomized to four groups
to receive pioglitazone 30 mg od, vildagliptin 50 mg od + pioglitazone 15 mg od., vildaglip-
tin 100 mg od plus pioglitazone 30 mg od, and vildagliptin 100 mg od. [45]. After 24 weeks,
mean reductions in HbAlc from baseline were 1.4, 1.7, 1.9, and 1.1% in the pioglitazone
monotherapy, 50/15 mg combination, 100/30 mg combination and the vildagliptin mono-
therapy groups, respectively. Thus, contrary to the potential synergistic effect of metformin/
DPP-4 inhibitor therapy, the efficacy of thiazolidinedione /DPP-4 combination appears to be
less than additive. In one trial, the addition of vildagliptin (50 mg b.i.d.) to ongoing insulin
therapy in patients with advanced type 2 diabetes modestly reduced HbAlc values by 0.5%
and 0.3% after 24 weeks compared with baseline and placebo, respectively [46]. However,
for unclear reasons, this reduction in HbAlc values was limited to the subgroup of patients
aged >65 years.

There were no consistent changes in lipid profile with either sitagliptin or vildagliptin
compared with placebo, but there were some improvements in triglycerides and LDL- and
HDL-cholesterol. Relative to rosiglitazone, vildagliptin decreased total cholesterol, triglyc-
erides, and LDL-cholesterol but produced a smaller increase in HDL-cholesterol. Relative to
pioglitazone, vildagliptin decreased total and LDL-cholesterol. Vildagliptin also had a
favourable change in triglycerides compared with metformin [37].

DPP-4 INHIBITORS IN COMPARISON WITH EXISTING THERAPY

Sulphonylureas

In a non-inferiority trial, sitagliptin was compared with glipizide as add-on therapy in
>1000 patients with inadequate glycaemic control on metformin [47]. After 52 weeks, both
groups had similar reductions in HbAlc values of approximately 0.7% versus baseline.
However, the mean daily dose of glipizide was submaximal (around 10 mg), and with-
drawal rates due to lack of efficacy were higher with sitagliptin compared with glipizide: 86
of 588 patients (15%) versus 58 of 584 (10%) patients [47]. On the other hand, sitagliptin was
associated with lower rates of hypoglycaemia (5% vs. 32% of patients), and weight loss of
1.5 kg compared with 1.1 kg of weight gain with glipizide [47].



104 Clinical Challenges in Diabetes

Metformin

In a non-inferiority trial, vildagliptin (50 mg b.i.d.) was compared with metformin (1000 mg
b.i.d.) in 780 drug-naive patients. After 52 weeks, the average reductions in HbAlc values
from baseline were significantly greater with metformin compared with vildagliptin:
1.4% and 1.0%, respectively [48]. In another trial of 24-weeks duration, the placebo-sub-
tracted reductions in HbAlc values with sitagliptin (100 mg od), metformin (500 mg b.i.d.)
and metformin (1000 mg b.i.d.) were 0.8%, 1.0%, and 1.3%, respectively [39]. However, lev-
els of statistical significance were not reported. In these studies there was no significant
difference in hypoglycaemia or weight between metformin and DPP-4 inhibitor-treated
groups, however, gastrointestinal side-effects were significantly greater with metformin.

Thiazolidinediones

In drug-naive patients with type 2 diabetes, vildagliptin (50 mg b.i.d.) and rosiglitazone
(8 mg od) decreased HbAlc values by 1.1% and 1.3%, respectively, after 24 weeks, meeting
the statistical criterion of non-inferiority of vildagliptin relative to rosiglitazone. Patients
on rosiglitazone had an average weight gain of 1.6 kg, while vildagliptin had no effect on
weight [49]. In another trial including patients with type 2 diabetes inadequately con-
trolled on metformin (mean HbAlc 8.4%), additional treatment with vildagliptin (50 mg
b.i.d.) was compared with pioglitazone given in submaximal doses (30 mg/day) [50].
After 24 weeks, the reductions in mean HbAlc values were similar in the vildagliptin and
pioglitazone groups: 0.9% and 1.0%, respectively. Mean weight gain was significantly
greater in the pioglitazone group compared with the vildagliptin group: 1.9 kg and 0.3 kg,
respectively.

SAFETY OF DPP-4 INHIBITORS

Both sitagliptin and vildagliptin appear to be well-tolerated [37], withdrawal rates in patients
randomized to either agent being similar to placebo. A recent meta-analysis suggested that
the commonest adverse effects reported in slightly higher proportions of patients receiving
sitagliptin or vildagliptin were nasopharyngitis (6.4 vs. 6.1% vs. comparator, risk ratio 1.2),
urinary tract infection (3.2 vs. 2.4% with placebo, risk ratio 1.5) and headache (5.1 vs. 3.9%
with placebo, risk ratio 1.4) [23]. Available data suggest that DPP-4 inhibitors may be better
tolerated than metformin, glipizide, and acarbose [37]. There was no difference in reported
mild-to-moderate hypoglycaemia between DPP-4 inhibitors and a comparator group (1.6%
vs. 1.4%, respectively; risk ratio 1.0). Hypoglycaemia did become more evident when DPP-4
inhibitors were used in conjunction with SU, with the proportions of patients reporting
hypoglycaemia being 12% (27 of 222) and 1.8% (4 of 219) in patients receiving sitagliptin
plus glimepiride versus patients receiving glimepiride plus placebo, respectively [41].

The efficacy and safety of saxagliptin has also been studied in patients with type 2 diabe-
tes inadequately controlled by treatment with metformin, a TZD, or an SU alone [51]. At
week 24, once-daily saxagliptin (2.5-10 mg) as an add-on treatment to stable metformin
provided significant (P <0.0001) reductions in HbA1lc (0.71-0.83%) compared with placebo
[52]. In the TZD study, 565 patients with inadequate glycaemic control (HbAlc, 7-10.5%)
were randomized to receive add-on therapy with saxagliptin (2.5 or 5 mg) or placebo once
daily, in addition to either pioglitazone (30 mg or 45 mg) or rosiglitazone (4 mg or 8 mg) for
24 weeks [53]. At week 24, saxagliptin (2.5 mg and 5 mg) add-on treatment provided sig-
nificant adjusted-mean reductions in HbAlc from baseline (-0.66% and —0.94%, respectively)
compared with placebo (-0.30%; both P <0.001). In the SU study, 768 patients with T2DM
inadequately controlled (HbAlc 7.5-10%) with glyburide 7.5 mg alone were randomized to
receive saxagliptin 2.5 mg or 5 mg, or glyburide 2.5 mg in addition to open-label glyburide
for 24 weeks. Blinded up-titration of glyburide to a maximum of 15 mg daily was permitted
in the glyburide treatment arm only. At week 24, saxagliptin 2.5 mg and 5 mg add-on treat-



The place of incretin-based therapies in patients with type 2 diabetes 105

ment provided significant (P <0.0001) adjusted mean reductions in HbAlc (-0.54% and
—0.64%, respectively), compared with an increase for up-titrated glyburide (0.08%). In all of
these studies, saxagliptin resulted in more patients achieving an HbAlc target of <7%, along
with significant reductions in both fasting and postprandial plasma glucose levels.

Initial combination therapy with saxagliptin plus metformin has also been investigated
in drug-naive patients with inadequate blood glucose control (HbAlc, 8-12%; n = 1306).
Patients were treated with saxagliptin (5 mg or 10 mg) plus metformin 500 mg, or placebo,
in addition to either saxagliptin 10 mg alone or metformin 500 mg alone, for 24 weeks.
Saxagliptin (5 mg and 10 mg) initial combination therapy with metformin provided signifi-
cant (P <0.001) reductions in HbAlc (-2.53% and -2.49%, respectively), FPG (-59.8 and—62.2
mg/dl, respectively), PPG at 120 minutes during an OGTT (-137.9 and -137.3 mg/d]l, respec-
tively), and improved beta-cell function (HOMA-28; 33% and 38%, respectively), compared
with saxagliptin 10 mg alone (HbAlc -1.69%; FPG -30.9 mg/dl; PPG -106.3 mg/dl;
HOMA-2B 18.2%) or metformin 500 mg alone (HbA1lc -1.99%; FPG —47.3 mg/dl; PPG -96.8
mg/dl; HOMA-28 22.6%).

ROLE OF INCRETIN THERAPIES IN CLINICAL PRACTICE

There is no doubt that incretin-based drugs represent a useful addition to the existing arma-
mentarium of antidiabetic drugs. These agents have several advantages. First, because of
their distinct mechanism of action, they generally exert a beneficial effect on glycaemic con-
trol, irrespective of the type of background oral agents. Second, by targeting postprandial
hyperglycaemia more than fasting or pre-meal hyperglycaemia, they complement the action
of metformin, TZD, and long-acting SU, which act mainly by lowering fasting plasma glu-
cose. A third advantage is the progressive weight loss caused by exenatide, and the weight-
neutral effect of the DPP-4 inhibitors. Fourth, the use of incretin-related agents is uncommonly
associated with severe hypoglycaemia. Moreover, the use of DPP-4 inhibitors is simple, with
once- or twice-daily oral dosing irrespective of meal intake.

Meanwhile, exenatide and current DPP-4 inhibitors have important limitations. First, it
should be emphasized that 50% of patients in clinical trials failed to achieve HbAlc levels
<7.0%. Second, exenatide has to be injected twice daily, and is associated with high rates of
nausea, although tolerance to nausea appears to develop over time and a dose escalation
protocol for exenatide appears to minimize the gastrointestinal adverse effects. Third, while
the short-term (<1 year) safety profile of two DPP-4 inhibitors — sitagliptin and vildagliptin
—is reassuring, there are still some unresolved issues related to their safety. For instance, the
enzyme DPP-4 plays an important role in the immune system, being a T-cell co-stimulator
[54]; this raises concern about possible immune suppression as a result of DPP-4 inhibition.
In addition to GLP-1 and GIP, DPP-4 inhibits the degradation of other peptides in vitro, such
as substance P [54]. Thus, there is a possibility that serum levels of such peptides may rise
with the use of DPP-4 inhibitors leading to potential undesired effects. There are also two
other enzymes, DPP-8 and DPP-9, structurally related to DPP-4 but with largely unknown
functions [54]. Although in-vitro data suggest that DPP-4 inhibitors display high selectivity
for DPP-4, no in-vivo data are available.

In individual studies, DPP-4 inhibitors showed no characteristic pattern of adverse effects.
However, a recent meta-analysis showed an increased risk of infections, such as urinary
tract infection and nasopharyngitis. Although the observed relative risk was small, its impli-
cations in clinical practice are unclear and longer-term evaluation is required. Potential skin
toxicity also remains a consideration with DPP-4 inhibitors with a few serious cases of
hypersensitivity reactions being reported possibly related to sitagliptin, including anaphy-
laxis, angioedema, and Stevens-Johnson syndrome [55].

On balance, incretin-based therapies, with modest glucose-lowering effects, favourable
weight profile, low hypoglycaemia risk and potentially positive effects on cardiovascular
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risk factors for exenatide, represent a useful alternative to, and may offer an advantage over,
currently available hypoglycaemic agents. Hypoglycaemia may still be an issue, especially
if incretin therapy is combined with an insulin secretagogue; therefore, when incretin ther-
apy is co-administered with such agents, the dose of the latter should be adjusted to mini-
mize hypoglycaemia.

Metformin will remain the drug of choice for initial treatment of type 2 diabetes due to
its long-term safety, efficacy, and low cost [56]. Meanwhile, based on the available data, and
while longer-term efficacy, safety and cost-effectiveness evaluation is awaited, incretin-
based therapies may be of particular benefit in specific situations.

EXENATIDE/GLP-ANALOGUE THERAPY

The most recent blood glucose-lowering guidelines from the National Institute of Clinical
Excellence (NICE) in the UK [57] suggest that such agents may be considered for use in
patients with suboptimal glycaemic control with ongoing metformin/sulphonylurea combi-
nation therapy if a person is:

Obese (a body mass index [BMI] 235 kg/m?) in those of European descent, with appropri-
ate adjustment for other ethnic groups and other specific psychological or medical prob-
lems associated with high body weight.

Overweight (BMI <35 kg/m?) and for whom initiation of insulin therapy would have
significant occupational implications, or where weight loss would benefit other signifi-
cant comorbidities such as sleep apnoea.

Therapy should be only be continued following an appropriate assessment of efficacy
and safety (e.g. 1% reduction in HbAlc at 6 months and 5% weight loss after 1 year).

The above approach to the use of these agents, while providing some useful guidance,
may be considered as somewhat over-prescriptive in nature. Given their high cost and sub-
cutaneous method of administration, it is unlikely that they would gain widespread support
for second-line use following metformin monotherapy failure. However, such agents would
make a sensible second-line therapy choice for people in whom weight loss is a crucial
therapeutic priority (e.g. obstructive sleep apnoea and non-alcoholic steatohepatitis).

When considering stipulations around discontinuation of therapy, this is an area where
the effects of therapy on both weight and glycaemic control should be assessed on an indi-
vidual patient basis with the decision to continue treatment or otherwise based on the over-
all clinical picture, including an evaluation of the potential limitations of alternative therapy
options.

The most recent ADA/EASD consensus algorithm for the management of blood glucose
in type 2 diabetes [58], suggests that exenatide should only be considered when weight loss
is a major consideration and the HbAlc level close to target (<8%). This suggested approach
is based on reductions in HbA1lc of 0.5-1% seen in clinical trials with exenatide [26, 27]. It is,
however, noteworthy that greater reductions in HbAlc have been noted (1-1.5%) in patients
with higher baseline HbAlc levels [28] and that these reductions may be maintained for up
to 82 weeks of therapy. Thus, to define the clinical indication for such agents based on the
minimal reported glucose-lowering effects set in the context of a population-based glycae-
mic target approach as opposed to a more individualized approach may lead to significant
numbers of patients, who would otherwise gain benefit either in terms of weight and glu-
cose reduction, being denied treatment.

When deciding between the use of GLP-analogue therapy and insulin, the progression
of type 2 diabetes along with the expected improvement in HbAlc as compared with the
individualized patient glycaemic are important considerations. In particular, if hypergly-
caemia is sufficiently pronounced that the addition of GLP-analogue therapy is unlikely to
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Table 7.4 Range of circumstances where a DPP-4-inhibitor would be preferable to a sulphonylurea

People where further weight gain would be disadvantageous
People with already elevated BMI
Sleep apnoea
Multiple cardiovascular risk factors
Established cardiovascular / peripheral vascular disease
Poor mobility due to musculoskeletal problems

People at risk of hypoglycaemia
People living alone
Vocational drivers
People working at heights or with machinery
People with irreqgular eating habits (e.g. fasting during Ramadan)

achieve the desired HbAlc target, then insulin would be a more appropriate therapy
choice.

DPP-4 INHIBITORS

Their relatively high cost, limited long-term safety data and modest glucose-lowering effi-
cacy suggest that DPP-4 inhibitors should not generally replace a sulphonylurea as second-
line therapy at this time. These agents may, however, be considered as an alternative to a
sulphonylurea in a range of circumstances (Table 7.4). These include people for whom hypo-
glycaemia and/or weight gain are of particular concern, although there are insufficient data
currently available to define a threshold BMI above which the use of a DPP-4 inhibitor
would be particularly appropriate. Instead, the potential weight/hypoglycaemia benefits of
these agents should be evaluated on an individual patient basis. When considering the use
of second-line oral agents in patients with suboptimal glycaemic control on metformin
monotherapy, a DPP-4 inhibitor may be more appropriate than a TZD in patients where
fracture risk or congestive cardiac failure is a concern, or in whom further weight gain
would exacerbate psychological or medical problems associated with a high body weight. A
DPP-4 inhibitor may be considered as add-on therapy for patients with suboptimal glucose
control receiving sulphonylurea monotherapy, where the person does not tolerate metformin
or it is contraindicated.

If metformin in combination with a sulphonylurea does not adequately control blood
glucose (HbAlc <7.5%), and injection-based therapies such as insulin or GLP-1 analogues
are inappropriate, then a DPP-4 inhibitor is an appropriate third-line therapy alternative to
a TZD based on the considerations outlined above.

The most recent ADA/EASD consensus guidance on the management of blood glu-
cose in type 2 diabetes [58] does not include DPP-4 inhibitors due to their limited clinical
data and relative expense. While the absence of long-term data currently precludes the
widespread adoption of this class as a preferred second-line therapy, it is important to
remember that these agents have been studied in a wide variety of clinical scenarios over
periods of up to 1 year. Furthermore, in an era of ever tighter glycaemic targets, there is
not only considerable patient morbidity but also cost implications associated with man-
aging hypoglycaemia, weight gain and congestive heart failure risk associated with
achieving HbAlc targets of <7% with the more established therapies such as sulphony-
lureas and TZDs.

The decision to continue DPP-4 inhibitor therapy should be based on individual patient
assessment and not simply guided by the achievement of a prespecified HbAlc reduction,
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taking into consideration the individualized HbAlc target, comorbid conditions and the
limitations of alternative therapy options.
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How should we manage a diabetic patient who
has recently had a myocardial infarction?

