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Chapter 1.
Introduction and pathophysiology
Dr. Istvan Wittmann

The frequency of diabetes, its outstanding impmeain the development of
cardiovascular and tumour-associated morbidity miodtality, and the medical intervention
of the field in the last years, make it necesshay we provide an easy-to-upgrade, electronic

format teaching material to support the learnin¢hefstudents.

Changing perspectives in diabetology

Studies over the last years indicate that on&@itajor causal factors related to type
2 diabetes mellitus, insulin resistance, is notahly hormone resistance that can characterize
this type of diabetes. This field of medicine isated by several common-onset hormone
resistances to endocrinology; the immunologicalmatsms present in type 1 diabetes relate
it to immunology, and through complications it isnoected to obesitology, lipidology,
hypertension, cardiology, neurology, angiology, thplmology, nephrology and so on.

Diabetes leads to systemic alterations, therelyadang all parts of the body. Thus
the study of diabetes promotes the learning oflstimapproach. In order to do this, let us
familiarize ourselves with relationships betweerrnmanal resistances and cardiovascular

complications.

Hormone resistance and cardiovascular diseases

Insulin resistance plays a major role in the dgwelent of type 2 diabetes mellitus;
however, it is frequently already present in olyesitthout diabetes and in impaired glucose
tolerance. Moreover, it can also be detected inglmse smokers, which suggests that insulin
resistance may also occur without any increasebdominal fat mass. As a result, insulin

resistant patients may be divided into two grotipsse with and those without obesity.

Obesity-associated insulin resistance

According to a widely accepted perspective, theomeguse in obese patients for the
pathomechanism of insulin resistance is subclinicdlammation. According to the
hypothesis of subclinical inflammation, in obesitye abdominal fat cells undergo a
phenotype change, and produce among other elerogiolgnes (e.g. TNF-alpha) that flood
the circulation. The cytokines will be able to aate the NAD(P)H oxidase enzyme by



binding to cytokine receptors of endothelial andepahymatous cells, while the enzyme will
in turn overproduce superoxide. The overproductdnsuperoxide leads to intracellular
oxidative stress, which leads to an altered phaggpdteon of an important factor in the
signalling of insulin, namely insulin receptor strate 1 and 2 (IRS1, IRS2). Exactly what
happens is that the inhibitory serine phosphomytativill outweigh the activating tyrosine
phosphorylation of IRS-1 and -2. As a consequeimseilin signalling via the IRS-pathway
decreases. It is important to emphasize that neswhich is well-known for inducing insulin
resistance, and which originates from the abdonfatg} tissue, can lead to insulin resistance
via the same pathomechanism.

As the insulin signalling is able to run througle thther pathways in an undisturbed
manner (insulin resistance is selective), and hgpalinaemia develops in the circulation
because of the loss of metabolic effects, therkbsilan increased insulin influence over other
pathways. This is the way, an increased vasocatietri (increased endothelin-1 secretion)
and mitogenity develop in insulin resistance, alovith in impaired glucose-lowering and
vasodilatory effect. This mechanism may also plagle - via increased mitogen activity - in
the development of increased risk of cancer inaetedand obesity.

One important question to be asked is where thaqgilipe change of the abdominal
fat cells originates from. Why does the abdomirdldell differ from the subcutaneous fat
cell? One possible explanation is that the gutaflohanges in obesity and type 2 diabetes
mellitus, and that those types of bacteria willrgvew in the colon, the lipopolysaccharide of
which is able to pass through the bowel wall aratihethe abdominal fat cells, driving them
to phenotype change. This is underlined by thetfaatta transient antibiotic therapy is able to
influence insulin resistance. According to anotleplanation, the abdominal fat cells
produce aldosterone, which is able to transformdkiés in an autocrine manner. A third
explanation is that the fat cells produce an aktoste (or mineralocorticoid) releasing factor
that is able to promote aldosterone productionhm adrenal gland. For the mechanism of
action of aldosterone, see below.

As a consequence, we can say that insulin resistammbesity is mainly due to

oxidative stress developed due to cytokines, nesistl aldosterone.

Insulin resistance in the non-obese
Common thinking in the fieldocuses nearly exclusively on the insulin resistaot
obese persons, and far fewer data are availabé&dieg insulin resistance in persons with a

normal body mass.



From this group, a hormonal disease that is webtkm not to be associated with
obesity arises, hyperthyreodism. In hyperthyroidisimterleukin-6 overproduces in the
subcutaneous fatty tissue, and the elevated l@fedgculating tumour necrosis factor alpha
and higher interleukin-18 are made responsibldHerdevelopment of insulin resistance. All
three cytokines could lead to insulin resistanc®ubh the abovementioned mechanism,
through the production of superoxide free radiddle effect of hyperthyroidism on blood
glucose is attenuated by the hyperkinetic circorati

While obesity-associated increased aldosterone uptmsh surely contributes to
insulin resistance (see above), in primary hypestietonism there is no correlation of plasma
aldosterone levels and body mass index, i.e. apaéient can also be insulin resistant. The
explanation for this is that aldosterone is ableblmding to its mineralocorticoid receptor to
activate the NAD(P)H oxidase enzyme. The superoiiee radical that is formed can have
an effect on insulin signalling similar to that oftokines. Here, we also have to emphasize
that angiotensin Il, by activating the same medanidecreases the insulin response of the
cells.

Smoking markedly increases the risk of insulin gesice, type 2 diabetes and
metabolic syndrome. In this case it is not the ipebut other components of the metabolic
syndrome that make up the diagnosis of the syndr@oene water-soluble component of
cigarette smoke is able to inhibit insulin-signadlivia the IRS-1. According to our own in
vitro data, cigarette smoke decreases the actyatmosphorylation of Akt (protein kinase B),
which may lead to the development of insulin resise. As the effect can be avoided using
antioxidants, a free radical mechanism can be lngsited.

In consequence we can say that the same intraaelkffects can lead to insulin

resistance in the non-obese as in the obese.

Insulin resistance of the beta cells

The proper efficacy of insulin is required for timsulin secretory effects of the beta
cells of the pancreatic islands. When activatedeurmbrmal circumstances, the insulin
receptors on the surface of the beta cells endwerdsistance of the beta cells against
apoptosis. Glucagon-like peptide-1 (GLP-1) hasresyistic effect on these processes. In the
case of insulin resistance, insulin also exerts isluence over the beta cells, meaning that
insulin secretion will also decrease. As we wik dater on, in such cases the beta cells also

become resistant towards GLP-1.



We can draw the conclusion that in the case of#ta cells, insulin resistance goes

hand-in-hand with lower rates of insulin secretion.

The breakthrough phenomenon
The “breakthrough phenomenon” is well-known. Thengiple is that in type 2
diabetes mellitus, an intensive insulin therapy2e4 weeks, using either the conservative
method or an insulin pump, is able to break throutgulin resistance. Here the insulin
resistance of the beta cells also disappears, rsudin secretion also improves due to the
breakthroughConclusions from the breakthrough phenomenon are:
1. Insulin resistance is reversible, i.e. it is noedo irreversible DNA-damage.
2. We need a therapy of 2-4 weeks to achieve the threaigh, i.e. it is not effective
instantaneously.
3. The success of a breakthrough of a couple of weels indicate that we can find

reversion of some sort of protein damage in thekbeaund.

Insulin resistance and mortality

According to a study in non-diabetics, the gre#iterdegree of insulin resistance, that
is, the higher the value of the HOM¥ the higher the risk of total mortality. From tin@
time the possibility arises that in type 2 diabetes endogenous hyperinsulinaemia or the
high exogenous insulin dose may increase cardiolasidsk; however, there is no real proof
of this. In diabetes it is hard to diagnose, as itirtually impossible to distinguish the effect
of a large insulin dose from that of the effectnsulin resistance.

In conclusion we can say that according to studiieaon-diabetics, it may be more
likely that insulin resistance, or even more likiéllg subcellular processes lying behind it, are

directly connected with increased mortality.

Insulin resistance is at the same time incretin reéstance

In human preliminary studies it was observed thaP@G infusion given to healthy
persons (reaching a 46 pmol/l plasma level) contiteiase the insulin plasma levels at 120
minutes to 4000 pmol/l. Conversely, in patientshwiitpe 2 diabetes the plasma GLP-1-level
of 41 pmol/l led to an insulin level below 500 pwholt can be concluded that in insulin
resistant type 2 diabetics GLP-1 is also less #¥feci.e. there is a GLP-1-resistance. When a
dose of GLP-1 three times higher (leading to am&asevel of 126 pmol/l) was given to the



same patients, insulin production rose, reachinglae of around 4000 pmol/l observed in
healthy persons.

In conclusion we can say that in type 2 diabete®-Glresistance is present besides
insulin resistance.
The breakthrough of incretin resistance

In the abovementioned population, a follow-up gtwehs also carried out, within
which the blood glucose of the patients with typdi&betes was normalized using a four-
week intensified insulin therapy, i.e. a classiedkthrough was performed. The efficacy of
GLP-1 before and after the insulin treatment watete It was found that after the four weeks
of breakthrough the effect of GLP-1 on the increa$einsulin secretion and glucagon
secretion improved significantly. This suggestd thalose to euglycaemic state over duration
of four weeks decreases the GLP-1 resistance bhaknd beta cells.

In conclusion we can say that a near-euglycaematestiue to intensified insulin

therapy can lead to a breakthrough of GLP-1-resis&aof the alpha- and beta-cells.

The insulin-resistant are also erythropoietin-resigant

In adults, the erythropoietin required for erygpwaesis is produced in the tubulo-
interstitial fibroblasts of the kidney. Where theserenal damage, the production decreases;
therefore, nephrologic patients frequently requergthropoietin therapy. Our observations
show that red blood cell formation in diabetic pats with renal disease is lower than in
patients with renal disease without diabetes, btit similarly impaired kidney function and
erythropoietin levels. Others have found out thadialyzed patients with or without diabetes,
the erythropoietin dose (obviously reflecting theeat of erythropoietin resistance) shows a
close connection with the value of the HOMANdex, i.e. the higher the HOMAIs, the
higher was the erythropoietin requirement of tredydied patients. According to an interesting
observation, the IRS-2-Akt pathway — the impairmefntwhich is responsible for the
development of insulin resistance — also plays la o the intracellular signalling of
erythropoietin.

In conclusion we can say that among diabetic and-diabetic dialyzed patients,

insulin-resistant patients are also erythropoietesistant.

Erythropoietin resistance and mortality
A connection has been found between the erythetipodose and mortality. As a

result, a new tendency has evolved in nephrologyide the smallest possible dose of
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erythropoietin. However, similarly to the case mgulin, with erythropoietin the question also
arises whether erythropoietin itself is harmful,tioe source of the increased risk rather the
hormone resistance behind high doses of erythrap8iénvestigations are yet to be carried
out, but on the analogy of insulin, and also beeafghe same signaling pathways, it seems
more probable that cellular changes behind hormesistance play a role.

It may be hypothesized that it is rather the atens in the background of
erythropoietin resistance and not the higher ergpuietin dose itself that is responsible for

the increase in mortality.

The insulin resistant are also leptin resistant

Basic scientific research has shown that in the-Mkt pathway the phosphorylation
of the IRS component is changed by oxidative staggkis responsible for insulin resistance
and is common in the signalling of insulin and lepProbably this can also lead to leptin
resistance based on the abovementioned facts.dpndieesma insulin and leptin levels show a
tight correlation in healthy persons and in pasesith polycystic ovary syndrome.

In conclusion we can say that the insulin-resiste also leptin-resistant.

Leptin resistance increases mortality

According to a clinical study, in non-diabetic pmrs, the risk of cardiovascular
morbidity and mortality is higher in elderly (meage=79 years) patients with leptin levels
above the median than in patients with leptin Isuslow the median. Again, the question
could be raised whether it is the higher hormoneller the hormone resistance behind the
higher hormone levels that account for the incréasisk?

We can assume the same as it is more or less prfovensulin resistance, namely
that maybe not the high leptin level itself, bug gubcellular alterations behind the hormone

resistance could be the common cause.

The insulin resistant can also be acethylcholine sestant
It was also discovered that the same signalling{Akt) is also of importance in the
vasodilatory effect of acetylcholine, thus also tgloboline resistance can be present in
insulin resistance, and both can lead to the almvaif blood pressure and to tissue ischemia.
Based on studies carried out in patients with hypesion, the possible beneficial
effect of inhibitors of the renin-angiotensin-alteyene system on the risk of diabetes rises

again and again. These antihypertensive medicatiengease the intracellular production of
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superoxide and hydroxyl free radicals by decreasirey angiotensin-lI- and aldosterone-
triggered activation of the intracellular NAD(P)Hidase. This is then able to lead to a
decrease in blood pressure (increase in the eyficdcacetylcholine and insulin) and an
improvement of metabolism (increase in the efficatinsulin and leptin).

As a counterargument it is often presented thatainpart of clinical trials
(corresponding to the principles of evidence-basedlicine) the RAAS-inhibition did not
have an effect on the development of diabetes tugllThe cause for that can be, that patients
with a low risk (and thus a low level of activatiafi the RAAS) were included into the
negative trials, thus the efficacy of RAAS-inhibiti was also low. On the contrary, if patient
with a high chance of developing diabetes wereistydhe inhibition of the RAAS decreased
the risk of diabetes markedly.

In conclusion we can say that insulin resistance tm@ concomitted by acetylcholine

resistance.

The 'root' of the metabolic syndrome

In the light of the abovementioned data, we masueaee that the cause for the
association of haemodinamic (hypertension) and Inoéita (carbohydrate and lipid
metabolism) disorders may be damage to the abowemned common IRS-Akt signalling
pathway. This is present in both obese and noneopasents with metabolic syndrome. Thus
it may not be insulin resistance that is the cabsg,rather one of the symptoms of the
metabolic syndrome. The real cause lies deepentracellular signalling, and principally
damage of the IRS-Akt signalling due to oxidatiness. Thus the increase in cardiovascular
risk present in the metabolic syndrome is in partoasequence of damage due to the
components of the metabolic syndrome (obesity, Hgpsion, rise in triglyceride levels,
decrease in HDL-cholesterol levels and carbohydragtabolism-disorder), while on the
other hand the intracellular signalling damage ¢ihis also the cause of the metabolic
syndrome) directly damages the blood vessels, ithreeks and the heart. In blood vessels, a
decrease in vasodilation develops due to this Biggamalfunction.

We may assume that the metabolic syndrome hesoits in the signalling disorder of
the IRS-Akt pathway, that insulin resistance isyamlsign of that, and that the signalling
malfunction behind the metabolic syndrome may fbezebe one important cause of the
association of the metabolic syndrome and cardiowias diseases.
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The significance of the first phase of insulin seetion

The first phase of insulin secretion starts torelase in obese patients already in the
phase of normal glucose toleran€gg(re). The consequence is the rise in plasma glucose in
the early postprandial phase, which may lead tinarease in the second phase of insulin
secretion. This disproportional rise of the secphdse may be so great that it can lead to
hypoglycaemia. In some cases, type 2 diabetescisgnized upon this late postprandial
hypoglycaemia.

Because of the increased workload, the secondephwsersecretion of insulin goes
along with an increased secretion of the amylinrtwre, as insulin and amylin can be found
in the same secretion granula. This overproducifamylin causes a local amyloidosis in the
islet cells of the pancreas and thus destroys ¢te tells; moreover, in the later phase, the
alpha cells as well. Thus in advanced type 2 debeiot only will insulin (and amylin)
production be impaired, but the secretion of constalar glucagon will be lost as well, and

this will lead to a worsening in the counter-regiola to hypoglycaemia.

Y NGT IGT DM

High

Insulinsecretion
Narmal

~  First phase

-~
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~
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-
~

. >

Years after Diagnosis
Figure: Changes in the first and second phases afdulin secretion as a function of diabetes duratiom the

phase of normal glucose tolerance (NGT), impairedlgcose tolerance (IGT) and diabetes mellitus (DM).
Shematic image.

The role of organ and tissue damage in the develomnt of type 2 diabetes mellitus

Adipose tissue
Visceral adipose tissue is more insulin resisti#ia@n subcutaneous tissue. In the
background, the gut flora is altered, and lipopatysarid is able to translocate through the

11



bowel walls, reaching the visceral fat cells bydiirg to their surface receptors, activating the
NAD(P)H oxidase enzyme and bringing them to a phgrechange. Then the visceral fat
cells will produce cytokines, growth factors ance tearlier mentioned mineralocorticoid-
releasing factor.

The visceral fat tissue becomes insulin resistamtiating lipolysis, an important
contributor to diabetic lipotoxicity.

Furthermore, these processes are accompaniecelepgosition of ectopic fat tissue;
that is, fat cumulates around the blood vesselsthacheart, between muscle fibres, in the
liver, etc. This fatty tissue damages the orgdrag appeared in, directiy loco through the

cytokines produced.

Liver

An increased hepatic glucose production and eftlar be observed in the liver in
diabetes. This plays an important role in the dgwalent of hyperglycaemia, and especially
in the rise of the fasting blood glucose.

Another important process in the liver is thedatumulation known as non-alcoholic
fatty liver disease (NAFLD), which is the most inm@mt cause of cryptogenic cirrhosis.

NAFLD shows also a tight connection with insulisistance.

Skeletal muscles

The glucose uptake of skeletal muscles is regiilayeinsulin at two levels. The first
level is the nutritive praecapillary arterioles. eTlskeletal muscle is not always equally
perfused. Insulin causes these nutritive praeeapilrterioles to open, and in this way insulin
is able to reach the skeletal muscles. In cas&ssafin resistance, this process does not take
place, there is an insufficient perfusion, addedldch the glucose transporter of the muscles,
GLUT4, is not translocated to the cell membranenfrihe intracellular pools, and so the

glucose uptake of the muscles will be lower.

Kidney
Gluconeogenesis

Two organs share fasting glucose production: itvex land the kidneys. The hepatic
glucose efflux comes in part from glycogenolysisdan part from gluconeogenesis.

Gluconeogenesis, however, is the sole he sourceerddl glucose effluxTable.). This
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gluconeogenesis increases in diabetes, and therhigé fasting glucose, the more glucose is

produced by the kidneys, which is of course unfaable to metabolism.

Table: Glucose efflux of the liver and the kidneys iraating state in healthy persons

Liver-derived 75-80%
Glycogenolysis 45-50%
Gluconeogenesis 25-30%

Kidney-derived 20-25%
Glycogenolysis 0
Gluconeogenesis 20-25%

Sodium-glucose cotransporter-2

The tubular epithelial cells of the proximal tuiboil the kidney reabsorb glucose from
the primary filtrate. Sodium-glucose cotranspo&te(SGLT?2) is responsible for 90% of
reabsorption, while sodium-glucose cotransportdSGLT1) for the remaining part. In
diabetes, we can observe an increased expressioactnity of SGLT2, which contributes to

maintaining hyperglycaemia.

Central nervous system

The central nervous system plays a part not amlthe regulation of appetite and
eating, but also in the direct regulation of blaggdcose. From the portal vein, afferentation
leads via the vagal nerve to the central nervoatesy, which is influenced directly by GLP-
1. On the efferent side, nervous system regulgbiags a role in the initiation of the first
phase of insulin secretion. This takes place infitts¢ 5-10 minutes of alimentation, where
there cannot as yet be any absorption of nutrients.

The first phase of insulin secretion will decreased later diminish in insulin
resistance. However, if we break though the instdsistance via intensified insulin therapy,
the first phase of the secretion of insulin carrdstored. This makes it probable that insulin
resistance can also develop in the central nersgstem, and its cessation may influence the

carbohydrate metabolism in a favourable way.
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Chapter 2.
Types, diagnosis and epidemiology of diabetes méalis
Dr. Istvan Wittmann

According to the present-day classification of ei#s the following types can be
differentiated:
1. Type 1 diabetes mellitus
With autoimmune mechanism
Idiopathic
2. Type 2 diabetes mellitus
3. Other, specific types
Genetic dysfunctions of the beta cells
Genetic defects of insulin function
Forms related to diseases of the exocrine paheopancreas
Endocrinopathies
Types induced by drugs and chemicals
Infection-related
Unusual forms of the immunopathogenic diabetes
Genetic syndromes associated with diabetes

4. Gestational diabetes

Prediabetes (high risk of diabetes) and the diagnwsof diabetes

The major components of the diabetes mellitus symé are the following:

First, one has to mention the osmotic diuresis-@edupolyuria due to osmotic diuresis. Being
a small molecular weight substance, glucose is @bfgass freely through the barriers in the
renal glomeruli; and because of its high serumljete tubular reabsorption system is not
able to reabsorb it completely, and so it will agpen the urine. The polyuria will lead to

polydypsia. On the other hand, glucosuria will ldadenergy wasting and in this way to
weight loss. The compensatory reaction to weigbd is polyphagia.

Glucose is a reducing sugar that can set up Socagé bonds with free amino groups
of amino acids and proteins. This bond is staldlisele to a re-arrangement process, and
eventually leads to the formation of advanced dlgoaend-products. The process is called
non-enzymatic glycation. Glycation impairs protginctions, and in this way functions of the

antibodies as well. At the same time, in hypergdyoe lesion of the cells responsible for
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immunocompetence also develops. These two procdsseks to immunosupression in

diabetes, increasing the risk of infections.

