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Abstract: Stroke is one of the leading causes of death and probably the greatest cause of adult
disability worldwide. Diabetes mellitus (DM) is a state of accelerated aging of blood vessels.
Patients with diabetes have increased risk of stroke. Hyperglycemia represents a risk factor for
poor outcome following stroke, and probably is just a marker of poor outcome rather than a cause.
Lowering of blood glucose levels has not been shown to improve prognosis. Also, prevention
of stroke risk among patients with DM is not improved with therapy for reduction of glucose
levels. On the other hand, prediabetes, a metabolic state between normal glucose metabolism
and diabetes, is a risk factor for the development of DM type 2 and subsequently for stroke.
Several methods are known to identify prediabetes patients, including fasting plasma glucose
levels, 2-hour post load glucose levels, and glycosylated hemoglobin levels. In this text, we
tried to summarize known data about diagnosis, epidemiology, risk factors, pathophysiology,
and prevention of prediabetes in relation to DM and stroke.

Keywords: diabetes mellitus, insulin, metabolic syndrome, prediabetes, risk factors, stroke

Introduction

A comprehensive review of available evidence and data sources on diagnosis,
epidemiology, risk factors, pathophysiology, and prevention of prediabetes in relation
to diabetes mellitus (DM) and stroke was conducted through standard literature online
databases research for relevant articles published in English language. Additionally,
reference lists of included studies were manually checked for additional references.

In 2011, stroke was the second most frequent cause of death worldwide.
Approximately 17 million people had a stroke in 2010. Besides being one of the top
major killers, stroke is also a leading cause of disability.! DM and hyperglycemia are
risk factors for ischemic stroke. DM doubles the risk of ischemic stroke and worsens
survival of acute stroke patients. On the other hand, prediabetes, a metabolic state
between normal glucose metabolism and DM type 2, is a risk factor for the develop-
ment of DM type 2. More than 2/3 of prediabetic patients develop DM type 2.2 The
annual risk of developing DM type 2 in people with normal glucose level is 0.7%,
whereas patients with prediabetes have a yearly risk of up to 10%.?

Prediabetes state includes impaired fasting glucose (IFG) and/or impaired glucose
tolerance (IGT) and/or impaired glycosylated hemoglobin (HbAlc). Almost 7% of
adults have either IFG or IGT, and the prevalence of these disorders is greater than
that of type 2 diabetes.

The diagnostic criteria for prediabetes have changed during the last couple of
years, and in 2010, the American Diabetes Association (ADA) included HbAlc as
diagnostic criterion for prediabetes state, ranging from 5.7% to 6.4%.* In the same
year, the estimated global prevalence of IGT was 7.9%. In Europe, this number was
even higher, 8.9%.° Because of 2 different criteria for IFG, one proposed by the ADA
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and the other by the World Health Organization (WHO), data
about prevalence significantly differ. However, estimated
IFG prevalence is about 5%.% Hyperglycemia is a well-known
risk factor for cardiovascular diseases. Prediabetes patients
have an increased risk of cardiovascular and cerebrovascular
diseases, such as transient ischemic attack (TIA), stroke, and
recurrent stroke. Also, these patients are candidates for the
development of DM type 2.”® About 70% of these patients
may develop DM type 2, and more importantly, modification
of lifestyle may produce a 40%—70% reduction in relative
risk of DM type 2.2 In addition, prediabetes is associated
with early forms of small fiber neuropathy, diabetic retin-
opathy, nephropathy, and chronic kidney disease.® Also,
about 50% of the nondiabetic patients with a recent TIA or
stroke have prediabetes, which is obviously more than in the
general population.®

Prediabetes diagnosis

Several methods are known to identify prediabetes patients,
including fasting plasma glucose levels, 2-hour post load
glucose levels, and HbAlc levels. The cutoff values for
diagnosis of prediabetes and DM are shown in Figure 1.

Impaired fasting plasma glucose

IFG is a common disorder of glucose metabolism, and is
considered a state of prediabetes associated with increased
risk of DM.!? It refers to a state in which blood glucose level
after fasting is elevated, although the abnormality has not
reached the threshold for a diagnosis of DM. Fasting plasma
glucose levels are commonly used to confirm IFG. After fast-
ing during night for minimum 8 hours, plasma glucose levels
are measured. However, IFG definition and diagnosis criteria
are not clear. There are different cutoff levels for diagnosis of
IFG. The WHO uses the higher cutoff point than the ADA.