M. Fisher

BACKGROUND

The excessive cardiovascular risk of diabetes mellitus is well established. Epidemiological
studies from many geographical areas have confirmed an increase in morbidity and mor-
tality from cardiovascular disease (CVD), particularly myocardial infarction (MI), in peo-
ple with diabetes compared to people without diabetes. It remains controversial, however,
whether a person with diabetes and no clinically evident CVD really has the same risk of
myocardial infarction and death as a non-diabetic patient who has already survived one
MI, as suggested following analysis of a population-based cohort study from Finland [1].
A recent meta-analysis [2] has confirmed that the cardiovascular risk of people with dia-
betes is greatly increased compared to non-diabetic subjects, but this falls short of being a
true coronary heart disease (CHD) equivalent. Analysis of 13 studies involving 45 108
patients showed that patients with diabetes without prior MI had a 43% lower risk of
developing CHD events compared with patients without diabetes with previous myocar-
dial infarction [2].

All are agreed, however, that an even greater risk of further MI and death is seen in
patients with diabetes who have already sustained a MI [1].

The newer classification of acute coronary syndromes (ACS) based on clinical presenta-
tion, electrocardiogram (ECG) changes and increases in troponin concentrations, coupled
with newer imaging techniques, has led to a greater understanding of the pathophysiology
underlying acute MI [3].

Most ACS do not occur as a result of stable narrowing of coronary arteries but as a con-
sequence of spontaneous rupture or erosion of an atheromatous coronary plaque. Exposure
of plaque contents leads to platelet aggregation and thrombosis, which occludes the vessel
causing damage to cardiac myocytes and release of troponin. Detailed examination of plaque
numbers and morphology in people with diabetes has shown a greater number of plaques
with a more distal location in the coronary arteries and a larger necrotic core, which is more
prone to rupture [4]. Plaques from people with diabetes have increased vascular inflamma-
tion, with a greater infiltration of lymphocytes, increased production of inflammatory cytok-
ines, and higher levels of matrix metalloproteinases making the plaque unstable and liable
to rupture. At the same time, abnormalities of platelet function, coagulation and fibrinolysis
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result in increased thrombosis upon a ruptured plaque, increasing the risk of vessel occlu-
sion or of distal embolization [4].

Diabetes is becoming increasingly common in patients presenting with ACS as heart dis-
ease is reduced in the non-diabetic population. Data from individual coronary care units
and registries indicate that one-quarter to one-third of patients with an ACS will have dia-
betes, many previously undiagnosed, and if formal glucose tolerance testing is performed
another one-quarter to one-third will have impaired glucose tolerance [5].

Many modifiable and non-modifiable risk factors for MI have been identified in people
with diabetes. In the United Kingdom Prospective Diabetes Study (UKPDS), baseline dia-
stolic blood pressure, raised low-density lipoprotein (LDL) cholesterol and HbAlc were
independent predictors of future fatal MI and, in addition, smoking and low high-density
lipoprotein (HDL) cholesterol were predictors of fatal or non-fatal MI [6]. In a separate
analysis of the UKPDS dataset, patients with a fatal myocardial infarction had a higher
HbAlc in the first years of diagnosis compared to patients with a non-fatal infarction, and
increased age, blood pressure and urine albumin level were also risk factors for a fatal
infarction [7].

The prognosis following ACS and MI is much worse in people with diabetes and most
studies show almost a doubling of short-term and long-term mortality with acute MI in
people with diabetes. An explanation for this excessive mortality following MI remains elu-
sive. Undoubtedly, people with diabetes have more extensive and diffuse coronary artery
disease at the time of MI, and concomitant diabetic autonomic neuropathy and a diabetic
cardiomyopathy may increase the risk of sudden death, arrhythmias and heart failure. Other
complications of infarction that are also increased include left ventricular systolic dysfunc-
tion without clinical heart failure, recurrent myocardial ischaemia and re-infarction, cardio-
genic shock, renal failure and stroke [4].

IMMEDIATE CARDIOVASCULAR MANAGEMENT

Diabetic patients are more likely to have atypical symptoms of MI so the first management
priority in a diabetic patient with a suspected Ml is to confirm the suspected diagnosis with
a careful history, cardiovascular examination, electrocardiography and measurement of car-
diac markers. The immediate management of a diabetic patient with an ACS is cardiological
and depends on the changes that are seen in the presenting ECG, and in particular whether
ST segment elevation is present or not.

Antiplatelet therapy

All diabetic patients with suspected ACS should be treated immediately with aspirin 300
mg, and in the presence of ischaemic changes or elevation of cardiac markers, should also
receive clopidogrel 300 mg. This was first proven for patients with non-ST elevation MI in
the CURE trial where the combination of aspirin and clopidogrel was more effective than
aspirin alone and produced a 20% reduction in numbers of patients achieving the first pri-
mary endpoint (composite of cardiovascular death, MI and stroke) after 12 months of fol-
low-up [8]. Of the 12 562 patients in CURE, 2840 had diabetes. The diabetic subgroup had a
higher event rate than their non-diabetic counterparts and the event rate was reduced by a
similar amount to non-diabetic subjects.

In the subsequent CLARITY-TIMI 28 [9] and COMMIT trials [10], similar increased bene-
fits were seen when comparing the combination of aspirin and clopidogrel with aspirin
alone in patients with ST-elevation MI. CLARITY-TIMI 28 randomized 3491 patients to aspi-
rin or combination therapy, and a 36% reduction in the composite of death, recurrent MI or
occluded artery on angiography was observed with combination therapy. Sixteen per cent
of subjects in CLARITY had diabetes but subgroup data were not provided. Rather surpris-
ingly, no information is given on diabetes status or effects in diabetic patients in the COMMIT
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study, which included 45 852 patients from China and showed similar further reductions in
the primary endpoint of death, re-infarction or stroke.

Prasugrel is a newer oral antiplatelet agent that is similar in action to clopidogrel. In
the TRITON-TIMI 38 trial, aspirin plus prasugrel was compared to aspirin plus clopi-
dogrel in 13 608 patients with ACS who were scheduled for percutaneous coronary inter-
vention (PCI) [11]. There was a significant reduction in the primary endpoint of
cardiovascular death, non-fatal MI and non-fatal stroke, but at the expense of an increase
in major and life-threatening bleeding. A total of 3146 subjects had pre-existing diabetes
and diabetic patients tended to have a greater reduction in ischaemic events with prasu-
grel compared with clopidogrel, without an observed increase in major bleeding [12]. MI
was reduced with prasugrel by 18% in subjects without diabetes and by 40% in subjects
with diabetes. The full clinical role for prasugrel is yet to be established, but in people
with diabetes there appears to be an acceptable balance of increased efficacy versus side-
effects.

ST-elevation myocardial infarction

Once combination antiplatelet therapy has been started the optimal reperfusion therapy for
diabetic patients with ST-elevation acute MI is a primary PCI as the typical pathology is a
ruptured plaque causing total occlusion. Systematic reviews and meta-analyses of random-
ized controlled trial (RCT) data has shown that primary PCl is superior to thrombolysis, and
further reduces short- and long-term mortality, re-infarction, strokes and the need for coro-
nary artery bypass grafting (CABG) [13]. A recent meta-analysis compared the data for indi-
vidual subjects with diabetes in 19 trials comparing primary PCI and thrombolysis [14]. The
30-day mortality was greater in patients with diabetes, but similar reductions in relative risk
were seen for most outcomes comparing diabetic and non-diabetic subjects, including death,
recurrent MI and stroke.

Diabetic patients undergoing primary PCI should also be treated with glycoprotein IIb/
IIla receptor antagonists, and intracoronary stenting rather than balloon angioplasty should
be used. There have been several meta-analyses comparing drug-eluting stents with bare-
metal stents in diabetic patients undergoing PCI. The majority of studies were in subjects
undergoing an arranged PCI rather than an emergency PCI for MI. Nevertheless, drug-
eluting stents appear to offer considerable benefits in diabetic patients as restenosis follow-
ing PCI is particularly common in diabetic patients. There is now evidence of late stent
thrombosis once combination antiplatelet therapy is discontinued, and combination anti-
platelet therapy may need to be continued long-term in patients who have received drug-
eluting stents.

Thrombolysis has been shown in meta-analysis to reduce mortality and complications
following MI in patients with diabetes [15], but is inferior to primary angioplasty so is now
reserved for patients with ST-elevation MI who do not have access to the expertise to per-
form this intervention, or where this cannot be delivered within the desired time frame.
The presence of diabetic retinopathy is not a contraindication to potentially life-saving
thrombolytic treatment as retinal haemorrhage is rare, and can be treated surgically if it
occurs.

Non-ST-elevation myocardial infarction

Patients with non-ST-elevation MI usually have a plaque rupture that has caused a non-
occlusive thrombus and neither immediate primary PCI nor thrombolysis improve out-
comes. Diabetic patients require maximum therapy to dissipate the thrombosis, including
combination antiplatelet therapy with aspirin and clopidogrel, possible use of glycoprotein
IIb/IIIa receptor antagonists, antithrombotic therapy with low molecular weight heparin or
unfractionated heparin, and anti-ischaemic therapy with B-blockers. In a meta-analysis of
glycoprotein IIb/Illa receptor antagonists for non-ST-elevation MI, treatment with an antag-
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onist reduced mortality and a composite of death or MI in diabetic subjects whereas there
was no mortality benefit in non-diabetic subjects [16]. Patients with diabetes are at high risk
so should be considered for coronary angiography and revascularization with CABG for left
main stem disease or triple vessel disease, or PCI where the coronary anatomy is
appropriate.

IMMEDIATE GLYCAEMIA MANAGEMENT

Once appropriate cardiological management has been started, the next management consid-
eration is the emergency control of glycaemia. Obtaining evidence for the best cardiological
treatments for MI in people with diabetes has been relatively straightforward as it has relied
on subgroup analysis of single interventions, many of which can be gathered together into
systematic reviews and meta-analyses. The management of glycaemia following MI is much
more complex, as there are multiple variables including the use of intravenous or subcuta-
neous insulin therapy, the use of individual antidiabetic drugs, the rate and intensity of
insulin administration, accompanying fluid volumes and constituents, and potassium
supplementation. Unfortunately, many of the studies in this area have yielded negative
results.
These studies can broadly be grouped into two categories [17]:

1. “Insulin focus” where insulin is given for its potential metabolic effects on suppressing
free fatty acid concentrations, stimulating potassium re-uptake and enhancing glyco-
lysis in ischaemic myocardium. Examples of this are the use of a combined solution of
glucose, insulin and potassium (GIK).

2. ‘Glycaemia focus” where insulin is given for the control of hyperglycaemia. Studies
which have adopted the latter approach include the DIGAMI studies, the HI-5 study
and the HEART2D study.

DIGAMI studies

The first DIGAMI study used a combination of intensive intravenous insulin in glucose fol-
lowed by four times daily multidose insulin for at least three months compared to conven-
tional insulin treatment in 620 patients with diabetes who were admitted to Swedish
coronary care units between 1990 and 1993. There was no statistically significant benefit at
three month follow-up but by one year there was a statistically significant reduction in total
mortality [18] that persisted for the mean follow-up of 3.4 years [19].

A second DIGAMI study was set up in an attempt to try and replicate the results of the
first study, and also to try and identify which components of the strategy were required for
mortality benefit [20]. This study randomized 1253 patients between 1998 and 2003 to one
of three possible treatment strategies:

1. Intensive intravenous insulin and glucose infusion followed by multidose subcutaneous
insulin similar to the intensive treatment group in the first DIGAMI study.

2. Immediate insulin glucose infusion followed by conventional therapy.

3. Conventional therapy throughout.

A major deficiency of the study was that recruitment was exceedingly slow and eventu-
ally the study was halted when less than half of the desired subjects had been recruited and
it was clear that the planned number of study entrants would not be reached in a reasonable
timescale. Secondly, only minor differences were obtained in HbAlc concentrations on fol-
low-up, which is probably explained by the frequent use of twice-daily insulin and the
infrequent use of multidose insulin in the group of patients that were supposed to be receiv-
ing intensive subcutaneous insulin.
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Table 8.1 Results from the DIGAMI 2 trial

Principal result
DIGAMI 2 did not support the fact that acutely introduced long-term insulin improves survival in
patients with type 2 diabetes following MI.

Other results from post hoc analysis:
Controlling for confounders there was no difference in mortality between patients treated with
sulphonylureas, metformin and insulin following discharge. Metformin reduced the risk of non-
fatal MI and stroke and the risks were significantly increased by insulin treatment.
Initiation of insulin treatment after MI was associated with a significant increase in weight and
incidence of re-infarction. The increase in weight, however, did not explain the increased rate of
re-infarction.
Hypoglycaemia during the initial hospitalization was not an independent risk factor for morbidity
or mortality on follow-up.
High levels of insulin-like growth factor-binding protein 1 (IGFBP-1) at admission were associated
with an increased risk for cardiovascular mortality and cardiovascular events (CV death,
re-infarction or stroke).

The study was therefore statistically underpowered to demonstrate benefit in either inter-
vention group. In fact, survival was non-significantly reduced in the control group that
received conventional treatment throughout, but this can be explained by baseline inequal-
ities with significantly less prior vascular disease in that group. Overall, there was a high
use of aspirin and B-blockers in the study, whereas use of angiotensin-converting enzyme
(ACE) inhibitors and cholesterol-lowering therapies was less than might be expected.
Epidemiological observations from the whole cohort showed a significant adverse effect of
raised admission blood glucose and HbAlc, and benefit from B-blockers and statins [20].
There have been several recent post hoc analyses of data from DIGAMI 2 that have given
useful information on MI in diabetes [21-24] (Table 8.1).

HI-5 study

The Hyperglycemia: Intensive Insulin Infusion In Infarction (HI-5) study examined the
effects of an insulin/dextrose infusion given for at least 24 h versus conventional therapy in
240 patients with an acute MI and a random blood glucose concentration of >7.8 mmol/1
[25]. Half of the participants had known diabetes. The insulin/dextrose infusion had no
significant effect on mortality, but there was a lower incidence of cardiac failure and re-
infarction within three months in the insulin/dextrose infusion patients [25]. A subsequent
post hoc analysis showed that mortality was lower in subjects who attained an average blood
glucose below 8 mmol/1 in the first 24 h compared to subjects with a mean blood glucose
above 8 mmol/1 [26]. The authors suggested that tight glycaemic control with a blood glu-
cose target <8 mmol/l improves outcomes, but an alternative explanation is that glycaemia
is more difficult to manage in patients with worse outcomes.

In HI-5 ECGs were performed at admission and 24 h. In the conventional treatment group
there was prolongation of the QT interval after 24 h, but this did not occur in the insulin
infusion group. In the patients with a mean blood glucose above 8 mmol/1 in the first 24 h,
new ECG conduction abnormalities were significantly more common than in those with a
mean glucose <8 mmol/1 [27].

HEART2D study

The Hyperglycaemia and its Effects after Acute Myocardial Infarction on Cardiovascular
Outcomes in Patients with Type 2 Diabetes Mellitus (HEART2D) study examined two sub-
cutaneous insulin strategies following MI in patients with type 2 diabetes [28]. A total of
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Table 8.2 Protocol used by coronary care unit nurses for insulin-glucose infusions in the DIGAMI study

Infusion: 500 ml 5% glucose with 80 IU of soluble insulin (~1 IU/6 ml).

Start with 30 ml/h. Check blood glucose after 1 h. Adjust infusion rate according to the protocol and
aim for a blood glucose level of 7 to 10 mmol/L. Blood glucose should be checked after 1 h if
infusion rate has been changed, otherwise every 2 h. If the initial decrease in blood glucose exceeds
30%, the infusion rate should be left unchanged if blood glucose is >11 mmol/l and reduced by

6 ml/h if blood glucose is within the targeted range of 7 to 10.9 mmol/L. If blood glucose is stable
and <10.9 mmol/l after 10pm, reduce infusion rate by 50% during night.

Blood glucose >15 mmol/L: Give 8 IU of insulin as an intravenous bolus injection and increase
infusion rate by 6 ml/h.

11 to 14.9 mmol/L: Increase infusion rate by 3 ml/h.

7 to 10.9 mmol/L: Leave infusion rate unchanged.

4 to 6.9 mmol/L: Decrease infusion rate by 6 ml/h.

<4 mmol/L: Stop infusion for 15 min. Then test blood glucose and continue testing

every 15 min until blood glucose is >7 mmol/L. In the presence of
symptoms of hypoglycaemia, administer 20 ml of 30% glucose
intravenously. The infusion is restarted with an infusion rate decreased by
6 ml/h when blood glucose is >7 mmol/L.

1115 patients were randomized within 21 days of an acute MI to either a prandial insulin
strategy, which comprised three premeal doses of insulin lispro with a target postprandial
glucose of less than 7.5 mmol/l, or to a basal strategy of twice-daily isophane insulin or
once-daily glargine, with a target fasting and premeal glucose of less than 6.7 mmol/l. Most
subjects were recruited from Central and Eastern Europe, and only a small number of
patients were recruited from Western Europe and Canada. Similar to the DIGAMI 2 study,
the study was halted because of a lack of effect on the primary endpoint which included
cardiovascular death, non-fatal MI, stroke, ACS and revascularizations, and a less than
expected separation in blood glucose concentrations between the two groups. In the pran-
dial group, the mean postprandial blood glucose of 7.8 mmol/1 was significantly less than
8.6 mmol/1 in the basal group, but well above the targets. In the basal group, the mean fast-
ing blood glucose of 7.0 was also significantly lower than the 8.1 mmol/I in the prandial
group, but again was above target. There were no differences in HbAlc comparing the two
groups.