Diabetes may lead pruritus, i.e. itching of thenskn part directly through non-

enzymatic glycation of components of the skin, amdpart indirectly, through diabetic

neuropathy.

The symptoms mainly developing in type 1 diabebedlitus are abdominal pain and

Kussmaul breathing, the cause of which is dialdedtoacidosis.

Thus the most important diabetic symptoms are:

1.

a bk~ 0N

Polyuria-polydypsia

Weight loss - polyphagia

Risk of infection

Pruritus

Abdominal pain and Kussmaul breathing (in Type 1)

The diagnosis of praediabetic states (also caliggs with a high risk of diabetes) and

diabetes mellitus is based on fasting and 2 hoar®ws plasma glucose values (in an oral

glucose tolerance test, OGTT). According to presegulations, this has to happen using

validated measurements of central laboratoriesurhér method used mainly in the United

States is based on haemoglobiiz &dbAic) measurement. According to this, we can diagnose

diabetes by a value above 6.5%.

The diagnostic criteria are summarized in theofsihg table. It is important to

emphasize that in the absence of the abovementeymedtoms, all measurements have to be

repeated in order to ensure accuracy of diagnosis.

Table: Diagnosis of praediabetes (high risk of diabeteshd diabetes mellitus

Venous plasma glucose concentration,
(mmol/l, laboratory measurement)

Normal glucose tolerance:
Fasting blood glucose and <6.0
2-hour value of OGTT <7.8

Impaired Fasting Glucose, IFG:
Fasting blood glucose and 6.1-6.9
2-hour value of OGTT <7.8
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Impaired Glucose Tolerance, IGT
Fasting blood glucose and <6.0
2-hour value of OGTT 7.8-11.0

Impaired fasting glucose + impaired
glucose tolerance (IFG+IGT)

Fasting blood glucose and 6.1-6.9
2-hour value of OGTT 7.8-11.0
Diabetes mellitus

Fasting blood glucose or >7.0
2-hour value of OGTT >11.1

Epidemiology of diabetes mellitus

Diabetes has turned everywhere into a populatiealtincare problem. There are
populations where it is of extreme frequency (éaf of the Pima Indian population has
diabetes). In most countries the number of recaghizases reaches up to 5-10% of the
population. According to estimates, there existsséaime volume of unrecognized diabetics as
the number of recognized diabetes cases, mearad @20% of the population may suffer
from diabetes. We know from other estimates thatiimber of cases with prediabetes (high
risk for diabetes) is roughly equal to the numblecases with diabetes, so we may conclude
by stating that at least 20% of the population esgfffrom some sort of carbohydrate
metabolism disorder.

The distribution within the diabetes group may dieinterest. Approx. 90% of
diabetics suffer from type 2, while 5-10% from typeliabetes mellitus. Gestational diabetes
and the other specific forms of diabetes may aftalto 1% of the total number of cases.

A recent finding is that abnormal childhood obgsg becoming more and more
widespread, thus type 2 diabetes may become mamifdése early adulthood.

We have also only recently become aware of thé tfaat insulin resistance may
develop in the form of weight gain in young typdidbetic patients. In such cases, the patient
has two types of diabetes: both type 1 and type 2.
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Chapter 3.
Pregnancy and diabetes mellitus: Gestational diabes
Dr. Andras Szilagyi

Definition

Pregnancy can be complicated by three types dietks: type 1 and type 2 diabetes
mellitus and gestational diabetes. Pregestatioiadletes is defined as diabetes mellitus that
existed before pregnancy. To this group belong fypad type 2 diabetes, incidence of which
has shown an increase in recent times.
Gestational diabetes (GDM) is defined as glucoseléerance diagnosed during pregnancy,
regardless of whether it is treated with insulinparely with diet or whether this condition

maintains or resolves after delivery.

Epidemiology (See also in related chapter)

While there is a trend in delayed childbearing, dBsociation between type 2 diabetes
and pregnancy is expected to be more frequentakmese of type 1 diabetes among women
of childbearing age is estimated to be approxima@®B%. GDM is more common, the
prevalence being about 3-6 % according to Hungatata, although this does depend upon

screening methods.

Etiology, pathogenesis

Insulin resistance increases by 30-90% in pregnareyti-insulin, diabetogenic
hormones secreted by the placenta play importaes io this process, among which the role
of human placental lactogen (HPL) has to be higinid. Maternal insulin production
increases to compensate for insulin resistancethi§ increase is insufficient, the
compensation will be inadequate, resulting in GDM.

The insulin metabolising effect of the placentaalentributes to the emerging insulin

need.

Maternal and foetal complications in diabetes and gggnancy

Maternal complications: Hypo-and hyperglycaemiapdtic ketoacidosis, higher rate
of infections, preeclampsia, polyhydramnion, ophtalbgic complications.

Foetal complications: malformations, miscarriaggrauterine death, preterm birth,

macrosomia, placental insufficiency, intrauterinerovgh retardation, hypertrophyc
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cardiomyopathy, polyhydramnion, birth injury, infems, delayed foetal lung maturity,

polycytaemia, and postnatal hypoglycaemia, hypeubinemia and hypocalcemia.

Diagnostic evaluation
Screening for and diagnosis of GDM

There is no worldwide accepted unified approacka@ening and diagnosing GDM.

In Europe the standard OGTT (2- h 75 g oral gludoterance test) recommended by WHO
is the applicable test to determine GDM.

Plasma glucose measurements before OGTT (fastaggnal glucose or zero minute)
and the 2 hour values are recommended for screemdgliagnostic purposes, according to
WHO recommendations.

Fasting plasma glucose of 7 mmol/l or highetZ6 mg/dl) supports the diagnosis of
GDM, and in this case OGTT is not recommended.

Normal fasting glucose with 2-hour plasma glucoger @.8 mmol/l £140 mg/dl) also
indicates GDM.

GDM is also diagnosed when a random plasma glusdkk.1 mmol/l or higher=200
mg/dl), confirmed through a second test, or wheAHbis >6.5%.

In 2010 the International Association of the Diaseaind Pregnancy Study Groups
(IADPSG) recommended new criteria relating to 76@TT for screening GDM ( FP&5,1
mmol/l, 1-hour=10,0 mmol/l, 2-houe 8.5mmol/l) although these have not been widespread
as yet. According to these criteria the prevalesfd8DM is higher.

All pregnant women should be screened for gestaticiabetes at 24-28 weeks'
gestation.

Women who are at very high risk should undergoyetasting (OGTT) at 12-16
weeks’ gestation. The criteria for very high risle as follows: obesity, family history of
diabetes, hypertension, presence of glucosuriavique delivery of an LGA (large for
gestational age) infant, previous delivery of aamb with malformation, previous intrauterine

foetal death, habitual abortion.

Management

Type 1 diabetes mellitus and pregnancy
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The goal of insulin therapy is to achieve normogbmia and to prevent such
complications as foetopathy. Insulin therapy muestcbntinuously corrected because insulin
needs increases by 2-3 times during pregnancy.

In late gestation (after the 36 weeks’), insulinesheusually diminishes, although
excessive reduction in insulin need might mean @ poognostic sign referring to placental
insufficiency. After delivery, insulin needs decsea markedly within hours.

Besides insulin treatment, dietary therapy is oéagrimportance in maintaining
normoglycaemia and ensuring optimal conditiongdetal growth.

In addition to maintaining normoglycaemia, intexirte monitoring of the foetus is
indispensable during prenatal care in order toeaeha good perinatal outcome.

From 26-28 weeks of gestation tests for evaluatoggus and foetal well being are

necessary (ultrasonography, Doppler flowmetry, Nengs test, Oxytocin stress test etc)

Type 2 dabetes mellitus and pregnancy

Normoglycaemic metabolic management must be ietifefore conception with type
2 diabetic women as well. It is also important tlomal antidiabetic agents should be
discontinued before pregnancy begins, although i8sse is controversial in the case of
insulin sensitizers (metformin) which are permitieearly pregnancy.

In early pregnancy some type 2 diabetic patientskeacontrolled solely with a diet
regime. More than 50% of these women require instileatment as their pregnancy

advances.

Management of GDM

Implementation of an optimal diet is the first stepthe management of GDM,
although even in obese patients extreme calortaesn is not recommended.

Daily caloric intake should reach 1600 kcal withl®0-160g carbohydrate content
distributed among 5 meals throughout the day. Blsagars should be maintained between
3.5-7 mmol/l.

An inappropriate diet results primarily in elevateadstprandial glucose levels which
exceed 7.0 mmol/l. In such cases, the administratfoshort—acting insulin products before

meals (1-3 shots/day) might help to achieve norguagmia.

19



When over-high fasting plasma glucose is the pynadieration the treatment should
be complemented with bedtime NPH insulin. Twicdyddoses of intermediate-acting insulin
might also be required. The daily insulin needdpraximately 0.7-1.0 U/ kg.

The administration of rapid acting insulin analogugseems to be safe during
pregnancy. There is no sufficient experience raggrdse of long-acting insulin analogues
(although detemir can be given).

Inadequately treated GDM is associated with higperinatal morbidity and
mortality. Both the achievement of normoglycaemia @n intensive monitoring of foetus
and placental function during pregnancy and dejiylay important roles in prevention of
this high morbidity and mortality. Initiation andefjuency of use of intrauterine foetal
diagnostic tests (nonstress test, oxytocin chafletggt, flowmetry of foetal vessels etc.)

depend on the severity of diabetes and the existehpossible complications.

Prognosis and care after delivery

In most cases, GDM will resolve itself soon aftklivery. These patients have a
significantly higher risk of developing type 2 debs during their lifetime. Incidence rate can
reach as much as 50% over a period of 7 yearshi®reason, postpartum follow up will be
of great importance. In this, the first step is tbelassification of maternal glycaemic status at
6 weeks after delivery or following the end of seeding. This is also true for determining
whether the definitive diagnosis was purely GDM pmregestational diabetes which had

existed prior to, but recognised only during, prEagy.
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Chapter 4.
Therapeutic plan and targets in diabetes mellitus
Dr. Istvan Wittmann

After diagnosis, diabetes mellitus should be de&sks i.e. it has to be decided which
type of diabetes is the patient is suffering frafvhere there is a possibility of monogenic
inheritance, a centre should be contacted whiclal@efessional approach to and experience
in the diagnosis and therapy of such cases.

It must be established what complications haveadly developed. We should not
forget that according to estimations the onseypé 2 diabetes is between 5-10 years prior to
the time of diagnosis. It is of equal importancattmicro- and macrovascular complications
may already develop at the IGT phase. We may dlso state that they are not diabetes-
associated, but carbohydrate dysmetabolism-asedciamicro-and macrovascular
complications.

At the time of diagnosis and at the initiationaohew follow-up one should consider

the following:

Case history
1. Total internistic case history
Age and diabetes duration
Eating habits, physical activity, body weight
Complications and concomitant diseases
Diabetes education
Initial or previous HbAc value(s), data from the blood glucose 'diary'
Previous antidiabetic, antihypertensive therapy

© N o g s~ w D

Hypoglycaemic history (also hypoglycaemia awareness

Physical examination to be carried out:
A total internistic physical examination, inclugirmeasurement of height, body
weight, abdominal circumference, blood pressurgnssiof orthostasis, and a thorough

examination of the feet, should be carried out.
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Laboratory tests to be carried out:

HbA1., lipid profile (total cholesterol, LDL-, HDL-chosterol, triglyceride), liver
function tests, routine urine test, estimated GR&ia type 1 also TSH.
Consultations to be carried out

Dietetitian, ophthalmologist, maybe a dentist.

Target range instead of target value
Nowadays we consider setting target ranges r#tlaartarget values as the appropriate

approach. This consideration comes from the observéhat both blood glucose and HRA
show a biphasic relation with mortality, that isete exists an ideal range where mortality is
smallest. Underlying and beyond that, one hasde &n increase in mortality rate. This range
may be individually different regarding followingfluencing factors:

1) Susceptibility to and history of hypoglycaemia, atreent predisposing to

hypoglycaemia

2) Age, duration of diabetes, life expectancy

3) Presence of micro- and macrovascular complications

4) Accompanying diseases

5) Motivation and medical adherence of the patient

6) Social and financial status of the patient

Susceptibility to and history of hypoglycaemia, tratment predisposing to
hypoglycaemia

With an increase in the duration of diabetes,dingceptibility to hypoglycaemia will
increase due to a loss of secretion of glucagoae {dwestruction of the alpha cells), and due
to sympathetic neuropathy and nephropathy. Theepoesof severe hypoglycaemia in the
past history of the patient increases the chancehygoglycaemia. Therapy using

sulphonylureas and insulin or overtight glycemiatrol increases the risk of hypoglycaemia.

Age, duration of diabetes, life expectancy
According to the above, an advanced age and lothgrgtion of diabetes brings on a
predisposition to hypoglycaemia. On the other hamith the decrease in life expectancy, a

very tight control is not justified.
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Micro- and macrovascular complications

Accordingly, both sympathetic neuropathy and nepathy predispose to
hypoglycaemia. On the other hand, an overfast aoohptete normalization of the
carbohydrate metabolism in a patient with high ager glucose levels may worsen the
diabetic retinopathy. Furthermore, hypoglycaemia head to further damage to the cardiac
status in a patient with an already establisheteisic disease; moreover, it may lead to
provocation of arrhythmias and thus sudden death.

Accompanying diseases
In the case of an actual, severe, ongoing infecto an operation with general
anaesthesia and the opening of a body cavity, asddiswitch to insulin therapy and has to

halt other antidiabetics, including metformin.

Motivation and medical adherence of the patient

In the chronic phase of diabetes therapy it isthetdoctor who treats the patient, but
the patient who is treating himself, in best cadsdiswing medical advice. Therefore it is an
important question as to whose advice the patgeatihering. Unfortunately, he does not want
to follow the advices of his own doctor, as thetdocan 'only' state the present-day stance of
science. On the other hand, unofficial 'advisexg'shat the patient wants to hear, and so the
patient is of course more willing to accept thelviae.

One important problem in cases of a relativelydnmitiation into the onset of (type 2)
diabetes is that the patient does not feel anyiapeomplaint. As a result, his state of
motivation is low, despite our therapeutic optitwesng most effective in this phase. In cases
of more advanced diabetes, the complications wifigoon the motivation of the patient, but
our therapeutic options have already become piregtpired by this phase of the disease.

According to our own surprising data, 30-40% dilditics have already discontinued
their medication only 1 year after its initiation.

Social and financial status of the patient

Diabetes means a psychic and financial load upenwthole family of the patient.
Accepting this is a great medical achievements bbfigreat importance to find out who does
the cooking in the family. The education of thisqmn has to run parallelly with that of the
patient. Where there is deterioration of carbohydraetabolism, besides the usual causes

(infection, changes in working habits or lifestyd¢c.) one also has to consider family
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problems. | have observed that even if the patiedicates another cause, this is most

frequently the real one.

Glycaemic markers and target ranges

HbA:c is the most important marker in the follow-up taltes. It shows glycated
haemoglobin, thereby indicating the average glycaerhthe past three months. Limitations
to the value of HbA: are as follow: anaemia, iron deficiency, bloodéfasion, dialysis and
haemoglobinopathies.

Fructosamine displays the value of glycated allourAiccordingly, it represents the
average glycaemia of the past two weeks. It candsel in any type of diabetes, but is of
special importance in cases of pregnancy. It cabeatvaluated properly in cases of protein
loss (e.g. abnormal albuminuria, protein-losingeespathies) and an accelerated protein
turnover (e.g. hyperthyroidism).

Glycaemic target ranges are as follow:

HbAz1c in type 1: 6.5-7.5%

HbA1c in type 2: 6.0-8.0%
Praeprandial plasma glucose: 4.4-7.2 mmol/l
Postprandial plasma glucose: <10.0 mmol/l
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Chapter 5.
The basics of the non-pharmacological therapy of dbetes mellitus
Dr. JOzsef Rinfel

The non-pharmacological therapy of diabetes mnusllits referred to as lifestyle
modifications that have two major parts, namelyeat@herapy and therapy based on physical
activity. In a wider sense, psycho-social suppad patient education can also be mentioned
here. The fulfilment of these is not only fundana¢rb successful patient care, but also a
marker of good cooperation between physician atiémia Putting these parts of patient care
into daily practice often exceeds the boundariesaviventional medical practice, hence the
cooperation of different specialists (dietetitignysiotherapist, educator etc.), but knowing
the basics is inevitable for persons with a genaedical degree.

Lifestyle is regarded as a determinant in the libgreent of type 2 diabetes mellitus,
the worldwide rapid spread of the disease showingreection with obesity and a sedentary
lifestyle: changing this lifestyle may be a keypi@vention, as well. Several epidemiological
studies have provided proof of this. Efficient asmhsequent lifestyle changes, if initiated in
time, may prevent approx. 50-60% of type 2 diabets®s.

Once developed, treatment of the disease alsaresca proper diet and daily physical
activity. The elements of this should be tailoredtie patient, taking into consideration the
properties and level of cooperation of the pateamd adjusted to the actual pharmacological
therapy. However, changthese in lifestyle can did@ysuccessful with the cooperationof the
patient! It is of high importance that the patiemiderstands what they should do, and how
and why they should do it.

Besides providing a good metabolic control, keg@nproper diet and doing regular
physical activity is also needed for body weighmtcol and for the quality of life. Data also

prove that it may also delay or prevent the devalemt of complications.

Dietetotherapy

The aim of prescribing a diet is to provide optimatrition to the individual. This has
general rules, but the unique properties of eadlemqta concomitant diseases, and related
pharmacologic therapy make it necessary to makévithéhl recommendations to the
particular patient.

Diabetes mellitus is a complex metabolic disor@er] so several conditions have to

be taken into account simultaneously when planthegliet. Alterations in the background of
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type 2 diabetes mellitus include the delay of thdyeprandial phase of insulin secretion,
insulin resistance and the frequently-observed ibhes! of which represent problems to be
solved. With insulin therapy, the effect of pregiemas employed on blood glucose levels also
makes regular timing of meals necessary.

It is therefore absolutely necessary that theep&ishould be able to properly plan his
own diet, determining besides daily calorie intake ratio of major components of food
(carbohydrates, proteins, fat), and choosing fogddking into account regarding quality
criteria, timing of meals and the carbohydrate enhof individual meals.

Differences in the ability of carbohydrates teseablood glucose levels should also be
emphasized. Knowing the glycaemic index and apjitineof it while planning the diet may
aid in reaching good metabolic control. This mayyodoe reached when using a regular,
structured patient education (see the chapter terpaare and education in diabetes).

It is of fundamental importance that the patienbwdd understand and accept the
sometimes large modifications of their previoudali habits. These may sometimes be hard
to fit into the usual daily routine, and puttingnto daily practice may also be problematic.
To overcome these, the involvement of specialisés/ ie useful, and in this regard the
participation of dieticians and educators may #&si¢®, as they may help the patient
understand the details of lifestyle prescriptioAsiditionally, the involvement of other
persons in helping the patient may be useful: gmtigipation of family members in keeping
to a diet may improve the rate of success.

The dietetotherapy of diabetics should cover thieviong:

Energy content of the diet

A diabetic patient with normal body weight needsalorie intake that is determined
by age, height, markers of metabolic controls, #uedtype, intensity and duration of physical
activity. This is around 25-35 kcal/bodyweight kayed that would generally come to a daily
intake of 1800-2500 kcal (7.6-10.5 MJ).

In the case of insulin resistance, a modest, 5wWeght loss may aid the efficacy of
insulin. However, restriction of energy intake isually not sufficient to attain long-term
weight reduction and improvement of glycaemic cointfor that, regular, daily physical
activity is also required. We also have to consitiat energy requirement of the elderly is
lower than at a younger age.
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Composition of the diet

Despite occasional changes in recommendationsdiegathe composition of the diet,
a diet with low fat content and a defined carbohyglrcontent that is mainly carbohydrate-
based is actually widely accepted. (Extreme dietaisl be avoided; diets preferring extreme
proportions may especially carry risks. Unfortuhgteoctors also succumb to these despite
all the facts at their fingertips!

Accordingly, carbohydrate content should coverrapp50-60% of the total energy
intake, and a protein intake of 0.8-1 g/bodyweikipday (approx. 20% of total calories) is
suggested, while the remaining calories (appro%o 8dtotal calories) go to fat.

(Thus, in the case of a middle-aged person of 70 dnagymal BMI and abdominal
circumference with intermediate level of physicaiaty

- the daily energy requirement would be 25x70 ~ 18f)/day

- protein intake: 70 g x 4 kcal/g ~ 300 kcal (150@lktay remain)

- carbohydrate intake: 1800x0,55 = 1000 kcal (: 4lkgp= 250 g/day

- fatintake: 1800 - (300+1000) = 500 kcal (: 9 kagl= 60 g/day
Thus the daily diet is: 1800 kcal; 70 g protei®02g carbohydrates; 60 g fat)

It is also important to know the glycaemic indeand consumption of complex
carbohydrates leading to less of a rise in bloatage levels is recommended, within which
one should aim for foods with high fibre conten® (@ dietary fibres/day). In this regard, the
consumption of vegetables, fruits and whole granscommended.