Glycosylated >49
hemoglobin _-
Two-hour | >11.1
post load glucose ﬂ-"o
Fasting >7.0

|
5.656.9
plasma glucose

0 10 20 30 40 50 60

B Normal glucose metabolism
M Prediabetes Diabetes mellitus

Figure | Cutoff values for prediabetes and DM.

Note: Values are in mmol/L for 2-hour post load glucose and fasting plasma glucose
and in mmol/mol for glycosylated hemoglobin.

Abbreviation: DM, diabetes mellitus.

According to the WHO, the lower cutoff point for IFG is
6.1 mmol/L, while the ADA reduced this level to 5.6 mmol/L
in 2003.%* This reduction was made because patients with a
fasting blood glucose level of between 5.6 and 6.1 mmol/L
exhibit a higher prevalence of DM compared to people with
a fasting blood glucose level lower than 5.6 mmol/L.!! This
leads to confusion because both of the criteria are used for
diagnosis in different stroke trials.

Impaired glucose tolerance

IGT is a prediabetic state of hyperglycemia that is associated
with insulin resistance and increased risk of cardiovascular
incident. IGT may precede DM type 2 by many years. IGT
is also a risk factor for mortality. The risk of progression
to diabetes and development of cardiovascular disease is
greater than for IFG."? IGT can be detected with oral glucose
tolerance test. After fasting over night, a solution of 75 g
glucose and 150 mL water is ingested and 2 hours after,
glucose levels are measured.” According to the criteria of the
WHO and the ADA, IGT is diagnosed when 2-hour glucose
level is between 140 to 199 mg per dL (7.8—11.0 mmol/L).
Regarding IGT, the WHO and the ADA definitions are the
same, unlike for IFG.

Impaired HbAIlc

Levels of HbA1lc are most frequently used as a diagnostic
marker of chronic hyperglycemia in the evaluation of known
DM patients. The glucose levels of the previous 3 months
are reflected with this diagnostic tool. However, recently,
the ADA, the International Diabetes Federation, and the
European Association for the Study of Diabetes published
a paper in which the use of HbAlc levels was recom-
mended for the diagnosis of prediabetes. The advantage of
HbAc levels over fasting plasma glucose and 2-hour post
load glucose in identifying prediabetes in a recent stroke
patients is that it remains unaffected by the acute-phase
glucose reaction.'

The ADA recommends an HbA 1c level over 6.5% as one
of the criteria for the diagnosis of DM.! Some prospective
studies used HbA 1¢ to predict progression to DM, showing
strong relationship between values of HbA 1¢ and subsequent
DM. The majority of authors agree that it is reasonable to
consider an HbA 1c level range between 5.7% and 6.4% for
identifying patients with prediabetes.!® Such patients and
those with IGT and IFG must be informed of their increased
risk for developing DM and cerebrovascular diseases
and taught about effective treatments to lower their risks.
Patients with HbA1c levels higher than 6% are considered
to be at very high risk for developing DM.
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The compliance among these 3 tests (fasting plasma
glucose, 2-hour post load glucose, and HbAlc levels) is
not 100%. Also, several studies showed that the use of
fasting plasma glucose levels alone is not enough to detect
prediabetes.® Therefore, it is recommended, if possible, to
use multiple diagnostic approach.

Prediabetes and stroke
epidemiology
The WHO considers DM as one of the most common public
health problems, which will strike a total population of
220 million worldwide in the next 5 years.!® On the other
hand, prediabetes is called “America’s epidemic healthcare
problem”, and current estimates indicate that about 1/3 of
adults in the US have prediabetes, or approximately 80 million
people. Also, the problem is that the majority of people with
prediabetes are unaware of their risk of DM development.
However, one must not forget that prediabetes epidemiology
highly depends on the used diagnostic tool/method. Using IGT
and IFG level-based criteria, about 10% of the adult people are
in prediabetes state, whereas HbA 1c-based criteria identify a
significantly lower proportion of the population.>!”
According to some authors, there are 3 possibilities for
people with prediabetes. About 1/3 of patients will develop
DM type 2, the other third will remain unchanged, and the
remaining 1/3 of cases may become normoglycemic.'® The
prevalence of prediabetes in previously normoglycemic non-
diabetic patients who suffered a recent TIA or an ischemic
stroke is about 37%, ranging from 31% to 53% within the first
90 days after the vascular event (acute phase) and about 32%
in the post-acute phase (ranging from 23% to 46%), which is
obviously higher than in the overall population.®!*-!
Several studies assessed the prevalence of prediabetes and
DM type 2 in patients who had stroke (or TIA/intracerebral