A detailed description of the DIGAMI regimen is shown in Table 8.2.

In the absence of definitive answers from RCTs, data from cohort studies have provided
some support for benefit of glucose normalization following MI. One large cohort study
identified 7820 hyperglycaemic patients with MI admitted to 40 US hospitals. Around half
had known diabetes [29]. After multivariable adjustment, lower mean post-admission glu-
cose levels were associated with better survival. Mortality rates were similar between insu-
lin-treated and non-insulin-treated patients. The results were similar for people with and
without diabetes. In a separate publication from the same cohort, hypoglycaemia was asso-
ciated with an increased mortality, but not in those treated with insulin; patients with hypo-
glycaemia were older and had more comorbidity [30].

SECONDARY PREVENTION OF MYOCARDIAL INFARCTION IN DIABETIC PATIENTS

There is clear evidence that patients with diabetes benefit from the use of secondary prevent-
ive therapies following MI. Meta-analysis has demonstrated that people with diabetes ben-
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efit from the early and continued use of B-blockers which reduce mortality and sudden
death in people with diabetes [31], but data from individual centres and registries shows
that these therapies are often less used than in non-diabetic subjects, especially patients
treated with insulin [32]. This is probably because of misunderstanding of the effects of
B-blockers on the symptoms and recovery from hypoglycaemia. Beta-blockers have only a
minor effect on the symptom profile produced by hypoglycaemia, and as sweating is a sym-
pathetic cholinergic response, it is unaffected. Similarly, modern cardioselective B-blockers
that been proven to reduce mortality have no significant effect on the metabolic recovery
from hypoglycaemia.

Registry data shows a much greater use of ACE inhibitors following MI in patients with
diabetes, probably because of the perception that these will reduce future cardiovascular
and renal events [32]. Angiotensin receptor blockers (ARBs) are better tolerated than ACE
inhibitors, but studies comparing ACE inhibitors and ARBs for the treatment of heart failure
or left ventricular systolic dysfunction following MI have yielded conflicting results, so
ARBs should be used if patients are intolerant of ACE inhibitors.

Eplerenone is a selective mineralocorticoid receptor antagonist. In the EPHESUS study
eplerenone was compared to placebo in 6632 patients with heart failure following MI [33].
Non-diabetic subjects had a low ejection fraction and clinical evidence of heart failure,
whereas the one-third of the subjects with diabetes was recruited on the basis of a reduced
ejection fraction following MI without necessarily having clinical evidence of heart failure.
The results overall showed that eplerenone reduced total mortality following MI. This
reduction was not significant in the diabetic subjects, probably because of a lack of statistical
power, but there was a significant reduction in a composite endpoint of cardiovascular death
and hospitalization due to cardiovascular events.

Statin treatment is one of the longest established evidence-based therapies to reduce mor-
tality following MI. The original 4S (Scandinavian Simvastatin Survival Study) study com-
pared simvastatin 20 mg with placebo in patients with a raised cholesterol and previous MI
or angina, increasing to 40 mg if target cholesterol was not achieved [34]. Total mortality was
reduced, as were the major coronary events of CHD-related death and non-fatal MI. In two
diabetes subgroup analyses, simvastatin reduced major coronary events but not total mor-
tality in diabetic subjects [35, 36].

More recent studies have compared low-dose versus high-dose statins following MI. The
Pravastatin or Atorvastatin Evaluation and Infection Therapy—Thrombolysis in Myocardial
Infarction 22 (PROVE-IT TIMI 22) trial compared 40 mg of pravastatin versus 80 mg of ator-
vastatin in patients with recent ACS [37]. At the start of the study they had modestly ele-
vated total and LDL-cholesterol levels of 4.7 and 2.7 mmol/l, respectively. After a mean
follow-up period of 24 months, the atorvastatin group achieved a 32% reduction in LDL-
cholesterol (2.7 to 1.6 mmol/1) compared to minor reductions seen with pravastatin (2.7 to
2.4 mmol/1). There was a 16% reduction in the primary endpoint of time to first major car-
diovascular event, including death from any cause, MI, unstable angina, stroke and revas-
cularization procedures. There were 978 subjects with diabetes in the study (23%). There
was a non-significant reduction in the time to first major cardiovascular event within this
subgroup, probably reflecting the relatively small number of patients with diabetes [38].
Acute coronary events were significantly reduced by 25%.

In the TNT (Treating to New Targets) study atorvastatin 80 mg/day was compared with
atorvastatin 10 mg/day in patients with previous MI, objective evidence of CHD or previ-
ous coronary revascularization procedures [39]. In people with diabetes, the use of atorva-
statin 80 mg was associated with a significant reduction in major cardiovascular events
(CHD death, MI, cardiac arrest or stroke). A marked reduction in cardiovascular events was
particularly demonstrated in diabetic patients with chronic kidney disease (CKD). In both
PROVE-IT and TNT the main side-effect of high-dose atorvastatin was an increase in abnor-
malities of liver function tests.
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LONGER-TERM GLYCAEMIA MANAGEMENT

The conflicting results of the studies examining the immediate and short-term management
of glycaemia following MI are described above. There is also uncertainty about the optimal
strategy for the longer-term management of glycaemia in these patients. In the DIGAMI
studies, four times daily insulin was to be continued for at least three months [16], but in the
second DIGAMI study, many patients in the intensive treatment group were treated with
twice-daily insulin [18].

PROactive

The PROactive trial examined the use of pioglitazone 45 mg in 5238 diabetic patients with
evidence of macrovascular disease [40]. Inclusion criteria included MI at least 6 months
prior to entry in the study, and approximately half of the subjects (2445; 46%) had evidence
of previous ML In the overall trial there was a statistically insignificant reduction of 10% in
the primary endpoint comprising disease endpoints (death, MI, ACS and stroke) and proce-
dural endpoints (coronary revascularization, leg revascularization, leg amputation). Before
the study was completed and unblinded, the investigators defined a main or principal sec-
ondary endpoint comprising death, MI and stroke and this was significantly reduced by
16% comparing pioglitazone with placebo [40]. Detailed subgroup analysis of patients with
a previous MI showed a 28% relative risk reduction in fatal and non-fatal MI, and a 37%
relative risk reduction in ACS [41]. A 19% relative risk reduction was seen in a composite
endpoint of non-fatal MI, coronary revascularization, ACS, and cardiac death. The main
side-effect was an increase in non-fatal heart failure. Pioglitazone should therefore be con-
sidered for glycaemic management following MI in patients without heart failure, as glita-
zones are contraindicated in heart failure. A detailed description of the controversy
surrounding rosiglitazone and a possible increase in MIs is beyond the scope of this chapter;
suffice to indicate that there is no evidence that rosiglitazone reduces MIs either when used
following previous MI or as primary prevention.

Studies of intensive insulin therapy

More recently three studies of intensive insulin therapy in diabetic patients with established
vascular disease or high vascular risk have cast doubt on the desirability of intensively treat-
ing hyperglycaemia in these subjects. The ACCORD study examined the effects of intensive
and rapid glucose lowering in 10 251 patients with type 2 diabetes [42]. One-third had base-
line CVD but the number with previous MI was not published. The study was stopped early
after 3.5 years because of an increase in total mortality in the intensive treatment group
compared to the standard treatment group. In particular, there was an increase in unex-
pected or presumed CVD, which may have been a fatal consequence of hypoglycaemia. At
the time the study was stopped the primary outcome of non-fatal MI, non-fatal stroke and
cardiovascular death was not significantly reduced, but a significant reduction in non-fatal
MIs was observed, which occurred in 3.6% of the intensive therapy group and 4.6% of the
standard therapy group (P = 0.004).

The ADVANCE study examined the effects of less rapid intensive blood glucose control
in 10 251 patients with type 2 diabetes, and again one-third had established CVD [43]. No
major harmful effects of intensive glucose control were observed in the ADVANCE study,
and there was a significant reduction in the primary endpoint of major macrovascular and
microvascular events in the intensive treatment group. Further analysis showed that the
significant reduction was in microvascular events, and there was no significant effect on
macrovascular events, non-fatal MI or cardiovascular death.

The smaller VADT trial of 1791 military veterans recruited patients with poorly con-
trolled diabetes and around half of the subjects had previous cardiovascular events [44].
Intensive glucose control had no significant effect on the rates of major cardiovascular
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Table 8.3 Management of the diabetic patient with no known vascular disease, stable cardiovascular
disease, and following a recent myocardial infarction

No known vascular ACS and myocardial
disease Stable CHD and stroke infarction

Glycaemia Intensive treatment with Intensive treatment Intensive treatment with
metformin, sulphonylurea with pioglitazone multi-dose insulin,
or pioglitazone pioglitazone

Cholesterol Simvastatin 40 mg or Consider atorvastatin ~ Atorvastatin 80 mg
atorvastatin 10 mg 80 mg

Blood pressure ACE inhibitor, calcium Beta-blocker or calcium Beta-blocker for prognosis
channel blocker or channel for symptom
diuretic control

RAS inhibition For blood pressure or ACE inhibitor for ACE inhibitor for prognosis|

(ACE inhibitor, ARB)  microalbuminuria prognosis

Antiplatelet therapy  None Aspirin (or clopidogrel) Aspirin plus clopidogrel

events, death or microvascular complications, and there were 78 infarctions in the standard
treatment group and 64 infarctions in the intensive therapy group (not statistically signifi-
cant).

A recent meta-analysis included data from UKPDS, PROactive, ADVANCE, VADT and
ACCORD [45]. A 17% reduction in non-fatal MI was observed comparing intensive treat-
ment with standard treatment (95% confidence interval 0.75-0.93), and there was a 15%
reduction in CHD events. Taken together, the results of these studies suggest that there may
be benefit in intensive control of glucose in reducing Mls in patients with previous CVD or
high cardiovascular risk, but that this should not be done rapidly, and should avoid hypo-
glycaemia and excessive weight gain.

PRIMARY PREVENTION OF MYOCARDIAL INFARCTION IN DIABETES

As described in the introduction, it is now clear that not all patients with diabetes have the
same immediate and long-term cardiovascular risk, and patients can now be staged accord-
ing to the presence and type of CVD (Table 8.3). Patients with recent MI were excluded from
the UKPDS and most subjects had no vascular disease at baseline. The results from the
UKPDS [46, 47] and the recently published post-trial monitoring (UKPDS-PTM) [48] indi-
cate that early intensive treatment based on monotherapy with metformin will reduce MIs,
diabetes-related deaths and all-cause mortality, and that the benefit is not directly related to
control of blood glucose. In the main UKPDS group, intensive treatment based on mono-
therapy with sulphonylureas or insulin did not reduce Mls during the course of the study
[47], but during post-trial monitoring a significant reduction in Mls leading to a significant
reduction in all-cause mortality was observed [48]. HbAlc concentrations were similar to
conventional control during post-trial monitoring and this late benefit was described as a
legacy effect of early intensive glycaemic control. As similar reductions were seen with sul-
phonylureas and insulin that were consistent with epidemiological observations, this can be
considered to be a benefit of controlling hyperglycaemia separate from the effect of any
specific drug. The results of UKPDS post-trial monitoring are also consistent with the results
of DCCT/EDIC in patients with type 1 diabetes, where intensive insulin therapy reduced
the risk of any cardiovascular event by 42% and the risk of non-fatal MI, stroke or death
from CVD by 57% [49]. In DCCT/EDIC, the investigators described the prolonged benefits
of previous intensive treatment as a ‘metabolic memory’.
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In diabetic patients with hypertension, aggressive treatment of blood pressure has been
particularly useful in reducing stoke events, but reductions in MIs have also been observed
[50, 51]. Statin treatment with atorvastatin or simvastatin in diabetic patients with no known
vascular disease significantly reduced MIs in the CARDS study [52] and HPS [53]. The pos-
sible benefits of antiplatelet drugs are less clear in diabetic patients without known vascular
disease. The only study showing benefit was the HOT study [54] where aspirin reduced
non-fatal MI but had no effect on cardiovascular or total mortality, and meta-analysis of
primary prevention trials of antiplatelet therapy in people with diabetes has been negative
[55]. At this point in time, aspirin is not recommended for the prevention of CVD in diabetic
patients without established vascular disease. The differing management approaches to dia-
betes patients without CVD, with stable CVD, and following MI are summarized in Table
8.3.

SUMMARY

Myocardial infarction is a common medical emergency in people with diabetes, carries a
high mortality compared to people without diabetes, and is a common cause of death.
Diabetic patients with a suspected MI should receive early treatment with a combination of
aspirin and clopidogrel. Diabetic patients with ST-elevation MI should undergo primary
angioplasty and stenting, complemented by the use of glycoprotein IIb/Illa antagonists.
Thrombolysis should now be reserved for patients with ST-elevation MI where timely pri-
mary angioplasty cannot be performed, and there are no specific contraindications to throm-
bolysis in diabetic patients. Patients with non-ST-elevation MI and unstable angina should
be treated with combination antiplatelet therapy and low molecular weight heparin. Diabetes
increases the level of risk, and high-risk patients should receive early coronary angiography
with a view to further intervention or surgical revascularization. The optimal short- and
medium-term glycaemic management strategies remain uncertain. In the first DIGAMI
study, a strategy of intensive intravenous insulin followed by intensive multidose subcuta-
neous insulin reduced total mortality in patients with diabetes following MI, but the follow-
up DIGAMI 2 study and other studies using different glycaemic management regimens
failed to show any benefit. Secondary preventive therapies including the appropriate use of
B-blockers, ACE inhibitors, eplerenone and high-dose statins all have an important role fol-
lowing MI in diabetic patients, and cardiac rehabilitation is of benefit. There remains a high
residual risk even when employing all of these evidence-based therapies, and to reduce the
mortality from MI in people with diabetes will also require early attention to proven pri-
mary preventive therapies.

To optimally manage the diabetic patient who has recently had a MI requires attention to
cardiovascular and metabolic factors, including the appropriate use of cardiovascular inter-
ventions and drugs, intensive treatment with statins, and the management of glycaemia.
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Can we prevent problems in the at-risk diabetic
foot?

M. ]. Stevens, R. Pop-Busui, C. M. Holmes

INTRODUCTION

Diabetes is a contributing factor in up to 70% of lower limb amputations [1, 2]. In the major-
ity of diabetic subjects, the underlying factor contributing to eventual amputation is diabetic
foot disease and diabetic foot ulcer [3]. Amongst persons with diabetes, the lifetime risk of
developing a foot ulcer is estimated to be 5-15% [4, 5]. Based on recent studies, the annual
population-based incidence of foot ulcers ranges from 1.0% to 4.1% and the prevalence
ranges from 4% to 10% [6]. The burden of diabetic foot disease and ulceration is set to fur-
ther increase due to the coexistence of contributory comorbidities including peripheral arte-
rial disease and peripheral neuropathy. Lower extremity amputation is twice as common in
subjects with diabetes compared with non-diabetic persons, affecting 30% of subjects with
diabetes 40 years and older [7].

Foot ulcers cause substantial emotional, physical, productivity and financial losses [8, 9].
The most costly and feared consequence of a foot ulcer is limb amputation, which occurs
10 to 30 times more often in diabetes than in the general population [10, 11]. In diabetes, 85%
of non-traumatic amputations follow a foot ulcer [4]. Furthermore, a diabetes-related ampu-
tation markedly worsens quality of life and increases the risk of further amputations [12].
Most ominously, the mortality rate after amputation is about 40% at 1 year and 80% at
5 years — worse than for most malignancies [6, 13].

MECHANISMS INVOLVED IN THE ONSET AND PROGRESSION OF DIABETIC FOOT DISEASE

Peripheral somatic neuropathy can be identified in over 80% of subjects with diabetic foot
ulcers [14-16]. High mechanical pressure [17, 18] resulting from structural deformities in the
insensate foot, is a fundamental contributing factor to foot ulceration in these patients.
Inadequate arterial perfusion associated with peripheral arterial disease is a contributing
factor in approximately 60% of diabetic subjects with non-healing foot ulcers and 46% of
those who have a major amputation [14]. In addition to macrovascular disease, microvessel
disease also contributes to the chronicity of the diabetic foot ulcer [19]. Although multiple
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factors contribute to the formation of foot ulcers in diabetes, oxidative/nitrosative stress,
altered inflammatory responses and impairment of the skin microcirculation have also
emerged as critical intermediates [20-23]. In the diabetic foot ulcer, infection is usually poly-
microbial, and may not present with systemic manifestations despite extensive, limb-threat-
ening sepsis [24].

Dermal atrophy: occurrence in diabetic skin and a common intermediate in chronic wound
formation

Progressive atrophy of dermal connective tissue is a critical intermediate in the formation of
a foot ulcer [25-27]. Proliferation of skin fibroblasts is reduced in diabetic patients [25-27].
Chronic, non-healing skin wounds of multiple aetiologies demonstrate similar connective
tissue abnormalities, including reduced fibroblast numbers and proliferative capacity,
reduced procollagen synthesis and increased levels of connective tissue-degrading matrix
metalloproteinases (MMPs) [28, 29].