Regarding fat intake, a proportion of saturatetyfacids should be < 10% (but if the
LDL-cholesterol level is > 2.5 mmol/l, then a lowproportion of < 7% is suggested).
According to the guidelines, the proportion of polgaturated fatty acids should be ~ 10 %,
with monosaturated between 10-12%. It is also ingmdrto decrease the intake of trans fats
(fatty acids), as more components of the atheragayslipidaemia (LDL|, HDL 1) may be
ameliorated using this approach.

The protein intake is planned in the usual waythHe case of a nephropathy, the
amount and composition of protein intake may reguwhanges usually prescribed by the
nephrologist.

Frequency of meals

In general, division of the total calorie intale3-6x smaller meals is suggested, (3

major meals with intermediate meals, in some castsa bedtime snack), but with certain
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therapies (e.g. prandial glucose regulators, aoaldgasal/bolus insulin therapy) 3 major
meals may be sufficient.

Limiting the carbohydrate content of individual atein cases of patients with type 2
diabetes mellitus is important, the cause for ithi® decrease the "carbohydrate load" related
to a meal (see postalimentary hyperglycaemia). k:n dther hand, in cases of certain
secretagogue therapies and insulin substitutioshveelld also try to avoid a pronounced fall

in blood glucose, which could lead to the risk gbglycaemia.

Other dietary considerations related to diabetes
The diet of diabetic patients should be rich itamins and mineral salts and trace
elements, but an extra supplementation is not sacgsThe use of vitamin complexes is not

proven, and in the case of certain antioxidants@el intake is rather risky and harmful!

So-called "dietary products"” should be used wabtion. Sweeteners should also be
used with caution. As a rule, the use of artificialnon-caloric — sweeteners (saccharin,
cyclamate, acesulphame-K, aspartam etc.) shouldrbéerred, but temperance is also
required with their use. Besides individual semgyj thermal stability should also be taken

into account, an important consideration in balkang cooking.

It should also be noted that aspartam is a phosithee substance, decomposing
quickly beyond its date of consumption (foods Idkeir sweet taste in this case), the
degradation products contain phenylalanine, and thaxefore carry risk for patients with

known phenylketonuria

No potential side effects or risks considering-gatoric sweeteners have as yet been
proven, thus when used according to prescriptiarssgnificant health risk related to their use

does not need to be considered.

With sugar-replacement caloric sweeteners (fragtesrbitol, xylitol, stevia) and food
products manufactured with their use, the calomel &arbohydrate content should be

considered and calculated into the daily intake.

The consumption of alcohol and other “drugs” sdaalso be considered. In the case
of alcohol, besides the physiologic affect of almloattention should also be turned to the
relative high caloric intake (~7 kcal/g). The comgion of alcoholic drinks with sugar

should be definitely avoided. The alcohol intakewdtd be 1 unit for women and 2 units for
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men (1 unit = 1-1.5 dI of wine, 3 dl of beer, 032l spirits, which corresponds to the
consumption of approx. 15 g).

Regarding the consumption of a daily amount of d-®f dry red wine, protective
cardiovascular effects have been observed in tithest.

Of the beverages containing coffeine, a daily giyaof 1-3 espresso and 2-4 cups of
tea may be consumed. The stimulants coffeine andirtado not lead to a rise in blood
glucose.

Here we do not cover detailed special dietary icemations related to diabetes
(diabetic nephropathy, celiac disease more commotyge 1 diabetes, lactose intolerance

with an increase in prevalence with ageing) bwgrred them only.

Physical activity

As previously referred to, regular physical adyivis a necessary part of lifestyle
interventions that may not only play a part in fnevention of diabetes melitus, but which is
also an integral part of the care of already deyedicdiabetes.

However, the physical activity should be suited ttee capacity, fitness, age,
accompanying diseases, and pharmacological thexfagne individual patient. The intensity,
duration, form and frequency of physical activiboald be tailored to the individual.

The diabetic patient should consult his treatirtgygician and a specialist (e.g.
physiotherapist, trainer, games master) beforénitiation of such activity.

Properly planned and constructed, regular physactivity may lead to a complete
improvement of metabolic parameters, and besidesdbyjlucose, lipid parameters and uric
acid may also show positive changes. This is iablét as regards body weight control, the
long-term maintenance of which is not possible e majority of cases without physical
activity. Studies have shown that it improves acauglilmonal performance and status. The
quality of life improves, the burden of the psyadwtal load can be attenuated, it may be
beneficial in preventing stress and anxiety-depoesdisorders. Regular physical training is
also a pledge of active senescence, providinglahabnot only maintains physical functions
as well as possible, but also slows down mentdirdec

Prior to the initiation of a regime of physicaltigity, a thorough check-up is
recommemnded which should cover general statuecesly the cardiopulmonal loadability,
and diabetes-specific complications (neuro- nepratropathy, osteoarthropathy).
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The patient should recognize those physiologitates where training may even be
harmful: acute metabolic deterioration (blood gkmoover 15 mmol/l, the danger of
hypoglycaemic episode, ketoacidosis etc.), febsilates, infections, the presence of an
autonomic neuropathy, severe renal impairmentfprative retinopathy, the onset of acute
cardiac symptoms etc. In these cases it is requivatthe exercise be postponed and an

extraordinary medical consultation undergone!

On planning an exercise programnuynamic exercisesthat move large muscle
groups and mainly induce an aerobic load (walkfagt walking, bicycle racing, swimming,
aquatic work-up etc.) should be given chief emphaale should bear in mind what types of
movements the condition of the patient enables,veimak they would like to do on a daily,

regular basis.

Static exercises which improve muscle force and cdition may also be included
into the training programme, but they should onb t¢arried out when tailored to the

individual, under stricter control.

Resistance training aims at the increase of muscle force and chandgiody

composition by increasing the basal metabolic iateads to increased energy consumption.

Stretching may also be advisable, as well as tldadg activities (walking, working
around the house, stair walking) that we carryregtlarly. Arterious vessel exercises may be

beneficial to patients with atherosclerosis.

In general, a 3-5 times weekly exercise sessiamedium-intensity of 15-20 minutes
duration is suggested, which can be raised urgipatient finds it too difficult.

We should draw attention to the replacement oflflast during exercise. During/after

exercise a stricter blood glucose control is suggkewith an appropriate correction.

Summarizing, the objective of non-pharmacolabtberapy is to change the lifestyle
of the patient. Appropriate dieting and physicaivaty are major tools in the prevention of
type 2 diabetes mellitus, and it should be posslarevent ~50% of cases of the diseases. In
therapy of the metabolic disease that has alreagtgldped, lifestyle interventions are also a
determining factor, and a successful therapy cdy loa provided using these approaches, as

well.
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It is important that dietary changes and suggestregarding physical activity should
be made together and in agreement with the patfutting these into practice can be
achieved using by educating and continuously motigahe patient.

The level of change in lifestyle mirrors the co@i®n between doctor and patient!
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Chapter 6.
Non-insulin-like antidiabetic agents
Dr. Istvan Wittmann

These agents are divided into 2 groups:
Oral non-insulin-like antidiabetic agents

Parenteral non-insulin-like antidiabetic agents

Oral non-insulin-like antidiabetic agents can betHer classified as having effects that are:
Primarily insulin-dependent

Primarily insulin-independent

There are 2 subgroups of primarily insulin-dependeral, non-insulin-like antidiabetic
agents:
Agents that enhanceenhance the effect of insulin

Agents that increase insulin secretion from thecpaas (insulin secretagogues)

Primarily insulin-dependent, oral, non-insulin-likesulin sensitising agents are as follows:
Biguanides: metformin (buformin is not recommendag more)
Alfa-glucosidase inhibitors: acarbose
Thiazolidinedions (PPAR-gamma-agonists, glitazynasglitazon

Primarily insulin-dependent, oral, non-insulin-likegents that increase insulin secretion
(insulin secretagogues):

Sulphonylureas: gliclazide, glimepiride, glipizjagiquidone (glibenclamid/glyburide
is now regarded as an obsolete drug)

Prandial glucose regulators (glinides): nategénietpaglinide

Dipeptidyl-peptidase-4 (DPP4) —inhibitors (glig)n alogliptin, linagliptin,
saxagliptin, sitagliptin, vildagliptin,

Primarily insulin-independent, oral, non-insulikdiagents:

Sodium/glucose cotrantsporter-2 (SGLT-2) inhibitdgdycoseurics): canagliflozin,

dapagliflozin, empagliflozin
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Parenteral (injectable) non-insulin-like antidiabetgents:
Amylin-analogues: pramlintide
Incretin mimetics:
GLP-1-analogues: liraglutide

GLP-1-receptor agonists: exenatide, lixisenatide

Table summarises oral antidiabetic agents in syndptm. This classification does not

involve those human insulin and insulin analogubgiwvare found in Chapter. 7

33



Table: Non-insulin-like antidiabetic agents
1. Oral non-insulin-like antidiabetic agents
i. Primarily insulin-dependent
1. Agents that enhance the effect of insulin
a. Biguanids: metformin
b. Alfa-glucozidase-inhibitors: acarbose
c. Thiazolidinedions (insulinsensitisers, PPAR-gamma-

agonists): pioglitazone

2. Agents that increase insulin secretion (insulinrstagogues)
a. Sulphonylureas: (gliclazide, glimepiride, glipizide,
gliquidone
b. Prandial glucose regulators: nateglinide, repadgini
c. Dipeptidyl-peptidase-4-inhibitors: alogliptin, ligkptin,
saxagliptin, sitagliptin, vildaglitin,

ii. Primarily insulin independent
a. Sodium/glucose cotransporter-2 (SGLT2) inhibitors:

canagliflozin, dapagliflozin, empagliflozin

2. Parenteral non-insulin-like antidiabetc agents
a. Amylin-analogues: pramlintide
b. Incretin-mimetics:
i. GLP-1-analogue: liraglutide
ii. GLP-1-receptor-agonists: exenatide, lixisenatide

Primarily insulin—dependent, oral non insulin—like agents that enhance insulin effect
(metformin)

Mechanism of action Metformin decreases hepatic glucose productiomaerces insulin
sensitivity (decreases insulin resistance), infigsnintestinal glucose absorption and activates

incretin system. Behind these actions, at leagiain, is the drug’s AMP kinase activating
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effect which is not only favourable to metabolismt lalso decreases tumor mitogenesis
through mTOR inhibition.

Advantages It does not cause hypoglycemia or weight gaims Hlso favourable as regards
non-alcoholic fatty liver disease (NAFLD). It deases cardiovascular- and cancer risks.
Indication: Used for treating all patients with type 2 diasetvho are not intolerant, or when
there is no contraindication.

Dosage Should be started with low dose (500 mg oncewicet a day). Dosage increases
should be made over 2-3 week periods up to the malxiose of 2550 mg per day (850 mg
three times a day). Higher doses are unjustifiedffisacy does not increase, but side effects
may develop. Extended release formulation is alsolable, which is tolerated well up to a
maximal daily dose of 2000 mg once a day.

Combination: Can be used in monotherapy or in combination althtypes of antidiabetic
agents.

Contraindications and adverse effectsMetformin is contraindicated in patients with atn
impairment, in patients with congestive heart f@lor respiratory failure who are at risk of
hypoxaemia, in severe liver failure, in pancrestnd in pregnancy. It should be discontinued
in patients undergoing radiologic examinations wdatthinated contrast material.

A rare but serious side effect of metformin isi@eicidosis, which is often fatal even today.
Metformin intolerance means a serious adverse ioggctisually with gastrointestinal side

effects (bloating, flatulence, diarrhoea), whicads to discontinuation of the drug.

Primarily insulin—dependent, oral, non insulin—like agent that enhances the effect of
insulin (acarbose):

Mechanism of action Alpha-glucoside hydrolase enzyme inhibitor. Thkilbition of alpha-
glucosidase enzymes leads to decreased intestmabsg absorption and subsequently to
diminished glucotoxicity as well. It enhances the& of incretin via an as yet unknown
mechanism.

Advantages Does not cause hypoglycemia, is associated welght loss, and decreases
cardiovascular risk.

Indications: It is recommended for obese patients for lowepagtprandial hyperglycemia.
Dosage Should be started with a low dose such as 50 neg or twice a day, with gradual
titration up to a maximal dose of 400mg (100 mgvkt a day).

Combination: Can be used in monotherapy as well as in combmawith all types of

antidiabetic agents.
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Contraindications and adverse effectslt is rarely used because of common gastroimakti

side effects (bloating, flatulence, diarrhoea).

Primarily insulin—dependent, oral, non insulin—like agent that enhances insulin effect
(pioglitazone)

Mechanism of action It is an agonist othe peroxisome proliferator-activated receptor
gamma(PPAR-gamma).

Advantages The drug is associated with relevant A1C-redurctid might be beneficial in
NAFLD and can also be used in renal impairment

Indications: It is recommended for obese, significantly insuksistant patients.

Dosage Dose up-titration is usually not required.

Combination with other antidiabetic agents Can be used alone or in combination with
other antidiabetics except for insulin or some S@&iliffhibitors.

Contraindications and adverse effectslt is contraindicated in congestive heart failuba
increased incidence of bone fracture has been texpan women who take pioglitazone,
therefore it is not recommended for postmenopausahen. Weight gain has also been

observed, partly due to fluid retention, but suaoebus fat accumulation may also occur.

Primarily insulin—dependent, oral, non insulin—like agents that increase insulin secretion
(secretagogues): sulphonylureas (gliclazide, glymele, glipizide, gliquidone)

Mechanism of action: Sulphonylureasclose ATP-sensitive K-channels in the beta-cell
plasma membrane, resulting in membrane depolasisafihis opens voltage-gated “Ca
channels and the &4@influx leads to insulin release.

Advantage: The drug leads to significant A1C reduction.

Indications: Sulphonylureamonotherapy is onlyecommended when metformin intolerance
or contraindication occur. It is commonly used ambination with other antidiabetic agents.
Dosage: The most commonly usethodified (extended) release form of gliclazide and
glymepiride is given once a day, while glipizidedagliquidon are given in two divided doses
per day

Combination with other antidiabetic agents It can be combined with all other antidiabetic
agents.

Contraindications and adverse effectsSulphonylureaefficacy declines relatively rapidly
(after a few years of treatment), because thesatsgee associated with a progressive decline

in B-cell (and also alpha cell) function and their atis beta cell dependent. The beta cell
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“burnout” is partly a consequence of concomitantylamsecretion, which leads to local
amyloidosis causing cell destruction.

Sulphonylureasnay induce hypoglycemia and may inhibit hypoglycemounterregulatory
responses via alpha cell destruction. They causghtvgain. Except for gliclazide they also
increase cardiovascular and cancer risk. They twralbumin in circulation and so they may
interact with Vitamin K antagonists and NSAIDs. Trhaetabolisation via citokrom P4502C9
pathway also leads to numerous drug interactions.

Primarily insulin—dependent, oral, non insulin—like agents that increase insulin
secretion: prandial glucose regulators (nategliniderepaglinide)

Mechanism of action:The same as in sulphonylurea

Advantage They specifically enhance early-phase prand&llin secretion (prandial insulin
releasers) in contrast with sulphonylureas.

Indications: The same as in sulphonylurea. They might be lsigitior lifestyles where meals
are unpredictable or missed.

Dosage and Combination:They are taken immediately before a meal. If a neakipped

the medication should also be skipped. It can ebdeed with all other antidiabetic agents.

Primarily insulin-dependent, oral, non-insulin-like agents that increase insulin secretion
dipeptidyl-peptidase-4-inhibitors (alogliptine, linagliptine, saxagliptine, sitagliptine,
vildagliptine)

Mechanism of action The dipeptidyl-peptidase-4 enzyme splits GLP-H &IP, making
these hormones metabolically inactive. InhibitionPP-4 enzyme increases the plasma
level and duration of action of these hormones. GL&imulates insulin secretion in a
glucose dependent manner as well as decreasinggginaelease. GIP rather induces insulin
secretion alone.

Advantages They are weight neutral, and are associated leithrisk of hypoglycaemia.
Their antihyperglycemic effect remains permanemer@ is no beta cell “burnout”). They can
also be used where there is kidney impairment aathgo be cardiovascularly safe.
Indications: DPP-4 inhibitorscan be used in monotherapy and in combination alitiost all
other antidiabetic agents. They are also effectid@dney failure.

Dosage Dose up-titration is not required. The dose ahs@reparations has to be reduced

according to the kidney impairment.
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Combination with other antidiabetic agents Some preparation can be applied in
monothreapy and all preparation can be used in c@tibn with one or two antidiabetic
agents. All the drugs are now available in a comtbinform with metformin.
Contraindications and adverse effectsSome of them are not recommended in liver disease
If they are added to sulfonylureas hypoglycemiahmnigccur, which requires sulfonylurea

dosage reduction. Their side-effect profile is ligugomparable to placebo.

Primarily insulin independent oral, non-insulin like agents: SGLT2-inhibitors

(canagliflozin, dapagliflozin, empagliflozin)

Mechanism of action SGLT-2 inhibitors promote glucose and sodium lwsthe urine by
blocking sodium-glucose cotrasporter 2 in the rgmakimal tubular epithelial cells.
Canagliflozin inhibits SGLT-1 in intestinal mucoas well.

Advantages SGLT-2 inhibitors can cause weight loss and &seer blood pressure. They
are associated with low risk for hypoglycaemia. yrheoderate glucotoxicity and are
cardiovasculary safe.

Indications: Can be used in monotherapy as well as in dutlpgle combination therapy.
Dosage A single daily dose is recommended, gradual ditrseion is not required.
Combination with other antidiabetic agents Can be used in monotherapy and also in
combination therapy.

Contraindications and adverse effectsDapagliflosin is not recommended for use in pate
receiving loop diuretics or pioglitason. SGLT-2 ilmitors increase the incidence rate of
genital infections thus they are not recommendedpfttients with a previous history of

genital infections. The prevalence of urinary tiaétctions is comparable to placebo.

Parenteral non-insulin-like antidiabetic agents: ircretin mimetics (exenatide, liraglutide,
lixisenatide)

Mechanism of action Incretin mimetics bind to the GLP-1 receptor,mtiate glucose-
dependent insulin secretion (such as DPP-4 inh#)iteand decrease glucagon release.
According to the most recent classification, théagys might be classified either as prandial
or non-prandial agents.

Prandial agents (exenatide, lixisenatide) have eemotable influence on postprandial blood

glucose rise and may slow gastric emptying moraifogntly. Non-prandial agents like
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liraglutid and exenatide LAR (a long acting releéis@R) exenatide formulation with once-
weekly dosing) show greater reduction in fastingpbl glucose.

Advantages Incretin mimetics are considerably effective happierglycemic agents
associated with low risk of hypoglycaemia, and haavourable impact on weight and blood
pressure. Cardiovascular outcome trials perforniers far have confirmed cardiovascular
safety.

Indications: Incretin mimetics are recommended as a secondhiod line therapy (in
combination with other antidiabetic agents) foriguatis with type-2 DM and obesity.

Dosage Gradual titration is required. Exenatid LAR reashts maximum effectiveness after
several weeks.

Combination with other antidiabetic agents Can be used in combination with one or two
antidiabetic agents and even with insulin.

Contraindications and adverse effectsNausea may occur, which is usually self limiting,
and resolves or at least lessens within a few we@k®-1 agonists are not recommended in

severe renal impairment.

Algorithm for the treatment of type 2 diabetes nitels
Figure shows a treatment algorithm for type 2 Obdeen marking refers to preferred
agents, whereas yellow marking refers to agentsctra be appropriate for selected patients

(acceptable alternatives).

In newly diagnosed type 2 diabetic patients wittokeidosis, hyperosmolar hyperglycaemic
state or markedly elevated blood glucose levelstiffg plasma glucose >13.9 mmol/l, or
random plasma glucose > 16.7 mmol/l or A1C >10%guiin therapy is recommended from
the outset.

After initial management of the “acute state”, hat chronic therapeutic regimens (e.g.: oral
therapy, initial combination therapy regimens etan be considered.
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Figure: Algorithm for management of type 2 diabetes mdlitébbreviations: MET=metformin, DPP-4-
I=dipeptidyl-peptidase-4-inhibitor, SU=sulphonylare PIO=pioglitazon, AGl=alpha-glukozidase-inhibjtor
GLP-1-RA=GLP-1-receptor-agonist (includink all GUPmimetics), INZ=insulin, SGLT2=sodium-glucose-
cotransporter-2-inhibitor, GLIN=glinides (prandgllicose regulators).

When “acute” insulin treatment is not necessafgstyle modification and metformin
treatment are recommended as first line therapw. dlgorithm opens the door to lifestyle
modifications alone as an initial therapy, and oretin is considered for use only when
lifestyle interventions fail to control blood glus® (A1C is above target after 3 months).
When considering the favourable effects of metformim cardiovascular- and cancer risk in
diabetic population, early metformin therapy is allu preferable. When metformin
intolerance or contraindication occurs, DPP-4-I, 8Gl, or PIO can be used.

If pharmacological monotherapy proves to be insidfit within a relatively short period (3
month) combination therapy becomes necessary.

The recommended combination regimens are list&igure.

According to the currently recommended diabetesagament guidelines, three-drug
combination therapy is required in patients whonadt reach their individualised glycemic
target within about a 3-6 month period. Some ditggsh as metformin or acarbose) require a
gradual up-titration which may last for weeks orntis. In this case the lag period before
adding other antihyperglycemic agent(s) can beneide.

