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Preface

Diabetes mellitus is a severe disease, and its prevalence is dramatically increasing world-wide. The
complications associated with the disease include cardiovascular disease, blindness, amputations, end-stage
renal disease, kidney dialysis, and kidney transplantations and present major public-health problems. Fur-
thermore, diabetes costs are exceeding meanwhile billions of dollars annually and put tremendous burden on
national health care systems. Recent years have seen a significant progress in basic knowledge on diabetes
due to enormous research efforts, making possible the development of new technology and therapeutics for
diabetes management and care.

It was just diabetes research, when Dr. G.G. Meyramov from the Karaganda State University joined me
in 1977 in Karlsburg and started out to study how tryptophan metabolites could induce diabetes in animals.
Since then we look back on a very fruitful cooperation between the Karaganda State University and the Insti-
tute of Diabetes Karlsburg.

It was a landmark decision of the Faculty of Biology of the University and the Publishing House of this
journal to issue a volume focusing on problems in diabetes. Of note, this is the first time in the history of Ka-
zakhstan and Central Asia that there is a special issue of this distinguished journal, exclusively devoted to
diabetes research. The Editors of this journal, by inviting contributions from international as well as national
diabetes experts, made an important step in enhancing and disseminating knowledge about diabetes but, be-
yond that, lay emphasis on care and management of diabetes in Kazakhstan.

We trust that readers will welcome the present issue and benefit from the contributions herein provided
by experts in the field.

Prof. Klaus-Dieter Kohnert, MD, PhD Prof. Gabit G.Meyramov, MD, PhD
Institute of Diabetes «Gerhardt Katschy, Karaganda State University,
Karlsburg, Germany Karaganda, Kazakhstan
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Foreword

Welcome to the Diabetes issue — 2016 of this edition of the Bulletin of the Karaganda University, in
which you will find again a spectrum of selected topics addressed in the following review articles. These
contributions encompass subjects such as diabetes prevention, insulin pump therapy in type 1 and 2 diabetes,
and cardiovascular complications.

Diabetes is a life-threatening disease and has become an epidemic of global dimension. As the Interna-
tional Diabetes Federation predicts, half a billion people will have this disease by 2030. There is no doubt
that this will cause not only large-scale death and disability, but also impose massive costs on national
healthcare systems and economies. Without targeted action, the socioeconomic burden will inevitably wors-
en. Despite extensive diabetes prevention programs, a radical rethinking of how we live, i.e. what we eat and
how we behave, is required to stem the global epidemic. In other words, prevention at an individual level
becomes important in our life more than ever.

Thus, in the review article of this edition, the focus is on strategies for diabetes prevention. The authors
Peter E.H. Schwarz and Patrick Timple summarized outcomes of large randomized clinical trials and provid-
ed excellent evidence that diabetes is preventable and more than 50 % of the diabetes risk reduced and dis-
ease onset postponed. Translation of scientific evidence into clinical practice has not only proven that similar
results are achievable in clinical practice but has also shown that implementation of prevention programs into
different structures of care is feasible. Here, the responsibility of healthcare policies is required to use exist-
ing care structures and concepts for prevention programs. Meanwhile, effective strategies to identify people
with increased diabetes risk are available. As the authors point out, changing physical activity and eating
habit can be useful in the prevention of diabetes, but most active seem to be to «walk diabetes away» ap-
proach. Indeed, straightforward and inexpensive measures, such as daily physical exercise can be highly effi-
cient and thus people should be encouraged to follow a healthy lifestyle.

Once diabetes has established and glycemic control is worsening, insulin becomes the life-saving drug.
Continuous subcutaneous insulin infusion (CSII) is considered a standard therapy in patients with type 1 dia-
betes. Before the transition to this therapy, patients mostly receive multiple daily insulin injections (MDI).
However, conversion of MDI to CSII can be troublesome and needs a time-consuming trial-and-error princi-
ple. Lutz Vogt and colleagues provide a practical approach, using the Karlsburg Diabetes Management Sys-
tem (KADIS) to adjust individual basal and bolus insulin dosing. For this purpose, they extended the original
KADIS program for adjustment of insulin pump therapy (KADIS-CSII). In a pilot study, including patients
with type 1 diabetes who had previously received MDI, the authors convincingly demonstrate that HbAlc
values significantly improved already three months after initiation of KADIS-supported pump therapy.
Along with HbA1c, glycemic control, as measured by time in hypoglycemia and glycemic variability signifi-
cantly decreased. The authors are justified in their conclusion that this program represents a practical and
efficient tool for adjusting insulin pump therapy.

Whereas continuous subcutaneous insulin infusion using an insulin pump has been proved to be very ef-
fective in patient with type 1 diabetes, it is not widely employed in patients with type 2 diabetes. Rudolf
Chlup provides in his review evidence that pump therapy is beneficial for patients with type 2 diabetes, too.
Insulin infusion therapy holds not only for patients with unstable glycemic control but also for those with
newly diagnosed diabetes. Short-term intensive insulin therapy was shown to recover beta cell function and
prevent further exhausting of the secretory reserve.

There is no doubt that good glycemic control is a prerequisite for prevention of late diabetes complica-
tions. Eckhard Zander and colleagues analyzed landmark studies to show that, although understanding in
reducing the risk of micro- and macrovascular diabetes complications deepened, the dilemma for both type 1
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and type 2 diabetic patients remains atherosclerosis with increased cardiovascular morbidities and mortality
in comparison to the non-diabetic population. Results of the large randomized studies now provided evidence
that strict glycemic control decreased the risk of cardiovascular complications and death. Whereas the
«memory effect» of tight, long-lasting glycemic control and individual HbAlc target levels has shown to
reduce micro- and macrovascular morbidity in type 1 diabetes; in type 2 diabetes, the effects of hyperglyce-
mia are weaker than those of classical risk factors.

Smoking is a factor in increasing the risk of endothelial dysfunction and increase the risk of developing
diabetes and cardiovascular diseases. Elena Laryushina and coll. analyzed the influence of active and passive
smoking on the risk of developing diabetes and cardiovascular disease among population of industrial cities
of Central Kazakhstan. It is established that a high risk of developing diabetes was observed in 31 % persons
with passive type of smoking with prevalence of women in comparison with active type of smoking. A high
cardiovascular risk among almost 80 % of persons with active type of smoking and high risk of diabetes in
group with passive smoking.

Results investigation of mechanisms of diabetogenic activity of abnormal metabolits of tryptophan syn-
thesized in animals and human as result of disturbances of tryptophan metabolism are presented by
G.G. Meyramov, A.A. Kikimbaeva and coll. State of histostructure of pancreatic islets as mechanisms of
damage of B-cells under influence of xanthurenic acid, a main diabetogenic metabolit of tryptophan were
investigated as possible method of suppression of its endogenous synthesis.

L.G. Turgunova and coll. studied indicators of quality of life of patients with 2 type of diabetes depend-
ing of social and demographic factors among population of the Karaganda region. The research carried out
according Scientific program «Environmental Risks and Health of the Population». Screening included using
of elaborated by authors of questionnaire contained official consent of respondent (patient) as information
about sex, age, data on social factors (level of the income, family status (married or not), education, em-
ployment, nature of work), availability or absence of chronic diseases were specified. For determination of
risk groups of diabetes the questionnaire of FINDRISC (The Finnish Diabetes Risk Score) was used. For a
quality of life estimation the short version of questionnaire of WHO (WHOQOL-BREF) which consists of
26 questions. The analysis of results of a scale of FINDRISC showed that at 24,6 % of respondents in the
next 10 years moderate, high and very high risk of DM took place (12 points and more). More high quality
of life at respondents with the higher education can be explained by more good social adaptation, smaller
frequency of risk factors of DM as of developing of a chronic nonin- fectious diseases. A low parameters of
quality of life were showed at respondents have low le- vel of education, financial problems and in unem-
ployed.
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Histochemical Methods for Identification of Zinc ions
in Pancreatic Islets, Prostate and in Salivary Glands

Authors have used two histochemical methods: 8PTSQ, a high specific fluorescent and Dithizon method for
identification of Zinc in the frozen and paraffin sections of tissues of pancreas as in tissues of prostate and
salivary glands. It was showed that 10-15 min past one injection to animals of diabetogenic chelators (DC)
result accompanied by binding of Zn ions and by negative reaction for Zn in B-cells determined absence of
free Zn ions for staining. In the contrary, 5-7 days past injection of DC reaction for Zn in B-cells was nega-
tive as result of destruction of cells and of almost complete disappearing of Zn ions from B-cells. Analogical
negative reaction for Zn ions there are in B-cells past elimination of Zn by Glibenclamide. Meanwhile admin-
istration of Glibenclamide accompanied by elimination of Zinc ions from B-cells only, not from cells of pros-
tate and from salivary glands. It was demonstrated that Dithizon method is more preferable for more detail
investigation of location of Zinc in various parts of B-cells. The advantage of 8PTSQ fluorescent method de-
termined by more high sensitivity in compared with Dithizon method. It is established that lifetime coloring
of pancreatic B-cells of islets, of trailer part of epithelium cells of Prostate and salivary glands after admin-
istration of Ditizon to animals allows to study in detail in them location of Zinc using microscopy in the dark
field.

Key words: pancreatic islets, prostate gland, salivary glands, zinc, dithizon, chelates.

Important role of Zinc in organism of animals and human determined by high biological activity. Bio-
logical significance of Zinc is determined as by component of some enzymes. Zinc take part in metabolism
of nucleic acids and in processes of synthesis of proteins [1, 2].

Zinc takes part also in metabolism and realization effect of hormones of hypophysis, adrenal glands,
pancreas, prostate and testicles [3]. The hypophysis, pancreas, eye retina, and prostate contains a large
amount of Zinc [4].

A large amount of Zinc ions is revealed in pancreas and its prevalence in pancreastic islets is [5] deter-
mined by biosynthesis of insulin in B-cells. It is known that insulin is synthesized and stored in B-cells as
insulin deposited crystal form Zinc-insulin complex in the ratio 2:6. Is supposed that releasing of crystal in-
sulin from B-cells accompanied by dissolving of crystals and hexamer dissociate with forming of active
monomers of insulin and ions of Zn" [4, 5].

The tissue of prostate gland contain more than 10 times high amount of Zinc comparatively with other
tissues. A large amount of Zinc in prostate protect it, as supposed, of inflammation and improve local im-
munity against infections [6—8]. Zinc is need for normal function of organs of taste. He stimulates synthesis
of a gustin — a protein contain histidine, a component of product of salivary glands. Pancreas, prostate and
salivary glands cells carry not only accumulation of Zinc but of its secretion [9].

There are a various methods measuring of concentration of Zinc in biological liquids and in tissues. The
following methods are the most widely used today: ardent nuclear and absorbing spectrometry, nuclear and
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issue spectrometry with inductive connected plasma, the neutron-activation analysis, X-Ray-spectrometry, an
anode inversion volt-amperometry [10, 11]. Along with their indisputable advantage for revealing of very
small amount of chemicals in various objects, they are not suitable for to estimate dynamics of content of
metals in cells and tissues of bodies in vivo and in vitro and also for identification of cytological bases mech-
anisms of development of pathological states caused by their deficiency.

Our attention was attention was drawn by methods of research which possess a high sensitivity for iden-
tification of Zinc and possibility to observe cells visually. Ditizon (diphenylthiocarbazon, DZ) is widely used
in analytical chemistry for detection of heavy metals including Zinc with which he forms chelat complexes.
It was showed by using of spectral analysis that maximum of absorbance of complex Zn-DZ extracted from
pancreatic islets of pancreas tissue is equal to 530 nm that correspond to maximum of absorbance of artificial
complex Zn"*-DZ formed in vitro as result of interaction of Zn ions with DZ [12—14].

E.A. Bozhevolnov reported about ability of 8 aren(sulphonylamino)quinolines to form complexes fluo-
rescing under ultra-violet light with Zinc and Cadmium. One of these derivatives — a 8-para(toluenel-
sulphonilamino)quinoline (SPTSQ) — possess ability to form chelat complexes with Zn" ions as 1:1. This
method of histochemical identification of Zn ions is high specific and very sensitive, allowing to reveal very
low concentrations of Zn ions correspond to 10'—10"® [15]. In ultra-violet light — wavelength equal of 360—
370 nm — the Zn-8PTSQ complex fluoresces as brightly green light complex [8]. These chelat active chem-
icals possesses high chemical affinity to Zn ions and in the conditions of in vitro formed color chelat com-
plexes Zn-8PTSQ visible at luminescent microscopy and a complex as Zn-Dithizon (DZ) visible as bright
red granules using microscopy in the dark field [13, 14, 16]. One this base we suppose that these methods
could be suitable for histochemical identi fication of Zinc in various bodies and tissues differing in his con-
tents both at a physiological state and when modeling any pathology.

Research objective: to reveal of Zinc ions in pancreatic islets, prostate and in salivary glands of mam-
mals by using of high specific histochemical Dithizon and 8PTSQ methods.

Research Methods

For experiences 26 rabbits males, 2450-2850 g, and 16 white mice 30-36 g were used. Animals have
been distributed for 4 groups. Group 1: rabbits, mice; vital staining of tissues by intravenous injection of
Dithizon and 8PTSQ. 10 min later past injection tissues of pancreas, prostate and salivary glands were frozen
in cryostat. Sections of tissues 5 mcm were investigated in fluorescent microscope and using of dark micros-
copy.

Group 2: two models of experimental diabetes were induced in animals: 1) by intravenous injection to
rabbits and mice of water-ammonia solution of a Dithizon («SERVA», Germany) 45-51 mg/kg and to rab-
bits — of ethanol solution of 8PTSQ (Institute for Pure Reagents, IREA, Moscow, Russia), 36-38 mg/kg.

Group 3. Peroral administration to animals of the Glibenclamide («Berlin-Chemie», Germany),
20-25 mg/kg daily during 3 days for maximal elimination of Zinc ions from cells.

Group 4. Control intact animals. Administration of equivalent volumes of physiological solution. Fixa-
tion of tissues of pancreas, prostate and salivary glands of animals of groups 2, 3, 4 at temperature of
0...=5°C in 70° etanol saturated with hydrogen sulfide.

For histochemical fluorescent staining of Zn ions 0,04 % acetone solution of 8PTSQ was used: 3—4
drops of solution placed on sections of tissues for 8—10 sec. following washing in the distilled water. Then
sections were investigated using fluorescent microscopy [15].

Preparing of Ditizon solution. For preparation of solution of Ditizon: 30 ml of distilled water, 0,6 ml of
25 % of solution of NH,OH and 400 mg of Ditizon were placed in vessel. Solution was mixed on a water
bath (+70 °C) within 10 min., filtered using of ashless filter. The filtrate contains approximately 1 % water-
ammoniac solution of Ditizon which we used in our researches [13, 14].

Universal microscope Axioplan 2 for light and fluorescent microscopy, photometric system and digital
millivoltmeter were used for measuring intensity of fluorescence or intensity of luminescence of B-cells on
sections of pancreas with registration of intensity past staining of sections by 8PTSQ or by Dithizon respec-
tively. Cytochemical indicators measuring of Zinc ions content were estimated as conventional units (c.u.)
[17, 18].

For statistical analysis the Statistica 8,0 (Stat Soft Inc) and Microsoft Excel 2006 were used with calcu-
lation of M+m. After checking of distribution to a normality the importance of distinctions between groups
was estimated by means t-criterium of Student's. Distinctions were reliable at 95 % a probability threshold
(p <0,005).

12 Bulletin of the Karaganda University



Histochemical Methods for Identification ...

Results

For the first it was showed that intravenous administration to rabbits and to mice of Ditizon and 8PTSQ
5 min. later result formation of specific complexes Zn-8PTSQ and Zn>-DZ visible on frozen sections in cells
contains a large amount of Zn ions: B-cells of pancreatic islets, cells of tissues of prostate and salivary glands
(Fig. 1.1-1.3, 1.7, 1.8, 1.10-1.12). Same result we show in paraffin staining sections of fixed tissue of pan-
creas. Intensity of staining (Dithizon) and of fluorescence (8PTSQ) of tissues was measured in compared
with control. The results showed a positive reaction for Zn as intensive red color of B-granules in B-cells
past injection of Dithizon (Table: 1,94+0,05; 2,76+0,08; 2,89+0,08; Fig. 1.7, 1.8) as in cells of Prostate and
in Salivary glands. In the contrary, we have observed negative reaction for Zn past staining by 8PTSQ past
injection of Dithizon (Table 1: 1,07+0,03; 1,15+0,04; 1,09+0,05) that was determined by preliminary for-
mation of complex Zn-Dithizon. As result, staining of sections by 8PTSQ not accompanied by forming of
fluorescent complex Zn-8PTSQ due to absence of free Zn ions in B-cells for interaction with 8PTSQ.

Dithizon and 8PTSQ formed in B-cells chelat complexes with Zn that result destruction of cells and ab-
sence of Zn from B-cells (Fig. 1.6.). Taking into consideration this fact we tried to eliminate of Zinc ions
from cells by Glibenclamide for try to protect B-cells of formation into cells of chelat complexes and by us-
ing of this way try to protect cells of destruction and of developing of diabetes. For realization of this pur-
pose Glibenclamide was entered daily to animals of Group 3 which possess hypoglycemic effect due to abil-
ity to stimulate dissociation of Zinc-insulin complex in B-granules of B-cells and releasing of free insulin
and Zinc ions in the blood. Results showed marked decreasing of content of Zinc ions in B-cells for
1,9-2 times in sections of pancreas tissue past staining by 8PTSQ and by Dithizon respectively (p < 0,001).

Elimination of Zn from B-cells by Glibenclamide accompanied by negative reaction for Zn using of
both methods (Table; Fig. 1.4, 1.5, 1.9). In the contrary, using of Glibenclamide not accompanied by elimi-
nation of Zn from cells of Prostate and of Salivary glands (Table). Results showed that intensity of fluores-
cence of complex Zn-8PTSQ as intensity of color of complex Zn-Dithizon was approximately for 1,5-1,6
times more high comparatively with B-cells.

Table
Histochemical methods for revealing of Zinc ions in Pancreas, Prostate and Salivary glands (M+m)

Zinc ions content in tissues (c.u.)
Groups .\ Intensity of fluorescence Intensity of staining
of COl’ldltl.Ol’lS of Staining of Zn by 8PTSQ Staining of Zn by DZ
. experience - -
animals B-cells of Salivary B-cells of Salivary
Prostate Prostate
pancreas gland pancreas gland
1 Dithizon, 1,07+0,03* 1,15£0,04" | 1,09+0,05%* 1,9440,05 2,76+0,08 2,89+0,08
50,2 mg/kg n=16 n=16 n=16 n=16 n=16 n=14
) Experimental 1,04+0,05* 3,04+0,12 3,32+0,11 | 1,03%0,07*** | 2,05+0,09 2,20+0,14
diabetes n=14 n=14 n=18 n=14 n=14 n=14
3 Glibenclamide, | 1,05+0,04* 2,954+0,11 3,40+0,20 | 1,06+0,08*** | 2 08+0,11 2,28+0,08
25 mg/kg n=19 n=19 n=19 n=19 n=19 n=19
Intact animals 2’0?0’08 3’12::0’09 3’35::0’12 1’92::0’06 2,95+0,09 3,05+0,06
4 (control) n=14 n=21 n=16 n=12 =15 =12
p<0,005 p<0,001 p<0,001 p<0,001

It was especially interesting fact that we did not observe same changes of the Zinc ions content in cells
prostate and salivary glands in which intensity of a fluorescence and luminescence significantly did not differ
from analogical indicators in control sections. We have not found analogical changes of Zinc content in tis-
sues of prostate and salivary glands Indicators of intensity of fluorescence and of luminescence significantly
didn't differ from indicators in control (Table).