Less well understood is the role of epidermal changes in diabetes as contributors to the
formation of non-healing wounds. Reduced keratinocyte proliferation may contribute
directly to the atrophic changes occurring in the epidermis of diabetic subjects [30, 31].
Keratinocyte motility is also impaired in diabetes [32]. Since epidermal motility and prolif-
eration contribute to wound closure [30], it is easy to envisage how alterations in these
responses directly contribute to slowed repair of wounds in diabetic skin.

Structural and functional skin deficits in diabetes

Recent studies have shown that in diabetes dermal atrophy of the hip and ankle skin is
associated with increased elaboration of MMP-1 (interstitial collagenase) and MMP-9
(gelatinase B) compared to age-matched healthy control skin [27]. Increased MMP elabora-
tion precedes overt changes in skin structure and can be considered an ‘early event’ in skin
degeneration. Sustained reduction in collagen synthesis occurs subsequently and concomi-
tantly with evidence of widespread collagen destruction [28, 33, 34].

Oxidative stress and nitric oxide

Oxidative stress is implicated in the development of diabetic complications [35, 36] includ-
ing neuropathy [35] and foot ulceration [37, 38]. Hyperglycaemia results in the increased
production of vascular superoxide (O%), thereby inactivating nitric oxide (NO) and contrib-
uting to vascular dysfunction [39]. Additionally, NO plays an important role in wound repair
[40] by promoting angiogenesis [41], migration and proliferation of fibroblasts [42], epithe-
lial [43] and endothelial cells [41] and keratinocytes [40]. In diabetic mice, impaired wound
healing is associated with decreased wound NO synthase expression and NO levels, and
L-arginine improves wound healing [44]. Skin biopsies from the dorsum of the foot in dia-
betic subjects demonstrate a decrease in endothelial NO synthase expression [42]. However,
the precise mechanisms whereby NO deficiency impairs wound healing are unclear.

The role of advanced glycosylation end-products (AGEs)

Accumulation of AGEs have also been implicated in the pathogenesis of diabetic complica-
tions [45], including impaired wound healing [46]. Increased skin AGEs have been identi-
fied in diabetic subjects with neuropathic foot ulceration compared to healthy diabetic
subjects [47]. AGEs accumulate in diabetic wounds, and after interaction with the receptor
for AGEs (RAGE) lead to expression of proinflammatory molecules including endothelin-1,
tumour necrosis factor alpha (TNF-a) and MMPs [46—48]. TNF-a decreases the formation
and tensile strength of granulation tissue potentially by enhancing the generation of acti-
vated MMPs, an effect involving interleukin (IL)-1 [23]. RAGE can be upregulated in cells
important in the inflammatory response, including fibroblasts, vascular endothelial cells
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and mononuclear phagocytes [46]. The result is reduced angiogenesis, decreased collagen
deposition and reduced quality and quantity of granulation tissue, ultimately resulting in
poor wound healing and neovascularization in diabetic wounds [46, 49, 50]. The AGE pre-
cursor methylglyoxal impairs wound healing in rats by impairing the granulative tissue
response [51]. Blockage of RAGE suppresses levels of inflammatory cytokines, TNF-a, IL-6
and MMPs [21] and promotes wound healing [46].

Oxidative stress and skin perfusion
Oxidative stress in the diabetic vasculature [52, 53] may increase diacylglycerol and protein
kinase C (PKC) [54] thereby contributing to vascular dysfunction, skin small vessel disease
and impaired skin perfusion [35]. Increased lipid hydroperoxides may increase cyclooxygen-
ase activity and thromboxane synthesis [55, 56] but decrease prostacyclin synthase activity
[56, 57] with resultant vasoconstriction [56, 57]. Skin vasodilatation in diabetes is reduced in
response to occlusive ischaemia [58], local heating [59, 60], indirect heating [61] and trauma
[62]. Diabetic sensory neuropathy typically affects unmyelinated primary afferent fibres and
impairs vasodilatation related to unmyelinated C fibres [63-65]. Pressure-induced vasodila-
tion (PIV) is the relationship between cutaneous mechano-sensitivity and vasodilation [66].
This allows augmentation of skin blood flow and delay in the development of ischaemia in
response to pressure. Mechanistically, PIV is NO-mediated and involves capsaicin-sensitive
afferent nerve fibres releasing calcitonin gene-related peptide in the endothelium [67]. PIV is
absent in subjects [66] and animals [68] with diabetes. Thus, increased plantar pressures may
result in a greater degree of perfusion impairment in diabetes. In skin with impaired circula-
tion, increased oxidative stress also decreases glutathione (GSH) reductase activity leading
to GSH depletion which may in turn contribute to impaired cellular proliferation [37],
decreased synthesis of collagen and proteoglycans and enhanced protease activity [69].
However, despite better understanding of the causes of diabetes-related foot ulcers and
proven prevention modalities, lower extremity amputation from diabetes remain very
prevalent [70]. It has been reported that patients with diabetes were 9 times more likely to
have a major amputation based on local practice styles after accounting for people’s age, sex,
and race.

STRATEGIES FOR PREVENTION OF DIABETIC FOOT ULCERS AND AMPUTATIONS

Success in treatment and prevention of lower extremity diabetes-related complications is
only achieved with a motivated multidisciplinary approach where communication and col-
laborative efforts are at a high level with the goal of providing the right care to the right
people at the right time and in the right amount. An example of this is the Limb Preservation
Service Model at the Madigan Army Medical Center where an intensive programme of
screening, education, treatment and timely appropriate referrals lead to an 82% reduction in
amputation rates despite a 48% increase in patients diagnosed with diabetes [71]. This and
similar studies have led to the understanding that the pathway to diabetic foot complica-
tions is multifactorial. Prevention strategies should include a multidisciplinary approach for
both improved patient outcomes and short- and long-term cost-effectiveness [72]. A multi-
disciplinary approach is recommended for individuals with high-risk feet and foot ulcers,
especially those with a history of prior ulcer or amputation [73]. One of the reasons is that
diabetic patients have a complex comorbid status associated with the presence of progres-
sive peripheral neuropathy and sensitivity loss, poor vascular supply due to arterial disease
involving small and large vessels, and a compromised immune system. As a consequence,
these patients require additional comprehensive testing and evaluations in order to establish
the most appropriate plan of care.

This will be achieved by annual examinations, baseline testing, intervention and edu-
cation which include:
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Figure 9.1 Foot care referral pathways for the at-risk diabetic foot.

—_

Evaluation of diabetic peripheral neuropathy and peripheral arterial disease.

2. Treatment and care for patients at high risk or with current wounds and ulcers, includ-
ing podiatric care, debridement, wound and infection care, footwear, off-loading
devices.

3. Providing patient education.

4. Creating a database across the continuum of outpatient, inpatient and rehabilitative
care.

5. Following outcome measures longitudinally that can be used to determine the effective-

ness of the programme and to detect areas that require further improvement.

Once the diagnosis of diabetic peripheral neuropathy and/or peripheral arterial disease
is established, a multispecialty approach to foot care is appropriate and recommended at
3-to 6-month intervals [73].

A comprehensive foot examination should comprise the following components: a general
evaluation of the patient’s past medical history; assessment of diabetes control; a compre-
hensive lower extremity physical examination. Peripheral neuropathy evaluation should
comprise clinical examination (including ankle reflexes), Semmes-Weinstein monofilament
and tuning fork examination, and/or quantitative sensory testing and electrophysiology if
needed. Lower extremity vascular status should be assessed by clinical examination of
peripheral pulses, arterial Doppler studies and ankle and/or toe brachial pressure indices
(but bearing in mind these can be falsely elevated by the presence of arterial calcification).
A musculoskeletal examination should focus on identifying structural foot deformities,
including Charcot arthropathy using various imaging procedures (see below) and measure-
ments of peak foot pressures (if available).

A specific risk-based protocol should be established and agreed upon with local health-
care providers and either preventative or acute care provided based on the risk score (Figure
9.1). Low-risk patients can be re-screened annually. High-risk patients should be scheduled
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Figure 9.2 The Charcot foot: (A) Side view (B) Sole.

for regular podiatry evaluation at least once a quarter. In addition, a certified pedorthist
should evaluate patients for therapeutic shoes and insoles at the conclusion of their initial
evaluation by the podiatrist. Protocols for wound care consistent with standard wound care
practices should be implemented including off-loading with total contact casts, customized
removable cast walkers, and healing sandals, wound debridement, glycaemic control, infec-
tion control and lower extremity revascularization.

A DIAGNOSTIC CONUNDRUM: DIFFERENTIATING CHARCOT ARTHROPATHY FROM OSTEOMYELITIS

A key issue with regard to preventing complications of the foot is being able to differentiate
neuroarthropathy from infection at an early stage. The authors have experienced patients
who were sent to the clinic having been informed that an ‘amputation was absolutely neces-
sary because the foot was destroyed by infection” when the correct diagnosis was a Charcot
foot. Neuropathic arthropathy (Figure 9.2) is more common than often perceived, and has a
prevalence of 0.8-7.5% (in diabetic patients with neuropathy) and in up to 35% of cases it
may become bilateral [74, 75]. Patients typically have suffered from previous poor diabetes
control. In a report from Manchester, United Kingdom, 9% of randomly selected neuropathic
diabetic patients were found to have changes consistent with Charcot arthropathy on foot
radiographs [76]. Clinical suspicion is paramount. However, one also must appreciate that
episodes of recurrent foot swelling are common in patients with diabetes and that these are
often associated with negative X-rays but positive bone scans. All patients with diabetes and
redness, swelling and increased foot temperature should be considered to be at risk of Charcot
arthropathy and undergo an initial radiological assessment (Table 9.1). In Charcot arthropa-
thy, there are no signs of systemic inflammation, i.e. the white cell count and erythrocyte
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Table 9.1 When should an X-ray be performed?

In a Charcot foot
At presentation of a hot, red, swollen foot
At 6 months to assess the efficacy of off-loading
Prior to the transition from an air cast to bespoke shoes
Subsequently if reactivation is suspected
In osteomyelitis
At presentation in a Wagner Stage 2 ulcer
On reactivation of infection in previous osteomyelitis

sedimentation rate (ESR) are not elevated. Reduced bone density of the lower limb is also a
feature of diabetic neuropathy and has been identified in patients with Charcot arthropathy
[76]. However, asymptomatic fractures are discovered in 22% of diabetic patients with neu-
ropathy. Often it is impossible to know whether patients presenting with traumatic foot frac-
tures are at risk of developing Charcot arthropathy. All should be vigorously managed with
off-loading until the signs of acute inflammation have resolved [77].

Healthcare providers can be misled by the relatively mild extent of peripheral neuro-
pathy; Charcot feet can develop in the presence of minimal evidence of peripheral neuro-
pathy and, indeed, light touch sensation can be intact. Charcot arthropathy is, however,
unusual in patients with peripheral vascular disease and it has been proposed that the pres-
ence of reduced peripheral perfusion is protective against this complication of diabetes. In
the presence of vascular insufficiency, bone resorption and periosteal new bone formation
are inhibited.

THE PATHOPHYSIOLOGY OF THE DIABETIC CHARCOT FOOT

Small fibre neuropathy may be a prerequisite to the development of a Charcot foot, i.e. auto-
nomic > pain fibres affected. There are two principal mechanistic processes that have been
invoked in the pathogenesis of the Charcot foot: the neurovascular theory and the neuro-
traumatic theory [78]. The neurovascular theory invokes an increase in bone blood flow,
perhaps including increased arterio-venous shunting due to a reduction in tone of vasocon-
strictor innervations, resulting in bone resorption ultimately leading to fracture and defor-
mities [79]. Clinically, arterio-venous shunting may be associated with prominent veins on
the lower leg. In contrast, the neurotraumatic theory implicates repetitive trauma with frac-
tures and progressive destruction of the architecture of the foot [80]. Precipitating causes for
Charcot arthropathy that have been identified by a careful clinical history include trauma,
infection, amputation and recent revascularization.

Most recent data indicate that bone remodeling is increased in subjects with Charcot
arthropathy. For example, levels of urinary cross-linked N-telopeptides of type I collagen are
increased in Charcot arthropathy [81] consistent with increased bone resorption. In concert,
levels of pyridinoline cross-linked carboxy-terminal telopeptide domain of type I collagen
(ICTP) and urinary deoxypyridinoline (DPD) (both markers of increased osteoclastic activ-
ity bone resorption) and alkaline phosphatase (a marker of osteoblast activity) have been
shown to be increased in patients with acute Charcot arthropathy [82, 83].

The location of the radiological bony changes can give good clues as to the underlying
diagnosis. For example, neuropathic osteoarthropathy is primarily an articular disease and
is most common at the Lisfranc (tarsometatarsal) joint which can lead to lateral and superior
subluxation of the metatarsal heads and the development of a rocker bottom foot deformity
(Figure 9.3). Involvement of Chopart (transverse tarsal) joints is also common and initial
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Figure 9.3 Radiographic appearances in Charcot arthropathy.

pathology often affects the medial column of the foot. Finally, neuropathic arthropathy tends
to involve several joints in a region whereas infection tends to remain localized or spread
contiguously. However, secondary ulceration and infection of the Charcot foot is common
and can create considerable difficulties in distinguishing osteomyelitis from neuroarthropa-
thy. In Charcot arthropathy, in approximately 70% of subjects, the destructive processes
primarily affects the midfoot and in 15% the forefoot or rearfoot is mainly affected [84]. The
destructive process is usually contained in one area and has been described as being atro-
phic or hypertrophic. The forefoot is the commonest site for atrophic changes and may pres-
ent as osteolysis of distal metatarsals which can resemble a pencil point. Hypertrophic
disease affects midfoot distally and has been defined according to Eichenholtz’s classifi-
cation system (Table 9.2). The ‘Ds” of Charcot arthropathy have been described:

Dislocation.

Debris.

Disorganization.
Changes of bone Density.

Radiographic findings in the acute Charcot foot may be very subtle and include malalign-
ment and subluxation. The articular surface is often affected in subacute stages and may
become fragmented and develop subchondral cysts and marginal erosions. With progres-
sion of the disease, subluxation becomes more marked, joint surface incongruity develops
and osteoarticular destruction becomes severe [84]. The X-ray findings of sclerosis, collapse,
and fragmentation of the metatarsal heads have been reported to be similar to those observed
in Freiberg’s infarction [84, 85] but are more aggressive and extensive. Fractures of the cal-
caneus are common as well as avulsion of the Achilles tendon which may be an early finding
on radiological examination. Although less common, the metatarsal ends and phalanges can
shorten and demonstrate resorption [86].
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Table 9.2 Eichenholzt Classification System [83]

Stage 0: Clinical stage: (prefragmentation): hot red, swollen foot

Stage 1: Developmental/fragmentation stage: periarticular fracture and joint dislocation (acute
Charcot)

Stage 2: Coalescence stage: bone debris resorption (Subacute Charcot)

Stage 3: Consolidation stage: restabilization and fusion (Chronic Charcot)

Osteomyelitis rarely occurs in the absence of a skin source of sepsis: indeed, most (90%)
result from spread from adjacent skin ulceration, cellulitis or abscess, together with a sinus
tract [84, 87]. Therefore, osteomyelitis is found associated with skin ulceration which is
most frequent at sites such as the metatarsal heads and the distal phalanges. In practice,
osteomyelitis most frequently occurs on plantar aspects of the first and fifth metatarsal
heads as well as the distal phalanx of the great toe. About 25% of ulcers on the toes are
dorsally situated. When osteomyelitis occurs in the hindfoot, the heel is most frequently
affected [88].

GOLD STANDARD IMAGING MODALITIES

When X-ray evaluation has not revealed any abnormality, or when differentiation of Charcot
changes from osteomyelitis is required, additional imaging procedures are often performed.
Magnetic resonance (MR) imaging has emerged as the best method for the detection of
osteomyelitis with a specificity of up to 80% [84]. This technique also allows determination
of the extent of soft tissue infection, which can be very helpful in the planning of surgical
approaches. Alterations of the bone marrow signal provide the basis for the diagnosis of
osteomyelitis using MR imaging [84]. In bone marrow infection, there is loss of the normal
fatty marrow signal on T1-weighted images, a hyperintense signal on T2-weighted or short
tau inversion recovery (STIR) images, and post gadolinium T1-weighted images are enhanced
[84]. Other procedures that may also be useful include a triple phase bone scan (although
this may not help distinguish infection from arthropathy but will give an evaluation of
progression/regression) and white cell scans.

THERAPEUTIC APPROACHES

The pathway to diabetic foot ulceration is multifactorial. It is the culmination of deleterious
events such as repetitive or overt trauma in the setting of peripheral neuropathy and/or
peripheral arterial disease. The pathway to prevention of these complications relies on early
identification, education and implementation of a complete multidisciplinary management
programme [89].

Identification of risk factors that lead to amputation

The first step in prevention is identification of causal pathways that lead to diabetic foot
ulceration. Diabetic peripheral neuropathy is still the major risk factor for diabetic foot ulcer-
ation. Other factors include limited joint mobility, repetitive stress and deformity. Once an
ulceration occurs in the setting of the aforementioned conditions, the likelihood of a poor
and prolonged healing process is increased. Factors contributing to poor wound healing
include anaemia, infection, hyperglycaemia, hypoxia, pressure, environmental and psycho-
social factors. The influence of lack of compliance to prescribed footwear cannot be underes-
timated. These factors are further complicated by the presence of peripheral arterial disease.
The cycle of repetitive stress as described by Paul Brand has three mechanisms of escape:
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Figure 9.4 Characteristic foot deformities contributing to the development of ulceration in the insensate
foot.