The main goal of this intensive management apprasdo avoid hyperglycaemic
periods (A1C above target) lasting for years, whigdult in severe complications.

It should be noted that according to the changgmtients needs it is possible to raise
or reduce drug doses, or even to use step-dowaphédiscontinue one or two oral agents or
even insulin after weight loss) or to replace dabdtic agents if new indications or
contraindications occur.

Many patients with long-standing-type 2 diabetesntually require insulin therapy.
All types of insulin (human as well as analoguaulimy can be used, such as bedtime insulin,
a bi-daily regimen with premix insulin, or intensiwnsulin therapy (basal bolus regimen) etc.
It is important that metformin should be continuedless it has not been become
contraindicated. The recommendation to use metforgibased on its (previously mentioned)
possible favourable effects on cardiovascular amter risk in diabetes. Furthermore, its role
in reducing insulin resistance, which results invéo insulin dose requirements, is also

beneficial.

41



Chapter 7.
Insulin treatment
Dr. Istvan Wittmann

Insulin treatment is among the most impressive g@tasnof individually tailored
therapies. There are as many insulin regimens age thre patients! For this reason,
knowledge of the pharmacodynamic characteristiocsadbus types of insulin is of the utmost
importance. Dosing and timing of insulin treatmesitrecommended according to these

pharmacodymanic parameters.

Table: Pharmacodynamic parameters of insulins

Tvpe of insulin Time of onset Time of max. effect | Duration of action
yp (mins) (hours) (hours)
Human insulin
Regular, short-
acting human 30 2 5-7
insulin
Intermediate (NPH) 60-120 4-6 12-16

insulin

Rapid-acting analogues

Insulin Aspart 10-20 1 2-5
Insulin Glulisine 10-20 1 2-5
Insulin Lispro 10-20 1 2-5
Long-acting analogues

Insulin Detemir 60-120 - 20-30
Insulin Glargine 60-120 - Max. 24

Premix insulins

Human premix

. . 30-60 4-6 12-16
insulin

Analogue premix

! ) 10-20 4-6 12-16
insulin

Data are for orientation. Onset, peaktime and duraibn depend on dose, site of administration, physita
activity and temperature.

The use of most varied combinations is possibtepabh in many countries financial

limitations hinder the use of some regimens. Irepthords, everything is possible, and this
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optimizes the patient’s glycemic control. Even swre are some rules which can be relied

upon. Table shows the most commonly used insugmrens.

Table: The most commonly used insulin regimens

Name of the regimen Description Target population

Basal insulin supplemented Non-insulin based treatmenpfype 2 DM and any diabetic

|_\

oral treatment (BOT) complemented by basapopulation (except type

insulin therapy DM)

Prandial insulin treatment | Short acting preprandialType 2 DM and any diabetic

insulin therapy without basalpopulation (except type [1
insulin treatment DM)

Intensified (intensive) | At least 3 preprandial insulinAny diabetic population

conservative insulin| shots with at least 1 basal

therapy (ICT) or basal- | insulin shot.

bolus regimen

Conventional insulin | Premix insulin given BID Elderly, easy to control type

therapy (twice daily), mornings and2 diabetic patients with
evenings regular lifestyle

Insulin management of Type 1 Diabetes mellitus (Irnsive insulin treatment)

This is the treatment of choice in type 1 diabetilt patients. It will only be truly
effective if appropriate patient education precedesd if regular glucose monitoring (see
related chapter) and corresponding insulin dosestmiients are implemented by the patient.
This regimen, in particular with the use of inswimalogues, is highly adaptable to individual
lifestyles. The use of insulin analogues impliesslgisk of hypoglycemic episodes and
euglycemia can therefore be achieved more easilyjnofivated patient is essential to this
regimen. Depending on the patient’'s daily activityo different types of regimens are
recommended. Figure illustrates the insulin regimescribed for patients who wake up and

eat breakfast relatively late.
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Insulin concentration
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Figure: Human insulin regimen, recommended to patiets who wake up later.
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Figure shows one of the possible insulin regimenesqgribed for patients who wake up, and

eat breakfast early. Since prandial insulin befbreakfast is given early, there is no

appropriate overlap with the prandial insulin befdéunch, thus intermediate insulin is also

required in the morning. Another important diffetenis that because insulin treatment is

started early, the evening’s intermediate insulkguirements are modest. This regimen

provides more freedom in the sense that lunch meaghifted within a certain time period.

Insulin levels

>

Earlier

Difference

+ Less

10
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14 18 22
Clock time (hour)

m-

Figure: Human insulin regimen, recommended to patiets who wake up early.

Human regular - short-acting (prandial) - insulimosld be given 20 to 40 minutes prior to a

meal, due to its relatively slow absorption. Intediate (NPH) insulin can be administered
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independently of meals although it is practicaigtee with the prandial one at least in the
morning.

In human insulin regimens regular snacks at midaimgy, mid-afternoon, and usually mid-
evening are necessary to prevent hypoglycaemioegss

Insulin regimens using rapid-acting analogues witermediate insulin difficulty provide an
appropriate basal insulin level; therefore use dbrag-acting analogue (eg Detemir) will
usually be desired. (Figure). The combination ¢érmediate insulin and rapid-acting insulin-
analogue demands practically three times a day BidRHinistration (to maintain an adequate

basal insulin level) which leads to interactionsl drypoglycaemia, all of which has to be

avoided.
Ultrashort-acting analogue
A -Long-acting analogue: Detemir
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Figure: Rapid-acting and long-acting (Detemir) inslin analogue

Rapid-acting analogues can also be used in comdamatith long-acting analogue glargin
(Figure). Glargin is administered once a day, bettiming varies from morning to bedtime
according to the patient’s needs.

A small dose of glargin is effective for a littlender 24 hours, so the timing of its
administration has to coincide with the duratioroné of the rapid acting analogues to avoid
basal insulin deficit prior to giving the glargihats.

45



Ultrashort-acting analogue

" 4 Long-acting analogue: Glargine

)

>

2

=

=

)]

c

=i
| | | | | | | | | | | >
8 12 16 20 24 4 8

Clock time (hours)

Figure: Rapid-acting insulin analogue in combinatiam with glargin

If the preprandial blood sugar level is within thermal range, the rapid-acting analogue is
given directly before meals. If the preprandialdalcsugar is low, rapid-acting analogue have
to be given either with or after meals. If the pegplial blood sugar is high, the patient has to
wait 15 minutes after giving the rapid-acting inswdhot before starting to eat.

There is no need to have regular snacks in analogudin regimens. Whenever a patient
insists upon these snacks, prandial low dose msualogue is recommended prior to snacks.

Insulin management of type 2 diabetes mellitus

The same insulin regimens can be administered gpénl diabetes mellitus.

Differences and special considerations are asviollo

1) When a newly diagnosed type 2 diabetic patient isatabolic state, insulin treatment is
obligatory.

2) A sustained asymptomatic period, possibly lastorgséveral years, can be achieved with
temporary (over a period of a few weeks) use of@ggive insulin therapy at the disease
onset of type 2 DM (so called “breakthrough”: se€hapter 1. Introduction)

3) At initiation of BOT (Basal insulin supported ordderapy) the sulfonylurea dose has to
be reduced in order to avoid hypoglycaemia.

4) BOT can only be temporary and insulin dosage in B@ist not be raised over 30-40
U/day. Prandial (bolus) insulin should be addetasal insulin whenever a larger dose is

needed.
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5)

6)

7)

8)

9)

BOT is usually used for 3-4 years. It is not suéfit for maintaining adequate glycaemic
control after that period.

In human ICT (Intensive Conservative Insulin Thedag single daily intermediate shot

in the evening is usually sufficient, because eredogs insulin production is maintained

at the early period of type 2 DM.

When detemir insulin is used in ICT, it is enoughbe given once a day in the evening.
In this case weight gain also usually decreases.

Metformin should be continued after the patienttstansulin therapy because it reduces
cardiovascular- and cancer risk and is also assuti&ith decreased weight gain and a
lower insulin dosage.

The ideal dosage ratio between a rapid-acting (pa#jnand long-acting insulin dose is

approximately 50-50% in analogous regimens of B/pkabetic patients

10) Analogue insulin treatment improves the quality Idé and reduces the risk of

hypoglycaemia.

11) PPT (Prandial Premix Insulin Therapy) might alsoabéerapeutic option when tight

glycaemic control is aimed for, but for some rea#ohm cannot be accomplished. In a
PPT regimen a biphasic (premix) insulin analogugiven before breakfast, dinner and

supper.
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Chapter 8.
Insulin pump therapy
Dr. Gergi A. Molnar

With intensified insulin therapy, the insulin mbg administered via a special insulin
administering pen or via an insulin pump.

The insulin needs of our body can be divided imo larger parts. On the one hand
one requires insulin to prevent blood glucose dlema resulting from meals, while on the
other we also need insulin independent of mealsinstance to inhibit gluconeogenesis of
the liver. The former is provided by bolus insulime latter by basal insulin.

The insulin pump system consists of several mgarts: the pump itself, the

subcutaneous inserted Teflon catheter and theiamfis®t connecting the two (Figure).

Battery cover

Operating
buttons

Infusion
set

container

-

Piston rod Teflon
canulla

Figure: Shematic representation of the structure ofthe insulin pump. Modified after Valla et al,
Experimental Diabetes Research (2010), Article ID78372, 14 pages, doi:10.1155/2010/178372 (Copyright
© 2010 Vasiliki Valla, Creative Commons Licence)

The insulin pump itself is a device that is ablg@tovide continuous, slow infusion of insulin,
in this way covering basal insulin need; it is atspable of administering the bolus insulin
doses. For that, a rod driven by small electromptomps insulin out of the insulin-filled
storage syringe inserted into the device.

Insertion devices may provide help in the setbhghe canulla, by the help of which
the needle can be inserted quickly and in a redgiainless way. Upon filling and assembly of

the system the most important thing is airtightisgaand avoidance of air bubbles.
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The basal insulin is administered upon a pre-$igelcprogram, the setting enabling
the speed of the pump to be altered every hour.0%-0.10 units/hour steps. Once the
program is set, the device doses the basal inautmmatically, without external influence.

It is also possible to pre-program different bawalfiles, e.g. for daytime and night-
time shifts; for weekdays and weekends; for theoplebefore or during menstruation or for
days with and withougxercise.

Moreover, it is also possible to change the bestal temporarily, for couple of hours,
e.g. to raise it transiently up by 100-120-130%mdecrease it to 90-80-70%... in cases of
prolonged hypoglycaemia or for the periods of iseeactivity, such as sport.

The bolus doses have to be set by the patient tioarbohydrates being consumed
or prior to consumption, the time of the day, tyyeet of meals etc. The pre-specified amount
of bolus insulin is administered upon pressing alkrthat is, this also does not require a
separate needle stitch.

The advantages of insulin pump therapy include plssibility of a very fine
regulation of insulin doses, which has a specgtiicance especially in cases where there is
a very small insulin need, let's consider a smiilldcwith a daily insulin need of 10 units,
which has to be divided into basal insulin and ibmus insulin administered alongside
meals. This procedure can be carried out in a reve& and a better regulable way. Besides
that, because of the fine, hourly setting, the diem changes to the base amount, and the
possibility of providing different basal profilegie glucose excursions can be lowered more
efficiently than with insulin administered via arpe

Moreover, basal insulin administered by a pen &gl even when it is not needed, so
(e.g.) on occasions when unplanned physical agtiakes place after the administration of a
large dose of basal insulin even severe hypogly@ean develop. When using the pump,
hypoglycaemia can be prevented by transiently @sang or even stopping the administration
of the basal insulin in such a case.

The insulin pump can also help in the preventibthe dawn phenomenon, meaning
that high fasting blood glucose can be lowered.

A “carbohydrate-free day” can assist in setting proper basal rate, as then the
patient consumes only meals containing no or ongmall amount of carbohydrates, and
measures their blood glucose frequently (hourlye hourly); using this technique the blood
glucose-influencing effect of meals and bolus imsaan be ruled out, and we can really gain
an hour-by-hour picture of whether and where theaba@sulin rate should be increased or

decreased.
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The disadvantage of the therapy is that the padmound to a device, has to wear the
pump constantly, and due to the nature of the @éetfiere is the chance of a technical failure.

Based on the abovementioned, it is obvious thatpitimp therapy is recommended
mainly to diabetic patients who are well educatedfamiliar with the disease, aware of
carbohydrate counting, insulin kinetics, the signd proper correction of hypoglycaemia etc.
In cases of patients with bad glycaemic control padr compliance the insulin pump would
not provide a good result. Conversely, in casesrevtiee patient has been carefully selected
and in the presence of proper indications, the rarndf hypo- and hyperglycemias can
decrease, and carbohydrate metabolism, e.g. the wdHbAc can be expected to decrease.

The current direction in insulin pump developmisnthat the device should be able to
communicate with a continuous glucose sensor amdbse insulin automatically upon the
actual and previous glucose values, with minimahorexternal influence. These devices,
functioning in part on a negative feedback areechltlosed loop' insulin pumps. A “bionic
pancreas” also exists, where two pumps can dosgirinand (to prevent hypoglycaemia)
glucagon independently of each other. These dewacesurrently in the phase of clinical

development.

Real indications of insulin therapy in type 1 diedsein adults are:
- diabetes duration of at least 3 years
- arepeated HbA value of >7.0%
- in cases of praeconceptional therapy >6.5%, or
- large glucose variability (>=10.0 mmol/l), or
- dawn phenomenon which can be verified (fasting mmgrrglucose repeatedly >8.0
mmol/l), or
- min. 3 times/month clinically overt hypoglycaemaa,
- documented hypoglycaemia-unawareness, or

- severe hypoglycaemia (blood glucose <3.0 mmolAetping min. once in 6 months

The insulin pump therapy is not recommended:

- in cases of severe disability (problems at sensabsence of basic hand skills, coagulation
disorders etc.),

- in cases of psychic resistance: denial of diahetebility or rejection of self-monitoring,

- poor or insufficient compliance between patiemd ¢he treatment team,

- in cases of accompanying severe psychiatric dessr

- instability of social support (family, friendsih cases of illiteracy.
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Chapter 9.
Pancreas-kidney transplantation
Dr. Tibor Kovacs

In type 1 diabetesthe replacement of destroyed beta cells can beageahby the
transplantation of the entire pancreas(l) or isolated beta islet cells (I1.). Althoughet latter
method is still rather at the experimental statgeresults are not particularly impressive. In
type 2 diabetes, beta cell exhaustion and destrucéire secondary processes, and so
pancreas transplantation is not an option in 2DM.In obese type 1 diabetic patients, the
efficacy of pancreas transplantation is also prolblgc due to insulin resistance (especially if

the daily insulin requirement exceeds 60 IU).

|. Entire pancreas transplants (from cadaver donors) are today used in 3 differen
ways (distribution of operations in US are indicBte

1. With type 1 diabetic patients with end-stage kidfelure, 75 % of pancreas
transplants are implanted at the same time as ead@nal transplants
(simultaneous pancreas kidney- SPK). The advantage here is that both
entities will be implanted in one surgery, and fgne HLA antigens are
identical. The one-year graft survival is 86% alne 10-years graft survival is
54%.

2. 15% of pancreasransplants are implanted into patiemith a renal transplant
(pancreas after kidney- PAK). Disadvantage:2 surgery; where there is a
stable graft function the immunosuppressikEatmentmust be reintensified
and the organism has to encounter two differer@nalLA antigens. This
method may be important for patients with a livihgnated renal transplant.
The one-year graft survival is 79% and the tenggaaft survival is 29%

3. Pancreas transplantation into patients with a prapeal function: it is
indicated by recurring life-threatening hypoglycaempisodes and is applied
in Brittle diabetes fancreas transplantation alone- PTA) Disadvantage:
requiresimmunosuppressive therap®ne-yeargraft survival of 80% and the

10-years graft survival is 27%.

Pancreas transplantation (PAK, PTA) is not yet labée in Hungary for the latter two

reasons.

51



Based on literature data, the survival rate ofgpéamted pancreases is highest in cases of
simultaneous pancreas-kidney transplantation. heratountries, SPK is the most commonly

carried out method of pancreas transplantation.

Benefits of pancreas-kidney transplantation peréanm type 1 diabetic patients with chronic
renal failure:
1. improvement tajuality of life
2. termination ofexogenousnsulintherapyclaims
3. normalization ofcarbohydratenetabolismHbA1¢
4. dietaryfreedom
5. With late diabetic complications, stabilization guossible improvement, but
established retinopathy /blindness or severe natingpare already irreversible
processes. The progression of these alterations slown or may stop.

In successful pancreas-kidney transplantations e- tduthe normalization of carbohydrate
metabolism — the repeated development of diabeftropathy rarely occurs as compared to
those who have only undergone kidney transplanthénatter cases, diabetic nephropathy is
expected to re-occur after 5-10 years after tramdation in the transplanted kidney. There
are data about the cardioprotective role of thenmglycaemic state in patients with SPK.
The decrease in the left ventricular mass and sb@wdof coronary calcification are more

significant in patients with SPK compared to thmatliabetic patients with a kidney graft only.

A description of thesurgicalimplantation ofthe pancreas exceedie scopeof this
note,but it should not begnored thathe exocrinesecretion of the transplanted orgzam

alsobe provided(flow of pancreatic juice into intestipe

The immunosuppressivéreatment ofpatients with a pancreas gradt no different

from patientsvho have undergormanly kidney transplantation.

Il. Isolated pancreatic cell transplantationcould be beneficial in that it places a much
smaller surgical strain on the patient and themoisieed to provide the exocrine
pancreatic function. The islet cells are isolatexirf the cadaver pancreas using
special techniques for tissue digestion. The s are infused into the recipients
after the puncture of the portal vein transhepHlyicasing the micro-invasive
technique. Up to now the efficiency of this methas been poor, more than 90%
of the patients treated in this way needing insuherapy a year after the

procedure.
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Chapter 10.
Diabetes care and education
Dr. Gabor Fulop

Since diabetes is a chronic disease which, ifagyac state is uncontrolled, may lead
to serious complications such as early disabiligl aleath, continuous medical care and
education for individuals with diabetes is fundamaén
Regular care and therapy revision or modificatismecessary in both type 1 and type 2
diabetes. Type 1 diabetes requires this eitherusecatensive insulin therapy is used or
because absolute insulin deficiency may lead tdaltes glucose control, while in type 2
diabetes ongoing worsening blood glucose is ardiegh due to the progressive nature of the
disease. Individuals with diabetes need continueng complex medical care. Between the
medical visits continuous patient self managenmenequired.

A chronic care model in diabetes as a complex pogcludes prevention, screening
and diagnostic actions, classification, therapgular controls, education and rehabilitation.

There is a coordinated partnership between headtle systems and patients in
diabetes care, each having their rights and redpbtss. High-quality care is based on
evidence-based clinical guidelines but it requaesndividual adaptation to the patient.

The chronic care model includes 6 core compon@mntsw.improvingchroniccare.ojg

1. Delivery system design (moving to proactive careekghplanned visits are
coordinated)

Self management support

Decision support

Clinical information systems

o b~ 0N

Community resources and policies (to support hgaltfestyle or smoking
cessation programs)
6. Health systems (to create quality oriented culture)
There has been a steady improvement in the piopast diabetic patients achieving
recommended HbA, blood pressure and LDL-cholesterol in the lasydérs.
The average HbA was 7. 6% in 1999-2002 whereas it declined t@@ ir22007-2010. (9).
However, 33-49% of diabetic patients do not meegeflevels for HbAc, blood
pressure or cholesterol and only 14% of them aeh@V three targets and non-smoking

status.
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Diabetes self-management education (DSME) is aygiat element of diabetes care
since diabetes management is primarily accomplisbgedthe patients (or their family
members), and depends upon how their blood glusoself-monitored, their meals, physical
activity and living conditions under the guidandeheath care professionals. Patients with
diabetes need regular education and practice t@eaetand maintain this knowledge and
related skills. Motivation of patients can be mainéd or raised by achieving previously-set
goals or by providing psychosocial support.

Basic education includes principles of lifestylerdpy (diet and physical activity), use
of diabetic equipment and supplies (insulin pemspdb glucose monitors, insulin pump) and
recognition, prevention and treatment of possiblalications (especially hypoglycaemia).

Diabetes care is teamwork. Essentially, most patiamh diabetes should be treated
by the primary care physician and a specialist glbast is needed only in case of therapy
modifications, complications, or other emergingljpeons. Patients with type 1 diabetes or
type 2 diabetes with complications should rathecéed by specialist in collaboration with
primary care physician.

A collaborative multidisciplinary integrated teamay include a diabetologist and
physicians from related specialities such as opmblagy, angiology, vascular surgery,
neurology, cardiology, and nephrology, in addittomurses, physician assistants, dietitians,
diabetes educators, mental health professionatkaists and so on.

Recommendations for diabetes care and patient #dacae provided by the National
Diabetes Education Study Groupvww.betterdiabetescare.nih.goin the US and by the
Diabetes Education Study Group (DES@&)w.desg.oryof EASD in Europe.

High-quality education (Diabetes self-managementation, DSME) has been shown

to improve patient self management, satisfactiahglncose control.

Taking the holistic view, the management of patenith diabetes includes not only
glucose control but also the prevention and redmgniof cardiovascular risk factors and
other comorbid conditions.