This fact demonstrates a selective influence of Glibenclamide on Zinc-insulin complex which is local-
ized as depot form in the B-granules of pancreatic B-cells. Meanwhile, administration to animals as of
diabetogenic chelat active chemicals as of Glibenclamide accompanied by negative reaction for insulin in
B-cell only, not in A-cells. On the base of obtained results it is possible to suppose the presence of various
conditions of metabolism of Zinc ions: regulation of metabolism by metalthioneins [10, 19, 20] of transport
by transmembrane proteins[7, 21-23], deposition and of excretion [8, 24, 25].
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1.1

1.2
1.3
1.4

1.5

1.6

1.7

14

Frozen section of pancreas tissue of Rabbit 10 min. past injection of 8PTSQ. Fluorescent reaction with 8PTSQ.
Green fluorescence of Zn-8PTSQ complex; x140;

Pancreatic islet of intact Rabbit. Histochemical revealing of Zinc ions by 8PTSQ); x140;
Pancreatic islet of intact Mice. Histochemical revealing of Zinc ions by 8PTSQ; x140;

Pancreatic islet of Rabbit 3 days past administration of Glibenclamide. Elimination of Zincions from B-cells;
negative reaction or Zn in B-cells of central part of islet; staining by 8PTSQ.; x140;

Pancreatic islet of Mice 3 days past administration of Glibenclamide. Elimination of Zinc ions from B-cells;
negative reaction for Zn in B-cells of central part of islet; staining by 8PTSQ.; x140;

Pancreatic islet of Rabbit 14 days past administration of Dithizon. Absence of Zinc ions in B-cells; staining by
8PTSQ; x140;

Pancreatic islet of Rabbit 10 min. past administration of Dithizon. Red granules of complex Zn-DZ in B-cells.
Dark microscopy; x280;
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1.8  Pancreatic islet of Mice 10 min. past administration of Dithizon. Red granules of complex Zn-DZ in B-cells.
Dark microscopy; x800;

1.9  Pancreatic islet of Rabbit Administration of Glibenclamide within 7 days + injection of Dithizon; absence of
complex Zn-Dz in B-cells; dark microscopy; x280.

1.10  Frozen section of salivary gland of rabbit past intravenous administration of 8PTSQ. Intensive green fluores-
cence of complex Zn-8PTSQ; fluorescent microscopy; x140;

1.11  Frozen section of prostate of rabbit past intravenous administration of Dithizon. Red granules of complex Zn-
Dithizon; dark microscopy; x280;

1.12  Frozen section of salivary gland of rabbit past intravenous administration of Dithizon. Red granules of complex
Zn-Diithizon; dark microscopy; x280Ne

Figure 1. Histochemical methods staining of Zinc in cells

The histochemical method revealing of Zinc using of 8-para(toluenesulphonylamino)quinolin is a most
high sensitive for Zinc ions, which forming with him the specific chelat complex fluorescing in ultraviolet
light [13, 15]. The advantage of Dithizon method of histochemical identification of Zn ions based on ability
to form the complexes having not diffusion coloring but brightly red granules of complex Zinc-DZ in the
ratio 2:1 that allows to study metal cytotopography considering various concentration of localization gran-
ules in various parts of cells. Our results don't contradict data of other authors who also studied at the cellular
level dynamics of Zinc content at animals under various experimental conditions [12, 14].

Thus, results of the comparative analysis of two histochemical methods staining of Zinc ions in cells of
various bodies allow to confirm their high sensitivity, and possibility to use for cytologic researches.
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YiiKbl, KYBIK aCThI KJHe cijiekeil 0e3/1epine MbIPbIIITHI AHBIKTAYIbIH
TUCTOXMMHUSJIBIK JAicTepi

Tinpepmin yarinepiH amy »oHEe KONIMII THCTOJOTHSUIBIK OJiCTep apKbUIBL ar3a TiHAEpAEri MHKpO-
JJIEMEHTTEP/IiH HOHAApBIH aHBIKTAayJa THCTOXMMILUIBIK OIiCTep OpKAIlaH OH HOTIDKEe Oepe alMaiThIHBI
Oenrinmi. ¥YHKel Oe3iHiH TiHAEpiHIEri MeTaigapAbl aHBIKTAayJarbl JIOMHHECHEHTTI oAICTepl YIIIH KoIiMri
OekiTy omicTepi ic XKy3iHZE kapaMchl3 OONBIT TaOBUTAABL. ABTOpIAp KyBIK acCThl, CUIEKeH >XKoHE YIIKbI
6e3nepiniy B-kacymamapiapiH  KecinreH OeikTepiHIH jkaHa My3AaTbUIFaH OOJIIKTePiHAE MBIPBIIITHI
aHBIKTAyla JKOFAapbl HAaKThl JMTHU3MOHABIK koHe moMuHecueHTTI S8TCX TIMCTOXUMHSIBIK —dIicTep
naiipananrad. Cycamplp (KaHT auaGeTiHiH) XeJarTy3ylli KyblK acThl JKOHE cinmeked OeszmepiHin B-
JKacyllalapblHAa MBIPBIII TEPiC PeaklUAra OKeJJi: 0J MBIPBILI KATHICYbIMEH €PKiH MBIPBILI TEPIC peaKuus
JKOKTBIFBIH pacTaraH, OCHl oficTep B-kacymiamapislH MbIPBII OyFaTTay SKCIIEpUMEHTTEpl peTiHae
xepceriren. Kipicrne rimbeHxiaMus eHrisrenie B-skacynmanapbiHaH MBIPBIITH IIBIFAPyMEH KaTap, MBIPBIII
TepiC peaKkuMsACHIHBIH Maiija Oomybl Oaiikanmsl. ¥HKel Oe3iHIH jkoHe B-kacymramapbIHAAFEl MBIPBHIII
HOHJAPBIHBIH OpHANACybl JUTHU3MOHIBIK OJicTiH KeMmerimMeH 3epaenenmi, an 8TSKH omici »xofapsl
ce3iMTaJIIbIK apTHIKIIBUIBIFBIMEH €PEKIISICH .
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I'.0. XKy36aeBa, A.I'. AbnpanmoBa, A.K. Kaitboraposa

I'ncroxumuueckue METOAbI BLISIBJICHUS IMHKA B IAHKPEATUIECCKUX OCTPOBKAX,
npez((:TaTe.anOﬁ H CJIIOHHBIX 2KeJie3ax

M3BecTHO, UTO BBISBIEHUE HOHOB MUKPOXJIEMEHTOB 'MCTOXUMUYECKMMU METOJaMHU B TKaHSIX OpraHu3Ma Jia-
JICKO HE BCETJA JaeT IOJIOKUTEIBHBIA Pe3yIbTaT IPU UCIIOJIE30BAHUN OOBIYHBIX THCTOJIOTHYECKUX METOIOB
(bukcanuu U NPOBOAKH 00Pa3LOB TKAHH. A JJIsl JIIOMHHECIICHTHBIX METOJIOB BBISBIICHUS METAJUIOB B TKaHHU
TTOJKEITYIOYHOM KeJe3bl OOBIYHBIC METOMBI (PUKCAIIMK BOOOIIE NMPAKTUYCCKH HEMPHUTOJIHBL. ABTOPaMH HC-
MOJIb30BaHBI BBICOKOCTICHU(UYHbIE ITUTU30HOBBIH U JroMuHecHeHTHBIH 8TCX rucTtoXxumMuyeckue MeTOIb
BBIBJICHUS IIMHKA B Cpe3ax He (PUKCHPOBAHHOM, a CBEKE3aMOPO)KEHHOM TKAHU MPEACTATEIbHON U CIIOHHBIX
JKene3 U B B-KkiieTkax MmoKenyAo4HON jkene3bl. Pe3ynbraThl CBUAETENBCTBYIOT O TOM, YTO B MAHKpeaTuie-
CKMX OCTPOBKAaX YXMBOTHBIX C TIOMOIIbIO 0OOMX METOOB BBISIBICHA PE3KO MOJIOKUTEIbHAS PEaKIM Ha IUHK
BO BCEX HCCIICOBAHHBIX TKaHsAX. [I0Ka3aHO, 4TO B ONBITaX C OJIOKMPOBaHHEM IIMHKA B B-KieTkax HaHHBIC
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METO/Ibl MOATBEPAMIIN OTCYTCTBHE CBOOOIHOIO IIMHKA HAJIMYHEM OTPHLATEIbHOM peakUuH Ha IMHK: OHO-
KpaTHOE BBEACHHE NHAa0ETOTCHHBIX XEJATOPOB MPUBOAMIIO K OTPULIATEIbHON peakluy Ha IIMHK B B-kieTkax,
B IIPEACTATEIbHON U CIIOHHBIX jKene3ax. BBenenune rimbeHKnaMuna, ConpoBOKAAOIIEECs BHIBEICHUEM LIHH-
Ka u3 B-KkeTok, NpuBOAUT K MOSBJICHUIO TaKXKe OTPULATEIbHON peakiuu Ha HUHK. [lokazaHo, yTo AUTH30-
HOBBIHA METO/JI IO3BOJISIET JIETAIbHO U3YUYHUTh PACIIOJIOKEHHE HOHOB IIMHKA B ITAHKPEATHYECKUX OCTPOBKAX U B
B-knerkax. 8TCX MeTox uMeeT MPeUMyYIIECTBO B BUJIC O0JIee BEICOKOW 1yBCTBUTEIHHOCTH.
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Quality of life of diabetic patients of the land «Karaganda»
depending of social and demographic factors

Authors studied indicators of quality of life of patients with 2 type of diabetes depending on a risk of diabe-
tes, socialand demographic factors among population of the Karaganda region. The research carried out ac-
cording Sscientific program «Environmental Risks and Health of the Population». Screening included using
of elaborated by authors of questionnaire contained official consent of respondent (patient) as information
abouta sex, age, data on social factors (level of the income, family status (married or not), education, em-
ployment, nature of work), availability or absence of chronic diseases were specified. For determination of
risk groups of diabetes the questionnaire of FINDRISC (The Finnish Diabetes Risk Score) was used. For a
quality of life estimation the short version of questionnaire of WHO (WHOQOL-BREF) which consists of 26
questions. The analysis of results of a scale of FINDRISC showed that at 24.6 % of respondents in the next
10 years moderate, high and very high risk of SD took place (12 points and more).

Key words: diabetic patient, Karaganda region, quality of life, social and demographic factors.

Actuality

Now epidemic of chronic noninfectious diseases among which one of significant positions are belong to
the diabetes mellitus (DM) is around the world observed. According prognosis of International Diabetes
Federation prevalence of diabetes will increase to of 8.8 % by 2035 worldwide [1]. According to WHO data
[2], prevalence of DM in Kazakhstan from 1980 to 2014 is increased from 72,000 registered patients (0.48 %
of population) to 208,000 (1.4 %). Due to the existence by the long-lived preclinical stage, number of not
diagnosed patients with DM cases of NIDDM fluctuate from 30 % to 90 % [3]. One of f way for to reduce
the risk of development of DM is identification of the risk groups based on application the of questionnaires.
The questionnaire developed by the Finnish diabetic association for assessment of ten-year risk of develop-
ment of NIDDM was widely adopted.

DM is associated with high risk of development of cardiovascular complications, nephropathy, decreas-
ing of working capacity and of quality of life (QL) [4]. Quality of life is one of important methods for as-
sessment of effectiveness of treatment and p of health in the future prognosis of state disease [5—8].

The research objective: to study quality of life depending on of risk of a diabetes mellitus and its social
and demographic determinants among the population of the Karaganda region.

Material and methods

The single-step transversal research in the form of screening among the population of the Karaganda
region is carried out according scientific program named as «Environmental Risks and State of Health of the
Population». Screening included questioning for which the questionnaire was elaborate. The questionnaire
contain information for the participant as a sex, age, data on social factors (level of the income, marital sta-
tus, education level, employment, the nature of work), existence or absence of chronic diseases were speci-
fied.

For definition of risk groups of DM the questionnaire of FINDRISC (The Finnish Diabetes Risk Score)
was used. FINDRISC questionnaire with success is used in many countries and is recommended by the
working group of the European society of cardiologists (European Society of Cardiology — ESC) and the
European association for studying of a diabetes mellitus (EASD). The questionnaire of FINDRISC contains
8 questions of an age, the body weight index (BWI), the waist circle (WC), the physical activity (PA), using
of fruit and vegetables in diet, anti-hypertensive therapy. Each answer is estimated on particular number of
points which sum corresponds to risk of SD 2 types (maximum 26 points). For to estimate test of QL the
short version of a questionnaire of WHO (WHOQOL-BREF) was used which consists of 26 questions. Ac-
cording to the recommended method number of points on scales of physical health, psychological percep-
tion, the social relations and a surrounding medium were counted; separately opinions of the respondent
about quality of life and the state of health were estimated. 3684 patients at the age 18—65, a permanent resi-
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dents of the Land KARAGANDA were examined. Patients gave the written consent for participation in ex-
amination.

Pregnant women, persons with a mental, serious neurologic illness were criteria of an exception. Mate-
rial of 519 people (80.7 % men) were excluded as not completed. Among respondents women 2437 (77 %)
were prevailed. All patients were invited for examination in Policlinic

Results and discussion

The analysis of results of the scale of FINDRISC showed that at 24.6 % of respondents have in the next
10 years a moderate, high and very high risk of DM (12 points and more) comparatively with 37.5 % at
Moscow region (Russia) [9]. It was established that increasing of number of the points according a question-
naire the percent of patients with disturbances of carbohydrate metabolism were increased. In group the sum
less than 5 points a disturbances of carbohydrate metabolism was minimal (at 23 % of patients) and preva-
lence of NIDDM — only 0.8 %. Among the persons with more than 20 points disturbances of carbohydrate
metabolism was increased until 76.9 %, and prevalence of NIDD —until 23.1 %. Sensitivity of screening of
12 and more points made 73.5 %, and specificity — 66.7 %. By other authors it is showed that 31.7 % of
adult population of Novosibirsk have on average a high and very high risk of development of NIDDM in the
next 10 years [10].

In Greece 15 and more points were confirmed at 45 % of population and not diagnosed disturbances of
carbohydrate metabolism were revealed in 33.1 % of population [11]. Sensitivity of FINDRISC scale —
81.9 % and specificity of 59.7 %. It should be noted that in this research [11] female persons (56.7 %) also
prevailed with middle age 45.4+12.7 years in our work. In our research the highest risk (12 points and more
points) was revealed among persons of 55 years and more (table 1); existence of genetic factor is noted at
53.1 % in group with moderate and high risk of DM. It is expected as the age and the burdened heredity is
one of key not modified risk factor developing of 2 type DM. There are a tendency to increase in abundance
of 2 type of DM at persons more young than age as 30 years. M.A. Sayed, H.Mantab showed that in age
group of 20-29 years prevalence of DM 2 of type was 2.5 % among all population, in age group of 4049
years this indicator increased to 3.7 % [12]. The risk of DM in our research among persons of 18-25 years is
4.2 %.

Within the Global strategy of prophylaxis of chronic noninfectious diseases and activity against funda-
mental risk factors of DM, cardiovascular diseases the percent of abundance of the modified factors in group
with low risk of DM pays an attention. We showed that absence of daily 30th minute physical activity is con-
firmed at 61.6 % of respondents, absence of daily using of vegetables — at 74.9 %, an abdominal obesity —
at 62.5 %, body weight and an obesity — at 74.6 % and 49.3 % patients of the same group. Considering that
in group with absence and low risk of DM(0-11 points) persons of young and middle age prevailed, the op-
timization of a diet and of physical activity is extremely urgent and will promote strengthening of health of
individuals and all population in general. Interrelations between risk of 2 type DM and social and demo-
graphic indexes are presented on Table 1.

Table 1
Interrelations between risk of 2 type DM and social and demographic indexes are presented in (n=3165)

N (%) Risk of DM

Variable (12 and more) Risk of DM (0-11) X2 d.f. P
1 2 3 4 5 6
Age, years 486.1 0.001
18-34 32 (4.2) 728 (95.8)
35-44 77 (11.5) 593 (88.5
45-54 260 (30.1) 605 (69.9)
55+ 411 (47.2) 459 (52.8)
Gender 12.7 1 <0.001
Male 143 (19.6) 585 (80.4)
Female 637 (26.1) 1800 (73.9)
Ethnic background 25.9 2 <0.001
Kazakh 415 (21.5) 1513 (78.5)
Russian 239 (29.8) 564 (78.2)
Other 126 (29.0) 308 (71.0)
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1 2 3 4 5 6
Education 12.1 2 0.002
Secondary or less 299 (25.3) 882(74.7)
Vocational 296 (27.3) 790 (72.7)
Higher 185(20.6) 713 (79.4)
Occupation 64.2 1 0.001
At work/study 440 (20.4) 1713 (79.6)
Out of work 340 (33.2) 672 (66.4)
Month salary: 3.63 2 0.162
Low 131 (28.1) 336 (71.9)
Middle 249 (23.6) 807 (76.4)
Middle and over 400 (24.4) 1242 (75.6)
Marital status 1.05 1 0.31
Married 532 (21.1) 1673(75.9)
Unmarried 248 (25.8) 712 (74.2)

Percent of persons with moderate, high and very high risk of DM (12 and more points) was higher
among women in comparison with men. Results studies of prevalence of 2 type of DM in two Moscow’s
administrative districts showed a dominance of women in comparison with men by 2.3 times is re-
vealed [13]. The tendency to a moderate dominance of women among patients with 2 type of DM is ob-
served also in other countries [14]. However so the significant differences most likely are determined maybe
by more frequent requests of women for a medical care and also more high mortality and among men.

The most low frequency of risk of DM is confirmed among respondents of Kazakh nationality. In the
research of A. Supiyevet al. [15] a dominance of abundance of 2 type of DM among of Russian persons, Be-
lorussian, Ukrainen in comparison with Kazakhs is also revealed.

There are existence of interrelation between risk of DM and level of education. Persons with higher ed-
ucation have low risk of DM that is determined by a larger knowledge, motivation to keeping of a healthy
lifestyle and nutrition. These data are confirmed by more high attention to treatment and self-control. The
income level at a tendency to low risk of DM in group with more high level of the income, has statistically
no significant influence on risk of DM (p<0.162). Increase number of persons who do not work and do not
study in group of high risk of DM is caused by a dominance among them of the elderly people who are on
pension.

The comparative analysis of quality of life (Table 2) showed that indexes of all scales, including the
common evaluation test of life and health, were lower in group with moderate and high risk of DM

(1 group).

Table 2
Indicators of quality of life (WHOQOL-BREF) in patients with different risk of diabetes
1 group (12 poits and more) 2 group (0—11 points)
Indicators of QL of WHO (n=780) (n=2385) t P
M+SD M+SD
Assessment of QL, % 66.5+15.9* 68.8+16.3 -3.49 0.001
Assessment of state of health, % 48.9+24.7 56.5+£23.5 —7.48 0.001
Physical health, % 55.8+£13.2 58.0£1.5 -3.80 0.001
Psychological health, % 58.7+£12.6 61.5+13.3 -5.17 0.001
Social relations, % 64.8+£16.5 69.3£16.5 —6.54 0.001
Environment, % 47.6+11.9 49.6+12.3 —3.87 0.001

Decrease in indexes carried small, but statistically significant character; the greatest distinctions de-
pending on degree of risk of DM were according to health (for 7.6 %) and to a scale «the social relations» —
are 4.5 % lower in 1 group on comparison with the second.