hemorrhage). In Tables 1 and 2, there is an overview of studies
assessing the prevalence of prediabetes and DM type 2 in stroke
patients, measuring glucose levels in the acute phase (during
the first 90 days after the vascular event) and in the post-acute/
chronic stroke phase (3 or more months after the vascular
event), respectively.® In majority of studies, prevalence was
assessed by oral glucose tolerance test (OGTT) and fasting
plasma glucose. Most of the studies were performed in patients
with ischemic stroke as the main vascular event. Patients were
recruited from different parts of the world, mostly from Europe,
but also from Japan, People’s Republic of China, South Africa,
and the US. The prevalence of DM type 2 and prediabetes is
influenced by ethnicity and this should be taken into account
when considering these data.®?? The majority of acute stroke
patients have disorders of glucose metabolism, and in most
cases this fact has been unrecognized. DM and prediabetes
worsen the acute stroke outcome, and therefore in the post-
acute/chronic phase, an OGTT should be performed in all
stroke patients with no prior history of DM or prediabetes.

Risk factors for prediabetes

Risk factors for prediabetes are similar to DM type 2 risk
factors. Those risk factors can be divided into non-modifiable
and modifiable risk factors. The most important risk factors
are lack of physical activity and obesity (particularly
abdominal). Risk factors are summarized in Table 3.

Genetic factors

There is an obvious difference of prediabetes and DM type 2
prevalence among different ethnic groups even though they
share the same environment, which indicates that genetic
factor may have a significant role in the development of
prediabetes and DM.!'3% Also, DM type 2 is more common
in African Americans than in European people.* To date,

Table | Overview of data assessing the prevalence of prediabetes and DM type 2 in stroke/TIA/ICH patients during the acute stroke

phase (<3 months after vascular event)

Population Vascular Glucose Number Normoglycemic, Prediabetes, DM type 2,
event measurement of patients n (%) n (%) n (%)

Europe IS OGTT 96 15 (16) 37 (39) 44 (46)
Europe IS, TIA, ICH FPG, OGTT 190 94 (49) 57 (30) 39 (21)
Japan IS FPG, OGTT 113 42 (37) 43 (38) 28 (25)
South Africa IS FPG, OGTT 107 42 (39) 39 (36) 26 (24)
China IS FPG, OGTT 1,793 706 (39) 556 (31) 531 (30)

us IS HbAlc 166 53 (32) 88 (53) 25 (15)
Europe IS, TIA, ICH FPG, OGTT, HbAlc 700 147 (21) 365 (52) 188 (27)
Total 3,165 1,099 (35) 1,185 (37) 881 (28)

Note: Reproduced from Fonville S, Zandbergen AA, Koudstaal P}, den Hertog HM. Prediabetes in patients with stroke or transient ischemic attack: prevalence, risk and
clinical management. Cerebrovasc Dis. 2014;37(6):393—400. Copyright © 2014 Karger Publishers, Basel, Switzerland.®
Abbreviations: DM, diabetes mellitus; TIA, transient ischemic attack; ICH, intracerebral hemorrhage; IS, ischemic stroke; OGTT, oral glucose tolerance test; FPG, fasting

plasma glucose; HbA ¢, glycosylated hemoglobin.
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Table 2 Overview of data assessing the prevalence of prediabetes and DM type 2 in stroke/TIA/ICH patients during the post-

acute/chronic stroke phase (=3 months after vascular event)

Population Vascular Glucose Number Normoglycemic, Prediabetes, DM type 2,
event measurement of patients n (%) n (%) n (%)

China IS OGTT Il 64 (58) 26 (23) 21 (19)

Europe IS, ICH OGTT 62 26 (42) 23 (37) 13 (21)

us IS, TIA FPG, OGTT 98 44 (45) 30 31) 24 (24)

Europe IS OGTT 96 34 (35) 26 (27) 36 (38)

us IS FPG, OGTT 80 30 (38) 37 (46) 13 (16)

South Africa IS FPG, OGTT 44 26 (59) 12 (27) 6 (14)

China IS FPG, OGTT 107 42 (39) 37 (35) 28 (26)

Total 598 266 (44) 191 (32) 141 (24)