Diabetes management concludes possible mainter@nadequate glucose control
performed by proactive care. This can be achievgdrdgular monitoring, and it is
recommended that HRA is determined quarterly. Target goals should beinddf
individually, but within the ranges of 6-8%. Blodigid controls are recommended yearly,
although more frequent controls may be necessargaitents with dyslipidaemia or on

atilipaemic treatment.
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Patient Education
Education is the cornerstone of diabetes carepaenention for patients with diabetes

as well as for health care professionals and dwepopulation at large.

Unless adequate education is provided, patients avétbetes and their family members
cannot cope with the burden of the disease andtivtessential changes in life style.

Acquisition of the essential knowledge related toe’'s disease is the right and
obligation of all individuals with diabetes.

Therapeutic patient education as an “added valssS@ated with patient education can
be laid out as follows:

* As a result of ongoing education and study integtah the health care system the
patient will be able to manage his or her diseasmioptimal way.

* The patient-oriented education approach includagesing of individuals with
diabetes, provision of adequate information, leagrof self-monitoring, psychosocial
support, medical guidelines and organizing hospétadl out-patient care. It also
provides information about health-and-illness bémav and outlines the possible
prospects of rehabilitation.

Successful patient education requires ongoingissifuction together with retraining
from the instructors.

The most effective diabetes education is deliveititer individually or in small groups.

Education which is matched to the patient’'s currknowledge and experience is
interactive and involves both verbal and visual nsegpictures, brochures, video films, even
educational learning games - for instance, howhoose an appropriate diet). For further
comprehension other written materials such as njidiaoklets, brochures about foot care,
diet- or hypoglycaemia diaries or web pages, priatsl books can be recommended.
Repetition and asking for confirmation (“loop tedque) are fundamental in patient
education.

An adequate adaptation of lifestyle interventiossain essential element of well
controlled diabetes. Adequate lifestyle intervemsianclude medical nutrition therapy and
regular (in many cases also controlled) physictli#g which have to be coordinated with
each other and also with diabetic pharmacotherapiythis knowledge and accompanying
skills have to be learned during the process ofapeutic patient education. Ideally,

therapeutic patient education should be based althlyditeracy which has already begun to
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be acquired at school. One of the important missiointhe health care system is related to

this: namely, to provide information and health @tion to a wide range of populations.
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Chapter 11.
Self-monitoring of blood glucose, continuous glucesmonitoring
Dr. Gergi A. Molnar

We also have to evaluate the efficacy of treatnoématients suffering from diabetes
mellitus (DM). For that, there are a variety ofiops, for example laboratory tests such as the
haemoglobin Ac (HbA1) or fructosamine level, where the former providg&®rmation on
average blood glucose levels of the last 3 morittes latter about the last 2 weeks. HbA
indicates glycation of haemoglobin of red bloods;elhile fructosamine indicates glycation
of plasma proteins (mainly albumin).

Each method requires blood drawing and a labordtackground, and has its own
problems: the HbA value is dependant both on the average blood giugalue and on e.g.
the lifespan of the red blood cells, and thus maynfiluenced by anaemia, blood transfusion,
or bone marrow disease. Similarly, in the caserwétbsamine, the turnover time of plasma
proteins may be a disturbing factor, and so thainbt value may underestimate the average
blood glucose level in cases of marked proteinairiayperthyroidism.

The combined evaluation of HhAand fructosamine may provide information on the
temporal changes of blood glucose values, as wk dint what the average blood glucose
value was in the preceding 3 months, and withirt gf/exiod, in the last 2 weeks. A less
elevated fructosamine besides a high koiay therefore indicate that the patient’'s recent
glycaemic control was inferior to what it had baanthe past. On the other hand, a high
fructosamine value with an acceptable Hb#ay signify that the patient has experienced
worse glycaemic control in recent weeks or days, gierhaps to a current, severe infection.

When evaluating HbA and fructosamine in combination, a discrepancyéen the
results may also draw our attention to the possitithat a confounding factor (e.g. anaemia,
proteinuria, hyperthyroidism) should be sought.

A further problem with HbA: and fructosamine is that they only show the awerag
blood glucose level, not the fluctuations. Thupatient with a completely properly controlled
diabetes can have an HRAvalue similar to that of a patient under bad amntnd
experiencing both high blood glucose values angluiat hypoglycaemias.

The self-monitoring of blood glucose may have mpartant role in detecting blood
glucose fluctuations. When taking the case histdrg patient, whether in the outpatient unit

or on the ward, one also has to establish if theepahas a glucometer at home, and if he

57



regularly controls his blood glucose values. If Bow frequently and at what times of day
does he measure his blood sugar?

Multiple daily blood glucose measurement is alsseful tool in finding the right way
to control a patient on multiple daily insulin infeon therapy. In our practice, we usually
suggest pairwise measurements, prior to and afsalanwhere the postprandial value is
measured 1.5 hours after the meals; for this, targkies are provided by guidelines. We
usually also ask for daily profiles of six or maneasurement points. For example, if the aim
is to differentiate Somogyi effect from dawn phemmon resulting from high morning
fasting glucose values, night-time measurementsis suggested (depending on the time of
administration of intermediate insulin, at midnight at 3 a.m. Clinical studies have also
verified that HbA: can change in a more beneficial way in patient® \plrform self-
monitoring in combination with insulin dose adjusimts.

Patients can keep the recorded values in the @renglucose ‘diary’, but with many
glucometers it is now possible to upload the value® a computer or via a computer onto
the internet, where we may obtain, besides tendenstatistical evaluation (mean, standard
deviation).

If we desire a more detailed daily glucose profileere is also the possibility of
continuous glucose monitoring (CGM). CGM systemsially comprise a sensor, a
transmitting system and a monitoring device. Semsmy be minimally invasive, obtaining a
signal from the interstitium, for instance via iraptable glucose electrodes, using sensors
based on microdialysis or microperfusion. A nonaisive measurement is enabled by sensors
based on microporation, or transdermal or optieakers.

As regards the transmission of the signal, besi@sd devices, increasingly
frequently today wireless devices are also avalabhd the miniaturisation of monitors
enables devices to be directly connected to theosgmounted on the sensor).

The monitor is able to store the signals, andomes cases already converts them into
glucose values. Some monitor systems are able t& imoreal-time mode, thus displaying
actual values, graphs and trends to the patienbth®n type of system does not provide
results during monitoring, the information only ihgigiven to the patient and doctor after
downloading the measurements onto a computer.

A major advantage of glucose monitors is that teegw glucose fluctuations in a
more sensitive way than do values obtained from g&é-monitoring of blood glucose
(SMBG, see Figure):
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CGM shows fluctuations more accurately
than SMBG
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Figure: Blood glucose fluctuations on a continuouglucose monitor (CGM) and self-monitoring of blood
glucose (SMBG). The small boxes represent SMBG vas during monitoring, while the continuous line
shows the result of the CGM. The dashed line {------ ) shows the range of CGM values, the dotted
dashed line ---------- ) indicates the raagpf SMBG values.

Besides, they can provide an aid in detecting hiyoagmias, mainly nocturnal
hypoglycaemias, and in the detection of Somogyat§. Besides that, they can be used as
educational tools.

A further option is the use of sensory pumps, wltibe pump is able to communicate
with the CGM sensor, thereby also working as a-tiee@ CGM. Theoretically, this feature
and the 'plain’ real-time CGM systems could provéste aid in patient self-management;

however, the price of CGM systems and sensorsadetst to that.
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Chapter 12.
Acute complications of diabetes mellitus and its maagement
Dr. Istvan Wittmann

Hypoglycaemia and its treatment

Hypoglycaemia is characterised by abnormally |d@od glucose concentration. The
threshold glucose level is usually 3 mmol/l but tflacose level at which an individual
becomes symptomatic is highly variable. Symptoms$ygioglycaemia can typically occur
with a plasma glucose concentration of greater thanmol/l, or can be absent with lower
plasma glucose concentrations (especially afterg-tenrm diabetes and in diabetic
neuropathy).

Hypoglycaemia can be mild, moderate or severéh@fpatient requires assistance of
another person). The symptoms and signs of hypagy are as follow (Table):

Table: Signs and symptoms of hypoglycemia

Autonomic Neuroglycopenic General
Sweating Confusion Nausea
Palpitations Difficulty in speaking Headache

Trembling Dizziness

Lack of coordination

Hunger Atypical behaviour

Vision changes

Perioral paraesthesia

Causes of hypoglycaemia (common):

1) Insulin treatment

2) Oral antidiabetic agents:
i) Sulphonylurea
i) Glinides (prandial glucose regulators)
iii) Incretin therapy ( seldom)

3) Advanced age (>75 years)

4) Alcohol

5) Kidney failure

6) Liver disease
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7) Vigorous physical activitywithout adjusting medications and diet)

8) Drug interactions (at the level of albumin bindexgd metabolism)

9) Drugs that mask symptoms and signs of hypoglycaerand which inhibit
counterregulation (e.g. beta blockers)

10)Inadequate diet

11) Lack of knowledge on the part of the patient (jprapriate patient education)

Mild and moderate hypoglycaemia can be treatethbypatient. Ingestion of quick-
acting carbohydrateg¢simple carbohydrates or 15-20 g glucose, eitherdiqaid or in
granulated form) is recommended, followed by the¢aka of long-acting complex
carbohydrates. After 15 minutes, it is recomment®at blood glucose is measured. If
hypoglycaemia continues, the treatment should peated.

Hypoglycaemia may be extremely frightening to sgmaéents with diabetes. These
patients ingest glucose after the detection of rthikelest hypoglycaemia, causing reactive
hyperglycaemia. When the possibility of this reaetihyperglycaemia is not taken into
account, the consequence may be an increase ilmirfeu other antidiabetic) dosage and a
“vicious circle” of hypoglycaemias and hyperglycasimay develop. Careful assessment of
SMBG data is required in order to recognise anddatios.

In severe hypoglycaemia, oral glucose intake lbabet avoided due to the risk of
aspiration. Intravenous glucose administrationeiguired and hospitalisation may also be
necessary. After relatively long-lasting hypoglyces, elderly patients may only regain their
consciousness slowly, even with administration glucose infusion, thus frequent blood
sugar measurements are required.

Glucagon should be prescribed for patients witte typdiabetes and family members
of these individuals should be instructed on itsidstration.

If hypoglycaemia is caused by sulfonylurea, esgBciin patients with renal
impairment, prolonged or recurrent hypoglycaemia ba expected and so at least 48-72
hours of observation/hospitalisation and ongoingcgése infusion may be required. This
scenario usually occurs in elderly patients treat@t sulfonylurea and suffering from acute
prerenal kidney injury and thus GFR decline duéntercurrent infections (diarrhoea, fever
e.t.c) and/or inadequate fluid intake.

It is important to remember that a relatively digant number of hypoglycaemias,
especially the nocturnal ones, remain asymptomatid thus unrecognised. Another

important point is that the recurrence rate is lafibr a severe hypoglycaemia, hence patients
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may benefit from more permissive glycemic targais & few weeks. Hypoglycemia in
patients on alfa-glucosidase inhibitor therapy lbarireated only with glucose, since this type
of treatment inhibits degradation of di- and pobearides.

Diabetic ketoacidosis (DKA), and Hyperosmolar Hypeglycemic State (HHS) and their
treatment
DKA happens predominantly in patients with typdidbetes. It may occur in milder
form combined with hyperosmolar hyperglycaemic estat patients with type 2 diabetes,
especially after long-lasting diabetes when endogesulin secretion is significantly
decreased. The clinical picture of both acute nwitabcomplications is dominated by
dehydration and complicated by ion disturbancesmg@aints and signs of patients are
polyuria, polydipsia hypotension, tachycardia, pral acut kidney injury, muscle cramps and
abnormal mental statuSigns and symptoms of possible underlying intesnirinfection or
thromboembolic complications are also common. Rttiewith DKA often develop
Kussmaul’'s breathing, and abdominal pain can atsoro
Both of these metabolic derangements are sefif@ishreatening conditions requiring
hospitalisation.
The most common precipitating factors are as fatlow
1) Infections
2) Cardiovascular events
i) Myocardial infarction
i) Stroke
3) Gastrointestinal diseases
i) Vomiting
i) Diarrhoea
4) latrogen factors, Drugs
i) Diuretic abuse
i) Corticosteroids
5) Poor- or non-compliance on the part of the patient
i) Inadequate diet

i) Discontinuation of or inadequate insulin /oral di@betic therapy
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Basic laboratory studies and imaging tests fogmstic workup also dealing with the
detection of possible precipitating factors arefa®ws (not uncommonly more diagnostic
tests are required):

1) Serum glucose levels

2) Arterial blood gas analysis (ABG)
3) CBC count

4) Urinanalysis (Urine dipstick)

5) BUN and creatinine levels

6) Serum electrolyte levels

7) ECG

8) Chest radiography

9) Microbiological cultures

To make a diagnosis accurate, the customary kisaééing and physical examination
as well as correct evaluation of laboratory andgm@ studies are required.
Table shows the differences between diabetic ke&toais and hyerglycaemic hyperosmolar

State.

Table: Laboratory features of diabetic ketoacidosis (DAYl hyperglycaemic hyperosmolar
state (HHS).

DKA HHS
Glucose (mmol/l) >13,9 >>33,3

Urine ketone +++ I+

pH < 7’3 > 7,3

Serum bicarbonate <10 > 15

(mmol/l)
Effective serum osmolality Variable > 320
(mosmol/kg)

Treatment of DKA and HHS

Because of the dehydration, intravenous fluid ae@ient is indicated as first line
therapy. 1-1.5 | isotonic saline solution (0.9% Na&@ Ringer solution is infused during the
first hour. The former is given when hyperkalaersigresent or when the result of serum
potassium is pending, otherwise Ringer is recommén@xcept in the rare cases when
serious hypovolaemic shock requires a plasma exgrand
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Intravenous treatment should be continued untilhyygerglycaemic crisis is resolved and the
patient’s condition stabilises.

In severe mental status alteration or coma airwapagement, intravenous access, bladder
catheterisation, initiation of antibiotic and ahtimbotic medications are required; and
admission to an intensive care unit is necessary.

Insulin therapy should be initiated after the tfireour of treatment because early
insulin administration may be associated with hypogemia after circulation is restored due
to the sudden rise in the insulin level. The insufifusion dose has to be adjusted to the
actual blood glucose level. It is usually recommezhthat an insulin pump be used (at a rate
of 0.1 U/kg/h), but a mixture of short—acting inauand isotonic sodium chloride solution
mixture can also be used.

In DKA, blood glucose concentration should be nmaimed between 8-11 mmol/l, although it

has been recommended by some that a higher leswel 14 mmol/l may also be reasonable as
“ketone bodies burn in the fire of carbohydrates”.

Intravenous insulin treatment is typically assamlatwith a decrease in potassium

concentration, thus potassium should be rigoroosipitored and replaced if necessary.

A successful treatment requires correction of teddge imbalances along with
rehydration therapy. Potassium correction has tmitiated in the first hour of the treatment,
followed by management of magnesium and phosphsiigrblances.

The following laboratory parameters should be rayed every 2-4 hours, depending
on the patient’s condition and the severity of labory disturbance.

1) Serum elecrolytes (NaK")

2) Serum glucose

3) Arterial blood gas analysis (ABG)

4) Urine ketone

5) Serum creatinine

Bicarbonate is only infused if severe, life-thexahg acidosis, where pH<7.0, is
present; and after initiated it is only indicateatiuthe pH is 7.0-7.1. Bicarbonate treatment
has been correlated with cerebral edema; thudeifpH is 7.0 or higher, no bicarbonate
therapy is recommended. During bicarbonate infustsitt potassium control is required
because bicarbonate administration leads to hypekah.
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Following the resolution to the hyperglycemic riand successful elimination of the
predisposing factor (such as infection), transittonprevious antidiabetic therapy can be
initiated with an overlap of 4-8 hours of parentéharapy.
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Chapter 13.
Cardiovascular complications in diabetes mellitus
Dr. Gergi A. Molnar

Diabetes mellitus (DM) is a population disease,chlexerts a heavy financial load on
developed societies, not only directly through tireent of the disease itself, but also through
treatment of its complications. Of the latter, ¢avdscular (CV) diseases are of special
importance. While a couple of decades ago, diabetated death was mainly in connection
with acute complications, nowadays it is ratheated to long-term macrovascular (mainly
CV) and microvascular complications and malignasicla DM, on the one hand diabetes
itself, while on the other hand, other accompanyaujors (e.g. hypertension, dyslipidaemia,
obesity, renal failure) represent a risk factortfor development of CV diseases. In diabetes,
the function and/or structure of the blood vessall wan be damaged among other ways via
hyperglycaemia, the polyol pathway, advanced gigoatend-products, inflammatory
cytokines and free radicals.

In characterizing diabetes we frequently regard @V-risk as a high risk, as if the patient
had already suffered a myocardial infarct. Accogtiinthe CV-risk of patients with diabetes

is approx. 2-4 times as high as in the non-diakmifulation.

The effect of the treatment of diabetes mellitus oV risk in general

On planning the therapy of a patient, one has twider differences between patients
with type 1 and type 2 diabetes mellitus. Othek fectors, found in type 2 diabetes mellitus
and accompanying the disease, also have to be iakerconsideration. We believe that
glycaemic control is of fundamental importance; boer, its significance is different in type
1 or type 2 diabetes. Based on data from the luszaon large studies, such as the DCCT
trial, a milestone study dealing with type 1 diabegtients, in the original observation period
of 10 years, the reduction of macrovascular risls wat significant, although during the
extension of the study to a further 20 years dbflup, the DCCT-EDIC trial showed a clear
advantage of prior intensive treatment with regar@V risk. It also raised the possibility of a
'metabolic memory'. This would mean that prolongedd or bad glycaemic control may
have an impact on CV risk even years later, i.e.ldbdy 'remembers’' its state of 10 years
earlier.

In patients with type 2 diabetes, in the 15 yedrsbservation in the classical UKPDS
study, with regard to macrovascular endpoints neral significant difference could be
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observed between patients treated in an intensideira a non-intensive manner, although
tendencies seemed to favour intensive therapy. &ttended, 25-year follow-up of the

UKPDS has however shown a significantly better satvrate regarding macrovascular

complications with the original intensive treatmeBased on that, we believe that glycaemic
control is important in decreasing CV risk.

Several large studies over recent years havedrdlse possibility that too tight a
glycaemic control may lead not to a decrease, &ilter an increase in CV risk, mainly in
elder patients. Taking this into consideration,aipave do not recommend a uniform HRA
target value, but rather a target range tailoredvidually to age and accompanying diseases
for the treatment.

We believe that complex therapy of the patientsmiportant, i.e. lifestyle changes,

application of glycaemic control and treatment thfes accompanying risk factors.

~ollent ischemia”

We should not forget about a special charactertdtigatients suffering from diabetes
and coronary heart disease (CHD), namely the tsitmmemia’, where patients may not be
aware of pain related to ischemia as a consequiEnoeuropathy. Because of that, screening
of high risk, asymptomatic patients may be impdr&vove the age of 50 or in the presence
of other risk factors. A part of the assessmentcafdiovascular risk is blood pressure
measurement on each visit by the patient, addedhich an ECG, lipid-control measurement

of the ankle-brachial index should be performelgast annually.

Types of antidiabetics and cardiovascular risk
Besides the target range of antidiabetic treatntéet,choice of antidiabetic type to be used

also influences CV risk. Let us observe that iratgedetail:

Sulphonylureas

When antidiabetics, i.e. sulphonylureas, are usedhe longest time one important
consideration is pancreas selectivity, as sulphoeg receptors can be found not only in
beta-cells of the pancreas, but also on cardiontgecgnd cells of the blood vessel walls. For
this reason, non-cardioselective sulphonylureas nfiay instance worsen ischemic
preconditioning, thereby increasing the likelihoofl mortality. They may moreover also
worsen CV risk via hypoglycaemia-triggered arrytamiTherefore, on a theoretical basis it is

important that we should choose a cardioselectiviphenylurea that leads to less
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hypoglycaemia, and which has a more stable effmbn meta-analysis, sulphonylureas have
been associated with higher CV risk as comparethétformin, the only exception being
gliclazide in patients with a previous CV-event,vesll as in patients without a prior CV
event. Taking the abovementioned into consideragodifferentiated sulphonylurea therapy
is preferable where medication is selected on #wshof its favourable and non-favourable

properties.

Metformin

In the extension of UKPDS, metformin has been neffieacious than conventional
therapy as regards CV risk. The results of metdyaes are not entirely consistent: the data
from many studies have shown metformin to be mffectve than other antidiabetics, but a
smaller portion of the studies has been unabldyéhis (although disadvantageous effects

could not be observed here, either).

Acarbose

In a study carried out using acarbose, the usearbase has led to significantly lower
CV risk than placebo, however, due to the small lIbemof CVevents, the result is of
restricted value. The result of one meta-analysificated that acarbose was CV-protective;

here the statistical power was already appropriate.