The quality of life (QL) at patients with DM is depend not only of DM but s of the presence of factors
as: satisfactions by treatment, complications, psychological adaptation of the patient as social and demo-
graphic factors (Table 3).
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Table 3
Interrelation between quality of life (QL) and social and demographic factors
Variable N (%) QL as «well» QL (%)as «not badly» X2 df P
and «more better» and «not well»
Age, years 26.2 3 0.001
18-34 594 (76.8) 179 (23.2)
35-44 491 (72.5) 186 (27.5)
45-54 587 (67.1) 288b (32.9)
55+ 590 (67.0) 290 (33.0)
Gender 3916 1 0.048
Male 546 (73.5) 197 (26.5)
Female 1717 (69.7) 746 (30.3)
Ethnic background 122.9 2 0.001
Kazakh 1512 (77.7) 434 (22.3)
Russian 474 (58.2) 341 (41.8)
Other 277 (62.2) 168 (37.8)
Education 21.9 2 0.001
Secondary or less 815 (67.9), 386 (32.1)
Vocational 754 (68.6) 345 (31.4)
Higher 693(76.6), 212 (23.4)
Occupation 10.2 1 0.001
At work 1576 (72.4) 602 (27.6)
Out of work 687 (66.8) 341 (33.2)
The monetary income of family: 140.9 2 0.001
Low 271 (57.4), 201 (42.6)
Lower than average 670 (62.3), 405 (37.7)
Average and above average 1322 (79.7), 337 (20.3)
Marital status 41.1 1 0.001
Married 1653 (74.0) 581 (26.0)
Unmarried 610 (62.8) 362 (37.2)
BMI, kg/m” 1.65 2 0.437
Till 24.9 859 (71.8) 338 (28.2)
25-29.9 738 (70.5) 309 (29.5)
30 and more 666 (69.2) 296 (30.8)

Interaction between social and demographic factors of life quality are a differ depending on the contin-
gent of the surveyed, social and economic level of society, psychological features of the person. QL is de-
creased after 45 years, is worse at women, at respondents among persons not having a good education which
is not working or with low level of the income and lonely (Table 3). The received results of general estima-
tion of QL depending on age correspond to regularities of the general population [16] (Table 4). More high
QL at respondents with the higher education can be explained by more good social adaptation, smaller fre-
quency of risk factors of DM as of developing of a chronic noninfectious diseases.

Table 4
Quality of life (QL) as «lower than «well» depending of social and demographic factors
| Variable | cOR | 95%CI | p | aOR | a | P |
1 2 3 4 5 6 7
Age, years 0.001 0.001
18-34 0.613 0.49-0.76 0.828 0.63—1.08*
3544 0.771 0.61-0.96 1.150 0.89-1.18*
45-54 0.996 0.81-1.22* 1.380 1.10-1.73*
55+ 1 Reference 1 Reference
Gender 0.048 ,042
Male 1 Reference 1 Reference
Female 1.48 1.20-1.81 1.25 1.0-1.56
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1 2 3 4 5 6 7
Ethnic background 0.001 0.001
Kazakh 0.67 0.53-0.85 0.69 0.54-0.88
Russian 1.03 0.79-1.33* 0.98 0.75-1.28*
Other 1 Reference 1 Reference
Education 0.002 0.169
Secondary or less 0.91 0.75-1.09* 0.95 0.77-1.16
Vocational 1 Reference 1 Reference
Higher 0.69 0.56-0.85 0.81 0.64-1.01
Occupation 0.001 0.001
At work 0.51 0.43-0.60 0.58 0.48-0.69
Out of work 1 Reference 1 Reference
Marital status 0.33 0.68
Married 0.92 0.77-1.09 0.96 0.79-1.16
Unmarried 1 Reference 1 Reference
Self-reported material deprivation 0.22 0.03
Low 1.18 0.93-1.48 0.86 0.67-1.10
Below the average 0.95 0.79-1.13 0.77 0.63-0.94
Average or higher 1 Reference 1 Reference

For studying of possible communication of aggravation of QL with social and demographic factors the
logistic regression analysis was carried out which showed that here are a relations with social, demographic
factors, with age, a female, employment, level of the income and an ethnic origin remains (mentality, life
style, nutrition). A low parameters of QL were showed at the respondents have low level of education, the
financial position and in unemployed [16, 17].

Thus, results of our research showed that 24.6 % of respondents have an essential risk of development
of DM which is followed by deterioration in all indexes of quality of life. Abundance of risk factors among
persons with low risk of DM testifies to relevance of continuation of realization of the long-term priority ac-
tivity on prevention of incidence of DM. The level of quality of life of patients with risk of development of
DM assume need realization of preventive actions, first of all, among unemployed persons in age group 45
years are more senior.
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Kaparanabl 00J1bIChI TYPFBIHIAPBIHBIH CycaMbIp (11adeT)
TIyeKeJl AeHreiline 0ailJIAaHBICTBHI 6MIP CYPY CANACHIH KIHE OHBIH
dJIeyMeTTIK-1eMorpausJibIK J1eTePMUHAHTTAPBIH 0aFajay

Astopmap Kaparanisl 0O0JbICEI TYPFBIHIAPHIHBIH JHa0eTKe MANIBIFy JCHTeiliHe >KoHE OHBIH JeTepMH-
HaHTTapblHa OaiaHbICTBl qUabeTTiH 2-TypiMeH aybIpaTblH HAyKacTapAblH TIPIIUTIK €Ty cama Kepcer-
KilTepin 3eprreai. 3eprrey «DKOJNOTHSUIIBIK KAyiNTiNIK JKOHE TYPFBIHAAp ACHCAYNBIFBI» aTThl FBUIBIMH-
TEXHUKAJIBIK Oarmapnama meHOepinge oTkizingi. CKpUHUHITIK 3epTTeyliep YILIIH apHaiibl cayanHama
sxacanael. OHZa 3epTTeNylIire Kepek akmapar jKoHe PeCHOHICHTTIH Kemicimi mierrymr Gomnapl. COHbIMEH
KaTap XKBIHBICHI, XKAacChl, AICYMETTIK (hakTopiap (TabbIC AeHreHi, 0TOACBUIBIK JKaFAaibl, O1TiM IeHTeli, dKyMbIC
TYpi), aCKBIHFaH, CO3BIIMAIIBI aypynap 0ap, >KOKTHIFEI Kepcerinmi. Kayin ToObH anbikray ymin FINDRISC
(The Finnish Diabetes Risk Score) cypakHamackl KomnaHsuabl. Tipmiinik camacsiHa Oara Oepy MaKcaThIMEH
26 cypakran typarsiH JJJIC cypaknamachIHBIH KbicKama Typi kenripinmi. FINDRISC cypakHamachbIHBEIH
HOTIDKECI pecroHIeHTTepIiH 24.6 Y%-Fa xybiFbl Kenep 10 *Kblima KalblOThL, )KOFapbl XaHe oTe xorapsl (12
6aI1 )KOHE 0J1aH KOFapbl) KaHT 1uabeTi Kayimi 60aThIHBIH pacTaibl.

JLT. TyprynoBa, A.A. TypmyxambetoBa, /[.T. AmupxanoBa, A.P. Anuna

Onenka Ka4ecTBa KU3HH B 3aBHCHMOCTH OT CTEIICHH PHCKA
CaxapHOro Auadera M ero CONMAJbHO-IeMorpaguyecKkue 1eTePpMHHAHTHI
y :xkuteeii Kaparanannckoii ods1actu

ABTOpaMu M3y4eHBI ITOKa3aTely KauecTBa JKU3HU OOJBHBIX CaXapHBIM AuMa0eToM 2 Tula B 3aBUCUMOCTH OT
CTEIEeHH PHCKa M colHanbHO-aeMorpaduueckux $paxropos cpenu Hacenenus: Kaparanaunckoi obnactu. Hc-
ClIeOBaHUE MIPOBOIMIOCH B PAMKAX BBIIOJIHEHHUS] HAYYHO-TEXHUYIECKON MPOTrpaMMbl « IKOJOTUUECKUE PUCKH
U 3/10pOBbe HaceneHus». CKPUHUHT BKIIIOYAT aHKETUPOBAHUE, TS POBEICHHUS KOTOPOro Oblia pazpaborana
aHKeTa Ui yYaCTHHKAa CKPUHHHTOBOTO HCCIICAOBAHHUS, KOTOpAas cojaepkaiia WH(GpOPMAIHIO sl yYaCTHHKA
HCCIIeIOBaHNs, THQOPMUPOBAHHOE COTJIACHE PECIIOHICHTA. BhUIM yKa3aHBI MOJ, BO3PACT, CBEICHHS O COIH-
TbHBIX (akTopax (YpOBEHb TOXOJOB, CEMEHHOE IOJIOKEHHE, YPOBEHb 00pa30BaHUs, 3aHATOCTh, XapaKTep
TpyZa), HAJMYUE WK OTCYTCTBHE XPOHUYCCKHX 3a0oJeBaHuil. J{J1s ompeneneHus TpyImil pucka quabera mc-
nosb3oBaiicst onpocHuk FINDRISC (The Finnish Diabetes Risk Score). C 1enbio OleHKH KauecTBa JKH3HH
Obuta B3siTa Kpatkas Bepcus onpocHuka BO3 (WHOQOL-BREF), kotopslit cocrout u3 26 Bonpocos. AHa-
mu3 pesynpTaroB mkansl FINDRISC nokasan, uto y 24.6 % pecrionaenToB B Ommxaiimue 10 jgeT Bo3MOXeH
YMEpEHHBIH, BEICOKHI U 04eHb BbIcokui puck CJI (12 6ansoB u 6o:ee).

References

Guariguata L., Whiting D.R., Hambleton I., Beagley J., Linnenkamp U., Shaw J.E. Diabetes Res. Clin. Pract., 2014, 103(2),
p.- 137-149.

Global report on diabetes, World Health Organization, 2016, http://apps.who.int.

Basarbekova R.B., Zeltzer M.E., KosenkoT.F. Bull. of Alma-Ata State Postgraduate Med. Institute, 2011, 4, p. 27-28.
Wild S., Bchir M., Roglic G. et al. Diabetes care, 2004, 27, 5, p. 1047-1053.

Shishkova Y.A., Motovilin J.G., Surkova E.V., Mayorov A.Y. Diabetes Mellitus, 2011, 3, p. 1-6.

Rubin R.R., Peyrot M. Diabetes Metab. Res. Rev., 1999, May-Jun, 15, 3, p. 205-218.

«Biology. Medicine. Geography» Series. No. 4(84)/2016

23



L.G. Turgunova, A.A. Turmuchambetova et al.

7 Lindsay G., Inverarity K., McDowell Joan R.S. Nursing Research and Practice, 2011, 2011, 8 p.

8 Kumar P., Krishna M. Science Journal of Public Health, 2015, May, 3, 3, p. 310-313.

9 Misnikova I.V., Dreval A.V., Dsebisashvili T. Almanac of clinical medicine, 2015, 5, p. 46-50.

10 Mustafina S.V., Rymar O.D., Sazonova O.V., Sherbakova L.V., Voevoda M.1. Diabetes mellitus, 2016, 19, 2, p. 1-6.
11 Makrilakisa K., Liatisa S., Grammatikoua S. et al. Diabetes & Metabolism, 2011, April, 37, 2, p. 144—151.

12 Sayeed M.A., Mantab H., Khanam P.A., Latif Z.A. Diabetes Care, 2003, 26, 4, p. 1034-1039.

13 Kalashnikova M.F., Suntsov Yu.L., Belousov D.Yu., Kantemirova M. A. Diabetes mellitus, 2014, 3, p. 5-16.

14 Veghari G., Sedaghat M., Joshaghani H. et al. International Journal of Diabetes Mellitus, 2010, 2, 3, p. 154-157.
15 Supiyev A. et al. Diabetes Research and Clinical Practice, 2016, 112, p. 6-12.

16 Amirdzhanova V.N., Gorachev D.V., Korshunov N.I. Scientific-practice rheumatology, 2008, 1, p. 36-48.

17 Kriulenko I.P. Bull. of the N.A. Nekrasov Kostroma State University, 2009, 15, 2, p. 1-5.

24 Bulletin of the Karaganda University



MEOULIMHA
MEDICINE

UDC 616-018:616:379-012.54:542:116.2
L. Vogtl, K.-D. Kohnertz, P. Heinkez, A. Thomas® , E. Salzsieder?

'Diabetes Service Center, Karlsburg, Germany,
Institut of Diabetes «Gerhardt Katschy, Karlsburg, Germany;
3Medtronic, Meerbusch, Germany
(E-mail: vogt@diabetes-karlsburg.de)

Use of the KADIS-CSII program for adjusting insulin pump therapy
in type 1 diabetes

Continuous subcutaneous insulin infusion (CSII) has become a standard for treatment optimization of type 1
diabetes (T1D). However, the transition from Multiple Dose Injection (MDI) to CSII therapy can be challenging.
The objective of the present study was to use KADIS, the Karlsburg Diabetes Management System, for individ-
ual basal and bolus insulin adjustments in patients with type 1 diabetes while switching from MDI to pump ther-
apy. We describe the extended KADIS-CSII program and its practical application for adjustment of insulin
pump therapy. We conducted a pilot study including 12 patients with T1D who had received MDI therapy con-
sisting of short- and long-acting insulin injections. Baseline HbAlc was 8.2+0.8 %, age 31.3£11.1 years, and
diabetes duration 15.7+6.7 years (mean+SD). Data derived from continuous glucose monitoring (CGM) during
MDI therapy were processed by the KADIS algorithm in order to characterise the patient’s specific metabolic
parameters. Those were used to estimate individual basal infusion rate patterns as well as insulin boluses based
on carbohydrate consumption for the transition to CSII. Three months after transitioning from MDI to CSII
based on KADIS guided therapy, the mean HbAlc value was reduced to 7.6+0.5 % (—0.6 % vs. baseline,
p<0.05) and remained at this level until the end of the 6-month study. Likewise, time <3.9 mmol/L (p=0.008),
glycemic variability indexes, such as SD around mean glucose (p=0.010), MAGE (p=0.001), and CONGA
(p=0.007), were all significantly lower at study end. Consistent with these data, quality of glycemia measured by
the GRADE index and a recently developed Q-score was also improved. The proposed KADIS-CSII program
could become a practicable and efficient tool to support adjusting insulin pump therapy.

Key words: diabetes, insulin pump therapy, KADIS-program therapy, glycemia, glucose metabolism, HbA1.

Introduction

Several studies have shown that diabetic patients with poor glycemic control who are assigned to insu-
lin infusion therapy achieve better improvements in HbAlc levels than those that remain on multiple injec-
tion treatment [1-5]. Compared with Multiple Dose Injection (MDI), the essential advantages of continuous
subcutaneous insulin infusion (CSII) include adjustable basal rates and flexible delivery of short-acting insu-
lin boluses for meals according to individual lifestyle preferences. While currently available conventional
insulin pumps may differ by some specific features, all of them provide similar basic functionality allowing
users to deliver pre-programmed pattern of basal insulin adjustable for times of lower and higher insulin de-
mand, like during exercise or acute illness. Boluses are given before meals based on actual blood glucose
levels and the anticipated food intake. Pumps can also provide decision support by calculating the insulin
bolus dose needed to cover for the amount of carbohydrates to be consumed. The flexible use of short-acting
insulin boluses at mealtimes and continuous basal insulin infusion around the clock does represent an accept-
able compromise, closely mimicking physiologic pattern of insulin secretion. Consequently, if handled ade-
quately users can achieve near-normoglycemia without extensive glucose fluctuations and without increasing
the risk for hypoglycemia.

The transition from MDI to insulin pump therapy does allow for therapy optimization by determining
individualized basal insulin infusion rate pattern, which differ from patient to patient and vary within periods
of the day. The basal insulin dose is usually calculated as a percentage of the total daily insulin requirement.
In order to establish variable rate pattern one can introduce fasting periods and compensate changing blood
glucose levels by adjustments of the basal rates. In practice this procedure of compensation is cumbersome
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and usually requires several days until blood glucose levels remain relatively steady. After a 24-h basal insu-
lin profile has been established, meal boluses can be refined considering respective carbohydrate intake. The
whole process of building up basal rate profiles and determining meal boluses correctly is rather time-
consuming and represents a challenge for most family physicians as well as their patients.

We have previously developed the personalized counseling program KADIS® (Karlsburg Diabetes Man-
agement System) [6—8]. The program is based on a mathematical model describing the glucose metabolism in
the form of a coupled system of differential equations. The individual metabolic situation, including food in-
take, insulin therapy, anti-diabetic medication, physical activity, and lifestyle, is reflected by a so-called «Meta-
bolic Fingerprint» for each patient. Endogenous factors, such as insulin sensitivity and insulin reserve are iden-
tified during the process and responsible for the individual expression of the fingerprint profile.

Based on CGM measurements and patients’ metabolic control data, we have expanded the KADIS pro-
gram for implementation in CSII therapy to determine individual basal insulin rates and meal boluses. Here
we are presenting a pilot study using the expanded KADIS program supporting the optimization of
basal/bolus insulin delivery by pump with focus on T1 while switching from MDI to CSIL

Research Design and Methods

KADIS-based adjustment of CSII therapy. For this purpose, the original KADIS-program was extended
and implemented in the CSII therapy, as further referred to as KADIS-CSII. The KADIS-CSII therapy sup-
port was implemented as follows: First, CGM measurements and patient’s self-control data (CHO-meals,
insulin doses, time etc.) were entered into the KADIS software to generate the «Metabolic Fingerprint», as
demonstrated in Figure l1a. The «Metabolic Fingerprint» represents an in silico copy of the patient’s meta-
bolic status. Second, as shown in Figure 15, an initial setting of the basal rate was performed on the com-
puter, omitting meals and insulin boluses (switch off within the software). Taking the pharmacokinetic dif-
ferences between basal insulin infusion and bolus injections into account, the basal insulin rate, sufficient of
predicting the glycemic curve residing in the normal range, was calculated by the KADIS specific mathe-
matical algorithm. Third, meal effects were included in the computer simulation estimating appropriate insu-
lin boluses in relation to the carbohydrate intake (Fig. 1¢).

Setting and Patients

The pilot study was carried out at the Clinic of Diabetes and Metabolic Diseases Karlsburg, Germany,
between February and December 2012. Twelve patients with type 1 diabetes on MDI therapy for a minimum
of 2 years were included. MDI therapy consisted of either short-acting insulin Humalog (n = 4),
Novorapid/Actrapid (n = 5), Liprolog (n = 2) or Huminsulin (n = 1) in combination with long-acting insulin
Lantus (n =9), Levemir (n = 2) or Huminsulin basal (n = 1). Exclusion criteria included clinically significant
nephropathy, neuropathy, retinopathy, and women who were pregnant or breast feeding. Mean age of the
participants was 31.3 + 11.1 years, diabetes duration 15.7 & 6.7 years, and baseline HbAlc 8.2 + 0.8 %.

After hospital admission a continuous glucose monitoring was performed over 6 days, using the iPro
system (Medtronic MiniMed). All participants performed a MDI therapy during this CGM. All participants
signed informed consent prior to study entry. The main patient characteristics are shown in Table 1.