Note: Reproduced from Fonville S, Zandbergen AA, Koudstaal PJ, den Hertog HM. Prediabetes in patients with stroke or transient ischemic attack: prevalence, risk and
clinical management. Cerebrovasc Dis. 2014;37(6):393—400. Copyright © 2014 Karger Publishers, Basel, Switzerland.®
Abbreviations: DM, diabetes mellitus; TIA, transient ischemic attack; ICH, intracerebral hemorrhage; IS, ischemic stroke; OGTT, oral glucose tolerance test; FPG, fasting

plasma glucose.

genome-wide association studies found over 70 susceptibility
loci responsible for DM type 2.7 Recently, Ng et al presented
a meta-analysis of genome-wide association studies and
provided insights into the genetic basis of DM type 2. They
also found 2 novel susceptibility loci for type 2 diabetes in
African Americans.** A well-known indicator of health as
well as risk factor for developing serious health condition is
waist-to-hip ratio (WHR). A smaller WHR indicates greater
accumulation of gluteal fat and is associated with lower risk
for DM type 2 development, ie, a higher WHR indicates
more intra-abdominal fat accumulation and is associated with
higher risk for type 2 DM. Recent studies identified loci for
WHR after adjusting for body mass index (BMI). Therefore,
these loci are indirectly associated with metabolic traits, ie,
DM.? More genome-wide association studies are needed
especially among different ethnic groups for definite mapping
of genetic loci associated with prediabetes and DM.

Gestational diabetes
In gestational diabetes, glucose tolerance returns to normal
after birth. However, the woman is at risk of developing
prediabetes or even DM. '8

Age

The prevalence of DM and prediabetes is increasing with age.
In the last few decades, the age of DM onset is decreasing.'®

Table 3 Prediabetes risk factors

Non-modifiable risk factors Modifiable risk factors

Genetic factors Obesity

Gestational diabetes Physical activities

Obesity

Obesity contributes to more than 300,000 deaths per year and
nearly doubles the risk of death from all causes.”” Obesity is
also the most important prediabetes and DM risk factor. Recent
studies showed that obesity is a strong predictor for DM type 2
development. Also, obesity reduction may actually reduce the
incidence of DM type 2. Different studies also demonstrated
that waist circumference or WHR, which represents abdominal
(visceral) fat condition, is actually a better indicator than BMI
as the prediabetes risk factor. Data from these studies confirm
that distribution of fat is more important than the total amount
of fat.'* Moreover, loss of weight is associated with reduction
in obesity-related cardiovascular disease risk, and increas-
ing physical and sport activities are often associated with a
decrease in waist circumference and cardio-metabolic risk,
despite little change in BMI values. Thus, many authors sug-
gest that BMI is probably a poor predictor of health status.'®

Physical activity

Reduced physical activity in various populations has been
a great contributor to increased obesity worldwide. Various
prospective studies have shown that reduced physical
activity is also an independent risk factor and predictor for
the development of DM type 2.8

Nutrition
Low fiber diet, high total caloric intake, and high glycemic
load are risk factors for both DM and prediabetes. Also, low
polyunsaturated fatty acid/saturated fats ratio is well known
predictor for the development of DM. !¢

It is well known that DM is a stroke risk factor. Also,
DM is associated with an unfavorable functional outcome
and slightly increased case fatality after stroke.®*® Stress
hyperglycemia in patients with and without DM is associated
with increased mortality and poor functional outcome

Age Nutrition
Others (low birth weight,
exposure to intrauterine diabetic
environment, and some of the
inflammatory components)
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(modified Rankin Scale over 2) at 3 months after stroke.”
Also, both hyperglycemia and DM presence affect the
functional outcome after treatment with intravenous tissue-
type plasminogen activator.’**' The Echoplanar Imaging
Thrombolytic Evaluation Trial (EPITHET) studied the prog-
nostic impact of DM and admission blood glucose on stroke
outcome. EPITHET was a Phase II prospective, randomized,
placebo-controlled, double-blinded, multinational study
of acute ischemic stroke patients randomized to treatment
with intravenous tPA or placebo 3—6 hours after onset and
imaged with serial echo-planar magnetic resonance imaging.
A preexisting diagnosis of DM was noted and baseline serum
glucose level was measured. Intravenous tPA attenuated
infarct growth in nondiabetic patients, but not in diabetic
patients. In the tPA treatment hand, admission blood glucose
was higher among patients with poor functional outcome.*!