Thiazolidine-diones (glitazones)

The CV safety of antidiabetics is of especial ie$tr since in 2007, according to the
data from a meta-analysis, the long marketed ritezgin was shown to increase CV risk. The
meta-analysis was highly criticized by many; howepeecisely because of this potential CV
risk, the marketing of the substance was limitethany countries, while in others its use was
temporarily cancelled. As a result, drug authaitiave set tight CV safety criteria. However,
data concerning rosiglitazone are not unambiguand;so we do not consider its use as safe.
According to several studies, pioglitazon is sdlffen rosiglitazon, something underlined by

prospective double-blind studies, as well as byaraetalyses.
Glinides (postprandial glucose regulators)

According to studies and retrospective analyses, ghoup of medications can be

regarded as neutral from the aspect of CV.
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DPP-4 inhibitors

Results of for the most part retrospective analyskesion-CV-endpoint designed,
efficacy studies now suggest a CV safety regardioth the group and the individual
substances. In the study carried out using saxaglipaxagliptin turned out to be neutral in
general; however, it increased the risk of heahifa The study carried out using alogliptin
provided a neutral result. We await new resultdese agents and also results of CV-targeted
studies from other agents from this group. Sitdgliproved to be CV-neutral.

GLP-1-receptor agonists

For GLP-1 receptor agonists, results of both regosve analyses and retrospective
meta-analyses of non-cardiovascular designed sualie available, based upon which this
group can be regarded as cardiovascularly safeultResf prospective, targeted CV studies

are also awaited for this group.

SGLT-2 inhibitors (gliflozins)

Few data are also available regarding gliflozirsstheey have only been marketed and
appearing in clinical studies for a short time. &ivthe CV safety data needed for their
approval, these agents can be regarded as safaldvam the CV aspect, and they have not
led to any statistically significant increase iskriof individual complications. Moreover,

empagliflozin decreased the risk for CV-death.

Insulin

In a Swedish registry study related to insulinulims — mainly in combination with
sulphonylureas — led to an increase in CV risk timtld be attenuated by the addition of
metformin. According to a Danish meta-analysisthe comparison of insulin monotherapy
vs. insulin + metformin, a non-significant increaise CV-risk was found; however, the
statistical value of this study can be stronglyezhinto questiondue to the low number (2 vs.
4) of events.

In conclusion, we can say that correct glycemictmdns protective, but overtight
metabolic control may be risky, especially in tlase of patients of higher age and established
vascular disease. For this reason, a target raargkwithin that an individual target value
based on age and co-morbidities is recommendedth®fantidiabetics, metformin and
empagliflozin can be regarded as safe from a CVtpai view, and may be beneficial not

only in lowering insulin-relaetd increased riskroélignancies, but also in lowering potential

69



insulin-related CV risk. Therefore, in type 2 ditd® mellitus — unless contraindicated
because of accompanying diseases — we may recomthenrthre use of metformin in
combination with insulin therapy. The sulphonylwesae not beneficial from the aspect of
CV, and a differentiated use may be suggested. bbsar seems to be cardiovascularly
protective from the CV point of view. Of the thiditine-diones, the CV safety factor of
roziglitazon is at the least questionable, whilegptazon seems to be CV-safe. The data on
glinides show that they can be administered safabcording to data related to DPP-4
inhibitors, GLP-1-receptor agonists and SGLT-2 lutors, no CV-risk has been

demonstrated, thus they may be regarded as safe.
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Chapter 14.
Cardiological issues in diabetes
Dr. Attila Cziraki

Type 2 diabetes is a metabolic disease of civibsatvhich develops insidiously over
the years and is associated with several cardiol@scomplications.

The term “cardiometabolic syndrome” is often usedniedical literature to refer to the
mutual pathophysiological nature of two diseasashsas endothelial dysfunction, vascular
remodelling, oxidative stress and vascular inflarmoma

Diabetes Mellitus and Coronary Artery Disease Pédievith diabetes are 2-5 times more

likely to experience myocardial infarction moreowmortality rate is higher after acute
coronary syndrome and infarction. Symptoms of am@ind angina equivalents like dyspnoea
have to be carefully searched for in diabetic pasiePain sensation is often impaired due to
autonomic neuropathy which results in silent onfess angina.

ST and T alterations may not be detected on a atdnfi2-lead ECG, and so it is
necessary to use 24-hour ECG recording (Holterjoaradnbulatory ECG monitoring with an
event-loop recording (ELR) device over several vgeek

To detect myocardial ischemia, stress tests habe fwerformed in good time. The Bruce
protocol treadmill exercise test, dipyridamole addbutamine echocardiography (stress
echocardiography), and isotope myocardial perfusiantigraphy (SPECT) are the tests of
choice.

The combined use of SPECT and PET examinationslgepresent a major advancement
in detecting the presence of cardiovascular automasuropathy.

CT coronary angiography or coronarography demotestrdiffuse coronary artery disease
(significant stenosis of more than one, and usuallythree coronaries) and the serious
involvement of small vessels, all characteristicepicardial vessel alterations of diabetic
patients

Therapeutic options and success rates of percutarteansluminal coronary angioplasty
(PTCA) or coronary bypass procedures (CABG) mightiminished due to such alternatives.

When stenting has been decided upon, drug elutients (DES) are usually
recommended. In a complex three-vessel disease CABI& treatment of choice. Medical

therapy after revascularisation does not diffemfrtherapeutic options used in the non-

diabetic population.
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Diabetes and Heart Failure According to the Fraimmamg Heart Study, type 2 diabetes is a

major and independent risk factor in heart faildrkere is a significant increase in patients
above 60 years of age. Some studies have founddafticular systolic dysfunction in 26%
and diastolic relaxation disturbances in 25% of gopulation, respectively.

2 D echocardiography can help detect left ventaicdlilatation or regional wall motion
abnormalities also associated with normal cavitgsin the majority of diabetic patients.

Doppler echocardiography allows identification adsdolic dysfunction, which is usually
isolated, indicating a functional disturbance caubg a metabolic disorder. (Evaluation of
Mitral Inflow signal)

The Echocardiographic patterns of diabetic myoedrdlisease also supported by
histological abnormalities (diabetic cardiomyopathye as follows: Diastolic (relaxation or
compliance-abnormalities decreased coronary reperaed systolic (wall motion
abnormalities, abnormal circumferential fibre sbaoihg, decreased ejection fraction)
dysfunctions not associated with other conditions.

Currently tissue Doppler imaging (TDI) echocardmgny allows us to detect the
condition of the differently oriented left ventriam myocardial fibres

In this patient population severe left ventricidaynchrony is common, and treated with a
specialized type of pacemaker therapy (cardiacnsypnization therapy, CRT) in addition
to medical therapy (RAS inhibitors, beta recepiockers, mineralocorticoid antagonists).

Diabetes and Cardiac Arrhythmias Reduced heart-varability associated with a

significant rise in cardiovascular risk is well kmo in diabetes mellitus.

The electrical activity and conduction pathwayshaf heart are often damaged, leading to
supraventricular arrhythmias. Atrial fibrillationcours in about 13% of diabetic patients,
which along with the previously described structatgerations results in a significantly high
risk of a stroke. For this reason it is of majoportance that arrhythmias are detected and
treated in this patient population. Invasive eleghysiological studies, catheter ablation
therapy of rhythm disturbances and pacemaker inggi@ns are commonly used procedures.

Diabetes and Sudden Death Sudden death is the coowshon death cause in diabetes

mellitus. Predisposing factors are as follows: mascular disease, autonomic neuropathy,
myocardial fibrosis, serious plasma glucose fluitms and ion disturbances. Arrhythmias
must be detected using 24-hour Holter recordin@mbulatory ECG monitoring with an

event-loop recording (ELR). When antiarrhythmic gkuare proven to be unsuccessful,

implantable cardioverter defibrillator (ICD) thesais indicated.
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Chapter 15.
Diabetic neuropathy
Dr. Richard Halmai

Neuropathy is one of the microvascular late conagilbms of diabetes mellitus or
impaired glucose tolerance (IGT). Diabetic neurbpatepresents either a functional or a
structural impairment of the peripherial and/orcaamic nerve system, pathophysiologic
processes are both demyelination and axon injury.

In the patomechanism there are two main processes: the not well-controlled
carbohydrate status leads to hyperglycemia, whiolrgkes metabolic changes - first of all
oxidative stress —, that directly harm the nenasthe other hand the injury of the ,vasa
nervorum” i.e. the microvasculature of the nerveghich is practically the own blood supply
of the nerves — causes an indirect nerve injure ost important link between these two
components is probably the endothelial dysfunction.

There are also other factors that significantlytdbnte to the initiation and progression of
neuropathy: smoking, nephropathy, components ofnietabolic syndrome, e.g. obesity,
pathologic lipid metabolism and arterial hypertensi

On the basis of epidemiological studies the prewxadeof neuropathy is app. 10-50%, the
different types of diabetes and the different mestdtions of neuropathies influence mainly
the statistics.

In diabetes either the symmetric or asymmetricrinjof the autonomic-, sensory-, or
motor nerves can occur, and the beginning is egloav or rapid, furthermore it can be both
painful but also painless. The different types elimopathy are summarized in a separate
table.

Table: Types of diabetic neuropathy

autonomic neuropathy (AN) | sensory neuropathy] motoneuropathy | less common types
of neuropathy

1.cardiovascular AN ,pOsitive symptoms” muscle ptry, acute painful
muscle weakness neuropathy
2.orthostatic hypotension .negative symptoms” hammer toe; mononeuropathy;
clumsiness of the mononeuropathy
hands multiplex
3.hypoglycemia unawarenegs uncertain walk, diabetic amyotrophy
mobility-impairment
4.erectile dysfunction radiculopathy

5.gastrointestinal AN

6.urinary retention

7.sudomotor dysfunction
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Types of autonomic neuropathy

Autonomic neuropathy (AN) affect the most organd #@rleads to the most various and
partly also to the most severe complications.

First the parasympathic then the sympathic nerveslamaged, the former is responsible
for the tachycardia at rest which augments the risk ddtrial fibrillation and that of
cardiovascular events. The damage of the innemvaifahe heart can lead thastolic and
systolic left ventricular dysfunctiomo left ventricular hypertrophyto long QT-syndrometo
diminished heart rate variabilittp malignant arrhytmiasto the so calledilent angina and
to silent myocardial infarctiongr also tossudden cardiac death

With the pathologic innervation of the vessels leemal daily rhythm of blood pressure
disappears (so callatbn-dipper profilg, because of damage of the sympathic nerve system
an orthostatic hypotension will develpput in a lying position and by effort a pathologi
hypertensiortan emerge.

Due to AN a hypoglycemia unawarenesand a reduced counter regulation to
hypoglycemia can develop, which can leadhwre frequenandmore severe hypoglycemia

Erectile dysfunctions a type of AN. It causes a sexual dysfunctiomthiermore it is also
a prognostic factor of macrovascular complicatiolilsg myocardial infarction. Erectile
dysfunction raiseper sethe risk of cardiovascular mortality, and worsafso the depression
of these patients with chronic metabolic disease.

All parts of the gastrointestinal tract can be iwed in neuropathy: esophageal
dysmotility and dysfunction of the esophageal spiein muscle lead tgastroesophageal
reflux, ,gastroparesis diabeticorum” caugepid bloatedness after meals, nausea, vomiting
and the prolonged absorption of carbohydrates @ampdrtly responsible for thequent
hypoglycemiasthe modified motor and secretory function of gestrointestinal system can
lead toobstipationor diarrhoea and even to fecal incontinence

The diminished motility and contraction of the dalihdder favours the formation géll
stonesDisturbances in the innervation of the urinary biadwill lead to enlargement of the
bladder, less frequent emptying of the bladdeerlah also to ,ischuria paradoxa”, and also
because of the later developed residuum in thearyibladdemore frequent urinary tract
infectionswill be presentNota benethe inflammatory sign-, and symptom-unawareness —
because of AN — will increase the possibility o thevelopment of more severe infections

even the occurrence of sepsis.
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The damage of the sympathic innervation of the sgkends beginsn the foatthrough
the lack of fluid theskin will be dryand alsdissureswill emerge. In contrasgn the upper

bodya compensatory hyperhydrosise. unpleasing overperspiration will develop.

Sensory and motor neuropathy and less common type$ neuropathy
The sensory polyneuropathy leads to the so callkedsic symptoms of diabetic
neuropathy. On the one hand pathological sensatiemslop (positive symptoms” because

of the longer nerve fiberdirst the distal parts of the lower extremitiege symmetrical in
,Stocking-glove” patternaffected. Mainly during the night, at rest sufféere patient of
paresthesiatifigling, crawling.

»Allodynid’ means, that a typically painless stimulus (e.gntact with the blanket)
provokes aurning, keen, or cramping pain

On the other hand, the loss of certain sensatiopepties, like: touch, proprioception,
cold-, or warm sensation, sensation of vibrationpam will be summarized asggative
symptoms?! therefore thepatient will not feel the groungbroperly, consequentlgathologic
pressure points and callosities will develop on sloée of the footPerception of traumatic
injuries will fail, painless ulceralevelop, thevalk will be uncertairand therisk of fall will
rise.

On the lower extremities - because of the inequatiivation - the motor neuropathy leads
to dominance of the flexor muscles, and e.gammer toecan develop. Thenuscle atrophy
and thediminished reflexesausedeformity of the fogtdisturbed walkand in more severe
cases evemobility-impairment The atrophy of the smalle muscles of the handatsm end
in clumsiness of the hand$he classic types of the sensory and autonomicopathy are
progressive, they develop slowly during many yearspoth extremities and in both gender
equally, and the progression depends on the (éadfithe) control of the carbohydrate state.
In most of cases other late complications of diebeatre also present.

Theless common types of neuropa#ng rathefor men typicaltheycan develop acutely,
and also earlier already at the beginning of theigloetes career” Typically there isno
connection between the degree of severity of natingpand the (success of) control of the
carbohydrate stateand these typemeact in generalbetter to the adequate therapieBhe
sudden beginning of the ,positive symptoms” of thpper detailed classical sensory
neuropathy is typical for thecute painful neuropathyvononeuropathy and mononeuropathy
multiplex mean the painful damage of one or more — of edbbrdar apart localized —

peripherial or cranial nerves. In case dibetic amyotrophycomponents of the motor
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neuropathy can be seen: muscle atrophy, pain, museitching or even cachexia.
Radiculopathyrefers to a one-sided segmental pain, typicallyobder patients, besides
peripheral neuropathy is also present.

Internal diagnostic procedure of diabetic neuropatly

The diagnosis of neuropathy will be confirmed wthile help ofpatient’s history physical
examinationrand by autonomic and sensory forms partly algb instrumental examinations

For the screening d&N there are two simple test available: on the omelin@uropad(a
blue teststrip wich contains cobalt, that will baged on the plantar surface and the sweat
will change the colour to pink if the sudomotor ¢tion is normal), on the other hand the
presence of theespiratory arrhythmia(with naked eye clearly visible changa the ECG
during a deep inspiration) make a severe AN unjikEheEwing-tests, as the cardiovascular
reflex tests,give numerical results of parasympathic and symgpatieuropathies by the
registration of changes in heart frequency and dlpoessure due to different stimuli
(respiration maneuvers, change in body positioe{at of the hand muscles), therefore these
are suitable also for the follow-up of the therdpesuccess. The latter investigations are not
informative or contraindicated if arrhytmias (akrifibrillation, frequent extrasystoles),
uncontrolled hypertension, acute respiratory-, @arhfailure, or even severe retinopathy are
present.

The Rydel-Seiffer graduated tuning foahd theSemmes-Weinstein monofilmané
suitable for the screening of theensory neuropathy By the former investigation the
vibration sensation of the nerve fibers will betées the striked tuning fork is placed on the
end of the big toe, on the inner ancle and on #tensor surface of the tarsometatarsal joint
of the second toe; vibration sensatihI8 means a clearly pathological sensation. With th
help of the Semmes-Weinstin monofilament the ptairesensation is tested: the curved
monofilament — which gives a constant pressureptaised on different points of the sole and
the patient gives a sign if he perceives the presdthe invasive and the electrophysiologic

investigations are performed by the neurologists.
Differential diagnosis of diabetic neuropathy

Neuropathy can originate from many causes: mosh@fcauses are parts of the internal
medicine, other diseases, toxic harms, etc. The frexpient causes are listed in.
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Table: Most frequent causes of neuropathy

Internal medicine Other causes
diabetes mellitus chronic alcohol consume
hyper-/hypothyreoidism paraneoplastic syndrome
chronic alcoholic and non-alcoholic intoxications —
(e.g.: chronic hepatitis C virus heavy metals; carbone monoxide;
infection) liver diseases medications e.g.: sulfonamid, metronidazpl,
gentamycin, etc.
chronic kidney disease, uraemia infections (eygnek-disease, HIV, varicella
zoster, sepsis, etc.)
hematological diseases, porphyria direct harm efottripheral nerves (e.g.]
tuberculosis)
chronic inflammatory bowel diseases, allergies (e.g.: after tetanus vaccination,
malabsorption — vitamin B deficiency|/ medicines, etc.)
folic acid deficiency
systemic autoimmune diseases (e.d.: genetic causes
SLE, vasculitis)

In Hungary the most frequent cause of polyneutopéat definitely diabetes mellitus.
The painful form of neuropathy has to be differatgd first of all from theobliterative
peripheral arterial disease- e.g. from a macroangiopathic complication ofbdias. For
diabetic neuropathy the following features are dgpi pain at rest, disturbed sensation,
diminished tendon reflex, warm and dry foot witbphic disorders on the pressure points,
well palpable pulse and positive tests for sensaoydr/sudomotor dysfunction. In contrast, in
case of macroangiopathy: the foot is cold, thegigsnot palpable, the pain becomes worse
during walking, the neuropathic test results argatige, and necrosis develops rather on the
top of the toes/fingers. Neuropathy and obliteetperipheral arterial disease are often
parallel present, therefore it is no surprise @lab in our homeland théiabetic footis the

most frequent cause of the non-traumatic amputstion

Therapy of the diabetic neuropathy

In the therapeutic plan of all types of diabeticimpathy the followingprimary aspects
have to be consideredell controlled carbohydrate metabolism,and thetherapy of other
factors, that have a main influence on the progregsn.

Both by AN and also bysensomotor neuropathythe non-pharmacological therapig of
great importance: by orthostatic hypotension the afscompression stockings, enough fluid
intake, avoidance of the rapid change in body msitstop taking peripheral vasodilator
drugs and diuretics (because they aggravate hygiot®n by dry and insensible foot

moisturize the limbs, avoid traumatic foot lesiondaregular self-control of the feet is
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necessary; training for perception of hypoglycenaiad thereby augmentation of the
hypoglycemia-perception threshold is also very ingd!

For the AN and also for thesensomotor neuropathythere are basically 2 different
therapeutic forms available: on the one handausal pharamacological therapyhich
means, that these drugs intervene on differens perthe pathomechanism and they slow
down the progression of this complication; on thieeo hand aymptomatic pharmacological
therapy,that ameliorates the symptoms of the patients. dppication of these medications
(parenteral / oral; sequential therapy, etc.) camdapted to the severity of the disease and to
the different patient groupsTé@ble). The causal and the symptomatic treatments can be
combined with each other, and also a combinatidhiwithe medication groups is possible
(causal/symptomatic therapy).

The alpha lipoic acid acts mainly as an antioxidamt the other hand benfotiamine
inhibits the hyperglycemia-induced pathological abetic pathways.

Pregabalin and gabapentin act as antiepilepticsjraigd they also inhibit the release of
transmitter in nerve endings, where the experiergeain will be transferred. Duloxetin has
two effects: it acts antidepressant and it increadee effect of the painkiller—acting
descending nerve pathes in the spinal cord. ThefuS&AIDs in the treatment of neuropathy
is a mistake, because it is not adequate for thatrtrent of neuropathy, furthermore the
potential severe side effects can harm the patient.

There are several other drugs for the symptomegitment ofAN, e.g. by orthostasis,
diarrhoea, or obstipation, furthermore by the tresit of the erectile dysfunction the use of
phosphodiesterase-5-inhibitors can ameliorate alse endothelial dysfunction (see

patomechanismus!).

Table: The most important medications for causal ad symptomatic therapy of diabetic
neuropathy

causal therapy symptomatic treatment
alpha lipoic acid pregabalin
benfotiamine gabapentin

duloxetin

If the diagnosis of diabetic neuropathy is madéatright time and the treatment is also
adequate, than both the quality of life and the éikpectancy of these diabetic patients can be

considerably improved.
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Chapter 16.
Diabetic nephropathy
Dr. Istvan Wittmann

Definition

Those diabetic patients should be regarded as @palrabetic nephropathy, in whom
there is an acceleration of loss of renal functeomg parallel to that they show either stage of
proteinuria (microalbuminuria, macroalbuminuriapt@inuria, nephritic syndrome); or they
show a decline in renal function, in the presente@aymalbuminuria if the patient is on a
prolonged and effective renin-angiotensin-aldostersystem (RAAS) inhibition therapy and
another renal disease is not suspected; or ifehal histological examination verified signs

indicating diabetic nephropathy.

Epidemiology
Approximately 20-40% of diabetic patients have diab nephropathy, and in
countries with a western style of living, diabetiephropathy is the most common cause of

end-stage renal disease.