Table 1
Baseline characteristics of the study patients
Patient Age Gender Diabetesduration HbAlc BMI2 Insulinrequirement
(years) (years) (%) (kg/m") (U/day)
1 38 m 26 8.0 30.0 66
2 25 w 19 8.0 29.0 50
3 23 w 14 8.5 22.4 41
4 25 w 22 10.3 23.5 39
5 61 w 5 7.6 274 36
6 26 w 19 8.4 24.1 61
7 28 w 16 7.5 25.5 54
8 36 m 15 8.1 25.4 66
9 25 w 13 8.5 23.5 60
10 24 m 18 8.7 21.5 42
11 40 m 2 7.3 22.6 42
12 25 w 19 7.5 274 64
N=12 | 31.3#11.1 8f/4m 15.7+6.7 8.2+0.8 25.2+2.7 51.8+11.4
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a) «Metabolic Fingerprint» — After enter-
ing the measured data from continuous glu-
cose monitoring (glucose curve with red
dots), insulin dosing (3 x short-acting insulin,
1 x long-acting insulin; bar graph in the mid-
dle), and the meals as CHO (lower part of the
figure), the model is fitted to the metabolic
control of the patient and the glucose curve
(blue) is finally simulated by the KADIS®
model system

b) KADIS®-based profile of the insulin
basal rate — After omitting the insulin bolus
as well as meals, and considering the different
pharmaco-kinetics of bolus insulin injections
and continuous insulin infusion (CSII) is
determined by simulation of the individual
basal rate (bar graph)

¢) KADIS®-based transition to CSII ther-
apy — Meals are added again and the insulin
boluses determined in relation to the amount
of carbohydrates consumed. The expected
glucose curve for the KADIS®-CSII setting
of the individual basal rate and meal insulin
boluses (red bar in the middle) is shown in
blue

Figure 1. Procedure for KADIS® CSII-based assessment of the basal rate and the adjustment of boluses
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The data flow for application of KADIS-CSII is shown in Figure 2. Comprising of:

(1) personalized mathematical adjustment to the acute individual metabolic situation «Metabolic Fin-
gerprinting;

(2) KADIS-based computer simulation of change of insulin injection from MDI to CSII therapy, taking
pharmacokinetics under MDI and continuous insulin infusion into account;

(3) simulation of food omission and mathematical determination of individual basal insulin rate;

(4) simulation of meal insulin boluses dependent on food intake and changing circadian insulin sensi-
tivity.

Visit 1 — Switch MDI >CSOI ~ —— - :

-CGM | s plemn.hd basedata
- KADIS®-CSH pump-> basal rate pps) \ SMBG data
ok i . Y
KADIS®
2 : identification
KADIS® basal rate Simulation applying
Calculation traditionally used basal insulin rate

Visit 2 e el gy B3 e o
- CGM 8 -CGM B
- KADIS®.CSI | - KADIS®-CSTI ||

Data analysis, evaluation

Figure 2. Flow chart of the KADIS-CSII study

Based on the result of the KADIS — CSII simulation a proposal was put forward to support the attending
physician in adjustment of pump therapy.

Measures of glycemia

HbAlc levels were estimated from blood samples by standard procedure. The following measures were
derived from CGM profiles: mean glucose concentration (MGC), standard deviation around mean glucose
(SD), time spent in hypoglycemia and hyperglycemia, high blood glucose index (HBGI), low blood glucose
index (LBGI), interquartile range, mean amplitude of glycemic excursion (MAGE), and continuous overall net
glycemic action (CONGA). In addition, the quality of glycemic control was assessed by the Glycemic Risk
Assessment Diabetes Equation (GRADE) score and a newly developed Q-score [9-10]. The Q-score does rep-
resent a combined value of various qualitative measures of glucose control that has been proven an effective
determination of metabolic risk for an individual patient. Q-score evaluation criteria are depicted in Table 2.
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Table 2
Q-Score evaluation criteria

Q-Score Clinical evaluation of the quality of glycemic control
Glycaemia mostly outside the target range (>80 %), very high
>12.0 Poor e . .
variability, presence of hypoglycaemic episodes
. Glycaemia often outside the target range (50-80 %), high
8.5-11.9 Fair L . .
variability, hypoglycaemic episodes can occur
- - - — 0
6.0-8.4 Satisfactory Glycaemia partially outside the .targfzt range (20-50 %),
reasonable variability
- — —
40-5.9 Good Glycaemia mpst}y within the target range (80 100 %),
low variability, no hypoglycaemic episodes
- — —
<40 Very good Glycaemle} c.ompleta'ely'v.vnhln the target range (80—-100 %),
negligible variability, no hypoglycaemic events

Primary outcomes were the HbAlc value and time in hypoglycemia (<3.9 mmol/L). Secondary out-
comes included glycemic variability and quality of glycemic control.

Statistical analysis

Data are presented as mean+SD values unless otherwise specified. Individual comparisons within pa-
tients between MDI and CSII treatment were performed using the paired t-test and between group compari-
sons using analysis of variance. The mean area under the glucose curve (AUC) was calculated by the trape-
zoidal method. A P-value of <0.05 was considered statistically significant. Analyses were carried out using
SPSS, version 12.0.

Results

Table 1 shows the baseline characteristics of the participants included in the study. Prior to CSII therapy
HbA1c levels ranged from 7.3—10.3 % (56-89 mmol/mol). Switching to CSII therapy reduced HbAlc values
by an average 0.6 % (p<0.052) during 3 month with no further decrease until the end of the study at 6 month.
As shown in Table 3, CGM mean glucose was not significantly decreased, while time spent at glucose levels
<3.9 mmol/L was reduced by a mean of 64 % (p = 0.008). This is consistent with a 62 % decrease in LBGI.
The time glucose levels were in target range (3.9-8.9 mmol/L) increased overall from 73 to 86 %
(p =0.048). Four out of the 12 participants achieved 100 % with glucose levels spent in the target range.
CSII therapy also decreased glycemic variability: SD 1.8 vs. 2.8 mmol/L (p = 0.010), MAGE 0.9 vs.
1.6 mmol/L (p = 0.001), and CONGA 2.7 vs. 4.3 (p = 0.007). It did not significantly decrease the GRADE
score (5.6 vs. 7.3, p = 0.12) but did improve the quality of glycemic control as estimated by the Q-score
(8.0 vs. 12.6, p = 0.001).

Table 3
Comparison of glycemic parameters at baseline and after 3 and 6 months duration
MDI CSII CSII
Parameter baseline at 3 months at 6 months P Value
HbAlc, % 8.2 7.6 7.6 0.052
MGC, mmol/l (mg/dl) 7.5 [135] 8.3 [149] 7.3 [131] 0.065
SD, mmol/l (mg/dl) 2.8 [50] 2.2 [40] 1.8 [32] 0.010
MAGE, mmol/l (mg/dl) 1.63 [29] 1.09 [20] 0.91 [16] 0.001
Time > 8.9 mmol/l, h/day 6.87 8.22 5.54 0.359
AUChyper, mg/dlxday 19.50 17.03 12.31 0.166
Time < 3.9 mmol/l, h/day 2.87 0.65 1.02 0.008
AUChypo, mg/dlxday 2.35 0.41 0.54 0.010
Glucose levels in target range, % 72.7 74.5 86.0 0.048
Glucose Range, mmol/l (mg/dl) 10.5[189] 8.6 [155] 6.9 [124] 0.006
HBGI 2.51 2.59 1.94 0.166
LBGI 1.70 0.42 0.65 0.011
GRADE 7.27 6.89 5.61 0.115
CONGA? 4.34 3.63 2.65 0.007
Q-Score 12.6 9.7 8.0 0.001
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MGC, Mean Glucose Concentration; SD, Standard Deviation of Glucose Concentration; MAGE, Mean
Amplitude of Glucose Excursion; Glucose Range (Max/Min), HBGI, High Blood Glucose Index; LBGI,
Low Blood Glucose Index; GRADE, Glycemic Risk Assessment Diabetes Equation; CONGA, Continuous
Overall Net Glycemic Action; Q-score, Quality of glycemic control.

Comparison of the basal rate estimates using the KADIS-CSII algorithm e.g. with the default scheme pro-
posed by Renner [11, 12] for setting the basal insulin rate did reveale significant differences (Fig. 3). The differ-
ences consisted in dose, which were on average lower than by the traditional method, and in dynamics/distribution
of the basal rate. Fig 4 demonstrates an example in case of identical basal insulin dose recommendation resulting
in differences of distribution between KADIS-CSII and the Renner method. The method by Renner suggested an
average 26.6 £ 6.6 IU daily amount of insulin, whereas CSII-KADIS suggested 21.7 £ 5.7 TU (p = 0.35). With
minor modifications implemented by HCPs under everyday conditions, the mean basal insulin dose at the end of
the 6months period consisted of 20.6 + 4.8 U/day (p = 0.24).

0,00

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

Figure 3. Basal rate profiles obtained for 26 TU with KADIS®-CSII adjustment (red)
and after using the default profile by Renner et al. (light blue)
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Figure 4. Samples of individual basal rate profiles with KADIS®-CSII of patients included in present study
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Discussion

Our study shows that the KADIS-CSII program, which was specifically developed for recom-
mendations of insulin pump therapy, is able to efficiently provide basal rates and insulin meal boluses. The
capabilities of our algorithm outperform most widely used empirical approaches, which require several time-
consuming meal omission tests until the basal insulin infusion profile can be established followed by adjust-
ing meal boluses to minimize postprandial glucose excursions. The KADIS-CSII program, however, allows
an instant assessment of basal insulin rate and meal boluses necessary to achieve glucose levels in target
range by simulation, provided CGM profiles and respective inputs were recorded over a duration of several
days. Herein, we have mainly used the iPro monitoring system to record glucose values over 6 days. It is
conceivable that the longer the glucose monitoring time, usually 6—14 days, the more precise the «Metabolic
Fingerprint» and thus estimation of basal and bolus insulin. Generating the «Metabolic Fingerprint» and cal-
culation of the personalized basal rate setting for a patient by KADIS-CSII takes less than 10 minutes. This
data does indicate that the use of KADIS would facilitate a successful transition from MDI to pump therapy
within a much shorter period of time than considered traditionally. In addition, the use of KADIS by the cli-
nician does offer checking out various treatment options or patient preferences by simulation in lieu of em-
pirical implementation. It is also of note that the average daily insulin dose compared to MDI therapy could
be reduced by 62 % (22 vs. 52 U/day) and was lower than suggested by the traditional method (22 vs.
26 U/day). Furthermore calculation of basal rates by KADIS-CSII results in personalized profiles/ distribu-
tion pattern for a patient whereas in case of the traditional method would result in identical pattern, including
the same initial basal rate, for a given amount of insulin.

In addition, an important feature of the KADIS-CSII algorithm is the potencial to avoid hypoglycemia
during adjustment of pump therapy. Using it is straightforward and requires users to input body weight,
amount of carbohydrates, total daily insulin dose, and basal insulin infusion rate. Moreover, it is capable of
discriminating between rapidly and slowly absorbed meals, and the variability in insulin sensitivity is as-
sessed by model-based analysis. Limitations of the study are the small sample size, the dominance of female
gender, and the broad age range (23—61 years) of participants.

The procedure of the program «KADIS®-CSII» on the identification of a «metabolic fingerprint» should
be tested for other patients and age groups, which are known to have variable basal rate profiles. In particu-
lar, in children and adolescentsthis is known. The effectiveness of KADIS®-CSII in these groups of patients
should be subject of further investigations.

In summary, introduction of the KADIS-CSII program into clinical practice circumvents time-
consuming meal omission tests to build up individual basal insulin rates and cover prandial insulin defi-
ciency. It may thus increase efficiency and flexibility when switch from MDI to pump therapy is required to
optimize glycemic control. KADIS-CSII is a program that can be effectively used for the conversion of pa-
tients on CSII or the optimization of an existing CSII. For this purpose, a variant already has been created,
which implements the calculation in an iPad (TeleDIAB). This makes it possible for the first time in the
presence of CGM data and a corresponding user access to transfer patients to a CSII therapy to support
online. The clinical relevance of KADIS-CSII is the immediate achieve optimum adjustment of the insulin
pump parameters. The economic relevance relates to the time savings for the diabetes team, but also for the
patients without burdening meal omission and other tests as well as access to a telemedicine solution. Finally
KADIS-CSII provides personalized basal rates considering the typical daily life style of patients. These ad-
vantages are to be confirmed in a randomized, controlled clinical trial with a larger number of patients.
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JI. ®orT, K.-JI. Konepr, I1. Xaitake, A. Tomac, E. 3ansuunep

1-TunTi KanT AUa0eTi TepanusiCbIHAA HHCYJIMHII COPFBILITHI
Kosany ymin KADIS-CSII 6arnapiaaMachbiH naijajgany

1-Tunti xant puaberin (T1D) emmeynme Tepi actel apkeunel mHCymuHAi (CSII) y3mikeis  eHrizyni
OHTAMJIAHIBIPY YPAiCI CTAaHIAPTTHI OOJNBIN TaObUIANbL. Ajalifa OipHeEIIe peT CHTI3reH WHBEKIUSINAH KeHiH
CSII repanusra Kellly KUBIHFa COFaabl. byl 3epTTey/iH MakcaThl — HHCYJIMHIIK COPFBINITA MaliaanaHaThH
HMHCYIWH TepanuschiHbIH auaberti Oackapatein KARLSBURG-KADIS xyitecin kommany. Mucymux
COPFBILITAPBIH Taiinanany kesinge 06i3 oHbH mnpakTtukanbiK nponecingeri KADIS-CSII Garmapiamacsi
yeoinablK. CoHIai-ak MHCYJHH KbICKA JKOHE y3aK Mep3iMai ocep ereTiH emHeH TypateiH MDI emin
kabbuinaran T1D-men 12 naykacrapiasl anabsiH ana 3eprresik. HbAlc Gacrankel nenreii 8,2 + 0,8 %
Kypajpl, emaenyminepain xacol 31,3 = 11,1 apansiFsiHga sxoHe KaHT AuabeTiMeH aypy y3akThirsl 15,7 £ 6,7
JKBUTFA TeH Oosimbl. HayKacTBIH HaKTBUIBI METaOONUTTI KepceTKimTepiH cumarTailTelH MDI Tepanmscst
Ke3iHJe TIII0OK03a AeHrediH ys3mikciz Oakpiray (CGM) moamimerrepi KADIS anroputM kemerimeH sxysere
actel. Y1 ait etked coH MDI-nan CSlI-ra ety ymin Herisri tepanus KADIS Herizinge 6akputbiabi, HbAlc
oprama MoHI 7,6 + 0,5 % -Fa TOMEHJe kKOHE aNThl alJIbIK 3€pPTTEY COHBIHA JICIIH OCHI JeHreine Oobl.
¥combuirad KADIS-CSII 6araapiaMacsl HHCYJIHH COPFBIII TEPAITUSICHIH OTY YPAICIHIC HAKThI )KOHE THIMIII
HOPMATHUBTIK Kypa 0oJ1a anajpl.

JI. ®orT, K.-JI. Konepr, I1. Xaitake, A. Tomac, E. 3ansunnep

IIpumenenune nporpammel KADIS-CSII
AJISl NCTI0JIb30BAHMS MHCYJIHHOBOI0 Hacoca B Tepanum auadera 1 tTuna

HenpeprisHoe noaxoxxHoe BiuBanue nucynHa (CSII) cTano cTanmapToM B IIpomecce ONTUMU3ALUH JICICHUS
muabera 1 tuma (T1D). OxHako mepexox OT MHOTOKpATHBIX HHBEKINH K Teparuu CSII sBisieTcs HempoCThIM.
Lems maHHOTO WCCIENOBaHHS COCTOsUIa B TOM, 4ToObI mcnoib3oBaTh KADIS-KARLSBURG-cucremy
ynpaBieHus: AuabeToM MpH MepeBOAe TePalK WHCYJIMHOM Ha HCIIOIb30BAHHE METOJA €ro HEMpepHIBHOTO
BBeeHus. Hamu npencrasnena pacumpenHnas nporpamma KADIS-CSII B mpouiecce ee mpakTHUECKOTO MpHU-
MEHEHUsI TIPH UCIONb30BaHUU MHCYIMHOBBIX HacocoB. IIpoBeeHo mpeapapuTensHOe HccnenoBanue, 12 ma-
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uenToB ¢ T1D momyunnu tepanuio MDI, cocrosiyio U3 HHCYIMHA KOPOTKOTO U AJIMTENBHOTO AEHCTBUS.
Havanensiii yposens HbAlc cocrasimsin 8.2+0.8 %, Bo3pact nareHToB — 31.3+11.1 et u nmpogomkuTens-
HOCTh Auabera — 15.7+6.7 rona. JlanHbIe HENPEPHIBHOTO KOHTPOJS ypoBHS Itoko3sl (CGM) Bo Bpems Te-
parmun MDI 6sutnt 06paboTanst anropurMoM KADIS, 4To65! XapakTepu3oBaTh ONpeelIcHHbIe MeTadoIde-
ckue napamerpsl nanueHTa. Coycrs Tpu Mecaua nocie nepexona ot MDI k CSII Ha ocHoBe ynpasiseMoit
teparnuu KADIS cpennee 3nauenne HbAlc 6bm10 cHmkeno go 7.6+0.5 % u ocraBanock Ha 3TOM ypOBHE 10
KOHIIa mecTuMecsuHoro uccuenosanus. [pennoxennas nporpamma KADIS-CSII moxer cTaTh peanbHbIM U
3¢ (EKTUBHBIM PEryIHPYIOIHM HHCTPYMEHTOM B IPOLIECCE MEPeX0a K Teparii HHCYIHHOBBIM HACOCOM.
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Hyperglycemia and Cardiovascular Risk
in Diabetes mellitus Type 1 and Diabetes mellitus Type 2

Diabetes mellitus is a chronic disease that through its complications seriously reduces quality of life and life
expectancy in diseased people. There is a worldwide increase in the prevalence in diabetes mellitus type 2.
Our understanding in reducing the micro- and macrovascular risk has increased in the last time. But, in con-
trast to microvascular morbidity the most persistent menace to the health in diabetic patients of both types
remains atherosclerosis with increased cardiovascular morbidity and mortality when compared with the
non-diabetic population. In the past, the role of hyperglycemia on CVD was not completely elucidated. It was
the aim to review and to compare the role of hyperglycemia on cardiovascular morbidity and mortality both
in type 2 and type 1 diabetes. Results from ADVANCE and UKPDS Studies in type 2 diabetes have shown
that the effect of intensive glucose control was associated with decreased risk of cardiovascular disease and
death from any cause in addition to reduction of microvascular disease. HbAlc targets lower than 7.5 % and
near to 6.5 % and avoiding of hypoglycemia are recommended. DCCT-EDIC Study data in type 1 diabetes
have demonstrated that an early intensive metabolic control near to normal level initiated in patients with
short diabetes duration and without microangiopathic complications such as nephropathy significantly re-
duced micro- and macrovascular morbidity. The long lasting effect of intensive control is called «memory ef-
fect». Near normal HbAlc levels at least < 7.5 % and individually targeted in order to avoid hypoglycemia
are required. When comparing both types of diabetes, in type 1 as well as type 2 diabetes intensified glucose
control resulted in long-lasting effects, reducing significantly cardiovascular morbidity and mortality. Treat-
ment has to be initiated early in the course of the disease. But considering meta-analyses of large randomized
controlled trials of intensive vs. conventional glycemic control in type 2 diabetes, hyperglycemia has shown
to be a weaker cardiovascular risk factor than increased cholesterol levels or hypertension.

Key words: diabetes mellitus type 1, diabetes mellitus type 2, hyperglycemia, glycemic control, cardiovascu-
lar disease.