A recent study by Tanaka et al explored the association
between diabetes, prediabetes, and short-term prognosis
in acute ischemic stroke patients. They showed that both
diabetes and prediabetes were associated with a poor early
prognosis 30 days after acute ischemic stroke.*

Study by Fonville et al showed that half of the patients
with IGT after vascular event (TIA or acute ischemic stroke)
have persistent IGT. They presented a prediction model to
recognize patients at risk of persistent IGT, with statin use,
triglyceride, and fasting plasma glucose as the most signifi-
cant predictors, which can be used to optimize secondary
prevention.*

Although more studies are needed, it is most likely that
prediabetic patients have intermediate risk of poor functional
outcome, probably somewhere between the risk of people
with normal metabolism of glucose and of DM patients.¢

Prediabetes is also considered a recurrent stroke risk
factor.® There is a strong relation between fasting plasma
glucose and 2-hour post load glucose levels on one side
and risk of cardio and cerebrovascular events on the
other. Study of Qiao et al indicates that 2-hour postload
glucose level is a stronger predictor of stroke and future
cardiovascular disease events than fasting plasma glucose
levels.* In a recent meta-analysis conducted by Ford et al,
IFG and IGT were associated with modest increases in the
cardiovascular disease risk.” Similar results were obtained
in a meta-analysis by Lee et al. They stated that prediabe-
tes may be associated with a higher future risk of stroke,
but the relative risk is modest and may reflect underlying
confounding.® Prediabetes has been observed to be associ-
ated with higher risk of cardiovascular events in younger
adults.” In 2013, Deedwania et al found no evidence that
prediabetes is an independent risk factor for cardiovascular

events or mortality in older patients; however, more studies
of this type are required.*

Pathophysiology of hyperglycemia

in acute ischemic stroke

High blood glucose levels are often present in patients with
acute stroke. Interestingly, almost half of these patients have
no history of DM.3” These high levels of blood glucose are
either transient or persistent, reflecting previously undiag-
nosed prediabetes or even DM.® On the other hand, serious
stress, like stroke, can be a trigger for acute stress reaction that
stimulates the hypothalamus—pituitary—adrenal axis, which
consequently leads to a significant release of catecholamines,
glucagon, and cortisol.® This can lead to states of insulin
resistance, gluconeogenesis, and glycogenolysis presented
by hyperglycemia.*®*** Beside this theory, there are evidences
that state of hyperglycemia after stroke is due to activation
of an inflammatory reaction.®¥4

Pathophysiology of prediabetes

IGT and IFG are intermediate metabolic states in glucose
metabolism that exist between normal glucose tolerance and
DM. However, they do not share the same pathophysiologi-
cal mechanisms. In people with normal glucose metabolism,
ingested glucose uptake occurs in tissues that are insulin
insensitive (such as brain and red blood cells). The liver is the
place of the endogenous glucose production. Glucose uptake
and glucose production are 2 complementary processes:
after ingestion of glucose, insulin secretion is activated by
the increased plasma glucose levels. This reaction is fol-
lowed by suppression of glucose production, and glucose
uptake, primarily by muscles, is stimulated to remain in
the normoglycemic state. Both impaired beta-cell function
and insulin resistance, the primary defects observed in DM
type 2, are detected in patients with IFG and IGT. Different
epidemiological statistics between IFG and IGT shows that
there are different pathophysiological mechanisms of both
the conditions, and recent clinical studies suggest that the
site of insulin resistance varies between these 2 disorders.
While IGT patients have severe muscle insulin resistance
with only mild hepatic insulin resistance, subjects with IFG
have marked hepatic insulin resistance with normal or almost
normal insulin sensitivity of muscles. Both IGT and IFG are
characterized by a reduction in early-phase insulin secre-
tion, while patients with IGT also have impaired late-phase
insulin secretion. These differences may require different
therapeutic strategies to prevent progression to DM type 2.5%
Patients with concomitant IGT and IFG have both muscle
and hepatic resistance of insulin and decreased both phases of
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insulin responses to oral glucose uptake, which might explain
the higher risk in these patients to develop DM compared
with patients with only IGT or IFG alone.*! These data
gain importance when prevalence of IGT and IFG is taken
into account. The prevalence of both IGT and IFG varies
significantly depending on ethnicity, ranging from a low of
6.3% in Chinese people to a high of 20.3% in the Swedish
population.??4># In European population, the prevalence of
isolated IGT and IFG is 8.8% and 6.9%, respectively. Per-
centage of IGT patients with IFG is 26%, and percentage of
IFG patients with IGT is 31%.2%