Pathogenesis

Pathogenesis: Genetic predisposition: It seemspiblgtmorphisms of the RAAS may

play a role in the development and progression iabetic nephropathy. Those diabetic
patients, that concomitantly carry certain variasftsldose reductase and GLUT1, have a 9-
times elevated risk regarding diabetic nephropatbypression of eNOS variants may
promote the development of diabetic nephropathychvihffect may be independent of blood
pressure. According to human studies, a certaignpaiphism of eNOS, in interaction with a
polymorphism of methylene tetrahydropholate redssta may increase risk of
microalbuminuria. Latter polymorphism is related homocystein metabolism, which is
related to the field of oxidative stress. According currently published meta-analysis one of
the polymorphisms of SOD2 decreases the risk diafia nephropathy by 20%. Carriers of
apoliprotein E4 have a 2.25-fold risk as compacedther E alleles.

Pathogenesis: Epigenetic _approach: In the backgrooh epigenetic changes,

acetylation/deacetylation of the lysine amino a@didue, or methylation/demethylation of
arginin may be  found. Both  directions  (acetylatitd@cetylation and
methylation/demethylation) of both processes (dagon and methylation) are catalyzed by
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different enzymes. Methylation is a modificatiomthasts longer and is more stable, but both
acetylation and methylation result in activationaffiected genes. Not only histone, but also
DNA may be methylated, and in diabetes and chrdkidney disease there is a
hypomethylation of the DNA. Hyperglycaemia may lefad epigenetic changes through
‘metabolic memory’ to the development of diabetamplications among them to diabetic
nephropathy.

Pathogenesis: Hemodynamic aspects: The evaluatitreanost important factor of

the hemodynamic approach, namely hyperfiltratiommipaired by methodologic problems,
mainly uncertainties in the determination of the RGFThe relative kinetics of renal
enlargement and hyperfiltration is uncertain, bathbare characteristic for the renal affection
in diabetes. Possible causes of hyperfiltratiohuithe oxidative stress, an increased secretion
of VEGF, the effect of insulin and an increasedregpion of SGLT2. As we do not have a
clinical study that would be long enough, large wgig and well enough documenting GFR
on the outcomes of GFR or albuminuria, at the mdnmenspecific therapy is required to
hyperfiltration. It may be assumed that this isoalseneficially influenced by RAAS
inhibition, such as in case of albuminuria, butter studies are needed to be able to say this.

Pathogenesis: Metabolic aspects: One important ocoemg of the metabolic

dysfunction in diabetes, hyperglycaemia is ablewoke intracellular glucotoxicity, which on
the one hand directly damages the cells, and omother hand is able to induce insulin
resistance. Insulin resistance is able to alter fthetion of the podocytes (that play an
important role as a filtration barrier) in a wayatimany alterations that are well-known in
diabetes and are characteristic for diabetic nggathy, may be be related to it. However, also
the possibility rises that the podocyte-effect mdulin resistance may play a role in other
pathologies not considered as diabetic nephropéthy. obesity-related renal damages,
maybe secondary focal segmental glomerulosclerosis)the worsening of other renal
diseases (eg. progression of IgA nephropathy).

Pathogenesis: Oxidative stress approach: All typewlls are affected by free radical

damage and the injury of redox regulation. It maynich different pathologic processes,
depending on the regenerating effect of the givath Diabetes mellitus is a typical example
for disorders in redox regulations, in the backgwf which we can mainly find the

reducing property of glucose, by which an unpagpith electron can be transferred to various
molecules, thereby increasing their reactivity to extreme value and this way damaging
cells. Free radical-derived and other effects eadl lin diabetes to a tubulointerstitial hypoxia

in the kidney, thereby leading to early vitamin Edaerythropoietin deficiency. Activation of
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the RAAS, effects of cytokines and AGEs, all leadree radical processes on a subcellular
level. Therefore, inhibition of the RAAS, the aim achieve a good glycaemic control does
not mean anything else at a subcellular level tt@malizing the redox balance.

Pathogenesis: Non-enzymatic glycation: The non+@@ti glycation leads to

abnormal proteinuria and a decline in GFR by danwagil parts of the kidney. This is one of
the leading pathophysiological factors of the depmient of diabetic nephropathy.
Unfortunately, at the moment there are no realsttolits direct inhibition that could be used
in clinical practice.

Pathogenesis: Cytokines: An increased productiopr@finflammatory cytokines can

be observed in the background of subclinical inflzation. Most important roles are played
in diabetic nephropathy by TNF-alpha and the protib TGF-beta.

Pathogenesis: Renin-angiotensin-aldosterone systdnthe organ-tissue level the

pathogenesis of diabetic nephropathy is dominatgdihe activation of RAAS. In the
background of insulin resistance, oxidative stressn-enzymatic glycation, hypoxia,
hyperfiltration, cytokine effects, the activationf RAAS can always be found.

Hyperglycaemia and AGEs are able to activate thA Ay themselves.

Histology

No renal biopsy is carried out in the likelihooddébetic nephropathy, the diagnosis
must be set clinically. Glomerular damages relatediabetic nephropathy are thickening of
the GBM, mesangial expansion, the Kimmelstiel-Wildgpe nodular glomerulosclerotic
lesion and a marked glomerulosclerosis. This magdmeplemented by tubulointerstitial and

vascular lesions.

Diagnosis

The diagnosis of diabetic nephropathy is basethoee pillars: detection of diabetes
mellitus, microalbuminuria/proteinuria and GFR-logs provided in the definition, in the
absence of histology, a rule-out diagnosis wilskeé As it shall be highlighted at the detailed
description of clinical course, the absence of oattvuminuria/proteinuria does not exclude
today the diagnosis of diabetic nephropathy. Thegmidsis may be underlined by (but its
absence does not exclude the diagnosis) if we l@eeta observe hyperfiltration or with an
ultrasonography enlargement of the kidneys in batia patient.
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Differential diagnosis

Besides the general consideration, carrying oe@nalrbiopsy is suggested in diabetes
mellitus (especially in type 2 diabetes), if theigat presents with glomerular-type hematuria,
or has no or only slight diabetic retinopathy (empared to the level of renal damage), or an
early onset (within 5 years of diagnosis of diabgte sever (nephrotic range) proteinuria is
present, or if we see an early onset and fastraeah kidney function. Haematuria may be
caused by frequently coinciding urinary tract iniee, malignancy, arterial or venous
thrombosis/embolism and papillary necrosis. In ¢heases, however, a haematuria with
normal morphology of the red blood cells is obsdrug the urine sediment, and no renal

biopsy is needed.

Clinical presentation, stages and prognosis

Table: Stages of DNP

DNP stage European staging GFR-based staging
(ml/min/1,73mP)

Stage 1. Normoalbuminuria, >90
hyperfiltration

Stage 2. Normoalbuminuria, 60-89
decreasing filtration

Stage 3. Abnormal (30-300 mg/day)| 30-59
albuminuria, decreasing
filtration

Stage 4. Abnormal (>300 mg/day) | 15-29
albuminuria, decreasing
filtration

Stage 5. End-stage renal disease <15

New phenomena in the clinical course of diabetiphnepathy: The threshold of

hyperfiltration (125, 130, 135 ml/min) should berremted because of the approx. 1
ml/min/1.73m2/year decline in the GFR above 40 yea: 125(130,135) - (age - 40).

Currently we have no data on the prognosis of ptiertho are normalbuminuric due
to RAAS-inhibition and statin therapy but with imped or normal renal function. Although
this question is always of higher clinical relevanas though we earlier meant that there can
be no nephropathy in diabetics without abnormalmalin- and proteinuria, now we can
observe that this condition is always becoming nimrguent due to the wide use of RAAS-

inhibitors and statins.
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Screening for abnormal albuminuria: One measuremiealbuminuria is not enough,

as the intraindividual variability is large, theved, we can talk about an abnormal
albuminuria, if 2 out of 3 measurements are pasitiVhere are also causes for transient
positivity, the diagnosis of abnormal albuminurananly be set or declined, after these are
ruled out. If the diabetic patient has no abnoratlalminuria, annual control is suggested. In
patients with type 1 diabetes, 5 years after thgrbsis of diabetes, in type 2 immediately at
the diagnosis a screening for albuminuria is suggedNormoalbuminuria means an albumin
amount < 30 mg in the 24-hour collected urine,fahé albumin/creatinine ratio in a non-

collected urine specimen is < 3.0 mg/mmol. If ttadignt performs no urine collection, the

albumin/creatinine ratio should be used.

Development of abnormal proteinuria and albuminuBtuctures in the kidney that
should prevent protein loss are endothelium, themgtular basement membrane, the
podocyte, and the slit membrane that is stretcleéaden the foot processes of the podocytes.
Protein can only get into the urine, if the reapswe capacity of proximal tubular cells are
exhausted.

Significance of abnormal proteinuria and albumiaurin case of a patient with

abonormal albuminuria, besides renal disease aystipitlaemia, obesity, hypertension,
micro- and macrovascular complications should beeswed.

Measurment of albuminuria: Nowadays albuminuria dstected using routine

immunological methods, such widespread methods Bmenunonephelometry and
immunoturbidimetry.

Factors influencing albuminuria measurement: Rumsdti that is postural, so-called

orthostatic proteinuria can occur. The clinicalnsigance of this entity is debated. Clinically
overt urinary tract infections, most inflammatorysehses, acute febrile states, physical
exercise, heart failure, dietary protein load nraguice transient proteinuria. In case of stored
urine samples — even at -80°C storage — we hatecethe possibility of obtaining a lower
result.

Factors determining progression of albuminuria: Hedigalbuminuria, higher HbQ

the mean arterial pressure (MAP) value, cardiovascdisease in the family history,
hypertension, smoking, body mass and treatmenhefpatient seen to be predominant in
terms of determining progression of albuminuria.

Connection between blood pressure and diabeticrapathy: While earlier guidelines

set the target of less than 130/80 mmHg in casepbteinuria < 1 g/day, and suggested the

range below 125/75 mmHg in case of a proteinuridgiday, now more permissive are
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declared targets (< 140/90 mmHg is suggested)inatieence of data. Maybe it is more
correct if we talk about a target blood pressureggea knowing that a too large decrease in
systolic and diastolic blood pressure can increasdality. Thus the systolic blood pressure
should not be lower than 100 mmHg, and the diaststiould not go below 60 mmHg.
Probably here, as in all fields of medicine, anivittlalized therapy should be emphasized,
and the target blood pressure should be deternfipéaking into account co-morbidities, age,
gender, the way of living, life expectancies of fraients. In order to reach the target, in
general 2-4 antihypertensive medications need wob#ined.

Recurrence of diabetic nephropathy after transatamt: If the diabetic nephropathy

recurs in the transplanted graft kidney, then tess is needed to develop the mild damage
than in case of the native kidney. .

Connections between albuminuria and cardiovasadtiseases: Renal disease and

cardiovascular disease progress together in d@patients. The explanation of this may be
the following: the same risk factors (smoking, caments of the metabolic syndrome) lead to
an abnormal albuminuria and renal damage, as tdahelopment of cardiovascular diseases.

Common evaluation of GFR and albuminuria: To elatmthe risk of cardiovascular

mortality and development of renal failure, albuaria and the GFR value should be used in

combination. This method has a high predictive @ais widely available and cheap.

The therapy of diabetic nephropathy

The glycaemic control of diabetes: A common statgned guidelines is that the

intention to reach normoglycaemia can delay devebtg of abnormal albuminuria in both
type 1 diabetic and type 2 diabetic patients. &nse that in an established nephropathy the
gylcemic control may not be as effective to slowwdothe progression. While intenting
euglycaemia, we should not forget that an ideal HvAnge can be set up for mortality, as
mortality increases both above and underneathréimge. We have to try to reach values in
the lower part of this range in order to decrebseisk of diabetic nephropathy.

The use of oral antidiabetic medications shoulddiered individually to the GFR,
while we know about gliquidone, pioglitazone, giiystand insulin can be given at any stage
of renal disease.

Inhibition of the renin-angiotensin-aldosterone tegs (RAAS): According to

guidelines, diabetic patients with albuminuria f@males excluding time of pregnancy) an
ACEI or ARB is recommended. In case of patienthwype 1 diabetes mellitus ACE may be

preferred, while in patients with type 2 diabetegpertension and abnormal albuminuria,
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ACEI and ARB may be equally good. If these patiaais® exhibit a decline in GFR, ARB
therapy is preferred. In case of intolerance to AGEARB, an agent from the other class
should be chosen. After starting ACEI and ARB thgraserum creatinine and potassium
measurements are eligible. Normalization of prateais an important consideration in the
therapy of a diabetic patient. The RAAS-inhibitbetapy should not be discontinued when
the renal function becomes impaired, as it is frtieeded to prevent cardiovascular damage
in these diabetic patients.

The order of use of antihypertensive drugs in diabgephropathy: The following order

may be set up between antihypertensive drugs ibetianephropathy (numbers indicate
order of choice):

1. RAAS inhibitors

2. Diuretics and/or calcium channel blockers

3. Beta-blockers (cardio selective, metabolic neutraytral to peripheric arterial disease; if
myocardial infarct or heart failure is found in tpast medical history, then use with
RAAS inhibitors in the first line)

4. Central nervous system-acting or alpbéocker

5. Direct vasodilator

Lipid-lowering therapy: Statins (except for rosueis)) may decrease albuminuria,

proteinuria, some studies even described a beakéffiect in GFR-decline. Fenofibrate may
significantly decrease albuminuria both in micradamacroalbuminuria, this effect is most
evident among patients with hypertriglyceridaenaagd fenofibrate also lead to a slowing
down of progression of alouminuria. Moreover, g favourable concerning GFR loss.
The role of diet: In CKD stages 1-4, sodium intakeuld be below 2.3 g/day, total fat

intake less than 30% of the total energy intak&jrated fatty acids less than 10% of total
calory intake, cholesterol intake should be bel®® Zng/day, carbohydrate intake should
cover 50-60% of total energy intake. Protein intaek€KD 1-4 stages should be 0.8 g/day.

The role of weight loss: Weight loss could leadataecrease in proteinuria in obese

diabetic and non-diabetic patients, meanwhile tkR® @ecreased (if they were hyperfiltering)
or remained constant.

Cessation of smoking: Although no randomized, auletd study was carried out because

of ethical reasons, the available data suggest t¢katation of smoking may provide
significant benefit in regards of the developmentd progression of the diabetic nephropathy.

New treatment modalities verified as effective lyran studies: From vitamin D and its

analogues, paricalcitol proved to decrease the oftalbuminuria and does not cause
significant adverse effects. In a meta-analysisfagppnes have shown to decrease
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albuminuria. In randomized, controlled trials, metyphyllin lead to a significant decrease of
albuminuria in patients with abnormal albuminuriEB@0Omg/day) (9 studies), but proves
inefficient in case of slighter (30-300 mg/day) waitinuria (4 studies). Aldose reductase
inhibitors are known and studied for 40 years, hawveheir effect on albuminuria was only
studied oin one clinical study in patients witheyp diabetes and abnormal albuminuria, there
a significant improvement was observed. Endothelmbitors, given on top of RAAS-
inhibitors are able to decrease proteinuria, uofaately they increase the chance of oedema
formation and one of them may lead to higher rdteheart failure. Further studies are

required to weigh risks and benefits.
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Chapter 17.
Microvascular complications of diabetes: diabetic ye problems
Dr. Zsolt Bir6

Ocular complications of diabetes is not synonymuith diabetic retinopathy, for
practically all structures of the eye can be a#ddby the disease. Ocular complications can
be divided into extraocular and intraocular comgtiiens. Extraocular complications include
inflammation of the eyelid (blepharitis), yellowistheposits of fat underneath the skin
(xanthelasma) extraocular muscle palsy, espedmglving the 1ll (oculomotor nerve) and
VI (abducense nerve) cranial nerves, and microgsens of the conjunctiva. To the ocular
complications belongs reduced corneal sensitiviyuiting in recurrent corneal epithelial
damage, glaucoma and disturbed visual function. Agnitne ocular complications mention
must be made of alterations of lens leading to nayapd early development of cataracts, as
well as diabetic retinopathy and anterior ischeapitic neuropathy (AION).

Let us look at this in greater detail.

Conjunctival bacterial infections occur in 80-90 % of patientth diabetes, resulting
in a decreased number of goblet cells which magl teakeratosis. Microaneurysms in the
bulbar conjunctiva are more common in diabeticvitlials. There is a change in tear film
composition, leading to reduced corneal sensatitnch results in increased risk of corneal
damage.

Tear break up time, which is a minimum of 20 sesomu healthy individuals,
significantly diminishes as a result of damage dar tfilm disposition and stability in the
corneal surface.

Superficial corneal inflammation (punctate kerajitand recurrent corneal erosions
have also been linked to decreased corneal satysiind poor adhesion between epithelial
cells and the basal membrane.

Diabetic individuals may find it difficult to useontact lenses, as the cornea may
become oedematous and epithel damage may occur.

One of the most serious complications of diabetg¢lhe neovascularisation of this.
This alteration is usually first observed at th@ipary margin but it can involve the entire iris
surface and filtration angle. Neovascularisatiomses from hypoxia caused by retinal

capillary damage. It is reported up@0 % of proliferative retinopathies.
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In diabetic patients thpupils may be more narrow (miotic) and may have weaker
reaction to topical mydriatics originating in dinghed innervations of pupil dilatator muscle
due to diabetic neuropathy.

The occurrence obveitis (inflammation of the iris or ciliary body) is alsmore
common in diabetes.

Neovascularisation of the iris results in neovamscglaucoma. The newly growing
vessels block the drainage of aqueous fluid throthgh anterior chambeaingle, causing
elevation of intraocular pressure. The pupil magdnee irregularly shaped; the eyes become
red and painful leading to loss of visual acuitydft treated (e.g. by normalising intraocular
pressure).

Refractive changes are common in diabetes becagsdicant plasma glucose
fluctuations (in uncontrolled diabetes) induce tshiih glucose concentration of aqueous
humour which leads to swelling of the lens. Glydasgn of lens proteins results in a
decrease in the lens’s transparency.

Patients with diabetes have a 2 to 4 times gremerof developing cataracts than do
non-diabetic people. Cataracts typically tend twettep earlier and the risk increases with
age, duration of diabetes, uncontrolled diabetegh(hibAlc) and kidney disease. The only
effective treatment of a matured cataract is syrger

Macular edema, which is actually the swelling ackbning of the central retina, is
often (in 7%) found while examining diabetic patgpidemiological data indicate that it is
the major cause of vision loss in diabetic indidtdu Treatment of diabetic macular edema
includes Argon laser photocoagulation of the fundasswell as the proper management of
systemic risk factors such as hyperglycaemia, ligpsion and hyperlipidaemia.

Extensive laser photocoagulation may result in daragons like central and
paracentral scotoma (visual field loss), colouriorischanges or loss, or occasionally
secondary retinal neovascularisation. In thesescasg VEGF treatments are recommended,
such as intravitreal administration of bevacizumamjibizumab, pegaptanib, or aflibercept.
Attempts have been made to administer glucocottcogls. Triamcinolon, fluocinolone and

dexamethasone can be used intravitreally for #egriment of diabetic macular edema.
Diabetic retinopathy (DR)

The risk factors for DR are as follow: durationddibetes, younger age, high HigA

hypertension, smoking, alcohol consumption, lifgestind pregnancy.
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There are different stages in diabetic retinopathiytere is no fundus alteration in
preretinopathy. The characteristic lesions of nflldckground) and moderate retinopathy are
micoaneurismshaemorrhages, soft exudates (cotton vepaits) and hard exudates, all visible
on the retina or on the retinal vessels. Edema ai&y occur. As the ischemia progresses the
number and extensions of lesions increase. Pralifer retinopathy develops, characterised
by abnormal new vessel growth from the papillargaaror from the retinal surface
(neovascularization). Preretinal or vitreous haehages and traction retinal detachment may
also occur.

Regular care and follow-up of diabetic patient®fisitmost importance. In pre- and
background retinopathy annual controls are usuedgommended, while patients with
proliferative retinopathy should be re-examinedragquently as 2-4 month intervals. Women
with diabetes who become pregnant should undergeyarexamination in the first trimester

and regular follow-ups are needed throughout fhreignancy.
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Chapter 18.
Hypertension and diabetes mellitus
Dr. Istvan Wittmann

Hypertension in type 1 diabetes mellitus

Hypertension in young (<30-40 years), people wiffe 1 diabetes is usually related to
diabetic nephropathy. When a young type 1 dialpgtieent develops hypertension, especially
resistant hypertension without albuminuria or Gleduction, secondary hypertension (other
than underlying diabetic nephropathy) should besmared.
High blood pressure occurring in older (>40-50 gg¢goatients with type 1 diabetes is
frequently a primary (essential) hypertension, esply when it is associated with obesity or
metabolic syndrome.

Newly developed hypertension in a pregnant, typkabetic woman may be a sign of

early nephropathy or preeclampsia.

Hypertension in type 2 diabetes mellitus

Because type 2 diabetes and pre-diabetic sta®ds (FG) often occur as components
of metabolic syndrome, and as hypertension is almedt syndrome-component as well,
unsurprisingly primary hypertension usually presdedevelops together with diabetes.
It is also not uncommon that hypertension emergésafter type 2 diabetes has already been
developed. In this case nephropathy should be deresi (alike in type 1 diabetes) and
measurement of albuminuria and determination of GKR indicated. Primary
hyperaldosteronism and obstructive sleep apnearayred (causes metabolic syndrome-like
clinical picture) are also to be ruled out.