1. Stress correction.
2. Healing of wounds.
3. Decrease of inflammation.

WOUND HEALING IN DIABETIC SKIN

The optimal approach to the management of the diabetic foot ulcer lies in its prevention
through the implementation of screening programmes aimed at the early detection of neu-
ropathy, ischaemia, deformity and oedema. These programmes have been demonstrated to
prospectively reduce the need for subsequent amputations [15, 90]. However, even with
aggressive screening, chronic lower limb ulceration remains a common and serious conse-
quence of diabetes.

ASSESSMENT AND CORRECTION OF FOOT DEFORMITIES IN THE DIABETIC POPULATION

Foot deformities have long been identified as risk factors for foot ulceration (Figure 9.4). The
origin of the deformities may be congenital, idiopathic or traumatic. Atrophy of the intrinsic
and extrinsic musculature of the lower extremity has been linked to motor neuropathy. This
leads to biomechanical imbalances in the foot and resultant rigid or flexible deformities such
as hammer toes and claw toes. Increase in glycosylation products has been linked to the
development of equinus. All of these factors contribute to an increase in plantar foot pres-
sures and, with repetitive stress, the development of foot ulceration. The University of Texas
diabetic foot risk classification system [90-93] places patients in risk group categories based
on the presence of neuropathy, deformity and history of pathology, presence of wound,
acute Charcot, infection and ischaemia. A bunion deformity in the presence of neuropathy
results in a twelve-fold increase in risk of development of an ulcer. Having a history of
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ulceration further increases the risk 36-fold. Patients without evidence of peripheral arterial
disease and poor blood glucose control are potential candidates for corrective procedures.
Intervention at this level should occur after conservative measures have been exhausted and
assessed by the individual risk verses benefit ratio. Once ulceration occurs, elimination of
the abnormal plantar pressures becomes crucial. The utilization of shoes, insoles and other
modalities to off-load plantar pressure sites is still the gold standard of care and mainte-
nance, while total contact casting continues to be a more effective off-loading device in the
setting of healing ulcers [93].

The treatment of the acute Charcot foot is challenging and made worse by late presenta-
tion with deformity. Essentially, the optimal treatment lies in early detection and effective
off-loading of the foot using either plaster casts or removable air casts worn for periods often
in excess of 1 year. This is then followed by a period of variable duration of transition into
bespoke footwear. Surgical realignment may be necessary for severely deformed feet which
predispose to foot ulceration [94]. However, surgery is often challenging and its success is
highly variable.

Bisphosphonates are potent inhibitors of osteoclast-mediated bone resorption and have
been shown to reduce discomfort, swelling, skin temperature [95, 96] and biochemical mark-
ers of bone turnover and bone loss [95]. Clinical trials are currently underway exploring the
efficacy of intravenous and oral bisphosphonates in the acute management of the Charcot
foot.

POSSIBLE FUTURE THERAPEUTIC OPTIONS TO PREVENT FOOT ULCERATION AND ACCELERATE
WOUND HEALING

Treatment with topical retinoic acid

Topical retinoid treatment improves histological structure and biochemical function of
skin damaged by diabetes [27, 97]. Treatment of skin from subjects with diabetes with
retinoic acid has been shown to reduce active MMP-1 and MMP-9 by 75% and by 81%,
respectively [27]. Type I procollagen production is increased by 2- to 3-fold in retinoic
acid-treated skin relative to control skin. The time-course for increased type I procollagen
generation is the same as the time-courses for inhibition of MMP elaboration production.
Levels of total (soluble) collagen also increase, with a time-course slightly delayed relative
to the rise in procollagen. Thus, treated skin has an overall improvement in structure and
function which should make it more resistant to ulcer formation and exhibit improved
healing after wounding.

Treatment with alpha-lipoic acid

Recent studies have identified a second, potentially useful therapeutic - i.e. a-lipoic acid
— for prevention of ulcers in diabetic skin [98]. In a model of experimental diabetes,
a-lipoic acid was found to restore wound healing in diabetic rats to rates observed in
healthy non-diabetic animals. At the histological level, a-lipoic acid induced a denser
provisional matrix, a more luxuriant vasculature and fewer inflammatory cells in the
matrix.

These findings suggest that, like the biologically active retinoids [27], a-lipoic acid
results in enhanced healing of subsequently induced superficial skin wounds [98]. Of
interest, the targets of retinoids and a-lipoic acid action, as well as the mechanisms by
which these agents act, appear to be complementary, since the effects of the antioxidant
appear to be mediated via improving skin microcirculation [99] and/or increased avail-
ability of NO. Therefore, the combination of retinoic acid with an antioxidant may ulti-
mately prove to be the optimum therapeutic approach to improved overall skin quality
and function. Clinical trials are underway to test the efficacy of these treatment
approaches.
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COSTS OF FOOT ULCERATION

In the United Kingdom, diabetes and its complications consume 9% of the National Health
Service budget (£5.2 billion/year). People with diabetes are admitted twice as often and stay
twice as long as others, using 10% of hospital inpatient resources. In the next 30 years, the
economic burden of diabetes will rise by 40-50%. Up to 20% of total expenditure in diabetes
is on foot complications. The total cost of diabetic foot problems is about £252 million/year
(only direct costs and excluding the costs of amputations). The cumulative lifetime inci-
dence of foot ulcers is high at 25%. Average inpatient costs (1997) for ulcers have been
reported to be $16 580; major amputations, $31 436. The average outpatient cost for an ulcer
episode is about $28 000 over 2 years. There are also indirect costs due to loss of productiv-
ity, individual and family costs, and loss of quality of life.

Preventing ulcers and amputations is cost-effective and skin fragility is a key cause. Based
upon cost—utility analysis (Markov model), if an intervention reduces the incidence of ulcers
and amputations by 25%, it is cost-effective and saves money. Improving skin structure and
function is likely to reduce risk by more than 25% and will be highly cost-effective.

SUMMARY

Lower extremity complications continue to be a leading cause of hospitalizations for per-
sons with diabetes. The financial burden on the population as a whole remains in the mil-
lions and rises with each year. The optimal approach to the management of diabetic foot
complications lies in prevention through the implementation of screening programmes
aimed at the early detection of neuropathy, ischaemia, infection, deformity and oedema.
Improved understanding of the pathogenesis of this complex problem is giving new insights
and hopes for the development of mechanism-based preventative treatments.

The patient-doctor relationship is often strained by the innate multifaceted complexity of
diabetic foot conditions, a history of poor outcomes and a perceived lack of compliance.
There is evidence to support that many practitioners do not fully understand the key psy-
chological factors and impact associated with this chronic condition. Consider a patient with
a non-healing wound with months of stringent wound care instructions and large off-load-
ing devices. Hayland and colleagues [100] reported that patients spend an average of 1.5-2
h a day thinking about their leg ulcers. Patients with chronic wounds consistently view
themselves and the wound negatively. Wounds that can be concealed tend to have less emo-
tional impact. The diabetic foot is almost always recognized by the presence of bulky off-
loading devices or custom-moulded shoes which have a perceived decreased cosmetic
appearance. Even when the result is favourable and limb loss is prevented, often there is still
physical manifestation of the disease. For many diabetic patients their foot condition is the
only outward evidence of their chronic condition. A key aspect therefore of prevention and
treatment of diabetic foot complications is empathy, and constant assessment and discussion
with patients about the impact of the complication on their quality of life [101] and evalua-
tion for coexistent depression. Careful consideration of these issues is vital in the develop-
ment of effective and personalized treatment plans.
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How should we manage the pregnant patient
with type 2 diabetes?

E. Dunne

BACKGROUND

Type 2 diabetes is an ongoing concern with the number of new cases increasing explosively
and at a younger age due to obesity. As a result, the number of cases arising in women of
child-bearing age is also increasing at an alarming rate and will be encountered more fre-
quently in antenatal clinics. At present, approximate 25% of pregnant women with pre-
gestational diabetes have type 2 disease and the number is likely to continue to rise. Until
very recently, type 2 diabetes was perceived as a benign form of diabetes but this is not the
case when one examines pregnancy outcomes. Perinatal mortality and congenital malforma-
tions are significantly greater than those in background populations and at least as poor as
those identified in women with type 1 diabetes. In addition, the rates of hypertension, pre-
eclampsia and post-partum haemorrhage are greater than in the general obstetric popula-
tion as is the rate of operative delivery. To improve outcomes we need to recognize that type
2 diabetes is a serious condition. Through educational programmes, population and target
screening, and strategies to help vulnerable groups e.g. ethnic minorities, we have the ability
to identify and counsel women with type 2 diabetes early enough to make a difference.

RELATIONSHIP OF DIABETES TO PREGNANCY

The most prevalent medical condition in the pregnant population is diabetes [1]. The pro-
portion of type 1 diabetes, type 2 diabetes and gestational diabetes (GDM) is dependent on
the background population. Type 1 diabetes (primarily insulin deficiency) is more common
in a Caucasian population. On the other hand, type 2 and gestational diabetes (associated
with both insulin resistance and impaired insulin secretion [2, 3] are more common in ethnic
minority groups. Type 2 diabetes and gestational disease share the same risk factors, have a
corresponding prevalence within a given population, and have the same genetic susceptibil-
ity. They are assumed to be aetiologically indistinct with one preceding the other.

Diabetes in relation to pregnancy continues to pose problems. Large observational stud-
ies have demonstrated an increased risk of fetal and neonatal death, congenital malforma-
tions, preterm delivery, macrosomia, pre-eclampsia and increased need for Caesarian section
[4-10].

Women with type 2 diabetes have at least as poor and often worse pregnancy out-
comes when compared to women who have type 1 diabetes. They are usually older, more
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obese, from a non-Caucasian background, and a significant number are from a lower
socioeconomic group [4, 10-13]. Additionally, they are frequently of higher parity, are
more likely to have pre-existing hypertension and to be treated with medications associ-
ated with congenital malformations. Many women with type 2 diabetes receive care in
the community and may be unaware of the importance of glycaemic control at the time
of conception. As outlined in the CEMACH report, women with type 2 diabetes are less
likely to have had a HbA1C measurement prior to pregnancy, are less likely to attend
pre-pregnancy care (PPC) and are less likely to receive folic acid when compared to
women with type 1 diabetes [14].

In 1989 the St Vincent Joint Task Force for Diabetes set as one of its targets the improve-
ment in pregnancy outcome for women with diabetes so that the risks approached that of
the non-diabetic population [15, 16]. To achieve this target, strategies were developed to
improve pre-pregnancy care, encourage the uptake of folic acid, and refine blood glucose
testing and insulin therapy. These strategies have helped and improvements have been
demonstrated. The Diabetes Control and Complications Trial (DCCT) has shown that women
with type 1 diabetes receiving intensive management have a reduction in congenital anom-
alies and miscarriages [17]. Published studies on pre-pregnancy care have demonstrated its
importance in terms of miscarriage and congenital malformation rates [18-20]. Despite these
advances, the targets of the St Vincent Task Force have not been achieved, as illustrated by
recent publications [10, 11, 21-23].

TYPE 2 DIABETES PREGNANCY AND ETHNICITY

Type 2 diabetes in pregnancy is often perceived as a less serious condition as it is controlled
by diet and oral hypoglycaemic agents before pregnancy and looked after almost exclu-
sively in primary care [10]. However, in defined locations with mixed populations, women
with type 2 diabetes form a significant proportion of those attending pre-pregnancy/ante-
natal clinics. In addition, type 2 diabetes is an emerging problem in the paediatric and adol-
escent population [24-27], as is childhood obesity [28], which predisposes to the disease.
Consequently, the occurrence of type 2 diabetes in pregnancy will continue to be a signifi-
cant and increasing problem in the coming decades.

The prevalence of type 2 diabetes has been estimated in a number of specific populations
and may not be generalizable. The prevalence in the Pima Indians is 6.3% [29]. A large
population-based survey carried out in the USA suggested an increasing prevalence of type
2 diabetes in the pregnant population [30]. Women with type 2 diabetes in pregnancy tend
to be older, heavier and of greater parity when compared to women with type 1 diabetes or
non-diabetic women drawn from the same geographical location [12]. They are more likely
to be from an Indo-Asian or Afro-Caribbean background [10]. Type 2 diabetes frequently
develops in women with previous GDM. In one large UK study, 35% of Indo-Asian women
with GDM in the index pregnancy had persistent postpartum glucose intolerance [31].
Where GDM appears early in pregnancy (before 20 weeks), the diagnosis often represents
previously undiagnosed type 2 disease [31]. Type 2 diabetes is also common in women with
polycystic ovarian syndrome.

What are the risks for the baby?

As in all diabetic pregnancies, infants born to mothers with type 2 diabetes are at increased
risk of congenital malformations, both major and minor. In a large UK study describing the
outcomes in 182 singleton pregnancies complicated by type 2 diabetes, 18 congenital anom-
alies occurred, mainly in women with poor control [10] (Table 10.1). Only 2 abnormalities
occurred in women with normal control at booking. These infants had an 11-fold greater
risk of a congenital malformation when compared with national statistics. Although 15/18
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Table 10.1 Fetal/neonatal outcomes in Type 2 diabetes (with permission from [10])

Normal control Average control Poor control
(n=60) (n=269) (n=53)
Miscarriage 4 3 9
Malformations 2 6 13
Stillbirths 2 0 0
Neonatal deaths 0 3 2
Total events 8 (13%) 12 (17%) 24 (45%)

Table 10.2 Does pre-pregnancy care help? (with permission from [20])

Attenders Non-attenders P-value

Stable relationship 100% 57% 0.004
Current smokers 8% 28% 0.03
Mean HbA1lc 7.5% 9.0% 0.008
Week of booking 7 9 0.09
Macrosomia 25% 40% 0.09
Neonatal deaths 0 2

Neonatal unit care 17% 34% 0.04

resulted in a live outcome, infant mortality was high with four deaths occurring. The most
common malformations were cardiac (53%) followed by musculoskeletal (27%). These find-
ings are similar to those reported in Hispanic women in southern California where 11.7%
of babies were born with major congenital anomalies compared to 2% in the background
non-diabetic population [32]. Like the UK study, the majority of malformations occurred in
those with poor glycaemic control who did not receive pre-pregnancy care. As highlighted
previously, poorer attendance for pre-pregnancy care, later booking for antenatal care and
poorer glycaemic control during organogenesis contribute to the higher malformation rate
[10, 13, 21] (Table 10.2). The congenital malformation rate may also be influenced by uptake
of folic acid but it is difficult to obtain accurate information on this. In the normal popula-
tion, the uptake of folic acid is still below 50% [33] and in diabetic women it is approxi-
mately 30% [4]. The miscarriage rate in type 2 diabetes in the UK study was high at 8.8%,
almost doubling to 15.7% in those with poor glycaemic control [10], and 56% occurred in
the first trimester.

Perinatal mortality is, at best, as good as type 1 diabetes [21] but reported by some authors
to be far greater [34]. The latter study reported four perinatal deaths in 113 type 2 diabetic
patients and none in 46 type 1 diabetic patients. There were no differences in neonatal mor-
bidities between the groups. Cundy and colleagues have shown a very high perinatal mor-
tality in women with type 2 diabetes, mainly due to late stillbirths [11]. In the large UK
series, there were two stillbirths (1.2%), two early and one late neonatal death and two fur-
ther deaths in the postnatal period out of a total of 182 singleton pregnancies. The perinatal
mortality rate was 25/1000, 2.5-fold greater than regional or national figures and occurring
mainly in infants with congenital heart disease [10]. More recently, Clausen and colleagues
demonstrated perinatal mortality to be four times and congenital malformations two times
greater than women with type 1 diabetes [13].
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Table 10.3 PPC checklist

Plan pregnancy, this will take 3-6 months

Use contraception until HbA1c is normal (<7%)

Smoking status and advice

Alcohol status and advice

Dietetics review

Blood glucose monitoring at least four times per day

Blood glucose targets of F <5.3; 1-h PP <7.8; 2-h PP <6.7 mmol/l

Weight, height, BMI

Review diabetes control (HbA1c)

Review renal function (albumin:creatinine ratio [ACR], blood biochemistry)
Retinal screen/digital photography

Rubella screen

Review medications: stop statins, fibrate, angiotensin-converting enzyme

(ACE) inhibitors, angiotensin receptor blockers (ARB)

If blood pressure control is necessary, use methyldopa/nifedipine

Folic acid 5 mg once daily for at least 12 weeks

If taking oral hypoglycaemic agents, transfer to insulin

Discuss hypoglycaemia and management /glucagon kit

Encourage early booking to antenatal clinic as soon as pregnancy test is positive
If GDM was present in previous pregnancy, re-screen with oral glucose tolerance test

What are the risks for the mother?