Abbreviations:

ACCORD — Action to Control Cardiovascular Risk in Diabetes;

ADVANCE — Action in Diabetes and Vascular Disease: Preterax and Diamicron Controlled Evaluation;

DCCT/EDIC — Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications;

CAC — coronary artery calcification;

CVD — cardiovascular disease;

CHD — coronary heart disease;

CAD — coronary artery disease;

EURODIAB — European Prospective Complications Study IDDM Complications Study;

ROS — reactive oxygen species;

UKPDS-PTM— United Kingdom Prospective Diabetes Study-Post trial monitor;

VADT — Veterans Affairs Cooperative Study;

WESDR — Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Diabetes mellitus is a chronic disease that through its complications seriously influences the quality of
life by shortening the life expectancy of people suffering from diabetes. A worldwide diabetes expansion
from 285 million diseased people to expected 438 million in 2030 demands strengthening efforts to control
and to prevent the disease expansion [1-3]. The worldwide accelerating increase in the prevalence of type 2
diabetes [4] enhances the risk for diabetic complications, indeed when considering also an alarming rise of
type 2 diabetes already in young people. In the young populations there is also an increase of the type 1 dia-
betes incidence by about 2 % to 5 % per year worldwide [5, 6].

In the last years, our understanding about cardiovascular risk of hyperglycemia and other risk factors in
reducing the micro- and macrovascular morbidity has enlarged. Prospective epidemiological studies have
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shown to reduce the micro- and macrovascular morbidity and mortality by intensive metabolic control both
in type 1 and type 2 diabetic patients [7, 8]. Over the past 40 years, a reduction in the mortality due to cardi-
ovascular disease and coronary heart disease by about 70 % both in diabetic and in non-diabetic population
has been reported [9].

But diabetic patients have not equally benefited from advances in reducing the coronary risk as the non-
diabetic have. The traditional risk factors do not fully explain the excess risk for increased cardiovascular
morbidity in diabetes [10]. In both types of diabetes an increased CVD risk in men and women has been re-
ported. A significant increase in CVD mortality in diabetic patients compared to people without diabetes re-
lated to increasing HbAlc levels has been shown [10].

In the past the role of hyperglycemia as an independent risk factor for cardiovascular disease in both
types of diabetes was still not fully enlightened [11, 12].

In previous cross-sectional studies we had found that cardiovascular risk factors are working also in
type 1 diabetes [13]. We found CVD in type 1 diabetes to be associated with age, disease duration, increased
insulin requirement, hyperglycemia, nephropathy, hypertension, lipid abnormalities, retinopathy and neurop-
athy [14]. As cardiovascular risk factor in type 1 diabetes were further considered arterial stiffness, coronary
artery calcification, cardiac autonomic neuropathy and hypoglycemia [15].

Today our understanding about the cardiovascular risk of hyperglycemia in both types of diabetes has
enlarged [8, 16].

Therefore, it was the aim of the present survey to compare the impact of the risk of hyperglycemia on
the cardiovascular morbidity and mortality both in type 2 and in type 1 diabetes.

What is a risk factor?

A risk factor is an attribute or an exposure that is associated with increased probability of occurrence of
a disease. This is not necessarily a causal factor. A risk factor represents more the likelihood that people who
are exposed to certain factors subsequently develop a particular disease [17].

Hyperglycemia as mediator of cardiovascular complications in type I und type 2 diabetes

The pathogenesis of micro- and macrovascular complications in type 1 and type 2 diabetes is still not
completely elucidated. The concept of an unifying mechanism of hyperglycemia in this process has been
proposed by M. Brownlee in 2005 [18].

In diabetes, hyperglycemia is washing round all cells of every tissue, but there is a tissue damaging ef-
fect of hyperglycemia to a particular cell type, i.e. capillary endothel cells in the retina, mesangial cells in the
renal glomerulus, neurons and Schwann cells in the peripheral nerves, and on endothel cells by generating
diabetic macrovascular disease. These cells are not able to reduce the transport of glucose into the cells when
they are exposed to hyperglycemia [19].

The increased glucose flux goes through the polyol pathway. When the glucose concentration in the
cells becomes too high, glucose will be converted to sorbitol, which later will be oxidized to fructose.

Aldose reductase consumes the cofactor NADH, an essential cofactor for regeneration of antioxidants
as glutathione, and thereby increases intracellular oxidative stress [20].

Increased intracellular production of AGE precursors appears to damage cells by modification of pro-
teins involved in the regulations of gene transcription [21] and thereby causing cellular dysfunction [22]. The
activation of PKC effects gene expression and leads to endothelial nitric oxid synthesis (eNOS) and in-
creased vasoconstrictor endothelin-1 [23, 24].

An increased hexosamin pathway activity flux results from metabolizing glucose by glycolysis and the
formation of UDP N-acethyl-glucoseamin.

This results in increased expression of transforming growth factor-f1 and plasminogen activator inhibi-
tor-1 which is detrimental to blood vessels function [25, 26]. Hyperglycemia increases superoxide production
by the mitochondria. The mitochondrial electron transport chain is the source of the hyperglycemia induced
superoxide generation, as formation of reactive oxygen species (ROS) [18].

An increased FFA-oxidation in diabetic patients causes overproduction of ROS by the same mecha-
nisms as it has been described for hyperglycemia, thus causing the same damaging pathways [18].

Hyperglycemia and CVD in type 2 diabetes

Regarding the worldwide increase in the prevalence of type 2 diabetes, we are faced with obesity, phys-
ical inactivity and aging as the main pathogenetic factors [27]. The most persistent menace to diabetic pa-
tients health and life has remained atherosclerosis. Type 2 diabetes is one of the pathological consequences
of the metabolic syndrome with CHD, obesity, dyslipidemia and hypertension [28]. On the other hand, today
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people with diabetes can live with growing confidence a complications free life. This, however, is requiring
significant modifications in life style and a regular correction of risk factors for complications [29].

Cardiovascular morbidity and mortality are significantly increased in type 2 diabetes when compared
with the age- and sex-matched non-diabetic population [30]. Classic cardiovascular risk factors are hyperten-
sion, hyperlipoproteinemia and smoking [31]. In addition to the classic risk factors, other factors are contrib-
uting to the increased cardiovascular mortality in type 2 diabetes, such as microalbuminuria [32], hemostatic
abnormalities [33], endothelial dysfunction and chronic inflammation [34].

However, cardiovascular risk of hyperglycemia in type 2 diabetes was not fully supported [35-37].
Some studies have reported an increase of cardiovascular risk with the increase of hyperinsulinemia and
glycated hemoglobin [38, 39]. But in prospective population based observational studies the effect of
hyperinsulinemia on the development of CVD in type 2 diabetes was less pronounced than that of conven-
tional risk factors [35]. The UKPD-PTM-Study was established to definitely answer the glycemic control
controversy and to answer questions about the class of antidiabetic agents used to achieve control [40].

The UKPDS results have shown that the microvascular complications such as retinopathy, nephropathy,
and possibly neuropathy were reduced by lowering blood glucose levels in type 2 diabetes with intensive
treatment. A median HbAlc of 7.0 % was achieved in intensive treated patients when compared with con-
ventional therapy with a median HbAlc of 7.9 %. Hereby, the overall microvascular complications de-
creased by 25 % [41, 42].

These data have provided statistical evidence that hyperglycemia causes these complications [43].
There, a continuous relationship between the risk of microvascular complications and glycemia was found.
Every percentage point decrease in HbAlc showed a 35 % reduction in the risk of complications [43]. The
risk of complications significantly decreased in the range of glycemic levels of HbA1 ¢ <8.0 %. There was
no evidence of any glycemic threshold for any of the microvascular complications above normal glucose
level [43]. A significant effect of lowering blood glucose on cardiovascular complications was not found.
There was a 16 % reduction of combined fatal and nonfatal myocardial infarction and of sudden death
(P =0.052) [41, 42]. Epidemiological analysis demonstrated a continuous association between the risk of
cardiovascular complications and glycemia. Every percentage point decrease in HbAlc was associated with
a 25 % reduction in diabetes related deaths, a 7 % reduction in all-cause mortality, and a 18 % reduction in
combined fatal and nonfatal myocardial infarction [43]. Again, there was no glycemic threshold above nor-
mal glucose levels [43].

While lowering of blood pressure to a mean of 144/82 mm Hg reduced significantly strokes, diabetes
related deaths, heart failure, microvascular complications and visual loss, there was no threshold for the
complications above blood pressure of 130 mm Hg [44, 45].

The UKPDS-PTM-Study aimed to definitely answer the glycemic control controversy in type 2 diabe-
tes:

Despite an early loss of glycemic differences between intensive and conventional therapy, a continued
reduction in microvascular risk was registered, and a further risk reduction for myocardial infarction and
death from any cause could be observed during 10 years of post trial follow-up. There was also a continuous
decrease in complications among overweight patients undergoing metformin therapy [40].

Beyond UKPDS, it is established without any doubt that outcomes in those whose blood pressure and
glycemic control were near normal were better, and it proved evidence base for the use of metformin.

The first years, following study initiation, were crucial to outcome. The authors of UKPDS-PTM sug-
gested that this was no memory effect which was used by DCCT trial. Here, this was a legacy effect most
likely related to atherosclerosis [40].

Other trials of glycemic control in type 2 diabetes however showed different results: ACCORD Study
patients had longer disease duration Of 11 years when comparing with the UKPDS population. The intensive
group targeted HbA 1c concentrations toward 6 %. At one year, stable HbAlc levels of 6.4 % and 7.5 % were
achieved in the intensive group and the standard group, respectively. However, 257 patients in the intensive
group died, and 203 patients in the standard therapy group. Hypoglycemia rates were three times higher in
the intensive therapy groups as compared to control groups. Therefore, the trial was closed after 3.5 years
because of 25 % increase in all-cause mortality in the intensive control group [46].

The ADVANCE trial is a randomized controlled international study of 11,140 patients with type 2 dia-
betes with glycemic intervention, comparing strategy of intensive blood glucose control (gliclazide) to a tar-
get on HbAlc of 6.5 %. In the ADVANCE trial no increase in cardiovascular mortality occurred, and there
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was a 12 % decrease in mortality among the intensively treated patients [47]. Subsequent analyses showed a
25 % relative reduction in all-cause mortality for every 1 % point reduction in HbAlc [47].

The VADT Study was a multicenter trial that investigated the effects of intensive control at HbAlc tar-
gets of 6 % or less compared with standard glycemic control (HbAlc 8-9 %) on cardiovascular outcomes
among 1.791 patients with type 2 diabetes [48]. Intensive HbAlc lowering in VADT and in ACCORD as
well resulted in increased cardiovascular death rates and all-cause mortality rates when compared with
ADVANCE and UKPDS [40, 47].

On the other hand, the results from ADVANCE [47] and UKPDS-PTM Studies [48] have shown that
the effect of intensive glucose control was associated with decreased risk of myocardial infarction and death
from any-cause in addition to reduction in the risk of microvascular complications in type 2 diabetes.

As shown by UKPDS data, intensive control should be started as early as possible at the time of disease
manifestation.

UKPDS data have shown a so called legacy effect in reduction of cardiovascular morbidity that persist-
ed for 10 years and after the loss of differences in HbA1 ¢ levels [40].

Possible mechanisms behind the observed effect could be, that changes in glycation may alter the elec-
tric charges of proteins thus contributing to alterations in their properties and/or functions. As many proteins
are sensitive to glycation, this may contribute to functional and structural consequences in many organs in
the long term [49].

The therapeutic efforts in type 2 diabetes should not be focused only on glycemic control. Type 2 diabe-
tes cannot simply be treated as a disease of abnormal glucose metabolism. Trial data show that lipid abnor-
malities and blood pressure should be treated in parallel [50, 51].

Targets of glycemia are an HbAlc lower than 7.5 % and near to 6.5 %, if achieved slowly and without
hypoglycemia. Early interventions are beneficial. Late interventions and tight glucose control require a care-
ful approach by avoiding hypoglycemias. Table shows a meta-analysis of intensified vs. conventional control
including the major trials conducted in patients with type 2 diabetes.

Hyperglycemia and CVD in type 1 diabetes

The increased risk of CAD in type 1 diabetes has been recognized since long time [52, 53]. It was sug-
gested that the most likely factor that primarily accounts for this increased risk is hyperglycemia [54], but the
epidemiologic association between glycemia and CAD was rather weak [55]. Since long time an increased
occurrence of CHD in type 1 diabetes has been reported [56, 57].

Over the past years, a reduction was observed in the mortality due to CVD both in the diabetic and non-
diabetic population, presumably of the progress in cardiovascular risk management and interventional cardi-
ology [58]. In type 1 diabetes, a decrease in mortality and an improvement in life expectancy occurred during
the last years [59, 60].

However, the increased risk of CHD for people with type 1 diabetes compared to people without diabe-
tes remained obvious. Increased CVD mortality was related to increasing HbAlc levels [61]. The benefits of
improved diabetes care did not result in lowering CVD mortality [62].

On the other hand, an early and intensive metabolic control has been shown to reduce micro- and
macrovascular morbidity and mortality, favouring the «imprinting « theory of metabolic control.

Nevertheless, in type 1 diabetes we have to consider still other pathogenetic factors: an excess CAC in
type 1 diabetes is providing support for accelerated atherosclerosis [63, 64]. Here, angiographic and autopsy
studies have shown more extensive disease. Of note, changes in arterial compliance, endothelial dysfunction
and changes in vasculature structure and function occur early in the course of type 1 diabetes [65-68].
Type 1 diabetes is associated with increased risk for CHD and that is already evident at young age.

Beside the impact of hyperglycemia, there is a wide range of modifiable risk factors and indicators,
such as blood pressure, lipid abnormalities and smoking and specific factors as renal disease. In the EDIC —
Study inflammation, depressive symptomatology and insulin resistance were considered as CAD predictors;
however, not hyperglycemia [69]. Similar data were found by the EURODIAB Study [70], and the WESDR
Study [71]. In all these studies HbAlc showed only weak associations with CAD in type 1 diabetes [72].
However, another risk factor, i.e. diabetic autonomic neuropathy, implicated an increased CAD risk in type 1
diabetes [72].

Concerning lipids, HDL-cholesterol levels are generally higher in type 1 diabetes, thus reflecting an al-
tered HDL metabolisms by enhanced lipoprotein lipase and reduced hepatic lipase activity due to systemic
insulin administration.
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Atherosclerosis is increasingly considered as an inflammatory disease. The oxidative modification of
LDL, activation of macrophages, and endothelial cells, impaired nitric oxide and resulting vascular cytotoxi-
city may be involved in the pathogenetic process [73]. Other factors, for example, adhesion molecules and
cytokines have still not extensively been studied in the development of CAD in type 1 diabetes [74].

The DCCT data have shown a durable effect of initially intensive metabolic control despite a loss of
glycemic separation later on in the disease progress, an effect of metabolic memory. A reduction of early-
stage complications during the course of DCCT has been demonstrated as well as a substantial reduction in
severe complications and in cardiovascular disease [62].

The phenomenon of a durable reduction of complications by prior intensive metabolic control was
named «metabolic memory». The effect lasted at least 10 years [62]. Major beneficial effects of intensive
control on advanced complications included retinopathy, nephropathy and autonomic neuropathy. Measure-
ments of atherosclerosis included carotid intima thickness and coronary artery calcification. Fatal and nonfa-
tal myocardial infarctions were reduced by intensive treatment with 58 % after a mean of 18 years of follow-
up [75]. The EDIC observational follow up confirmed the durability of DCCT effects [76].

Table
Meta-analysis of intensified vs. conventional glycemic control
Trials Annualeventrate (%)
Intensified | Conventional | (%) | Hazard ratio (95 %CI)

Major cardiovascular event

ACCORD 352(2.11) 371(2.29) -1.01 0.90 (0.78-1.04)
ADVANCE 557(2.15) 590(2.28) —0.72 0.94 (0.84-1.006)
UKPDS 169(1.30) 87(1.60) —0.66 0.80 (0.62-1.04)
VADT 116(2.68) 128(2.98) -1.16 0.90 (0.70-1.16)
Overall 1194 1176 —0.88 0.91 (0.84-0.99)

(Q=1.32; P=0.72; I’=0)

Myocardialinfarction

ACCORD 198 (1.18) 245 (1.51) -1.01 0.77 (0.64-0.93)
ADVANCE 310 (1.18) 337 (1.28) —0.72 0.92 (0.79-1.07)
UKPDS 150 (1.20) 76 (1.40) —0.66 0.81 (0.62-1.07)
VADT 72 (1.65) 87 (1.99) -1.16 0.83 (0.61-1.13)
Overall 730 745 —0.88 0.85 (0.76-0.94)

(Q=2.25; P=0.52; I’=0)

Cardiovasculardeath

ACCORD 135 (0.79) 94 (0.56) -1.01 1.35 (1.04-1.76)
ADVANCE 253 (0.95) 289 (1.08) —0.72 0.88 (0.74-1.04)
UKPDS 71 (0.53) 29 (0.52) —0.66 1.02 (0.66—-1.57)
VADT 38 (0.83) 29 (0.63) -1.16 1.32 (0.81-2.14)
Overall 497 441 —0.88 1.10 (0.84-1.42)

(Q=8.61; P=0.04; I’=65.1 %)

All-causemortality

ACCORD 257 (1.41) 203 (1.14) ~1.01 1.22(1.01-1.46)
ADVANCE 498 (1.86) 533 (1.99) ~0.72 0.93(0.83-1.06)
UKPDS 123 (0.13) 53 (0.25) ~0.66 0.96(0.70-1.33)
VADT 102 (2.22) 95 (2.06) “1.16 1.07(0.81-1.42)
Overall 980 884 ~0.88 1.04(0.90-1.20)

(Q=5.71; P=0.13; I’=47.5 %)

Adapted from reference [80]: Turnbull et al. Diabetologia. — 2003. — Vol. 52. — P. 2288-2298.

Abbreviations: ACCORD — Action to Control Cardiovascular Risk in Diabetes; ADVANCE — Action in Diabetes and Vas-
cular Disease Preterax and Diamicron controlled evaluation; UKPDS — United Kingdom Prospective Diabetes Study; VADT —
Veterans Affairs Diabetes Trial; HbAlc — glycated hemoglobin.

Hazard ratios < 1.0 are favouring intensified glycemic control. Hazard ratios >1.0 are favouring conventional glycemic control.

It was convincingly demonstrated, that the glucose hypothesis was correct. Blood glucose control aimed

to achieve glycemia close to non-diabetic levels as safely as possible, reduced microvascular and
macrovascular complications. This suggests that long-lived proteins might account for this effect [62].
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Introduction of these findings into clinical care has improved the long-term health of patients with type
1 diabetes [62]. A strong relation of glycemia with CAD was not seen in other studies [69-71]. However, the
DCCT patients had shorter diabetes duration, and obese hypertensive and hypercholesterolemic patients were
excluded. Consequently, sufficiently low HbAlc levels of 7.4 % were achieved [62].

Conclusions

This survey shows that early intensive metabolic control near to the normal level initiated in type 1 dia-
betes patients with short diabetes duration and without microangiopathic complications resulted in signifi-
cantly reduced micro- and macrovascular morbidity. It caused long-lasting effect (memory effects) and re-
sulted even in decreasing CAD morbidity and mortality [77, 78].

The Guidelines of the DDG in considering the results of the above mentioned studies suggest:

Type 1 diabetes

In patients with type 1 diabetes HbAlc concentrations <7.5 % are aimed. Guidelines recommend indi-
vidually targeted HbAlc levels in order to avoid hypoglycemias and recommend blood glucose self control
at least 4times daily, i.e. before meals and at bedtime [79, 80].

Type 2 diabetes

(1) For type 2 diabetes HbA 1c levels are aimed at 6.5 % to 7.5 % by taking into account individually
targeted HbA 1c concentrations [79], even though, meta-analysis of four large randomized controlled trials of
intensive vs. conventional glycemic control in type 2 diabetes have shown an only modest but still significant
cardiovascular benefit in intensively treated patients (Table). The effect of intensive glucose control resulted
in a 15 % reduction risk (RR) of myocardial infarction [81].