Hypertension in other specific types of diabetes igus

Hypertension, which occurs in diabetes associagder with endocrinopathies
(primary hyperaldosteronism, hyperthyreosis, diseasaused by excessive amount of
cortisol, growth hormone or epinephrine etc.) othwatrogenic factors (drug-or chemical-
induced diabetes) is well known. latrogenic diabetied concomitant hypertension have to be
discussed in more detail because their occurrenadatively common and usually avoidable.
Corticosteroids lead simultaneously to rise of bigwessure and blood glucose, thus in the
treatment of autoimmune diseases the aim shoult hese the minimum dose required to

achieve a therapeutic effect.
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In middle aged, hypertensive, non-diabetic patiemth high doses (25-50 mg) of
thiazides and non-cardioselective beta blockeestrment occurs much more frequently. This
combination is associated with a more than twofk of developing diabetes.

We have also been able to observe in the clinit sbee patients develop diabetes
after having received 50 mg thiazide and beta ldockor years. The reversibility of diabetes
depends on the duration of drug exposure. It ie agortant to remember that this drug
combination can cause dyslipidaemia and may beceted with a decline of renal function.

Unfavourable metabolic effects can be avoided thinotne use of low dose (1.5-2.5

mgq) thiazid-like diuretics and third-generationdétockers (carvedilol, nebivolol).

Screening for hypertension in diabetes

Blood pressure should be measured at every rouisiie Home blood pressure self-
monitoring and 24-h ambulatory blood pressure noomg is often required to provide an
accurate diagnosis.

The absence of dipping or rising in nocturnal bl@odssure is often associated with
obstructive sleep apnoea and diabetes.

Treatment goals are constantly revised. Accordingecent guidelines, people with
diabetes and hypertension should be treated withimnto achieving a blood pressure of
<140/90 mmHg. Lower blood pressure targets suctiid@8/80 mmHg may be appropriate for
certain individuals, such as young patients witbtg@nuria. In this regard individual target
goals seem to be more appropriate but there igtaa hack of clear-cut recommendations (as

in the case of glycemic targets).

Treatment of hypertension in people with diabetes

Patients with blood pressure >120/80 mmHg shoelddvised on lifestyle changes
(weight loss, physical activity, cessation of snmgki diet, salt restriction, moderation of
alcohol intake) to reduce blood pressure. Patiefits confirmed blood pressure higher than
140/80 mmHg in office should, in addition to lifglet therapy, have initiation in
pharmacological therapy.

To understand the pharmacological treatment ofedébit is important to know that
advanced glycation end products formed in high slose diabetes activate the renin-
angiotensin aldosteron system. Glycation end prisdwdso cause nephron loss and
consequently GFR-reduction, directly or indirectdy, triggering proteinura. Because kidneys

play a major important role in the elimination o&E products, the reduction of GFR leads to
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further increase in the level of glycated end patgluGlycation end products are not only
nephrotoxic but also vasculotoxic, resulting inlgatherosclerosis and leading by this to
increased cardiovascular morbidity and mortality dimbetes and especially in diabetic

nephropathy.

Diabetes mellitus Atherosclerosis

1 1

Toxins (Serum AGE) 11

Proteinuria !

Nephron loss, GFR

Figure: Correlation between non-enzymatic glycatia, proteinuria, nephron loss (GFR reduction) and
cardiovascular morbidity

It follows from the above that RAAS inhibitors shd be used as first-line
hypertension therapy in people with diabetes arh eéwore so with diabetic nephropathy. An
ACE inhibitor should be the first drug of choiciating up to the highest tolerable dose.

When despite a maximal dose ACE inhibitor treatnpeateinura remains and GFR is
> 60 ml/min, the addition of a mineralocorticoicceptor antagonist or angiotensin receptor
blocker to the ACEI inhibitor based regimen mayvle additional benefits regarding high
renal risk. Claims that combination therapy lacksdovascular benefits or may harm the
kidneys are not sufficiently substantiated. WherRG$<60 ml/min initiation of combination
RAS blockade (i.e. ACE+ARB or ACE + spironolactor.@ is not recommended, but
combination therapy that has already begun can diatained. A combined blockade of the
RAS system is recommended to reduce proteinuridowtt further reduction of blood
pressure. It is also important to mention that tihisrapy requires experience and strict

controls; serum creatinin, eGFR and serum potaskueis should be monitored.
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If ACE inhibitor intolerance occurs ARBs should faéstituted.

Mineralocorticoid receptor blocker therapy plays favourable role in the
antihypertensive treatment of obese patient wigletg diabetes. The reason for this is that
visceral fat cells in abdominal obesity produce ooty cytokines but also aldosterone
releasing factors contributing to an even highdosterone level. Therefore mineralocorticoid
receptor antagonists induce not only blood presgeaaction but may also improve glucose
control and reduce target organ damage in this |ptipo. In obese type 2 diabetic patients
(without underlying primary hyperaldosteronism)wsarpotassium levels that are slightly low
or at the low end of the normal range and mild @mpensated metabolic alkalosis may
predict the efficacy of mineralocorticoid antagdnigerapy.

Resistant hypertension is common in patients wittabolic syndrome, obstructive
sleep apnoea and diabetes mellitus with nephropatiys multiple-drug therapy (minimum
3-4 agents at maximal doses) is usually requirexthoeve blood pressure goals.

Because an increased aldosteron level may leasaltesensitive hypertension in
diabetes, low dose diuretics are recommended amdeor third-line therapy. Low dose
thiazide-like diuretics may compensate the potassiparing effect of RAAS inhibitors.

The next agents of choice are the metabolicallytraé calcium channel blockers. In
patients with a previous history of myocardial nctagon, treatment should be complemented
with B-blockers. Patients with diabetes and a historyngfocardial infarction or stroke
probably suffer from peripheral artery diseasethis regard nevibolol or carvediolol may be
a more favourabl@-blocker of choice.

Even more antihypertensive agents may be necedesapchieve blood pressure
targets, especially in patients with impaired kgrfanction. Thus the addition of further
blood pressure medication over and above thosequely mentioned should be made, such
as alfa-blockers or central nervous system actimggsl or even sometimes direct
vasodilatators ( e.g.: dihydralazine)

In patients with serious kidney impairment (<GF®R I/ min) loop diuretics should
usually be prescribed for further blood pressudticdon due to volume retention. A loop
diuretic is not recommended for blood pressure c¢tdu in patients whose renal function is
normal due to its short duration of action.

The sequence of antihypertensive agents usuatiymmmended for use on patients
with diabetes and hypertension is as follows:

1. RAS-inhibitors (ACE inhibitors or ARBS)

2. Low-dose thiazide-like diuretic and/or mineraloowsid receptor antagonist
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Dihydropyridin calcium channel blockers
Beta-blockers
Alfa- receptor-blockers or CNS-drug

Direct vasodilator
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Chapter 19.
Management of dyslipidaemia in diabetes mellitus
Dr. Gabor Fulop

Diabetes, metabolic syndrome and even prediabetsassociated with a typical
pattern of dyslipidaemia leading to increased ofkardiovascular morbidity and mortality.
In type 1 diabetes typical lipid disorder occurgmnarily when carbohydrate metabolism is
poorly controlled or disturbed. Prevalence of dydiaemia in well controlled
(normoglycaemic) type 1 diabetic patients corresisan that in the non-diabetic population.
Lipid disorder occurs in more than 80 % of patienith type 2 diabetes.
These lipid disorders include not only quantitativet also qualitative abnormalities of
lipoproteins.
This typical dyslipidaemic pattern is as follows:

1. Increased triglycerides
Low HDL- cholesterol
Small dense LDL particles

Postprandial lipemia

o b~ 0N

Near-normal LDL cholesterol

These changes are caused by insulin resistan@ihgplinemia. Because this lipid
abnormality promotes atherosclerosis it is callde@genic dyslipidemia. Small dense LDL
particles are more susceptible to oxidative modifan. These modified particles have
decreased binding to the LDL receptor, hence thend more time in circulation, incorporate
into the endothelium and are eliminated only viaraltive scavenger receptors.

Before treating diabetic dyslipidemia, assesshegdatient’s cardiovascular risk using
SCORE (Systemic Coronary Risk Evaluation) risk chartslemental. These charts are based
on gender, age, total cholesterol, systolic blomsgure and smoking status and estimate risk
for fatal cardiovascular disease events over ayéam-period. A score higher than 5 %
indicates high risk, while a score over 10 % inthsavery high risk for fatal cardiovascular
events.

Type 1 and type 2 diabetes denote per se highwis&reas diabetes associated with 2
or more risk factors and/or organ damage (cardmyas disease) implies very high risk for
fatal cardiovascular events.

Table shows treatment goals for lipid therapy irfedent cardiovascular risk

categories.The principle of treatment is knownraattto target therapy.
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Table: Target lipid levels in different cardiovascuar risk categories

Target lipid leves (mmol/l)

Very high risk High risk
*Cholesterol: < 3.5 Cholesterol: <4.5
LDL-cholesterol: <1.8 LDL-cholesterol: <2.5
“Non-HDL-cholesterol: <2.6 Triglycerid: <1.7

* In acute coronary syndrome, strokelDL-cholestreol: >1.0 (men)
and critical limb ischemia highly >1.3 (women)
efficacious statin therapy in maximal Non-HDL-cholesterol: <3.3
tolerable dose is recommended

irrespectively of target values

"Non-HDL-cholesterol is identified as a secondarypid target. Target values are 0.8 mmol/l higher tha
those for LDL-C values in the corresponding cardioascular risk category.

Regarding the linear correlation between LDL-Chtdeol and cardiovascular events
confirmed by major clinical studies, the primarygeet of antilipemic therapy is the reduction
of LDL-cholesterol levels.

The latest epidemiologic and clinical data indicdtat apo B and non-HDL-
cholesterol may be a slightly better predictor afdovascular risk than LDL-C. Raising
HDL cholesterol and lower triglycerid levels ar@posed as a secondary target.

Target levels are as follows: HDL-€1.3 mmol/l in women andl1.1 mmol/l in men
respectively, whereas triglycerigd.7 mmol/l.

Diabetic dyslipidemia is not typically associatedhn.DL-C abnormalities, thus in
diabetes non-HDL-C is a better indicator of undedyadverse lipid abnormalities and
predicts cardiovascular risk more reliably.

Calculation of non-HDL cholesterol: Total Cholesterol- HDL cholesterol. LDL-C
concentrations can be directly measured in laboestoor can be estimated from the
guantitative measurements of total cholesterol, Hibblesterol and plasma triglycerides,
using the Friedwald equation: LDL-C=Total cholesterin — HDL-cholesterin — plaam
triglycerids/2.2 (mmol/l).

The limitations of the Friedwald formula are asldels: plasma triglycerid
concentration exceeds 4.5 mmol/l, presence of cgi@mnaemia or dysbetalipoproteinaemia
(Fredrickson type Il hyperlipoproteinaemia).
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In atherogenic dyslipidaemia statin therapy comdbimgth fibrates has resulted in
additional reduction in fatal and non-fatal cardisgular events. This is called residual risk
reduction.

Lifestyle modification, including increased phydiea&tivity and appropriate diet is a
cornerstone in the treatment of lipid abnormalities

The improvement of glycaemic control is an impottist step in managing diabetic
dyslipdaemia.

Despite achieving an almost normoglycemic stapég bnormalities may remain and
so additional antilipemic therapy is usually requdir
Because the majority of patients are overweightoral restriction is commonly
recommended. For every 1-kg decrease in body wengin-HDL cholesterol decreased by
0.06 mmol/l while increased physical activity réedl in a 4-5% decrease in non HDL
cholesterol. The cessation of smoking is essential.

Dietary therapy: The diet focuses on the redactd consumption of cholesterol,

saturated and trans-fatty acids. The total dietduglesterol intake should not exceed 200 g,
and limitation of saturated fat to less than 7 %otdl calories is recommended.
Consumption of simple, rapidly absorbed carbohydrand (even moderate) alcohol should
be avoided because they adversely influence gluamsdgrol and contribute to high
triglyceride levels.

A diet containing complex carbohydrates and richvégetables and omega-3 fatty
acids (e.g fish) which also limits the daily intakesaturated fat is recommended.

A daily intake of 1.5-6 g of fish oil as a nutriicsupplement may be advocated
although its high energy content should be takemdonsideration.

Pharmacologic therapy Lifestyle modification mag bufficient as long as initial

LDL-C is between 2.6-3.3 mmol/l and no cardiovaacuisease is present. When LDL-C
exceeds 3.4 mmol/l or CVD is present, pharmacoltigezapy accompanied with lifestyle
changes is recommended
HMG-CoA reductase inhibitors (statin) are the daidirst choice for lowering LDL

cholesterol. The use of statin results in a 30-5@e¥rease in LDL cholesterol levels. It is
necessary to achieve treatment goals (e.g. a decodd.DL cholesterol by at least 50 % from
baseline in high risk patients) in order to atte@mourable cardiovascular outcomes. Statins
also moderately raise HDL cholesterol and loweglyderide and exert many vascular

protective, pleiotropic effects.
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For initiation therapy moderate intensity statissnivastatin 40 mg, atorvastatin 20
mg, rosuvastatin 10 mg) are recommended due topleotropic effect.

By doubling the statin dose there is an approxinddteincrease in LDL cholesterol-
lowering efficacy (the 6 percent rule).

If there is an inadequate response to statinafnent may be complemented with
ezetimib, a selective cholesterol absorption irtbibwhich provides an additional 20-25 %
reduction of LDL cholesterol. Ezetimib used as nmtbeoapy is also beneficial in patients
who are unable to tolerate statins. Bile acid sefjaets might also be a further drug choice in
cases of poor therapeutic response.

When HDL cholesterol levels are proven to be lofestyle interventions with weight
loss, smoking cessation and increased physicalitgcilong with PPARe agonist fibrates or
nicotinic acids are recommended.

When triglycerides are >2.3 mmol/l and LDL chodget is <2.5 mmol/l, fibrate
therapy might be initiated. Life style modificatishould be a first line treatment when
triglycerides are above target level, but undermriol/l. When triglyedrides go above 4.5
mmol/l, pharmacological therapy associated witbslijle changes is recommended. Fibrates
and nicotinic acid derivatives are the most effectiagents in lowering triglyceride.
Fenofibrate also decreases the risk of microvascolaplications.

In cases of severe hypertriglyceridaemia, when ttigdycerid level is above 10
mmol/l, urgent treatment such as severe fat réistni¢daily fat intake is reduced to less than
10 % of total energy intake) in addition to fibraie nicotinic acid therapy is necessary to
reduce the risk of pancreatitis.

Combination therapy. Statin combined with ezetinsibconsidered a useful way to
reduce LDL cholesterol, whereas in atherogenic ipiglemia statin accompanied with
fibrates (orQ-3 fatty acid) is regarded as being an efficacioambination. Combination
therapy is safe when used with caution and adherena summary of product characteristics,
although regular follow ups (control of liver furant and creatinin kinase) are recommended.
Possible future treatment options include cholgkster transfer protein (CETP) inhibitors

and proprotein convertase subtilisin /kexin typ@@SK?9) inhibitors.
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Chapter 20.
Rehabillitation in diabetes mellitus
Dr. Gabor Fulop

During the process of medical rehabilitation thaltitecare system provides help and
support for disabled people who, by developingrtegtant capabilities or using an assistive
technology device, become able to partially or cletety regain independence and to
participate in the activities of a normal life. Tliest steps of rehabilitation include the
evaluation of current impairment level and the sssent of existent functions and capacity
for work, followed by improvements of conditionsgewklopment and maintenance in
individual functions.

Individuals who have diabetes are among those dedaas disabled people. Diabetes
leads to a substantial change in lifestyle: medicatapy, and particularly insulin treatment,
requires strict schedule. The risk of hypoglycaemiansulin treated diabetics may restrict
access to some professions such as pilot, busemgide driver or work at heights or near a
high voltage power line. Night or shift work acties or jobs accompanied by extremely
varied physical activity might also not be recomuhesh because fluctuant or high blood
glucose level and poor glucose control are expeétbdhese factors have to be considered in
the career choice process.

Chronic complications of diabetes further detetiotthe capacity to work and quality
of life (loss of vision, lower limb amputation, ske, coronary heart disease, renal
replacement therapy).

People with diabetes often develop multiple, comptksabilities which require
comprehensive team work (e.g. care of a blind pgrene with an amputated leg or on renal
replacement therapy).

Diabetes care includes rehabilitation. The foremgestls are the reduction of
cardiovascular risk and the optimal treatment efrawbidities along with the maintenance of
adequate glycemic control in order to prevent ta@plications and slower progression.

If complications develop, strict control and timeherventions are required to avoid
more serious conditions and further health damagyg. (aser therapy to prevent retinal
bleeding, retinal detachment and visual loss dukabetic retinopathy).

Type 2 diabetes has been associated with increededf falls, fractures, depression,

and cognitive impairment.

99



In a diabetic group aged over 70 years and livimgaicommunity, difficulties in
performing daily activities were seen in 53%, urjnecontinence in 27%, fecal incontinence
in 11%, depression in 14%, and dementia in 15%y @6P6 of them were free from such
problems.

Risk factors include strokes, peripheral arteryeds®, depression, smoking, and rare
physical exercise, but the strongest independskfactor was mobility limitation at baseline.

The process toward disability is complex and imesl social-, economic- and
lifestyle-related factors (e.g. poor diet, obes#ymoking, sedentary habits), psychological
factors (personality type, coping strategies), pgtcic condition (mood disorders, changes in
cognition) and a range of disabling medical coodti (arthritis, cardiopulmonary disease,
cancer, stroke). Most factors contributing to disgbare also significant in the development
of type 2 diabetes and its complications. A thifgatients develop some degree of mobility
limitation after 5 years of diabetes, peripheralnogathy, arthritis and history of stroke being
the most frequent contributing factors.

Mobility impairment is often an early step in theogression to future disability, thus
it may be a useful early marker for preventativd eghabilitation efforts in diabetes.

Rehabilitation is based on health care system iydgrclinical evidence personalised
by a cooperative multidisciplinary team. After glsychosocial support and involvement of
the community and society are inevitable. Comprsivenassessment of the patient and an
optimal treatment plan are also necessary for qy@te rehabilitation.

More careful diabetes care accompanied by freqginamapy modifications is usually
required. Treatment goals often have to be revasedrding to the condition and prognosis of
the patient. For example, an elderly patient wibigrative impairment and severe coronary
heart disease requires a more permissive glyceonitra (HbAyc level could be kept in a
higher range), because strict glucose controlssaated with a high risk of hypoglycaemia,
which is dangerous in this case.

Exercise is a cornerstone of treatment for typeidbetes. There is a variety of
literature data about the favourable effects of r@gse on blood sugar levels and
cardiovascular risk; however, evidence is missagarding how to treat or prevent disability
in diabetic patients.

A physiotherapist-supervised group training progtaas proved to be effective and
resulted in improved balance and reduced fearllidan patients with neuropathy.

Although the rehabilitation of diabetic patientssharoused intense recent interest in

literature, so far there has been little clinicabdence in this field.
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Chapter 21.
Perioperative management of patients with diabetesellitus
Dr. Botond Csiky

Diabetic patients have increased perioperative emkpared with their non-diabetic
counterparts. This risk is further increased inguas with inadequate glycemic ontrol. The
neurohumoral changes induced by surgery may leadntombalance of carbohydrate
metabolism, even in patients who have adequateglccontrol.

Diabetes should be properly under control prioretective surgery. Surgery for
patients with diabetes should ideally be perforimeithe morning.

Biguanid therapy should be stopped 48 hours beaf@esurgery and long-acting oral
hypoglycemic medications (sulphonylureas, basallinsshould be witheld.

During the surgery and in the perioperative pebtmbd glucose should be monitored
regularly.

We can distinguish minor or major surgical procedufrom the diabetic point of
view.

Minor surgical procedure: this is short (generatation <30 min), it is performed
under local anesthesia and does not involve theingef the pleural or abdominal cavity.

Major surgical procedure: this is longer, performedier general anesthesia and the
abdominal or pleural cavities have to be openedl Qutrition cannot be recommenced

immediately after the surgery.

Minor surgical procedure

In patients with properly controlled diabetes teehtither solely through diet or
through a combination of diet and oral antidiabeliags minor surgical procedures can be
performed without any significant change in therdipg. Long-acting oral hypoglycemic
medication and metformin should be witheld as nozetil above. The patient should fast
prior to the operation, so the oral antidiabetiegdr should not be given to the patient before

the operation; they should be given before the fiesmitted meal.
Major surgical procedure
On the day of the operation, an insulin-glucoseagsium (GIK) infusion should be

used to maintain normoglycaemia (short-acting insut the infusion). The amount of
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glucose, potassium and insulin administered to ghaent should be set and modified
according to the results of frequent laboratoryticms.

The infusion can be stopped as soon as the patierdl nutrition can be restarted and
the patient can resume the previous antidiabegi@aghy. It is important to have an overlap of
at least 4 hours between the parenteral and otation. The final antidiabetic therapy can be
set following the stabilization of the patient.

If acute major surgical procedure is needed, thev@almentioned insulin-glucose-
potassium infusion therapy can be used if the phatias satisfactory glycemic control; if not,

then the GIK infusion can be administered onlyraftarection of the glucose control.
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