In any diabetic pregnancy the risk of a maternal complication developing is high compared to
background non-diabetic figures. Polyhydramnios was 3-fold greater compared to non-
diabetics (9% compared to 3%) in the UK series, with infant mortality more likely in pregnan-
cies affected by polyhydramnios. Postpartum haemorrhage was also much more common but
appeared unrelated to macrosomia. Pregnancy-induced hypertension and/or pre-eclampsia
was twice as common (20% compared to 10% in the background group) and, again, an infant
death was more likely in this group [10]. Delivery by Caesarian section is common in women
with type 2 diabetes with a rate of 53% reported [10] and confirmed in other series [11]. Diabetes
complications in women with type 2 diabetes are not well documented. Omori and colleagues
identified a high rate of retinopathy (32%) and overt nephropathy (1.4%) in their series [35].

PREPARATION FOR PREGNANCY, PRE-PREGNANCY CARE (PPC)

Over the last two decades the literature has cast little doubt on the importance of PPC for
women with both type 1 and type 2 diabetes [18-20, 36, 37] (Table 10.3). Intensive glucose
management at this time confers significant benefits to the health of the mother and her
baby. A minimum of 3 months PPC is advised. PPC seeks to assist women in achieving
excellent glycaemic control prior to conception (HbAlc <7%) and to maintain this during
the critical period of organogenesis. This is achieved through motivation and manipulation
of diet and exercise. A systematic review included data from thirteen observational studies
comparing poor versus optimal glycaemic control in relation to maternal fetal and neonatal
outcomes and involved 5480 women. Poor glycaemic control increased the likelihood of
miscarriage (odds ratio [OR] 3.23) and perinatal mortality (OR 3.03) [38]. In addition, poor
glycaemic control increased the likelihood of congenital malformations (OR 3.4) for each
1 per cent point increase in HbAlc [38].

Overall, the risk of an adverse outcome is halved with each percentage point HbAlc
reduction achieved before pregnancy [36]. This information can act as a powerful motivator
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for women to achieve glucose targets during PPC and to reassure women and their health-
care providers that all improvements in blood glucose are helpful.

In some women insulin de novo is needed, while in others it is the opportune time to
change from oral hypoglycaemic agents to insulin. High-dose folic acid is commenced to
reduce the incidence of neural tube defects and a minimum of 12 weeks of treatment is rec-
ommended. Antihypertensive medication with angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor blockers (ARB) are stopped. This class of drugs have
been associated with fetopathy including renal tubular dysplasia, intrauterine growth
restriction, hypocalvaria, patent ductus arteriosus, fetal anuria and neonatal death [39, 40].
Instead, methyldopa nifedipine or labetalol can be used.

Statins are contraindicated in pregnancy and should be discontinued [41]. HMG-CoA
reductase is important for development of the embryo. If it is inhibited, there is a decrease
in mevalonate and other growth-regulating proteins. This has implications for membrane
synthesis, DNA replication, cellular proliferation and protein glycation, all critical for embry-
onic and placental development [42]. Contraception should continue until the HbAlc is
within the normal range.

For a woman with type 2 diabetes, this is the time to initiate seven-point glucose testing,
to have a consultation with a dietitian, and to start insulin if diet and exercise do not main-
tain glucose levels within a normal range. This is frequently a basal-bolus regime with a
bolus of short-acting insulin with each meal and a basal insulin at bedtime. Time needs to
be devoted to recognition and treatment of hypoglycaemia with the woman and her partner,
and the latter should be advised on the administration of glucagon. Hypoglycaemic unaware-
ness is common in pregnancy and maternal mortality occurs as a result of hypoglycaemia.

One should also take the opportunity to screen for diabetic complications. Retinal examin-
ation should be carried out through dilated pupils with retinal photography or use of a slit
lamp. If unsure, always refer the patient to an ophthalmologist for a baseline assessment.
Check blood pressure and if borderline do a 24-h ambulatory assessment. Renal status needs
to be assessed by a baseline 24-h urinary protein excretion and serum creatinine. PPC is
strongly recommended by the recent National Institute for Health and Clinical Excellence
(NICE) guidelines on Diabetes in Pregnancy [43].

Are oral hypoglycaemic agents safe?

Oral hypoglycaemic agents (sensitizers and secretogogues) are the main treatment modal-
ities for type 2 diabetes. Consequently, these women usually attend PPC or their first ante-
natal clinic still taking these medications. While there have been some recent encouraging
articles on the use of some oral agents in pregnancy, professionals are still advised (at least
in Europe) to switch all patients with established type 2 diabetes to insulin [44]. This recom-
mendation is for all classes of drugs (sulphonylureas, meglitinides, thiazolidinediones
(TZDs) and modulators of the incretins).

A recent retrospective analysis of the outcomes of 379 pregnancies in women with type 2
diabetes exposed to oral hypoglycaemic agents or insulin has shown that sulphonylureas are
inferior to insulin treatment in women with type 2 diabetes during pregnancy [45]. The peri-
natal mortality rate was higher at 125/1000 in women exposed to a sulphonylurea through-
out pregnancy compared to 28/1000 for those switched from sulphonylurea to insulin in
early pregnancy and 33/1000 in those never exposed to a sulphonylurea in pregnancy.

There are also concerns regarding metformin as it crosses the placenta [46]. Metformin
used in late pregnancy in women with type 2 diabetes has been associated with stillbirths
[45, 47]. More recently, a large prospective study in Australia examined the efficacy and
safety of metformin in women with gestational diabetes. It showed that the pregnancy out-
come among women treated with metformin is comparable to women receiving insulin [48].
However, a large prospective trial in women with type 2 diabetes is needed before a change
in current practice is recommended.
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Thiazolidinediones are insulin sensitizers that work via activation of the nuclear peroxi-
some proliferator-activated receptor gamma (PPARvy). They are used in type 2 diabetes and
increasingly in polycystic ovary syndrome (PCOS) [49]. As a consequence, we are likely to
encounter more women conceiving on these drugs. PPARY plays a role in placental matura-
tion and implantation of the embryo [50]. TZDs cross the placenta and have been associated
with fetal death and growth retardation in animal studies [51]. There is a lack of evidence on
the use of PPARYy agonists in pregnancy. This in combination with their documented toxicity
in animals would advocate their immediate withdrawal in a confirmed pregnancy and their
stoppage if a woman is actively planning a pregnancy or attending PPC.

First antenatal visit

If a woman has not attended PPC, her first encounter with a diabetologist may be at her first
antenatal visit. At this visit it is important to establish length of diabetes, presence or absence
of retinopathy, nephropathy or hypertension. A retinal screen through dilated fundoscopy
is mandatory. Baseline HbAlc, thyroid function tests (TFT), serum creatinine and a urine
protein to creatinine ratio should be carried out. All antihypertensive and lipid-lowering
agents are discontinued. If required, methyldopa, labetalol or nifedipine can be started for
blood pressure (BP) control.

A review of home blood glucose monitoring readings is necessary and glycaemic targets
given (preprandial 4-6 mmol/l; postprandial 4-8 mmol/I). If the patient is not already self-
monitoring, then this is initiated. Oral hypoglycaemic agents are stopped and insulin com-
menced. The importance of avoiding hypoglycaemia is emphasized and tools to deal with it
such as dextrose tablets and glucagon given. Hypoglycaemia is more common in trimester 1
and highest in weeks 10-15 [52, 53]. Although hypoglycaemia occurs less frequently in
women with type 2 compared to type 1 diabetes, 24-h continuous glucose monitoring
(CGMS) shows significant episodes not identified by standard self-monitoring [54].

Medical nutritional therapy (MNT) is the cornerstone of treatment in all pregnancies
complicated by diabetes and all women will need a detailed consultation with a dietitian. If
this is not available, then the woman should be instructed to avoid single meals and foods
with simple carbohydrates. In particular, a small meal at breakfast with limited carbohy-
drate is advised as this is the time associated with the greatest insulin resistance. Three small
meals and three additional snacks are usually required. This limits the glucose level pre-
sented to the bloodstream at any one time. In addition, exercise is an important factor in
improving glycaemic control in pregnancies complicated by diabetes. Activities such as
swimming and walking are appropriate. Exercise reduces insulin resistance, a central com-
ponent of the aetiology of type 2 diabetes. During exercise there is preferential carbohydrate
utilization and this has an impact on insulin and food requirements. There is a low risk of
pregnancy-induced hypoglycaemia in pregnant women with type 2 diabetes [55].

From an obstetric perspective a dating ultrasound scan is necessary, as is normal ante-
natal screening. If still early in the pregnancy, folic acid can be commenced and continued
until the end of the first trimester.

What insulin to choose?
Insulin is the treatment of choice for women with type 2 diabetes during pregnancy. It does
not cross the placenta and its efficacy has been proven in many studies. A combination of
short- (bolus) and long- (basal) acting insulins is frequently required. The goal of insulin
therapy is to achieve glucose profiles similar to those of non-diabetic pregnant women and
to confine postprandial glucose excursions to a tight range. The challenge is to achieve this
goal whilst avoiding hypoglycaemia.

Traditionally, human insulins have been used, as allergic reactions occur in <1% and they
are associated with low insulin antibody titres [56]. The latter is important as antibody-
bound insulin crosses the placenta and may increase the level of insulin in the foetus, pro-
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moting macrosomia and fetal hypoglycaemia. Human insulins are available with various
durations of action which allow flexibility for individualized regimes. After the first trimes-
ter, insulin requirements increase. As a result, increasing doses of short-acting insulin is
required to control postprandial glucose excursions and increasing doses of long-acting
insulin to maintain a euglycaemic basal state.

There has been one randomized trial comparing a twice-daily insulin regimen of regular
and intermediate insulin at morning and bedtime compared to four times daily regimen of
short-acting insulin before meals and intermediate insulin at bedtime [57]. Maternal glycae-
mic control and neonatal hypoglycaemia were significantly better in women receiving the
four times a day regimen. The data support the use of a basal bolus regimen.

Short-acting insulin analogues provide a more accurate simulation of physiological insu-
lin release. They reduce postprandial insulin excursions while preventing preprandial hypo-
glycaemia [58]. Short-acting insulin analogues have been shown to be both safe and effective
in pregnant women with type 1 diabetes. In addition, these analogues confer benefits in
relation to episodes of hypoglycaemia [59, 60]. Although not proven, it is highly likely that
the same benefits would be observed in pregnant women with type 2 diabetes.

To date, there have been no randomized controlled trials of long-acting insulin analogues
in pregnant women. Case reports have shown that insulin glargine is effective in controlling
glucose with less nocturnal hypoglycaemia compared to NPH insulin [61, 62]. However, it
did not show any benefits in terms of birth weight, fetal macrosomia or neonatal morbidity
[63]. There are no published data on the use of insulin detemir in pregnancy but a random-
ized controlled study has been initiated, with results expected in 2010.

How much insulin is required?

Insulin requirements change throughout pregnancy, generally increasing from week 15 to
term in women with type 1 diabetes [64]. This parallels the growth of the fetoplacental unit
and is consistent with the increase in insulin resistance. There is a period of time in the late
first trimester when requirements decrease and the woman is at increased risk of hypogly-
caemia. One further study examined insulin requirements in women with type 2 diabetes.
They showed that during pregnancy insulin requirements are greater in women with type
2 compared to those with type 1 diabetes. The requirements increase from 0.86 units/kg in
trimester 1, to 1.18 units/kg in trimester 2, to 1.62 units/kg in trimester 3 [65]. Insulin
requirements tend to decline prior to delivery as the function of the placenta declines.

MANAGEMENT UP TO 20 WEEKS GESTATION

Early pregnancy care focuses on maintaining normoglycaemia especially during the first
seven gestational weeks coinciding with organogenesis. During this time insulin dosing
adjustments are frequent because of the physiological tendency to early morning hypo-
glycaemia. If unrecognized, this may lead to rebound hyperglycaemia. Characteristically,
insulin doses drop in the late first trimester and then rise slowly to 20 weeks. During the
first trimester folic acid is continued. A booking ultrasound scan confirms gestational age
and a detailed anomaly scan is scheduled for 20 weeks’ gestation. Screening with a-feto-
protein is offered and nuchal fold thickness and amniocentesis should be offered when
necessary. With reference to diabetes complications, dilated retinal examinations should
be scheduled once in each trimester for those without retinopathy at booking, but more
frequently every six weeks for those with established retinopathy at the booking visit.
Urinalysis should be carried out at each visit for protein. If incipient (microproteinuria)
or established (proteinuria and/or abnormal creatinine) nephropathy is present at book-
ing, then monthly estimations of albumin excretion and serum creatinine should be made.
Patients should be seen every two weeks with ongoing open access to the multiprofes-
sional diabetes team.
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MANAGEMENT FROM 20 WEEKS TO TERM

The second half of pregnancy concentrates on fetal well-being. Ultrasound scans for fetal
growth occur frequently as determined by local policy. If macrosomia develops, the find-
ings from ultrasound may inform the decision about delivery. In later pregnancy biophys-
ical profiles can provide useful information on fetal well-being [66]. For high-risk babies (in
mothers who display evidence of vascular disease— retinopathy, nephropathy and hyper-
tension) — Doppler studies are important [66]. For the mother, surveillance of the eyes con-
tinues and clinical monitoring for the development of pre-eclampsia and hypertension is
important.

MANAGEMENT OF GLUCOSE AT LABOUR AND DELIVERY

The timing and mode of delivery is individualized. If mother and fetus are both well, then
one should aim for a term vaginal delivery [16]. If early delivery is necessary, then glucocor-
ticoids may be used for lung maturity. This will cause hyperglycaemia and insulin doses
will need to be adjusted [67]. Normal glucose control (4-7 mmol/1) in the perinatal period
is important to prevent neonatal hypoglycaemia. This can be achieved by glucose and insu-
lin infusions adjusted frequently according to the maternal glucose values [68], or by con-
tinuous insulin infusion with alternating glucose/non-glucose fluids [69]. Preventing
neonatal hypoglycaemia will reduce admission for neonatal care and promote improved
mother—infant bonding. Immediately after delivery, insulin requirements diminish to pre-
pregnancy levels. If not on insulin prior to pregnancy, insulin may be discontinued and diet
continued. Breast-feeding should be encouraged as this will help to maintain good glycae-
mic control. Oral hypoglycaemic agents are not used while actively breast-feeding. During
this time if glycaemic control is inadequate then insulin may need to be continued.

MANAGEMENT IN THE POST-NATAL PERIOD

Breast-feeding

Breast-feeding provides benefits for both the mother and her infant and should be actively
encouraged [70, 71]. Education about breast-feeding should begin in the preconception
period and continue throughout pregnancy. Women often find their diabetes more easily
managed for the duration of lactation with lower insulin requirements [72]. Hypoglycaemic
episodes may occur commonly within 1 h of breast-feeding [73]. These episodes can be
avoided by eating a snack containing 15 g of carbohydrate and some protein before or dur-
ing breast-feeding. Nocturnal episodes can occur and necessitate a reduction in basal insu-
lin. Prospective studies of the interactions of short or prolonged breast-feeding on maternal
weight and body composition are lacking in diabetic women. Due to the importance of obes-
ity on health outcomes in women with diabetes, the effect of breast-feeding on body mass
index (BMI) and waist circumference should be studied [74, 75]. Breast-feeding for 12 months
confers protection against premenopausal breast cancer [76]. Epidemiological evidence also
suggests protection against epithelial ovarian cancer [77] and arthritis [78].

Complete breast-feeding for 6 months has been consistently linked to a decreased inci-
dence of a wide range of childhood infectious diseases in non-diabetic women [79]. There is
also evidence that it reduces eczema [80], coeliac disease [81] and sudden infant death syn-
drome [82]. These infants also show higher neuro-developmental scores at follow-up sur-
veillance [83] and have a lower degree of obesity in childhood and adolescence compared
to bottle-fed infants [84]. Such an effect could have a large public health impact [85]. A rela-
tionship has been shown between breast-feeding and reduction of type 2 diabetes in Pima
Indian offspring [74, 86] and this trend in other populations has been confirmed in a meta-
analysis [87]. There are several epidemiological studies documenting the association between
short or no breast-feeding and type 1 diabetes in childhood [88]. The association of excessive
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infant weight gain may increase the susceptibility of the B-cell to autoimmune damage or
apoptosis [89]. Recent studies suggest that the timing and introduction of soy milk and cer-
eals into the diet of high-risk infants may play a role in development of type 1 diabetes-
related autoimmunity [90].