The benefits of intensified blood glucose control in reducing cardiovascular disease should not be over-
estimated by giving records in terms of relative risk reduction (RR). They should rather be given in terms of
absolute risk reduction or the corresponding NNT, i.e. the number of individuals who would require 5 years
of treatment to prevent one event would be 44 with cholesterol lowering, 34 with blood pressure lowering
and 119 with intensive blood glucose lowering [81].

(2) Intensive glucose control has to be started as early as possible (legacy effect), and hypoglycemia
should be avoided [40].

(3) Hyperglycemia has shown to be a weaker cardiovascular risk factor than increased cholesterol or
hypertension [81].

(4) Reducing the cardiovascular risk by decreasing elevated cholesterol levels and hypertension has
shown to be more effective than intensive blood glucose control.

Common features

Comparing both types of diabetes the survey has shown type 1 and type 2 diabetes are different entities.
Major epidemiological trials provided evidence that hyperglycemia causes the microangiopathic complica-
tions both in type 1 and type 2 diabetes, and intensified glycemic control decreases significantly the
microangiopathic complications.

A special role both in type 1 and type 2 diabetes plays an increased cardiovascular morbidity and mor-
tality. Patients of both types have an increased prevalence of cardiovascular complications. These complica-
tions appear earlier than in the non-diabetic population, the clinical course is accelerated and there are no sex
differences.

When comparing both types of diabetes, the major epidemiological trials have brought the evidence that
intensified glycemic control equally resulted in longlasting effects, thus reducing significantly cardiovascular
morbidity and mortality in both types of diabetes. In both types of diabetes treatment has to be initiated early
in the clinical course of the disease, and hypoglycemias have to be avoided.

Nevertheless, we have to consider that in both types of diabetes beneficial effects of intensified glyce-
mic control in reducing the cardiovascular morbidity and mortality are considerably lower than those of re-
ducing the classic cardiovascular risk factors.
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E. Hangep, K.-[I.Konept, U. Annsapar, U. Paitnnen, U.11Imunt, B. Kepuep, B. Motu

1- 2xoHe 2-THNTI ANa0eT Ke3iHAeri :KypeK-KaH TaMbIpJiap
aypyJiapbIHbIH TMIIEPIIINKEMHACHI JKOHe JaMy Kayii

Makanaza 1uabeTrieH aybIpaThiH aJamaap YLIiH eH eNeylli )KoHe TYPaKThl Kayill PEeTiHAe aTepOCKIepO3 jKoHe
XKKT aypymapislH caHBI JKOFapbUIaybl >KOHE COHBIH CalJapblHAH OJIMMEH asKTaly OOJBIT TaObUIaJbI.
XKymbicThiH MakcaTsl — 1- >xkoHe 2-THNTI AuabeT Ke3iHIe TI'MIEeprIIMKEMUSHBIH, XYPEK-KaH TaMbIpiap
aypyJIapbIHBIH JaMybl MEH OJIiM KOpCeTKIMIiHeri peiin 3eprrey. 2-tunti nuadet kesingeri ADVANCE »xone
UKPDS 3eprreynepi JKKT aypynapbHBIH JaMybl MeH KanMULIPJIApABIH 3aKbIMAAHYBIHA OalIaHBICTHI
OosrFaH aypyIblH a3alobIMEH KaTap, OJapIblH ©JiM KOPCETKILIiHiH a3aioblHA ajblll KeJETiHiH KOpCeTTi.
Makcar — HbA1 popexecin 7,5 %-nan TemeH, 6,5 %-ra [elliH TOMEHIETy MEH T'MIOTJIHKEMUSHBI
6onapipMay. Hortikenep l-Tunti nuabeTrneH ayblpaThIHAAPABIH epTe OacTanraH MeTaboJMTTI Kaxaraiay
apKAChIHAa MUKPOTaHTHOMATUSHBIH, HEYPONATHHBIH JKOHE MUKPO- XKOHE MaKPOBACKYJLSPIIbI KAOBIHYIAPIbIH
CaHbIHBIH a3aiiraHblH kepcerTi. HbA1 nopexecinin 7.5 % -Fa TeH 0O0Iybl YCHIHBUIABL AJlaiiia HOTHXKEIEp
KepceTKili OOWBIHIIA THIEpPXOIEeCTEpHHEMHST HeMece THIepTOHMsra Kaparanma runepriukemus JKKT
aypyJapsl imiHae eH aici3 GakTop OO0 TaObIIadbL.

E. Hangep, K.-[I.Konept, U. Annsapar, U. Paitnnen, U.11Imunt, B. Kepuep, B. Motu

I'uneprimkeMusi ¥ pUCK Pa3BUTHS CePACYHO-COCYAUCTHIX 3a00/1eBaHU
npu nuadere 1 u 2 TuNOB

B cratbe oTMeueHO, 4To Hambosiee Cepbe3HOM M MOCTOSHHOW Yrpo30d 310pPOBBIO OOJIBHBIX IUAOETOM JIUI
OCTalOTCs aTEPOCKJIEPO3 U TOBBIMICHHBIH PUCK Pa3BUTUS CEpACUHO-COCYAUCTHIX 3aboieBanuii (CC3), Ha-
OmrofjaeTcsl BHICOKasi CMEPTHOCTh OT HHX. Llenb paGoTel — HCCIenoBaTh POJIb THIIEPTIIMKEMUN B Pa3BUTHU
CC3 u cMepTHOCTH OT 3TUX 3aboneBanuit npu auadere 1 u 2 tumos. MccnenoBannss ADVANCE u UKPDS
npu auabGere 2 TUIA MOKAa3ajH, YTO MHTEHCHUBHBIA KOHTPOJb 33 IIIOKO30H NMPUBOAWI K CHIDKCHHIO pPHCKa
pazButus CC3 1 cMEpTHOCTH OT JPYTUX NPHUYUH B COUCTAHUH C YMEHBIICHUEM 3a00JIeBaHHUH, CBSI3aHHBIX C
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MopakeHNEM KaIMJUIIpOB: Habmofanock cHxkeHne yposHs HbAlc no 6,5 % u npenoTspaiieHue runoriu-
Kemuit. Pe3ynpTaThl mokasanu HalnMuue CHIKEHHUS YMCiia MUKPOAHTHONIATHI, He(pOaTHii U YuciIa MUKPO- U
MaKpOBACKYJISIPHBIX PaccTpoiicTB y O0NbHBIX nuabeToM | THIa mpH paHO HAYaTOM METa0OIMYECKOM KOH-
tpoie. Pexomennyemsiii ypoBens HbAlc — 7,5 %. Mexmy TeM pe3ynbTaTsl HOKa3bIBAIOT, YTO THIEPIIIHKE-
MU SIBIIsIETCsE Oouiee cia0bIM akTopoM prcka passutis CC3, yeM runepxojaecTepuHEeMHs WM THITEPTOHHS.

«Biology. Medicine. Geography» Series. No. 4(84)/2016

43



UDC 616-018:616-370-006.64

G.G. Meyramovl’ * K.-D. Kohnert**, A.S. Shaybekl, O.-N. DuPont*, A.G. Abdraimova™*

"Ye.A. Buketov Karaganda State University, Kazakhstan;
*Institute of Diabetes «Gerhardt Katschy, Karlsburg, Germany;
3Kamganda State Medical University, Kazakhstan;
*Diabetes Research Group, Karaganda, Kazakhstan
(E-mail: meyramow@mail.ru)

Diabetogenic Metabolits of Tryptophan

The analysis of results investigations of mechanisms of diabetogenic activity of metabolits of abnormal tryp-
tophan metabolism as Xanthurenic acid (XA) are presented in review. Among more than 30 diabetogenic
chemicals widely known today XA only is formed in animals and elderly human as result of disturbances of
tryptophan metabolism. The influence of XA on histostructure of pancreatic islets and on insulin content in
B-cells as mechanisms of diabetogenic action and of its prevention are investigated by authors. It was showed
that Xanthurenic acid induced diabetes determined by: direct damage of B-cells by Xanthurenic acid accom-
panied by marked histological changes in islets as destruction and necrosis of B-cells, marked decreasing of
insulin content in cytoplasm of cells; by forming of complex XA-insulin that result overstrain of B-cells; by
alteration of islet’s capillaries and of blood microcirsulation.

Key words: B-cells, Xanthurenic acid, experimental diabetes, tryptophan, pancreas.

In 1935 Musajo L. and coll. reported about synthesis of Xanthurenic acid (XA). This chemical was sep-
arated from urine of experimental animals and identified as 4,8-digidroxyquinolin-2-xarboxylic acid, a de-
rivative of 8-oxyquinoline [1]. Formula: C,oH;NO,.

Accumulation in organism of large amount of fatty acids and tryptophan in the deficiency of vit. B6
(pyridoxine) result intensive synthesis of XA in tissue. It was followed by developing in animal symptoms of
diabetes [2—8].

Xanthurenic acid is a product of disturbances of Tryptophan metabolism, in routine conditions is me-
tabolised on serotonin and kinurenine ways (Fig. 1) which at the same time come to the end with forming of
a 5-oxyindol-acetic acid and NADF [9, 10]. The deficiency of pyridoxal-5-phosphat (P-5-F) result inhibition
of 5-oxytryptophan decarboxylase and of kinureninase that accompanied by inhibition of metabolisation on
both paths. As result — 4 substances are formed: Xanthurenic acid and 8 oxyquinaldine — from 3-oxyqui-
nurenine and kynurenic and oxyquinurenic acids — from kynurenine [10-12]. Main enzymes for synthesis
of Xanthurenic acid are kynureninaminotransferase and oxykynurenine-tryptophandecarboxylase, a coen-
zymes of P-5-P [10, 13]. XA is formed from 3-oxykynurenine. Under influence of a kynureninamino-
transferase from 3-oxykynurenine Xanthurenic acid is formed. In the deficiency of P-5-P synthesis of seroto-
nin is decrease and synthesis of XA and of kynurenine acid is increased [2, 14]. However there is, apparent-
ly, a contradiction: why deficiency of P-5-P inhibit synthesis of serotonin and stimulate synthesis of XA? On
the one hand this results based on fact that the pyridoxal enzymes of tryptophan metabolism differently react
for deficiency of P-5-P: if activity of a kynureninase decrease by 83 %, then of kynureninaminotrans-
ferase — decrease for only 42 % [13, 15]. On the other hand, studying of localization of enzymes in cells of
liver and kidneys it was established that the kynureninaminotransferase is both in mitochondria and in solu-
ble part of cells whereas a kynureninase — only in a soluble part of cells. In the deficiency of P-5-P in or-
ganism the content of these two enzymes in soluble part of cells significantly decrease, and of mitochondrial
kynureninaminotransferase remains at the previous level [16]. Increasing of excretion with urine of xan-
thurenic acid is explained by it. For the first time the high amount of Xanthurenic acid were found in the
urine of the white rats who were contained on diet enriched with tryptophan and in deficiency of vit. B6.

Addition of Pyridoxine accompanied by disappearance of Xanthurenic acid from urine [9, 12, 17].
However, marked avitaminosis of B6 result decrease of activity of kynureninaminotransferase that accompa-
nied by decrease of its excretion with urine [18; 32]. Later Xanthurenic acid was found in urine of rabbits,
dogs, guinea pigs and human [3, 11, 19-22].
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Figure 1. Disturbances of Tryptophan Metabolism

Increasing of excretion of Xanthurenic acid with urine is revealed at elderly patients with diabetes
mellitus. At elderly people [23] there is increase amount of Xanthurenic and of kynurenine acids in urine. In
spite of the fact that administration of Pyridoxin result decreasing of concentration in urine, there is not a
complete normalisation of their excretion [23]. Average concentration in daily urine at healthy persons fluc-
tuates from 2.1 mg to 8.8 mg [12].

Deficiency of P-5-F in organism developed as result of deficiency of vit. B6 and as result of inhibition
of synthesis of P-5-P from vit. B6. Synthesis of Xanthurenic acid is increased using of diet enriched by satu-
rated fatty acids and of casein. Two enzyme systems are known which provide biosynthesis of P-5-F:
pyridoxynphosphatoxydase (PPO) and pyridoxinkynase (PK). The diet enriched by fatty acids, stimulate de-
crease of activity of PPO in liver [24] which can be restored by administration of vit. B2, a co-enzyme of
PPO. Studying of disturbamces of tryptophan metabolism depending on age of patients showed that in the
first four days of life derivatives of kynurenine not found in the urine of newborns [25].

During the period from the 5th to the 20th day of life there are a minimal concentrations of Xanthurenic
acid in urine. Administration of a-tryptophan does not increase excretion of Xanthurenic acid [26, 27], but in-
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crease it at children at age of 4-6 years [28]. In patients age 70 years and over formation of kynurenine is in-
creased. Administration of 100 mg/kg of a-tryptophan is accompanied by marked excretion of Xanthurenic
acid. Administration of pyridoxine result normalization of excretion at elderly people [29]. There are a changes
of tryptophan metabolism at pregnant women [30-32]. Administration of a-tryptophan accompanied by active
excretion Xanthurenic acid with urine [33-35]. Administration of a-tryptophan, 100 mg/kg at pregnant women
followed by increasing of excretion not only of Xanthurenic acid but also of kynurenine acid [36].

At the same time, the increase of excretion of Xanthurenic acid was found within all period of pregnan-
cy and increase excretion of kynurenic acid was observed in the first 3 months [36; 82]. A high excretion of
Xanthurenic acid at pregnant women was decreased after administration of Pyridoxine [33, 34; 83, 84]. The
increased excretion of Xanthurenic acid — is a symptom of deficiency of vit. B6 in patients with diabetes
[37, 38].

Very often disturbances of Tryptophan metabolism are shown as dissociation of Tryptophan accompa-
nied by forming of a large amount of Xanthurenic acid. Deficiency of P-5-P result developing of disturb-
ances of Tryptophan metabolism [14].

Y. Kotake in 1957 [4] investigated processes of formation and of excretion of Xanthurenic acid in or-
ganism. He used administration of various sodium salts of fatty acids and of Tryptophan. The most marked
effect of endogene synthesis and excretion with urine of Xanthurenic acid — as 10.49 of mg daily — was
showed using of complex as Tryptophan + oleic acid. The least effect — 1.6 mg — past using of Tryptophan
only. Excretion of Xanthurenic acid after administration of Tryptophan in combination with fatty acid: Tryp-
tophan + acetic acid — 5.37 mg; Tryptophan + propionic acid — 8.79 mg; Tryptophan + oil acid —
9.87 mg; Tryptophan + valerianic acid — 9.64 mg; Tryptophan + palmitinic acid — 9.61mg; Tryptophan +
stearinic acid of — 8.57 mg.

The specific diet stimulate endogene synthesis of Xanthurenic acid was recommended by
Y. Kotake [4]. Percentage of components of diet: casein — 22, salt mixture McCollumn — 6, agar-agar — 3,
yeast — 2, oil — 10, sugar — 5, amylum — 52. This diet include the majority of above-named fatty acids in
the structure and each diet caused increasing of excretion of Xanthurenic acid with urine by 3,5-6,5 times in
compared with diet contain only Tryptophan. It was showed that biosynthesis of P-5-P depends of content of
fat or fatty acids in diet. And as conclusion: diet enriched by fats result decreasing of activity of
pyridoxalaminotransferase in liver [24]. Due to acceleration of kynurenine way of Tryptophan metabolism
its diabetogenic metabolites can collect at a stress [39, 40].

Meanwhile injection of vit. B6 10.0 mg in experimental conditions result decreasing of excretion of
Xanthurenic acid till 2.03 mg [42] per 24 h in compared with 8.42 mg without vit. B6. Y. Kotake in 1968
established that fatty acids suppress synthesis of P-5-P that result more active endogene synthesis of
Xanthurenic acid. Intraperitoneal administration to mice of 200 mg/kg of endogene formed Xanthurenic acid
followed by developing of diabetes [43]. It was showed a temporary hyperglycemia at rabbits after admin-
istration of Xanthurenic acid [44]. However, synthetic Xanthurenic acid, a dose of 200 mg/kg did not caused
developing of diabetes in dogs and rabbits [45].

At the same time, a large amount of fat in diet in combination with Xanthurenic acid or kynurenic acid
followed hyperglycemia and developing of histological changes typical for the experimental diabetes [10,
46-48]. Meanwhile disturbances of carbohydrate metabolism not developed in rats and rabbits after admin-
istration of Xanthurenic acid or containing of animals on free of vit. B6 diet [49].

Using of diet contains Tryptophan, 10 mg/kg in combination with hypovitaminosis of B2 [4] was fol-
lowed by developing of hyperglycemia and xanturenuria.

At the rats contained on diet by Y. Kotake hyperglycemia is increased for long period that accompanied
by glucosuria and and of polyuria. Animals had a tendency to increase of body weight on average from 140 g
to 220 g and until 260 g (obesity) as of xanturenyria for 2—3 mg/24 h [50, 51].

It was established that increase of blood glucose level besides Xanthurenic acid is caused by kynurenine
acid [52] which final products is quinaldine acid [53]. In our experiences with use within 3 months of a diet
of Y. Kotake also permanent increase in level of a glycemia was revealed which was, however, less ex-
pressed in comparison with observed after single-pass administration of diabetogenic doses of other deriva-
tives 8-oxyquinolines. Its influence by the end of experience was followed also marked — at 7—10 times —
increasing of xanthurenuria and decreasing of insulin content in B-cells. Xanthurenic acid is transformed in
8-oxyquinaldinic acid [17] which possess diabetogenic properties. Other metabolites of Tryptophan as
kynaldine and kynurenic acids possess insulin releasing activity [17, 50]. It is shown a large release of insu-
lin from the isolated islets at the first 30 min. after the beginning of incubation.
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Results of investigation of state of histostructure of pancreas of experimental animals: vacuolization and
destruction of cytoplasm, hydropic distrophya, destruction of nuclei [4, 5, 54, 55-57].

It was established that increase of blood glucose level besides Xanthurenic acid is caused by kynurenie
acid [58] which final products of metabolism is quinaldine acid [53].

Presence of quinaldine acid almost completely suppresses the second phase of release of insulin [59].
Incubation of insulin and of Xanthurenic acid result forming of stable complex [51, 60]. By using of
fluorimetric methods it was showed that two moles of Xanthurenic acid connected with one insulin dimer.
Hormonal activity of this complex decrease until 49 % of activity of native insulin [51, 61] and is increased
past administration in media of Zinc [60, 62].

E.Murakami [63-65] showed that incubation of Xanthurenic acid with insulin result formation of two
complexes. In one of them insulin is bound to 1 mole of Xanthurenic acid and in the second — with
1.5 mole. Xanthurenic acid easily formed complex with insulin in blood serum, without breaking structure of
insulin. This complex is stable [51]. It was supposed that chemical connection is carried out between atom of
Zinc and imidazole radical in a molecule of insulin [51, 43]. Xanthurenic acid shows a high affinity for ions
of Zinc [66]. Activity of insulin is restored after addition of ions of Zinc to blood serum contains of complex
XA-insulin [67].

Presented data about diabetogenic properties of Xanthurenic acid are interesting first of all that contrary
for other diabetogenic chemicals, Xanthurenic acid is synthesised in human and animals at disturbances of
diet in combination with deficiency of Pyridoxin.