Harada et al confirmed that insulin sensitivity can be
impaired in patients who suffered from ischemic stroke,
probably due to decreased hepatic expression of insulin
receptors and upregulation of gluconeogenesis, which can
lead to IGT.*

Clear understanding of the pathophysiological mecha-
nisms that characterize IFG and IGT provides insights about
therapy to stop or slow progression to DM type 2. IFG
patients, who predominantly have hepatic insulin resistance,
are most likely to benefit from drugs that reduce liver insulin
resistance such as metformin, while patients with IGT, who
suffer from impaired insulin secretion and muscle insulin
resistance, are more likely to gain benefit from drugs that
improve skeletal muscle insulin resistance, such as peroxi-
some proliferator-activated receptor-y agonists, in combina-
tion with agents that improve insulin secretion, such as analog
of glucagon like peptide-1.22454¢

Prevention of prediabetes and DM
There is an urgent need for prevention to reduce the number
of patients with prediabetes and DM type 2, ie, cardiovas-
cular and cerebrovascular diseases associated with these
conditions. Prediabetes is a good warning sign. Herman et al
even suggested simple chair-side screening for prediabetes
and DM in dental offices, because most Americans see den-
tists at least once a year.*’ Recent studies showed that early
recognition and intervention to improve glucose control
will prevent the progression of prediabetes to DM type 2
and also will result in reduced incidence, comorbidity, and
complication of DM.?

Hopper et al conducted a meta-analysis of prospective,
randomized controlled trials from literature to investigate if
treatment of IGT and IFG may prevent or delay the onset
of DM and thus potentially reduce cardiovascular events.
They concluded that despite interventions being successful in
slowing progression to DM, this did not result in reductions

in all-cause or cardiovascular mortality, or myocardial infarc-
tion, with the exception of stroke.*

The core of prevention and treatment should be lifestyle
modifications, should be provided to all patients, and should
be reinforced in every visit of the patient. This approach can
delay or even prevent the progression from prediabetes to
DM, and also can reduce both microvascular and macrovas-
cular disease risks and complications. Lifestyle modifications
also improve risk factors for DM (and prediabetes), hyperten-
sion, dyslipidemia, hyperglycemia, and obesity. People with
prediabetes should reduce body weight by 5% in 6 months
and should remain at this level for a long time.'* A long-term
follow-up study showed that lifestyle modification resulted
in DM incidence reduction, which also continued after the
individual lifestyle counseling was stopped.'®4 Weight loss
also reduces fat mass, BMI, high blood pressure, blood glu-
cose levels, triglycerides, and low density lipoprotein (LDL)
cholesterol levels.'®

Diet interventions include increased fiber intake, carbohy-
drate intake limitations, and, of course, calorie restriction. For
patients with high blood pressure, dietary recommendations
also include lower sodium intake and limitation in alcohol
consumption.'® Physical activity of moderate intensity for
0.5—1 hour daily, at least 4 days weekly (150 minutes per
week), is highly recommended.?® Da Qing Study® con-
ducted in Chinese patients with a mean age of 45 years and
prediabetes examined the effect of diet and exercise on DM
prevention in these subjects.'®* The diet intervention (6-year
diet) reduced the risk of DM type 2 development by 31%.
On the other hand, physical activity alone reduced the risk
by 45%. A combination of these lifestyle modifications (both
diet and exercise) reduced the risk of developing DM type 2
by 42%.'%% Similar results were obtained in Finnish Diabetes
Prevention Study. Lifestyle modification was followed for
3.2 years, and it was conducted among 522 obese patients
with IGT and a control group without lifestyle modifications.
Lifestyle intervention was based on achieving and maintain-
ing ideal body weight, increasing fiber intake, reducing fat
intake, and also increasing physical activity. After 2 years,
the DM incidence was reduced as much as 50% in the modi-
fication group compared to the control group.'® Although
lifestyle changes are the basis of prevention, it is very difficult
to follow them in real practice, especially without help from
an educated health care practitioner. Successful intervention
is 5% body weight reduction in 6 months or reduced body
weight of 2 kg per month. On the other hand, not all of the
patients can accept and maintain lifestyle modifications,
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especially those at high risk; so, frequently another interven-
tion is needed, ie, with drugs/medication.'®