Contraception

Planning of further pregnancies is mandatory and the need for contraception is essential to
reduce the risk of future miscarriage and congenital malformations. Early lactation amenor-
rhoea (LAM) occurs with exclusive breast-feeding and can be started immediately, provid-
ing 98% efficacy in pregnancy protection [91, 92]. A woman must breast-feed every 4 hours
during daytime and every 6 hours during night-time hours and avoid milk supplementa-
tion. Beyond 6 months postpartum, or if menses returns, another contraceptive method
should be used [93]. Barrier methods provide no metabolic side-effects and have no con-
traindications to their use: again, they can be used immediately. Intrauterine devices are safe
and effective and are metabolically neutral but should not be used until at least 4 weeks
postpartum. Hormonal contraceptives containing either progestin alone, or progestin com-
bined with an oestrogen can be started 6 weeks postpartum. Oestrogen has no effect on
glucose tolerance but can increase triglyceride levels, whilst progestins increase insulin
resistance and worsen glucose tolerance in addition to increasing low-density lipoprotein
(LDL)-cholesterol. Consequently, the lowest dose and potency of progestin should be used
to minimize adverse effects on glucose and lipid metabolism. Oestrogens increase BP and
promote coagulation, and therefore should be avoided in patients with hypertension, micro-
vascular and macrovascular disease. Any diabetic woman who smokes should avoid com-
bined oral contraceptives (COCs). Currently no studies exist that examine the COC in
women with type 2 diabetes. However, these women often have other cardiovascular risk
factors and/or the metabolic syndrome. In such women with several risk factors for arterial
and venous thromboembolic disease, an oestrogen-containing pill would not be a first choice
contraceptive method as it could further increase thromboembolic risk and BP. If there is a
strong reason to opt for a COC, then regular monitoring of lipids and BP should occur [94].
A safer option is a progestin-only pill. Hormonal contraception is safe to use while breast-
feeding with <1% transferred to breast milk, similar to the hormone level observed during
ovulatory cycles [93].

Long-term follow-up and inter-pregnancy care

Since the targets set by the St Vincent Task Force [15], combined antenatal diabetes clinics
and PPC clinics are more common. Through public campaigns women are aware of the
importance and benefits of folic acid. Glucose control is improving through the use of short-
acting insulin analogues [59]. Despite these sustained efforts, we have been unable to achieve
the level of glucose control required to prevent adverse pregnancy outcome in the majority
of women with type 2 diabetes [8, 10, 11, 13]. Thus, outcomes which are related to poor
glycaemic control (e.g. congenital abnormalities and perinatal mortality are still unaccept-
ably poor). In addition, we are witnessing a substantial increase in the prevalence of type 2
diabetes, which is occurring on average at least 20 years earlier, with an increasing number
of teens and young children being diagnosed [95, 96]. In the USA, 45% of new-onset diabe-
tes in the paediatric age group is type 2 diabetes [95] and onset of type 2 diabetes is associ-
ated with obesity.

Improvements may happen if we address the areas of education and screening. We need
to devise educational programmes that are culturally sensitive if the message regarding type
2 diabetes is to reach the right people. Such educational programmes need to be available in
both rural and urban communities. The importance of family planning and benefits of folic
acid in achieving a successful pregnancy outcome need to be emphasized and be part of a
routine educational package in women with type 2 diabetes of childbearing age [10]. In



150 Clinical Challenges in Diabetes

non-Caucasian communities we need to dispel the myth that this form of diabetes is not
serious. Type 2 diabetes frequently goes unnoticed for months or years before diagnosis and
many women are diagnosed at their firstantenatal visitaround week 10[10, 12]. Organogenesis
is thus complete at the time of the initial consultation. Thus, screening for type 2 diabetes in
a systematic way rather than opportunistically may benefit those at greatest risk.

There is evidence that glucose intolerance in pregnancy might play a role in the increas-
ing prevalence of type 2 diabetes. In utero exposure to diabetes is thought to lead to fetal
hyperinsulinaemia, which causes an increase in fetal fat cells, leading to obesity and insulin
resistance in childhood. This, in turn, leads to impaired glucose tolerance and diabetes in
adulthood. Therefore, diabetes begets diabetes as these glucose-intolerant adults develop
diabetes in pregnancy [97-99]. National educational programmes on lifestyle changes to
avoid obesity and reduce fat intake are vital to break the cycle. Large intervention studies
based on lifestyle changes have been shown to decrease the risk of progression to type 2
diabetes by up to 50% [100, 101]. Women with previous gestational diabetes have an increased
future risk of type 2 diabetes, this risk being greatest in south Asian women [31]. These
women require a postnatal oral glucose tolerance test (OGTT) to establish glucose status,
and annual recall thereafter in OGTT negative women for re-assessment [31]. This will
accommodate early pick-up of type 2 disease.

For women with established diabetes (type 1 and type 2) or previous GDM, a programme
of inter-pregnancy care should be offered. This should concentrate on lifestyle intervention
with diet and exercise with the aim of reducing central obesity and BMI prior to the next
pregnancy. Ultimately intrauterine prevention of type 2 diabetes is the goal. The first step in
this process is to avoid intrauterine over-nutrition and macrosomia.
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What can we do to improve adherence in
patients with diabetes?

J. Rungby, B. Brock

BACKGROUND

In order to minimize the risk of long-term macro- and microvascular complications, treat-
ment regimens for patients with type 1 or 2 diabetes must be tailored individually. The goals
of any treatment cannot be achieved without the acceptance of the patient. Thus, patient
involvement in strategies for treatment has become an important part of the treatment of all
chronic diseases, including diabetes. Emphasis must be put on the fact that what is consid-
ered the ideal treatment by the care provider is not necessarily considered optimal treatment
by patients, who may have to comply with treatments on a permanent basis. The challenge
is thus to merge the patient’s perspective with current guidelines to achieve concordance
whenever treating diabetes. Here, we describe some of the obstacles as well as the possi-
bilities for improved concordance.

DEFINITION OF TERMS

Compliance is a term used to describe the degree to which a patient is following the direc-
tions given by the health professional, both regarding dosing intervals and the doses them-
selves. Thus, 80% compliance to a given prescribed medication indicates that the patient
takes their medication 8 times out of 10.

Persistence describes the accumulated time from the initiation of a treatment to the —
unintentional — discontinuation of this therapy. Thus, persistence describes the time span in
which the patient is compliant (or non-compliant).

Adherence encompasses both of the above, including compliance and persistence. Adherence
both focuses on the behaviour associated with taking medication and addresses the relevance
of factors that improve the patient’s chance of adhering to a certain medication regime.

Concordance relates not to the patient or to the care provider but rather to the communicative
process between the two of them when prescribing medication or other kinds of medical
care. Concordance is thus based on partnership between the patient and the care provider.
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| Prescribed regimen |

| Fully compliant |

| Fully persistent |
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Figure 11.1 Patterns of adherence.

Due to this definition, concordance does not relate to the patient but instead relates solely to
the consultation, which can be described as concordant when it involves two-way communi-
cation and informed, shared decision-making.

Medication possession ratio describes the number of filled prescriptions and is usually calcu-
lated as the number of days of medication dispensed as a percentage of 365 days.

Non-compliance, non-adherence and non-concordance can be divided into different categories.
Thus, primary non-compliance occurs when the patient fails to take the medication pre-
scribed by the health professional, while secondary non-compliance occurs when the patient
fails to take the medication as instructed. Different sorts of non-compliance can also be
related to the degree of intentionality. Intentional non-compliance may occur when the phy-
sician’s diagnosis or treatment is rejected by the patient and, as a result, the patient decides
not to follow the recommendations. On the other hand, unintentional non-compliance may
be due to many different factors, including social, physiological and clinical variables, result-
ing in the patient not being able to follow recommendations. In order to provide the optimal
care for the patient, it is essential to detect non-compliance. Adding a new drug to the treat-
ment of hyperglycaemia, for example, has little, if any, effect with a non-compliant patient.
Furthermore, adding new drugs to the non-compliant patient’s list of prescribed medication
increases the risk of serious adverse events due to overdosing, particularly when the patient
is admitted from the primary healthcare system to an inpatient hospital setting.

ADHERENCE IN DIABETES

Most studies report adherence rates to oral antihyperglycaemic agents of 65-85% [1-14],
with lower rates in complex regimens [11, 15, 16] and certain populations (34-54% reported
in US Medicaid recipients) [17]. In a study comparing persistence with sulphonylurea mono-
therapy, metformin monotherapy or a combination of both, persistence with either mono-
therapy was 50% after 1 year, decreasing to 40% after 2 years. With the combination treatment,
30% were persistent after 1 year and just 16% after 2 years [18]. The pattern resembles that
of other chronic diseases. Muszbek and colleagues reported a 12-month persistence varying
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Table 11.1 Overall adherence in type 2 diabetes

Medication Adherence rate (%)
Oral glucose-lowering agents 65-85 (average of 25 studies)
Insulin 60-80 (average of 2 studies)

Table 11.2 Barriers to adherence in diabetes

Non-comprehension of the nature of the disease
Non-comprehension of the treatment regimen

Non-comprehension of positive drug effects as well as side-effects
Regimen complexity, need to mix or split pharmaceuticals

Dosing frequency

Concomitant disease, particularly depression

Economic factors

from 62-66% in dyslipidaemia, hypertension and diabetes with values for compliance being
67-76% after 12 months [19]. There appears to be room for improvement, bearing in mind
that adherence in major clinical trials, which form the scientific background for treatment
recommendations, is generally well above 80% (Table 11.1).

Factors affecting adherence

The factors identified as barriers to good adherence in diabetes differ little from those
reported in other conditions. Two recent systematic reviews [1, 20] identify very similar pat-
terns in the literature, with a number of potentially adjustable factors setting up barriers to
adherence (Table 11.2). Often not recognized by care providers is the importance of com-
municating the “‘whys and hows’ of a treatment to the patient. In a study in type 2 diabetes,
Schillinger and colleagues [21] found that patient comprehension was assessed during the
consultation in just 12% of cases. Not assessing patient recall and comprehension was asso-
ciated with a higher HbAlc. Understanding information given during a consultation may
also be limited (in more than 50% of patients) both regarding the language used (e.g. under-
standing the meaning of ‘stable blood glucose’) and the instructions for dosing [22].

Since overt symptoms are often sparse with the three most vital components of the dys-
metabolic syndrome (glucose, blood pressure and lipids), and since adherence is higher when
treatment is perceived as alleviating symptoms or improving health [23], information and
motivation become essential. The case in type 1 diabetes is of course very different, but adher-
ence problems are also clinically relevant in this condition, particularly in paediatric or ado-
lescent patients where concordance must be achieved not only between care providers and
the patient but also between family members, the education system and the patient [24].

This is obvious for the care provider-to-patient interaction, but care provider-to-care pro-
vider communication and education appear to be equally important since there is a high
degree of reluctance in physicians” attitudes to treatment, as documented by Peyrot and co-
workers [25]. Thus, no patient should leave the consultation without an understanding of the
disease component they are about to address with a new treatment plus information on, and
comprehension of, the likely benefits of that treatment. Adherence problems are usually
caused by under-use of medications. However, non-comprehension may also account for
overdosing [13]. The continued education of diabetes care providers should be kept in mind.
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Tolerability is rarely addressed during consultations in spite of the fact that adverse
effects account for a substantial reduction in adherence [23].

The complexity and dosing frequency remain major determinants of adherence [5, 11, 16,
17]. As described by Paes and colleagues [5], adherence drops from 79% to 66% when dosing
frequencies are increased from once- to twice-daily. Further increasing the frequency to three
times daily reduced adherence to 38%.

The emotional well-being of type 2 diabetes patients is another important determinant of
adherence [8, 26]. Thus, depression, often unrecognized in type 2 diabetes [27], must be
addressed in order to ensure adherence.

The cost of treatment is also rarely discussed during consultations. There is, however, a
significant impact of out-of-pocket costs on adherence. Patient reasons for not discussing
costs with their clinicians were assessed by Piette and colleagues [28]. Common reasons for
not bringing up this issue were:

A lack of belief that the clinician was able to change matters.
Embarrassment.

Feeling that the subject was of minor importance.

Alack of time during consultations.

Effects of adherence on outcome

Studies in hypertension [29, 30] and diabetes [31] demonstrate that poor adherence is associ-
ated with poorer outcome (blood pressure, hospitalization frequency and HbAlc). In a
recent study aimed at patients with very poorly controlled type 2 diabetes (HbAlc higher
than 9%), Odegaard and Gray [32] found specific adherence barriers associated with poor
control, and the following were all reported as problems:

Cost.

Dosing regimens.

Reading prescription labels.
Obtaining refills.

Taking more than two daily doses and reading the prescriptions significantly affected
HbA1lc in a multivariate analysis in this particularly high-risk population.

Ways to improve adherence

Few trials have documented interventional effects on adherence. During adolescence, often
a particularly difficult period for patients with type 1 diabetes and clinicians, intensive
home-based psychological intervention may improve outcome [33]. Less intensive interven-
tions have failed to do so [34, 35].

Unit dose packaging and refill reminders can improve adherence with sulphonylurea or
metformin therapy [36, 37] and may improve outcomes (as measured by decreased use of
healthcare services).

The use of fixed combination therapy (FCT) has been more extensively examined as FCT is
becoming increasingly available in diabetes. Long-term use of insulins combining fast- and
intermediate-acting agents has proven safe and efficacious, but little is known about the effects
of these compounds on adherence when compared to standard injection regimens [38]. For
insulin, the use of modern devices such as insulin pens most likely improves adherence [39].

With oral combinations becoming increasingly available, care providers need to evaluate
their use. A number of considerations apply. Since the majority of the ever-increasing num-
ber of diabetic patients need treatment for both glycaemic control and a number of
comorbidities, administration of multiple drugs will eventually become necessary. Often,
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Table 11.3 Five ways to achieve concordance and improve adherence

Educate care providers and patient: information to the patient should comprise information
about indication and expected outcome, as well as duration of treatment, discussion of ways to
reduce fear of social stigmatization, information about tolerability, ideas for simplifying dosing
regimens and ways to remember them, as well as information on how to renew prescriptions.
Consider adverse effects carefully

Reduce regimen complexity

Diagnose comorbidities affecting adherence, in particular depression

Reduce costs

there is a need for multi-step treatments with disease progression. Non-adherence increases
with the number of drugs prescribed to the individual [19]. From a pharmacological view-
point the compatibility of drugs in FCTs needs to be evaluated. The FCTs now commercially
available have revealed no inter-drug problems concerning efficacy or safety.

The benefits that may be gained from FCTs include improvement in adherence, which in
turn is likely to improve clinical outcomes [40]. Non-adherence rates are 15-35% for oral
blood glucose-lowering agents, 20-40% for insulin and 10-25% for blood pressure- and
cholesterol-lowering agents in type 2 diabetes. For some agents, this is even higher, depend-
ing on the measures available [1]. In a recent meta-analysis, Bangalore and co-workers found
an overall improved adherence with FCT of 26% when studies in diabetes, hypertension and
infectious diseases were compiled [41]. In diabetes, the combination of glibenclamide and
metformin as an alternative to dual-tablet treatment increased the medication possession
rate significantly (17-22%) [11].

SUMMARY

Even with clear evidence of poor adherence with diabetes therapies and some evidence for
a negative outcome caused by this poor adherence, there is a paucity of clinical evidence
guiding care providers towards better results when prescribing. Achieving concordance (i.e.
a mutual agreement and understanding of the therapy) seems essential. There is, however,
some evidence that addressing the factors listed in Table 11.3 will help to achieve concord-
ance and improve adherence.
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Organization of diabetes care and the
multiprofessional team

J. Hill, R. Gadsby

BACKGROUND

Good diabetes management involves a co-ordinated team of different healthcare profession-
als (HCPs) with a variety of skills and competencies, working with the person with diabetes
to support them in controlling the condition. Who makes up an individual’s team varies,
depending on where their diabetes care is located (primary or secondary care) and over time
(as their condition progresses). With the challenge of managing the huge numbers of people
with diabetes, limited traditional resources, and the recognition of skills of other HCPs,
there has been a significant increase in the number of different disciplines involved in dia-
betes care. An example of this is the initiation of insulin therapy. In the past, insulin was
initiated only by doctors in hospital clinics [1]. The development of the diabetes specialist
nurse’s role in the 1970s took on many of the practical aspects of insulin therapy [2], but this
was still done in secondary care. Now, in response to the large numbers of people requiring
insulin, more disciplines are involved in insulin initiation and titration. Most diabetes care
in the UK and in a number of other countries, at least for type 2 diabetes, has moved out to
primary care to practice nurses, primary care physicians, district nurses, pharmacists, diet-
itians and community diabetes teams.

For the person with diabetes, who they see will vary over time, as the condition pro-
gresses and through life events. The relatively well person with newly diagnosed type 2
diabetes may immediately meet a number of different people: a diabetes educator, dietitian,
general physician/practitioner and practice nurse. This team aims to promote understand-
ing and self-management skills, and to identify, treat and review risk factors for complica-
tions. The patient will also be seen for an annual retinal screening. They will see the
pharmacist on a monthly visit to collect medication/education, and the podiatrist for foot
care if required. As the condition progresses, many patients find their diabetes management
becomes more complex, especially if they develop diabetes complications. They may be
referred to secondary care specialists for more intensive treatments such as insulin therapy.
Access will be needed to renal physicians and the dialysis team if they develop diabetic
nephropathy; ophthalmologists and perhaps the low vision clinic team for laser treatment
for diabetic retinopathy; and the vascular surgeon, orthotist and specialist podiatry services
for diabetic foot problems.
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It is not just the development of diabetic complications that leads to the patient’s diabetes
team becoming more specialized and complex. Life events, such as pregnancy, often need
additional skills that the routine diabetes team are unable to manage. Women with diabetes
who are pregnant, or planning a pregnancy, should have access to the specialist diabetes
obstetric team, as recommended in the UK by standard 9 of the National Service Framework
for Diabetes [3]. Children will be managed by a paediatric diabetes specialist team and then
ideally progress through the young people’s clinic to the adult service. As patients age and
develop other comorbidities, other skills are required, and the HCPs managing their dia-
betes care may include district nurses, case managers, nursing and residential care staff.