On the mechanisms of diabetogenic activity of Xanthurenic acid

More than 60 years ago Y. Kotake noted a strong likeness of chemical structure of molecule and of
properties of Xanthurenic acid with other diabetogenic derivatives of 8-oxyquinoline (Fig. 2). He supposed
that diabetogenic properties of Xanthurenic acid determined by the —OH radical located in position «8» of
the molecule of Xanthurenic acid [68, 69]. Xanthurenic acid possess a high affinity for ions of Zinc [66]. In
1957 Y. Kotake and M. Kato confirmed that Xanthurenic acid possess diabetogenic properties only in case if
—OH radical is fixed in the position «8» of a quinoline ring similar as other diabetogenic derivatives of
8-oxyquinoline (Fig. 2). Extraction or replacement of it followed by complete disappearing of diabetogenic
properties of Xanthurenic acid [54, 69].

G. Weitzel and coll. confirmed [45] that Xanthurenic acid form with Zinc a chelate complex 1:1 and at-
om of Zinc is fixed between hydroxyl and carboxylic groups of a quinoline ring (Fig. 2). It is known that
such type of complex of metal with derivatives 8-oxyquinolines is the most toxic for cells. E. Murakami and
Y. Kotake investigated interaction between insulin and Xanthurenic acid. For the first time the evidence of
ability of Xanthurenic acid to connect insulin in experiences of in vitro were presented by E. Murakami [65].

On the base of obtained results, Y. Kotake, T. Ueda and coll. (1975) proposed a follow mechanisms of
diabetogenic properties of Xanthurenic acid (Fig. 3, left part).

Meanwhile, T. Ueda and coll. [70] found that after dissociation of complex XA-insulin a new complex
as XA-Zinc is formed. However attention to this fact was not given and this ability was not investigated. In
experiences of in vitro it was shown that Xanthurenic acid interact with Zinc in B-cells that accompanied by
damage of cells [57, 71, 72].

Deficiency vit. B6 stimulate metabolisation of Xanturenic acid for final product as 8-oxyquinaldinic ac-
id whereas kynurenic acid metabolised into quinaldine acid. Both of these acids possess insulin releasing
properties on model of isolated islets [50]. On the other hand, these metabolits slow down formation of
B-granules as result of blocking of ions of Zinc in B-cells. 8-oxyquinaldine acid suppress proinsulin synthe-
sis whereas kynurenic acid is in this regard less effective [69]. Besides, Xanthurenic acid slows down syn-
thesis of insulin as a result of inhibition of binding of insulin with Zinc [28].

Disturbances of Tryptophan metabolism: as final product of metabolisation of Xanthurenic acid can be
collected 8-oxyquinaldine which possess diabetogenic properties and caused hyperglycemia and developing
of degenerative changes in islets [70]. Meanwhile, still nobody found this substance in blood, urine or in oth-
er biological liquids of animals. Nevertheless, it is impossible to exclude a possibility of its accumulation in
an organism at disturbances of Tryptophan metabolism.

Diabetes caused by derivatives 8-oxyquinoline can be prevented by preliminary binding of Zinc by not
diabetogenic chelat active chemicals or by elimination of Zinc from B-cells before action of diabetogenic
ligands that protect B-cells in 90-95 % of animals of destruction for 12—24h. Meanwhile such method have
not perspectives for practical application as well as method based on elimination of Zinc from B-cells: it is
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almost impossible to keep Zinc ions in B-cells permanently in complex with not dia- betogenic ligands as
well as to eliminate Zinc from B-cells for immeasurable period. Meanwhile, it is known that endogene syn-
thesis of Xanthurenic acid principally may be supressed by compensation of deficiency of Pyridoxine in or-
ganism which is one of main causes of endogene synthesis of Xanthurenic acid.

0 +
Za O =—=12n
P q r
N=N—C=N— NH
s/
\
NH N NH N NH N In
S0, — 2 S0~ 2n S0, —2
—7n — —2n
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CH, NH—N=C—N=N
CH

a) 2,4-dimethyl-8-oxyquinoline, 35 mg/kg; b) 5-phenylazo-8-oxyquinoline, 20 mg/kg; c¢) 5-para (tolu-
ene)-8-oxyquinoline, 20 mg/kg; d) S5-orto(toluene)-8-oxyquinoline, 40 mg/kg; e) 8-oxyquinoline,
50-60 mg/kg; f) S-para(diethylaminophenylazo)-8-oxyquinoline, 20 mg/kg; g) 5-meta(hydroxyphenyl-
azo)-8-oxyquinoline, 30 mg/kg; /) 5-para(dimethylaminophenylazo)-8-oxyquinoline, 45 mg/kg; i) 5-para-
(acetylaminophenylazo)-8-oxyquinoline, 50 mg/kg; j) 8-oxyquinaldin, 10 mg/kg; k) S-para(amino-
phenylazo)-8-oxyquinoline, 10 mg/kg; /) 5-amino-8-oxyquinoline, 30 mg/kg; m) S-para(diethylamino-
phenylazo)-8-oxyquinoline, 40 mg/kg; n) 9-oxy-7-iodoquinoline, 50-60 mg/kg; o) 4,8-dihydroxy-
quinolin-2 carboxylic acid (Xanturenic acid); p) 8-para(toluenesulphonylamino)quinoline, 30-50 mg/kg;
q) 8-para(benzolsulphonylamino)quinoline, 30—-100 mg/kg; ») 8-para(metansulphonylamino)quinoline,
40-81 mg/kg; s) diphenylthiocarbazone (dithizon), 45-50 mg/kg

Figure 2. Complex salts of Diabetogenic zincbinding chelat active chemicals with Zn-ions
and its diabetogenic doses
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Figure 3. Mechanisms of Diabetogenic Activity of Xanthurenic Acid

As result of disturbances of Tryptophan metabolism the 8-oxyquinaldine may be accumulated in organ-
ism. Meanwhile 8-oxyquinaldine, a derivative of 8-oxyquinoline, is diabetogenic chemical which are able to
induce hyperglycemia and degenerative changes in B-cells. However XA is eliminated from the organism
with urine and now there are not reported facts that XA is transformed in 8-oxyquinaldine in organism. Nev-
ertheless, we cannot to exclude this possibility.

These methods protection of B-cells which we have used in our investigations of mechanisms of devel-
oping of diabetes induced by chelat active chemicals, not have perspective for practical using because it is
not possible and not expediently to keep Zn-ions in B-cells permanently connected with not diabetogenic
substances or to eliminate permanently Zn-ions from the cytoplasm of B-cells or to keep cells free of Zn-ions
permanently.

Thus, despite of fact that by aid of both methods is possible to prevent developing of experimental dia-
betes in 95-100 %, these methods are not suitable for protect of B-cells of XA-diabetes in human.

Now it is possible to suppose that among all metabolits of abnormal Tryptophan metabolism the main
role is belong to XA. Other metabolits of tryptophan are able to aggravate diabetes induced by XA.

However it is known that synthesis of XA in organism may be prevented by administration of vitamin
B6. This way for prevention developing of XA induced diabetes is, as we think, more perspective. Besides
this method not need additional researches regarding practical using of vitamin B6.

Injection of other diabetogenic derivatives of 8-oxyquinolin (Fig. 2) result a few days later developing
of heavy 1 type diabetes due to ability to form into cytoplasm of B-cells of toxic chelat complexes that result
destruction of cells within 15-30 min. and developing of diabetes (Fig. 4, 5). Diabetes induced by XA in the
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contrary developed like diabetes of 2 type. It is explained by a followed circumstances. Other diabetogenic
derivatives of 8-oxyquinolin were used as one injection of diabetogenic doses of substance. In the contrary,
more less amount of XA is formed in human more slowly, day by day permanently as changes of Tryptophan
metabolism especially in old organism.

5-para (dimetilamino- 5-para (aminophenylazo)-
phenylazo)-8-oxyquinolin 8-oxyquinelin
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Figure 4. Mechanisms of damage of B-cells caused by diabetogenic chelat active chemicals

Interest to diabetes induced by XA is increased due to followed factors:

1) XA in the contrary to other diabetogenic derivatives of 8-oxyquinolin is formed in human organism
as result of disturbances of diet in deficiency of vit. B6;

2) a large amount of XA is discovered in the urine not only of diabetic patients in middle or old age, but
in the urine of persons in same age without diagnosis of diabetes;

3) deficiency of vitamin B6 is discovered in organism of old persons with registrated diagnosis of dia-
betes or without it.
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1 — Intact Rabbit. Injection of Ditizon (DZ), 31 mg/kg. Granules of complex Zn-DZ concentrated around capillaries;
frozen section, 4 mem; darc condensor; x280; preparat and photo — by Meyramov G.G., 1964;

2 — Intact Rabbit. Injection of Ditizon (DZ), 50.6 mg/kg. Large amount of granules of complex Zn-DZ in cytoplasm
of B-cells; frozen section, 5 mcm; darc condensor; x280; preparat and photo — by Meyramov G.G., 2012;
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3 — Intact Rat. Aldehydefucshin. Maximal concentration of violet granules of zinc-insulin depot form of insulin in
B-cells around capillaries; x280; preparat and photo — by Meyramov G.G., 2008;

4 — Rat with diabetes induced by endogen synthesized of XA. Aldehydefucshin. Destruction and degranulation of
B-cells in central part of islet; x280; preparat and photo — by Meyramov G.G., 2001;

5 — Rat with diabetes induced by streptosotozin, 34 mg/kg. Aldehydefucshin. Destruction and degranulation of
B-cells; x280; preparat and photo — by Meyramov G.G., 1998;

6 — Rabbit. Diabetes induced by Dithizon, 50.2 mg/kg; frozen section; darc condensor; x280; complete destruction of
B-cells in islet 30h past injection of DZ; preparat and photo — by Meyramov G.G., 1972;

7 — Intact B-cell of Rabbit. Transmission electron microscopy. Cell matrix without changes; a large amount of
B-granules in cytoplasm; x4450; preparat and photo — by Meyramov G.G., 1973;

8 — B-cells of Rabbit 2h past injection of Dithizon, 49.6 mg/kg. Transmission electron microscopy; 1 — destruction

of cell matrix on 85-90 % of cell’s surface; 2 — zones of cytoplasm free of matrix; 3, 4 — destroyed B-granules
in zones free of matrix; x5650; preparat and photo — by Meyramov G.G., 1973

Figure 5. Histostructure and ultrastructure of pancreatic islets in animals with diabetes
caused by zincbinding chemicals (ditizon and xanthurenic acid)

Previous our investigations of mechanismes of diabetogenic action of derivatives of 8-oxyquinolin,
which cannot be synthezed in organism or to come into organism outside, have theoretical significance only.
However data obtained during these experiences let us to understand more profoundly mechanisms of
diabetogenic action of XA. XA due to noted above data make us to keep our attention on this substance
which may to have significance in pathogenesis of human diabetes.

On the base of data obtained by other investigators and by us is proposed a followed point of view on
the mechanisms of diabetes induced by XA (Fig. 3).

Thus, noted above data show a potential role of diabetogenic metabolits of tryptophan in the pathogene-
sis of human diabetes. From presented data it is possible to conclude that main role among a few metabolits
as XA, kynurenic acid, oxyquinaldic acid, 8-oxyquinaldinic acid and 8-oxyquinaldin — are belong to XA.
Kynurenic acid and oxyquinaldic acid not contain, in the contrary to XA, in position 8 of quinoline ring of
active chemical group and not induced diabetes. But both these chemicals activate releasing of insulin from
B-cells.
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I'.T". Meiipamos, K.-JI. Konept, A.)K. [llaitoex, O.-H. dromont, A.I'. AGapanmoBa

TpunrodganHbIiH 1UA0ETOreHAiK MeTA00IUTTEPI

Makanana Oyriari tagma 30-1aH actaM 3aTTapAblH iIIiHAE TUA0CTOTCHIIK XUMHUSIIBIK 3aTTHIH Oipi OOJIBIIT
TaOBUIATHIH, OacKaslaplaH epeKIIeNri — epeceK >KAacTarbl ar3aja FaHa Tys3uryre KaOunerti, Tpunrodax
AMHUHKBIIIKBUIIAPBIHBIH aIMacy OHIMICPIHIH ITUabeTOTEHIIK ocep €Ty MEXaHU3Mi KOHE 3epTTey dcepiHe
KaTBICTHl 97eOM JepeKTepre capamnrama, e3iHJIK 3epTTeyiep HOTIKECl KelTipinreH. ABTOpiap KCaHTypeH
KBIIIKBUIBIHBIH THCTOKYPBUIBIM KYHiH jkoHe B-xacyimamapiarbl WHCYJIMH KYpaMblH Oy3y MeXaHH3MJepiH
JKaH-XKaKThl 3epTrereH. OChbl 3aTTap apKbUIbl TYBIHIAWTHIH AMA0ETTI OONABIPMAYABIH MYMKIH JKOJIAApBI,
COHBIMEH Karap ar3ajJa SHJOTCH/I CHHTE3JeNyHi HEFYpJIbIM HaKThIPaK OSCCHIETY JKOJIAAPbI jKaH-)KAKThI
KapacThIPbUIFaH.

I'.T". Meiipamos, K.-JI. Konept, A.K. lllaitoex, O.-H. dronont, A.I'. AGapanmoBa

JAnadeToreHHblie MeTa00JUTHI TPUNITOGaAHA

B crarbe maHbl 0030p M aHANU3 JUTEPATYPHBIX JAHHBIX, & TAKXKE PE3yIbTaThl COOCTBEHHBIX HCCIEIOBaHUMA,
KacalOIUXCsl N3yYEHHs] XapaKkTepa U MEXaHW3MOB JHAOETOTeHHOTo JeHCTBHS IMPOAYKTOB HAPYIIEHHOTO 00-
MEHA aMHHOKHCIOTH Tpuntodana. OHa sBIAETCS €IUHCTBEHHBIM ANa0ETOTCHHBIM XUMHYECKIM BEIIECTBOM
n3 6onee ueM 30 U3BECTHBIX Ha CErOHS, KOTOPOE CIIOCOOHO, B OTJIMYKE OT BCEX APYTUX, CHHTE3UPOBATHCS B
opraHusMe, 0COOCHHO JIMI] CTapLIero Bo3pacra. ABTOpaMH HCCIIEIOBaHbl MEXaHU3MBbI TIOBPEXKAAIOLIEro Jei-
CTBHSI OCHOBHOTO M3 HUX — KCAHTYPEHOBOH KMCIIOTBI, XapaKkTep ee IeiiCTBUS Ha COCTOSIHUE THCTOCTPYKTYPBI
U coJlepKaHue MHCYIMHA B B-kietkax. VceneoBaHbl BO3MOXKHBIC IIyTH TIPEAOTBPAIICHUS pa3BUTHS Juade-
Ta, BEI3BIBAEMOTO THM BELIECTBOM, Ha OCHOBE Uero 00OCHOBaH Hamboliee PeabHBIH CIoco0 MOmaBICHUS
SHJIOT€HHOTO CHHTE3a B OpPraHU3Me JaHHOTO BEIIECTBa.
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Insulin pump in people with type 2 diabetes mellitus

Article summarizes results of important clinical studies targeting on potential benefits of continuous subcuta-
neous insulin infusion (CSII) by means of an insulin pump in people with type 2 diabetes. The problems are
comprised into four chapters: (1) Historical introduction; (2) Effectiveness of CSII in type 1 diabetes; (3) In-
fluence of CSII on HbAlc and global metabolic indices in type 2 diabetes; (4) Influence of temporary CSII
on beta-cell recovery in recent type 2 diabetes. Conclusion: CSII appears to be an effective part of type 2 dia-
betes treatment aiming to early recovery of beta cell function (if introduced without delay in a recent diabe-
tes) and to long-lasting improvement of metabolic indices (if introduced any time of diabetes development).
Adequate education of pump treated persons and their family members is necessary.

Key words: diabetes mellitus, ominous octet, insulin pumps, HbAlc, Total daily insulin dose, body mass,
incretins, gliflozins, metformin, therapeutic education, meta analysis.

Abbreviations:

AUC — area under the curve;

CIT — conventional insulin therapy;

CGMS — continuous glucose monitoring;

CSII — continuous subcutaneous insulin infusion;
MDI — multiple daily injections;

OHA — oral hypoglycaemic agents;

PWD1 — person with type 1 diabetes;
PWD2 — person with type 2 diabetes.

(1) Historical introduction

In the year 1921 Paulesco in Bucharest discovered the hypoglycaemic effect of pancreatic extract
(pancrein) injected to a diabetic dog [1, 2]. Independetly, in January 1922, Banting, Best and Collip in To-
ronto first successfully used purified extract (isletin/insulin) to save life of a boy with diabetes [3, 4]. In the
course of the following 50 years various insulin preparations were produced and injected by means of reusa-
ble glass syringes and needles.

In the year 1978 Pickup in London described a new method of insulin administration, namely, the con-
tinuous subcutanous insulin infusion (CSII) using Mill Hill Infusor [5] as the first small external personal
insulin pump. Next, technical evolution together with motivating approach of physicians, nurses, health care
givers, researchers and educators made insulin pumps available for more or less limited number of people
with diabetes [6].

As late as five years after the first experience with a portable insulin pump, the era of manual insulin in-
jectors (pens) started. The pens were developed since 1983 at Palacky University Olomouc and Institute of
Diabetes «G. Katsch», Karlsburg (MADI, MD2) [7-9] as well as by companies Novo (Novopen) [10] and
Nordisk (Insuject) followed by many others [11]. Some of the pens could be alternatively used as manually
directed pumps called «catheter pens» [12-14]. Additional details have already been published else-
where [15].

(2) Effectiveness of CSII in type 1 diabetes

Since the year 1978 several papers demonstrated the advantages of insulin pump in persons with type 1
diabetes mellitus.

Yki-Yarvinen [16] studied in 1984 the influence of CSII for 6 weeks on sensitivity to insulin
(euglycemic clamp technique) and hepatic glucose production in 10 type 1 diabetic patients whose mean du-

56 Bulletin of the Karaganda University



Insulin pump in people with type 2 diabetes mellitus

ration of diabetes was 8 yr. The improved metabolic control resulting from pump therapy was associated
with enhancement in sensitivity to insulin, and reduction in basal hepatic glucose production.

Chantelau [17] in Diisseldorf performed in 1989 a follow-up study of 116 Type 1 diabetic patients on
long-term continuous subcutaneous insulin infusion and concluded that CSII has proved to be beneficial to a
large proportion of experienced adult Type 1 diabetic patients, who voluntarily had opted for, and continued
with, this particular mode of insulin treatment.

Chlup [18] in the year 2000 summarized experience with CSII at Olomouc Teaching Hospital Diabetes
centre, including the start schedule for substitution of basal rates during the day (Fig. 1).
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Figure 1. Basal rates in Continuous Subcutaneous Insulin Infusion (CSII) in persons
with type 1 and type 2 diabetes mellitus — basal rates schedule at CSII start to be
individually adopted according to plasma glucose evolution in the course of next weeks [18]

Pickup [19] performed in the year 2002 a meta-analysis of 12 randomised controlled trials to compare
glycaemic control and insulin dosage in people with type 1 diabetes treated by CSII or optimised insulin in-
jections. There were 301 people with type 1 diabetes allocated to insulin infusion and 299 allocated to insulin
injections for between 2.5 and 24 months. Mean blood glucose concentration was lower in people receiving
CSII compared with those receiving insulin injections (standardised mean difference 0.56, 95 % confidence
interval 0.35 to 0.77), equivalent to a difference of 1.0 mmol/l. The percentage of glycated haemoglobin was
also lower in people receiving insulin infusion (0.44, 0.20 to 0.69), equivalent to a difference of 0.51 %.
Blood glucose concentrations were less variable during insulin infusion. This improved control during CSII
was achieved with an average reduction of 14 % in insulin dose. So, glycaemic control was better during
CSII compared with optimised injection therapy, and less insulin was needed to achieve this level of strict
control. The difference in control between the two methods was small but should reduce the risk of
microvascular complications.