One of the largest randomized trials called Diabetes
Prevention Program (DPP), which was conducted among
3,234 patients with prediabetes in America, compared
lifestyle modification and medication intervention with met-
formin with a control group over 2.8 years.'®* DPP study
reported that both metformin and lifestyle modification have
positive effects on DM prevention and returning prediabetes
to a normal condition. Also, lifestyle change was more effec-
tive than metformin, and there was a lower mortality rate
in the lifestyle intervention group. The cost-effectiveness
between these 2 groups was comparable.'®? A similar study
was done in Asian-Indian population in Indian Diabetes
Prevention Program, which was a prospective study that
evaluated whether lifestyle modification and medication (also
metformin) could influence progression of IGT to DM. 823
In this population, progression of IGT to DM was extremely
high. Both metformin and lifestyle modification reduced the
progression of IGT to DM. On the other hand, there was
no added benefit from combining them compared to single
treatment alone. The risk of developing DM was reduced
by 28.5% in the lifestyle modification group, 26.4% the in
metformin arm, and 28.2% in the combination group.

Drug intervention for prevention of DM is usually rec-
ommended as secondary intervention, especially if lifestyle
intervention does not lead to successful weight loss. In such
cases, the use of drug/medication should be started.'®°

Metformin

DPP study showed that metformin in the dose of 850 mg
2 times a day reduced DM development by 31% in 2.8 years
compared to placebo. The risk reduction was higher in the
group with BMI over 30 kg/m?, with relative risk reduction
reaching 35%, while in patients with BMI of 22-30 kg/m?,
the relative risk reduction was only 3%. On the other hand,
different results were found in Indian Diabetes Prevention
Program, which showed a benefit from metformin con-
sumption in those with BMI less than 30 kg/m?, consider-
ing that in Asian people obesity presents at a lower BMI
(ie, over 25 kg/m?).18

Glitazones

In the DPP study, troglitazone treatment was withdrawn
due to hepatotoxicity. In the Troglitazone In Prevention Of
Diabetes (TRIPOD) study, treatment with troglitazone has
caused cumulative reduction of DM incidence to 0 point in

3 years. Results of a DREAM cohort study using ramipril and
rosiglitazone with a large multiethnic population showed that
patients with prediabetes who had received rosiglitazone
showed a decrease of 60% in progression to DM compared
to 25% in placebo group.'®?! Also, 70% of them returned
to normal glucose tolerance. However, patients receiving
rosiglitazone showed increased incidence of congestive heart
failure and high incidence of body weight increase.'®S!

Orlistat

Orlistat acts by a mechanism of inhibiting an enzyme that
breaks down triglycerides in the intestine. Orlistat may cause
significant weight loss of 3—5 kg over 6 months, which could
be maintained for 4 years. Treatment of obese prediabetes
patients with this drug, as an adjuvant treatment, can reduce
the risk of DM type 2.'8 However, orlistat caused gastrointes-
tinal side effects in many patients, which is the main reason
why they stopped using this drug.?

Acarbose

Acarbose is an active inhibitor of an enzyme that digests
carbohydrates. In the STOP-NIDDM study (Study to
Prevent Non-Insulin-Dependent Diabetes Mellitus), acarbose
reduced the DM risk by 25% and the risk for cardiovascular
disease by almost 50%.'® However, the gastrointestinal side
effects caused a 31% dropout rate in the study group and
only 19% in the placebo group. Therefore, these facts limited
its use for prevention of DM. Authors recommend acarbose
use for DM prevention and cardiovascular risk reduction
in those patients who can tolerate the side effects.” Also,
acarbose may reduce body weight and lipid levels, as well
as the incidence of newly diagnosed hypertension by 34%,
which was confirmed in the STOP-NIDDM study. Another
positive effect is reduction of LDL proatherosclerotic activity
in prediabetes patients.'®

Conclusion

In conclusion, the most effective prediabetes and DM
prevention is based on healthy way of life. Everyone is
encouraged to perform moderate physical activity, at least
4 times a week. Also, one should always maintain a normal
healthy weight, and adults with BMI over 23 kg/m? should
be encouraged to achieve and maintain a healthy weight.
Children should be encouraged to achieve and maintain the
normal range weight for their height. Also, each patient with
acute stroke or TIA needs to be subjected to screening for
glucose metabolism disorder. Guided by personal experience
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and expert opinions and guidelines, we think that the best

approach is personalized medical approach with the emphasis

on prevention.
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