The challenge for the team organizing diabetes management (usually the general prac-
titioner and their nurse) is to ensure that the person with diabetes meets the appropriate
healthcare professional at the relevant time, in the language required, and in an easily acces-
sible location. That healthcare professional needs to be competent and adequately trained in
diabetes management skills. There needs to be good communication between all the HCPs
involved in the patient’s diabetes care to prevent omissions and duplication of care. With the
expansion of the diabetes team potentially involving so many healthcare professionals, this
can be a considerable challenge.

The link between all these professionals, of course, is the patient at the centre of their
diabetes care. One of the key features of a high quality diabetes service is that it delivers a
patient-focused service in which people are empowered to manage their own care [4]. In the
UK, the National Service Framework for Diabetes: Standards [3] emphasizes the importance
of empowering people with diabetes. Standard 3 states:

"All children, young people and adults with diabetes will receive a service which encourages part-
nership in decision making, supports them in managing their diabetes, and helps them to adopt and
maintain a healthy lifestyle. This will be reflected in an agreed and shared care plan in an appropriate
format and language. Where appropriate, parents and carers should be fully engaged in this
process.”

Providing equitable access to the healthcare professionals involved in diabetes care neces-
sitates team working, and an integrated approach to service delivery. In the UK, the National
Service Framework for Diabetes: Delivery Strategy recommends the development of diabe-
tes networks covering a natural population served by a specialist diabetes service based
within a NHS trust, to enable such an integrated service of diabetes care to be delivered to
a population [5].

CONFUSING TITLES OF HCPs?

The increasing dissemination and delegation of the various components of diabetes care has
contributed to the profusion of diabetes roles and titles now existing, which can be confus-
ing for the patient and also to generalists wanting to refer patients for specialist help.

The doctor that most patients went to for diabetes management advice in the past was the
diabetes specialist or diabetologist who was usually hospital based, and the patient was typi-
cally seen in a busy, crowded outpatient clinic. Nowadays, the doctor most likely to be manag-
ing the patient’s diabetes care will be their primary care physician. Most primary care physician
practices in the UK now run dedicated diabetes clinics which are staffed by practice nurses,
usually with special training and experience in diabetes, and supervised by one partner who
has special interest and experience in diabetes care. In a national questionnaire survey pub-
lished in 2001, 71% of general practitioners surveyed held diabetes clinics [6]. In the UK, the
contract for General Medical Services (or GP contract), introduced in 2004, had a ‘pay for per-
formance’ element called the quality and outcomes framework. This initiative gives an incen-
tive for the general practice to ensure that good quality care is delivered to its patients for a
number of chronic conditions including diabetes. The diabetes clinical indicators include var-
ious measures of process and outcomes of diabetes care, for example, the number of people
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who have had an HbAlc measurement (process) and how many have a level at or below 7.5%
(outcome) These form a significant proportion of the points that can be earned, and each point
earns a small additional income to the practice. Local enhanced services for diabetes can allow
practices to earn more by providing local high quality services that are over and above the
routine care expected in the contract. This, for example, may encourage primary care physi-
cians and their nurses to initiate insulin in the practice rather than refer to the hospital.

The UK government is encouraging more care for long-term conditions to be delivered
in primary care nearer to the patient’s home with their familiar local primary care team, and
to reduce the use of expensive hospital-based services. A similar movement of services from
secondary to primary care is also happening in a number of other developed countries. In
the UK, these health policy changes are outlined in the white paper entitled Our Health, Our
Care, Our Say: A New Direction for Community Services [7]. In 2006, for example, the aim was
for an extra one million outpatient appointments to take place in primary care rather than
in hospital. These significant changes in the delivery of care in a relatively short period of
time encourage the development of innovative new posts. One idea in the UK is that a full-
time GP may take up to 1 day a week to work as a GP with a special interest (GPwSI) in a
specific clinical field. The development of the concept of the GPwSI in diabetes has helped
to facilitate the move of diabetes hospital outpatient clinic appointments into the commun-
ity. Framework documents for the work of GPwSIs have been published (www.doh.gov.uk/
pricare/gp-specialinterests). GPwSIs in diabetes can fulfil a purely management function
(for example, overseeing a diabetes network), or could fulfil a clinical function (for example,
running diabetes clinics in the community for people with diabetes whose problems have
not been able to be successfully managed in general practice, but who do not meet referral
criteria for secondary specialist care).

There are now a number of positions that enable nurses to develop diabetes specialist
practice, knowledge and skills. The diabetes specialist nurse (DSN) is probably the most
recognized role. However, the title diabetes specialist nurse may include posts such as dia-
betes educator, diabetes research nurse, diabetes nurse facilitator, diabetes liaison nurse and
clinical nurse specialist in diabetes. More recently, advanced nurse practitioners, lecturer
practitioners and nurse consultants in diabetes have been appointed. The titles reflect a
particular emphasis of their role, such as clinical practice, strategic management, research,
case management or education. Although the numerous titles reflect the diversity of diabe-
tes nursing services, there may be confusion about the core functions, level of qualification
and area of practice.

The practice nurse is often the central figure in many patients” diabetes management,
providing continuity and familiarity. Their role will encompass facilitating diagnosis
(through identification of symptoms and proactive screening of at-risk people), education
(by signposting to appropriate education programmes, giving initial and ‘first-aid” informa-
tion, and revising knowledge during reviews), monitoring (including phlebotomy services)
and recording data, maintaining diabetes registers and calling patients for annual diabetes
reviews. Some practice nurses are now independent prescribers and can initiate and titrate
medication, following agreed guidance with the GP and local diabetes and medicine man-
agement teams, releasing GP time to focus on agreeing management plans with individual
patients and to deal with any complex matters related to health.

NEW ROLES AND SERVICES IN DIABETES: INVOLVING PHARMACISTS

The role of the pharmacist in diabetes care has until recently been hardly recognized. In the
UK, most patients would see their local pharmacist as the provider of medication prescribed
by their diabetes doctor, a view probably shared by most HCPs. As pharmacists run busi-
nesses, they may find it difficult to attend diabetes network meetings or access diabetes
training programmes and so their contribution to local diabetes care is not appreciated.
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However, the new pharmacy contract which commenced in 2005 in England supported
an extended role for community pharmacists, particularly in the support of patients with
long-term conditions like diabetes. The pharmacist is well-placed to do this: they see the
patient every month (when they collect regular prescriptions) and they are available on
Saturdays and evenings when many conventional diabetes services are closed.

The Medicine Use Review (MUR) can be a particularly valuable service in supporting
patients in understanding their often extensive list of medications, recognizing side-effects
and potential contraindications or interactions, and advising patients on the correct way
to take their medication. Patient concordance with taking medication is a recognized con-
cern in diabetes care [8]. MURs are provided in pharmacies that fulfil clinical governance
requirements and have a specified private area within their premises. Patients can refer
themselves for an individual consultation with the pharmacist which typically will last for
about 20 minutes.

Under the contract, community pharmacists can bid to contract with Primary Care Trusts
to provide a range of enhanced services, similar to the local enhanced services in the GMS
contract, where they are paid for high quality services that are over and above the routine
services expected from a pharmacist. These can include diabetes screening, smoking ces-
sation and weight management clinics.

Some pharmacists have qualified to be Independent or Supplementary Prescribers. This
formalizes a prescribing relationship between the pharmacist and patient, with the agreement
of the GPD, to initiate and titrate medications for the various aspects of diabetes management.
The pharmacist can prescribe, educate, monitor and review in a time and a locality that may
be more convenient to the patient, particularly those that work. In some areas, where there is
a large ethnic minority population, the pharmacist may even speak the same language as the
patient. The potential for the community pharmacist is therefore considerable.

However, if pharmacists are extending their role in diabetes care, they have a responsibil-
ity to ensure they are competent to give diabetes advice. In particular, it is important that
pharmacists give the same accurate evidence-based information and advice to patients that
all health professionals should be giving. A report in Which? magazine (Pharmacies get test of
own medicine) recently made headlines in the UK by suggesting some patients are being
given inaccurate information by pharmacy staff [9].

COMMUNICATION BETWEEN HCPs INVOLVED IN DIABETES CARE

With increasing numbers of HCPs involved in delivering diabetes care, good communi-
cation between all parties is essential to avoid duplication of effort and to avoid giving
mixed or contradictory messages. In many developed countries, medical notes are recorded
on a clinical computer system or systems. Good communication is facilitated when these
computer systems can talk to each other and where information technology (IT) can link up
primary and secondary care records with community and pharmacy records.

In the UK, a huge IT project called Connecting for Health is seeking to provide such a
‘joined-up’ record system. When complete, this should enable all HCPs to link into a core
set of clinical records to facilitate communication and to see and update the records in real
time.

This system is also designed to handle the referral process from one HCP to another and
so facilitate each HCP to see what others have done and what specific aspect of care they are
being asked to undertake. As can be imagined, the project is running behind schedule. It
remains to be seen whether its grand ambitions will be realized.

At present, the IT system in the NHS has a function called ‘choose and book” which
handles referrals from GPs to hospital specialists. A referral letter is written from the GP to
the hospital specialist and is transferred, along with appropriate patient clinical details, elec-
tronically. The system then generates a letter to the patient containing a telephone number
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and password. The patient can then phone the hospital to make an appointment at a time
and date that is convenient to them.

Referrals to other members of the multidisciplinary diabetes team are much less
structured and fixed. These can occur through a telephone call or written referral note
which is then posted to the relevant team member. In some intermediate clinics, several
members of the multidisciplinary team may be consulting at the same time so referral
between team members is facilitated and can be achieved by just knocking on a door and
asking for an opinion.

Information back to the GP, whose clinical computer system holds the continuing med-
ical record of the person with diabetes, from other members of the multidisciplinary team is
usually by letter which is then scanned onto the clinical computer system. Some centres are
beginning to pioneer the direct electronic transfer of records from secondary to primary
care, which will be a feature of the integrated ‘Connecting for Health’ system in the UK once
it is completely installed.

HEALTHCARE PROFESSIONAL EDUCATION

Adequate training in diabetes management is essential if healthcare professionals are to
deliver a high quality diabetes service. In the UK, the Department of Health has recognized
this and there has been an increasing emphasis on ensuring that HCPs are competent to
work at the appropriate level in whatever their speciality is. In diabetes, this has led to the
adoption of a competency-based framework for healthcare professionals which outlines the
skills and competencies required to deliver various aspects of diabetes care [10]. The com-
petencies are generic and not profession-specific. This may facilitate the future development
of the role a more generic diabetes healthcare worker who can deliver much of the routine
review care needed by people with diabetes. This ‘blurring of the edges’ between traditional
roles can provide more flexibility in the diabetes team (e.g. to cover sickness and annual
leave) and reduce the number of different people involved in the care of an individual, but
may generalize diabetes care if the worker does not have sufficient depth of knowledge in
enough aspects of diabetes management. In the UK, the relatively recent review of NHS job
and salaries (entitled Agenda for Change) may also facilitate such developments. Posts and
salary levels of staff will be determined by the needs of the diabetes service, not necessarily
by the experience and qualifications of staff.

The division of labour in diabetes management and the dissemination of diabetes care to
a much wider number of disciplines has had an impact on the roles of the diabetes specialist
nurse and the diabetologist. Less of their time is spent providing clinical care to patients
with diabetes. An increasing proportion of their working time is spent teaching other health-
care professionals to provide a good standard of up-to-date evidence-based diabetes care,
usually linked into local practice and guidelines. This dissemination of skills means special-
ist staff can focus on patients with complex needs, while those requiring routine diabetes
management can usually be managed by the general practitioner and practice nurse.
Warwick University (www.warwick.ac.uk) has formalized this sharing of knowledge and
skills with courses being delivered locally by local diabetes specialists, using the teaching
materials and support provided by the university. This can facilitate a uniform diabetes plan
in a local area and promote networking between all involved in diabetes care.

MANAGING THE WORKLOAD

With the large numbers of people with diabetes, how can all these patients get access to the
limited numbers of healthcare professionals and the services they provide?

Traditionally, the patient has been seen in individual appointments in outpatients or
Primary Care practices. Now, the large numbers of people with diabetes and the predicted rise
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in numbers worldwide [11] mean that this one-to-one approach is increasingly not feasible.
Many of these patients have similar needs and seeing them in a group session not only gives
economies of scale, but also means that each patient has more time, can learn more through
interactive discussion and from each other and will get support from knowing they are not
alone in living with diabetes [12]. In the UK, the National Institute of Clinical Excellence has
produced guidelines for the provision of structured patient education for people with diabetes
[13], which have been further recommended by the Patient Education Working Group [14].

People with diabetes should be able to access structured education, preferably in an inter-
active group. In the UK, the Dose Adjustment for Normal Eating (DAFNE) is an example of
a structured education programme recommended for groups of up to 8 patients with type 1
diabetes [15]. The course runs for a complete week and covers a comprehensive programme
of interactive learning about all aspects of living with type 1 diabetes. It was based on mod-
els from Germany.

For people with type 2 diabetes, the Diabetes Education in Self-Management for Newly
Diagnosed and Ongoing Diabetes (DESMOND) [16] and X-PERT are examples of group
education. In the UK, X-PERT is a 6-week programme consisting of sessions lasting about
150 minutes, for up to 18 patients with accompanying partners or carers [17]. To provide this
depth of information in an interactive learning environment would be extremely difficult to
achieve in the traditional clinic situation. These accredited national programmes may be
time-consuming and relatively costly for some centres to deliver, so many diabetes teams
run their own programmes. The author (JH) runs 2-hour introductory sessions for patients
with newly diagnosed diabetes as there is insufficient capacity in the diabetes team to be able
to offer X-PERT or DESMOND for the numbers of patients being diagnosed in the area. Each
patient has 2 hours of learning opportunities. As up to 10 patients can be seen in a group, to
give each patient 2 hours individual attention would be 20 hours of educator time!

HARD-TO-REACH GROUPS

In the UK, an Audit Commission report on diabetes services in England and Wales in the
late 1990s highlighted that not all patients can access healthcare professionals equally.
Certain groups, especially the housebound, those in residential homes, and ethnic minori-
ties who do not speak English were identified particularly as missing out on services avail-
able to others [18]. South Asian people have a higher risk of developing diabetes [19], yet if
they do not speak English, they are less likely to get education and information about the
condition and how to manage it. There is also evidence to suggest that even if they do use
general health services, they are likely to seek help much later than Caucasian people [20].

The use of Asian link workers and educators as part of the diabetes team can make a
valuable contribution to meeting the needs of these vulnerable people [21]. With appropri-
ate training and supervision, they can run group education sessions, teach simple practical
skills like blood glucose monitoring, and work with specialists to interpret advice and feed-
back between the patient and their diabetes team. The Asian link worker usually has a good
understanding of local cultural issues that can be potential barriers to concordance with
diabetes care. They may know who has influence in the community and work with these
people to promote diabetes services to those who need them.

The ongoing United Kingdom Asian Diabetes Study (UKADS) includes the use of link
workers and specialist nurses with Asian language skills, working with practice nurses to
demonstrate that a structured, culturally-sensitive care package tailored to the needs of the
South Asian community will improve cardiovascular risk factors. The pilot study involving
six inner city practices in Coventry and Birmingham showed significant improvements in
blood pressure and total cholesterol levels [22].

People who are housebound, or who live in nursing and residential homes, may miss out
on diabetes services [23]. In the UK, community nurses called district nurses are often the
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key HCPs in organizing diabetes care with housebound and residential care patients. They
may perform much of the annual diabetes review, monitor blood glucose, give insulin injec-
tions and report problems to the general practitioner or refer to appropriate support (e.g. the
community diabetes specialist nurse for insulin adjustment). Routine diabetes care, such as
the provision of a healthy diet, monitoring of blood glucose, and arranging appointments
for diabetes reviews and hospital care should be done by nursing home staff. However, they
may not get opportunities for diabetes training as they are not usually employed by NHS
organizations, and there may also be a rapid turnover of staff (so staff that have received
some diabetes training may move to another home after a short period of time). Patients in
these facilities often have quite complex needs, especially if they have other significant
comorbidities, and they may need the skills of specialist diabetes staff. Nursing home staff
need to know how to recognize when the patient has acute or chronic diabetes complica-
tions, and to know where and how to access appropriate diabetes HCPs.

SUMMARY

Most diabetes care has moved from the specialist hospital clinic setting to primary care. This
has resulted in an increase in the number of different healthcare professionals involved in
supporting the person with diabetes. There are many advantages in devolving the workload
of diabetes care: local more easily accessible diabetes services, services shaped to the needs
of the local population (e.g. delivered in languages common to the area), management of the
diabetes epidemic, and more efficient use of specialist diabetes teams if routine diabetes care
is managed elsewhere. However, there may be concerns about the skills and competencies
of non-diabetes specialists, differences in referral procedures and communication, and repe-
tition or omissions of care if there is not an efficient communication pathway between the
healthcare professionals involved in an individual’s diabetes management. As numbers of
people with diabetes increase, diabetes will have an impact on all areas of healthcare, so all
HCPs will need to develop diabetes management skills. Ensuring they possess appropriate
skills, and use them effectively and synergistically, will be the challenge for those leading
the development and maintenance of diabetes services.
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