Doyle [20] in the year 2004 studied the efficacy of the insulin analogs available for multiple daily injec-
tion (MDI) and CSII therapy in type 1 diabetes in pediatric patients. Lower HbAlc and premeal glucose con-
centrations were more achievable in this short-term study with CSII than with glargine-based MDI treatment.
CSII appeared to be an efficacious treatment to improve metabolic control in youth with type 1 diabetes.

Retnakaran [21] performed in the year 2004 a pooled analysis of the randomized controlled trials that
compared CSII and optimized MDI therapy using rapid-acting analogs in adults with type 1 diabetes. The
three studies that met inclusion criteria provided data on 139 patients, representing 596 patient-months for
CSII and 529 patient-months for MDI. Mean age was 38.5 years, with duration of diabetes of 18.0 years.
When using rapid-acting insulin analogs in CSII and MDII regimens in adult patients with type 1 diabetes,
insulin pump therapy was associated with better glycemic control, particularly in those individuals with
higher baseline Alc. Thus, CSII emerges as an important modality for implementing intensive therapy and
may be uniquely advantageous in patients with poor glycemic control.

Bruttomesso [22] in the year 2009 concluded that when compared with traditional NPH-based multiple
daily injections (MDI), CSII provides a small but clinically important reduction of HbAlc concentrations,
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diminishes blood glucose variability, decreases severe hypoglycaemic episodes and offers a better way to
cope with the dawn phenomenon. Insulin analogues have improved the treatment of diabetes, eroding part of
the place previously occupied by CSII, but CSII still remains the first option for patients experiencing severe
hypoglycaemic episodes, high HbAlc values or marked glucose variability while being treated with opti-
mized MDI. Furthermore CSII is better than MDI considering the effects on quality of life and the possibility
to adjust insulin administration according to physical activity or food intake. CSII may be limited by cost.
The estimates suggest that CSII may be cost-effective just for patients experiencing a marked improvement
in HbAlc or a decrease in severe hypoglycaemic episodes, but the effects on quality of life are difficult to
measure. CSII does not merely imply wearing an external device; it requires a multidisciplinary team, inten-
sive patient education and continuous follow up.

In the Czech Republic, Jankovec [23] in the year 2010 collected patient data from the Czech National
Register of patients treated with CSII to evaluate treatment indication, efficacy and safety with specific re-
gard to the type of diabetes. Evaluation was done on complete data sets of at least 3 years from either DM 1
(n=730, 93.1%) or DM2 (n=54, 69%) between 1995 and 2006. HbAlc decreased from
9.65 (+/-0.07) and 9.66 (+/-0.05) for DM1 and DM2 respectively to 8.24 (+/-0.07) for DM1 and
8.52 (+/-0.27) for DM2 after 1 year of treatment, 8.34 (+/-0.07) and 8.54 (+/-0.26) after 2 years and
8.44 (+/-0.07) and 8.71 (+/-0.25) after 3 years (adjusted mean values, +/~SEM). This reduction is significant
for both diabetes types. Results gathered from the safety analysis revealed almost comparable results for both
patient groups (rates of adverse events of 42.5 and 34.8 for DM1 and DM2, per 100 patients and year). Both
patient groups achieved substantial reduction of HbAlc. Safety evaluation showed that fewer patients with
DM2 were affected by adverse events. Hence, CSII treatment DM?2 is similarly effective with a slightly bet-
ter safety profile.

(3) Influence of CSII on HbAlc and global metabolic indices in type 2 diabetes

Clinical evidence on CSII effectiveness for DM2 were sought for in many studies. When compared to
MDI, CSII has resulted in both equivalent and lower HbA 1¢ values. However, the studies are heterogeneous
in design and subject population. Some persons with diabetes have indicated a preference for the CSIL. Two
questions of paramount importace need to be answered: (i) whether CSII provides incremental clinical bene-
fits after MDI has failed in treating DM2 and (ii) whether undelayed CSII start at the time of diagnosis of
DM?2 may support and prolong the potential recovery of beta cell. In this chapter, attempts are made to an-
swer the first (i) question.

Jennings [24], 1991, compared the effects of CSII and conventional insulin therapy (CIT) in patients
with poorly controlled sulfonylurea-treated diabetes mellitus. Outpatient treatment consisted of CIT (twice-
daily injections of regular and NPH insulin) or CSII (basal infusion and prandial boluses of regular insu-
lin).Glycemic control improved with both methods. Insulin treated patients achieved satisfactory control
(HbA1 < 50 mmol hydroxymethylfurfural/mol Hb), whereas only 3 of 10 CIT-treated patients achieved the
values of CSII. Patients' satisfaction with treatment improved during insulin therapy.

Pouwels [25], 2003, investigated whether a period of euglycaemia using i.v. insulin, followed by CSII,
would ameliorate the deleterious effects of hyperglycaemia on insulin sensitivity and result in sustained, im-
proved metabolic kontrol in DM2 who are poorly controlled despite high-dose s.c. insulin treatment. A peri-
od of 2 weeks of euglycaemia achieved by i.v. insulin reverses hyperglycaemia-induced insulin resistance
and substantially improves metabolic control. Subsequent CSII treatment, using insulin analogues, appears to
maintain improved metabolic control for at least 1 year.

Raskin [26], 2003, compared the efficacy, safety, and patient satisfaction of CSII with MDI therapy for
patients with type 2 diabetes. A total of 132 CSII-naive MD2 were randomly assigned (1:1) to CSII (using
insulin aspart) or MDI therapy (bolus insulin aspart and basal NPH insulin) in a multicenter, open-label, ran-
domized, parallel-group, 24-week study. Efficacy was assessed with HbAlc and eight-point blood glucose
(BG) profiles. Treatment satisfaction was determined with a self-administered questionnaire. Safety assess-
ments included adverse events, hypoglycemic episodes, laboratory values, and physical examination find-
ings. A total of 93 % of CSlI-treated subjects preferred the pump to their previous injectable insulin regimen
for reasons of convenience, flexibility, ease of use, and overall preference. Safety assessments were compa-
rable for both treatment groups. Insulin aspart in CSII provided efficacy and safety comparable to MDI ther-
apy. Patients with type 2 diabetes can be trained as outpatients to use CSII and prefer CSII to injections, in-
dicating that pump therapy should be considered when initiating intensive insulin therapy for type 2 diabetes.
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Herman [27], 2005, compared the efficacy and safety of CSII and MDI in older adults with insulin-
treated type 2 diabetes and assessed treatment satisfaction and quality of life in 107 adults. Forty-eight CSII
subjects (91 %) and 50 MDI subjects (93 %) completed the study. Mean A1C fell by 1.7 £ 1.0 % in the CSII
group to 6.6 % and by 1.6 = 1.2 % in the MDI group to 6.4 %. The difference in A1C between treatment
groups was not statistically significant (P=0.20). Eighty-one percent of CSII subjects and 90 % of MDI sub-
jects experienced at least one episode of minor (self-treated) hypoglycemia (P=0.17), and three CSII and six
MDI subjects experienced severe hypoglycemia (P=0.49). Rates of severe hypoglycemia were similarly low
in the two groups (CSII 0.08 and MDI 0.23 events per person-year, P=0.61). body mass gain did not differ
between groups (P=0.70). Treatment satisfaction improved significantly with both CSII and MDI
(P=0.0001), and the difference between groups was not statistically significant (P=0.58). Hence, in older
subjects with insulin-treated type 2 diabetes, both CSII and MDI achieved excellent glycemic control with
good safety and patient satisfaction.

Wainstein [28], 2005, compared the efficacy of insulin pump treatment with multiple daily injections in
the treatment of poorly controlled obese PWD?2 already receiving two or more daily injections of insulin plus
metformin. Forty obese PWD2 using insulin were randomized to CSII or MDI. At the end of the first
18-week treatment period, patients underwent a 12-week washout period during which they were treated
with MDI plus metformin. Then they were crossed-over to the other treatment for an 18-week follow-up pe-
riod. Patients performed 4-point daily self blood-glucose monitoring (SBGM) on a regular basis and 7-point
monitoring prior to visits 2, 8, 10 and 16. A subset of patients underwent continuous glucose monitoring
(CGMS, Minimed) at visits 2, 8, 10 and 16. A standard meal test was performed in which serum glucose was
tested at fasting and once each hour for 6 h following a test meal. Glucose levels were plotted against time
and the area under the curve (AUC) was calculated. HbAlc, body mass, daily insulin dose and hypoglycae-
mic episodes were recorded. Treatment with CSII significantly reduced HbAlc levels compared with treat-
ment with MDI. An additional CSII benefit was demonstrated by reduced meal-test glucose AUC. Initial re-
duction of daily insulin requirement observed in CSlI-treated subjects during the first treatment period was
attributable to a period effect and did not persist over time. So, in the intent-to-treat analysis, CSII appeared
to be superior to MDI in reducing HbA1c and glucose AUC values without significant change in body mass
or insulin dose in obese, uncontrolled, insulin-treated Type 2 diabetic subjects.

Lane [29], 2006, determined the safety and efficacy of U-500 regular insulin delivered by CSII as
treatment for PWD2 (n = 9) and severe insulin resistance (mean 24-hour insulin requirement, 1.46 U/kg dai-
ly) who had failure of previous insulin therapy with either MDI or CSII using U-100 insulin analogues. After
3 months, treatment with U-500 regular insulin by CSII resulted in mean decrease in HbAlc (P = 0.026) of
1.14 %, a marginal mean increase in body mass of 4.1 Ib (P = 0.078), no significant change in total daily in-
sulin dose (P = 0.622), and no clinically significant hypoglycemic episodes. Moreover, all study patients pre-
ferred the new treatment option over their previous regimens. So, U-500 regular insulin by CSII is a safe and
effective therapeutic intervention for patients with type 2 diabetes who have had treatment failure with MDI
insulin regimens or CSII with use of U-100 insulin or insulin analogues.

Berthe [30], 2007, compared the effectiveness of two intensified insulin regimens, i.e., pump delivery
versus multiple daily injections in PWD2 (n = 17) not optimally controlled with CIT by two daily injections
of regular plus NPH; they were randomly assigned in a cross-over fashion to either three daily injections of
lispro plus NPH or pump device delivering lispro. HbAlc, 6 points capillary blood glucose, 24-hour CGMS
and global satisfaction score were evaluated at the end of each 12-week treatment period. Pump therapy pro-
vides a better metabolic control than injection regimens, and seems to be safe and convenient in PWD2 who
fail to respond to CIT.

Labrousse-Lhermine [31], 2007, compared over 3 years the efficacy of two treatment regimens combin-
ing CSII and oral hypoglycaemic agents (OHA) in PWD2 with HbAlcs>8 % despite OHA+/—insulin. Fifty-
nine patients were randomized. During the 3 years follow-up, overall mean HbA ¢ values decreased similar-
ly for both groups from baseline (9.45+/—0.83 %) to 1, 2, 3 years (7.76+/—0.85 %; 8.06+/—1.10 %; 8.27+/—
1.06 % P <0.0001). The mean frequency of minor hypoglycaemia was 1.3+/-2.3 events per month per pa-
tient and 14 severe hypoglycaemic events occurred with no difference between the two groups. In both
groups we observed a significant and similar body mass gain and improvement in quality of life. Hence,
long-term combination therapy with OHA and CSII with only basic manipulation and optimization of insulin
doses exerted on basal rate or on boluses is feasible, effective and well accepted in PWD2.

Jeitler [32], 2008, compared the effects of CSII with MDI on glycaemic control, risk of hypoglycaemic
episodes, insulin requirements and adverse events in type 1 and type 2 diabetes mellitus. The electronic data-
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bases MEDLINE, EMBASE and CENTRAL were systematically searched for randomised controlled trials
up to March 2007. A systematic review and meta-analysis were performed. Overall, 22 studies were included
(17 with PWD1, 2 with PWD2, 3 with children). In PWDI, our meta-analysis found a between-treatment
difference of —0.4 % HbAlc (six studies) in favour of CSII therapy. Available median rates of mild or over-
all hypoglycaemic events were comparable between the different interventions (1.9 [0.9-3.1] [CSII] vs 1.7
[1.1-3.3] [MDI] events per patient per week). Total daily insulin requirements were lower with CSII than
with MDI therapy. In PWD2, CSII and MDI treatment showed no significant difference for HbAlc. In ado-
lescents with type 1 diabetes mellitus, glycated haemoglobin and insulin requirements were significantly
lower in the CSII groups; no data were available on hypoglycaemic events. So, CSII in adults and adoles-
cents with type 1 diabetesmellitus resulted in a greater reduction of HbAlc. No beneficial effect of CSII
therapy could be detected for PWD2.

Chlup [33], 2009, demonstrated that CSII in PWD2 may in comparison to MDI improve the metabolic
control with less insulin and was from all investigated PWD2 well accepted.

Health Quality Ontario [34], 2009. In June 2008, the Medical Advisory Secretariat began work on the
Diabetes Strategy Evidence Project, an evidence-based review of the literature surrounding strategies for
successful management and treatment of diabetes. The objective of this analysis is to review the efficacy of
CSII pumps as compared to MDI for the type 1 and type 2 adult diabetics. The database search identified 519
relevant citations published between 1996 and March 24, 2009. Of the 519 abstracts reviewed, four RCTs
and one abstract met the inclusion criteria outlined above. While efficacy outcomes were reported in each of
the trials, a meta-analysis was not possible due to missing data around standard deviations of change values
as well as missing data for the first period of the crossover arm of the trial. Meta-analysis was not possible on
other outcomes (quality of life, insulin requirements, frequency of hypoglycemia) due to differences in re-
porting. HBA1C: In studies where no baseline data was reported, the final values were used. Two studies
(Hanaire-Broutin et al. 2000, Hoogma et al. 2005) reported a slight reduction in HbAlc of 0.35 % and
0.22 % respectively for CSII pumps in comparison to MDI. A slightly larger reduction in HbAlc of 0.84 %
was reported by DeVries et al.; however, this study was the only study to include patients with poor glyce-
mic control marked by higher baseline HbAlc levels. One study (Bruttomesso et al. 2008) showed no differ-
ence between CSII pumps and MDI on Hbalc levels and was the only study using insulin glargine (con-
sistent with results of parallel RCT in abstract by Bolli 2004). While there is statistically significant reduc-
tion in HbAlc in three of four trials, there is no evidence to suggest these results are clinically significant.
Three of four studies reported a statistically significant reduction in the mean daily blood glucose for patients
using CSII, though these results were not clinically significant. One study (DeVries et al. 2002) did not re-
port study data on mean blood glucose but noted that the differences were not statistically significant. There
is difficulty with interpreting study findings as blood glucose was measured differently across studies. Three
of four studies used a glucose diary, while one study used a memory meter. In addition, frequency of self
monitoring of blood glucose (SMBG) varied from four to nine times per day. Measurements used to deter-
mine differences in mean daily blood glucose between the CSII pump group and MDI group at clinic visits
were collected at varying time points. Two studies use measurements from the last day prior to the final visit
(Hoogma et al. 2005, DeVries et al. 2002), while one study used measurements taken during the last 30 days
and another study used measurements taken during the 14 days prior to the final visit of each treatment peri-
od. All four studies showed a statistically significant reduction in glucose variability for patients using CSII
pumps compared to those using MDI, though one, Bruttomesso et al. 2008, only showed a significant reduc-
tion at the morning time point.

Parkner [35], 2008, compared insulin and glucose profiles during basal CSII of a rapid-acting insulin
analogue and once daily subcutaneous injection of a long-acting insulin analogue in PWD2. Twenty-one
PWD2 diabetes treated with oral glucose-lowering agents were randomized in this two-period crossover
study to an equivalent 24-h dose of CSII of insulin aspart and subsequently once-daily bedtime subcutaneous
injection of insulin glargine, or vice versa, for eight consecutive days. Plasma profiles of insulin and glucose
were recorded. Basal CSII of a rapid-acting insulin analogue improved plasma insulin (more flat insulin pro-
file with a lower variability) and glucose (lower AUC) profiles compared with once-daily subcutaneous in-
jection of a long-acting insulin analogue in PWD2.

Edelman [36], 2010, demonstrated that CSII using a simple dosing regimen significantly improved gly-
cemic control in PWD?2. Patients experienced limited body mass gain, there was no severe hypoglycemia,
and overall treatment preference improved significantly.
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Monami [37], 2009, compared CSII and MDI for at least 12 weeks in PWD2 assessing between-group
differences in HbAlc and insulin daily dose at endpoint, and incidence of hypoglycemia. However data do
not justify the use of CSII for basal-bolus insulin therapy in type 2 diabetes.

Chlup [38], 2010, in an open prospective uncontrolled study compared develop- ment of HbAlc con-
centration, daily insulin dose, BMI and well-being in PWD?2 using IP. Data are presented as medians with
minimum and maximum values. A total of 44 poorly controlled PWD2 previously on intensive plasma glu-
cose selfmonitoring (up to 10 measurements/d) and supplementary insulin therapy, aged 58.5 (27-75) y, dia-
betes duration 13 (0-36) y, C-peptide 534.5 (101-4038) nmol/l, 33 men, were put on IP (various models;
short-acting insulins or insulin aspart were used) and checked in 1- to 3-month intervals as before. Well-
being incl. satisfaction with the IP therapy was assessed according to the routine questionnaire and inter-
views. Wilcoxon Signed Ranks Test was applied to compare the results (Table 1).

Table 1
Comparison of investigated parameters before IP (at start) and at the last check-up of the period on IP (n = 44)

Before IP Last check-up on IP P
Parameter median median Difference (Wilcoxon)
(min — max) (min — max)
7.3 6.8 0.4
ay 1o,
HbA, (IFCCY) [%] (3.9-14.1) (2.9-12.0) (-3.9-9.6) 0.560
. 48.0 37.9 11.0
Insulin aspart [TU/d] (16-138) (1.2-87) (~45-101) 0.0003
2 30.9 30.7 0.3
BMI [kg/m’] (21.2-42.5) (24.5-41 8) (-5.3-6.7) 0.763
Well-being . . improved
(satisfaction with therapy) unsatisfactory satisfactory (in 43/44PWD2) N/A

¢ Conversion of HbAlc values: NGSP = (0.915 * IFCC) + 2.15 [%].

The treatment period on IP lasted 3.0 (0.1-8) y. One PWD2 gave up using the pump 2 y after the start
due to discomfort. Eight PWD2 died (coronary heart disease 3, stroke 2, Alzheimer disease 2, renal failure 1)
at the age of 68 (66—78) y and diabetes duration of 23.5 (15-34) y having used the pump for 4 (2-6) y. In this
trial, IP therapy contributed to a significant reduction of insulin dose/d, and, in approximately 50 % of PWD
2 to a better metabolic control in comparison to conventional therapy. There was no change in BMI. IP was
well accepted in the majority of educated PWD2.

Rubin [39], 2010, found out that insulin pump therapy improved qualitz of life and treatment preference
in PWD2.

Bode [40], 2010, performed a metaanalysis of CSII treatments for PWD2 and foud out that large ran-
domized controlled trials have concluded that CSII was equivalent to MDI, whereas smaller trials have con-
cluded that CSII was superior. The presently available evidence demonstrates that CSII improves glucose
control, even with a simple insulin regimen. CSII also improves measures of quality of life and treatment
satisfaction. As such, CSII may be a suitable option for PWD2 who have not reached their glycemic goals.

Reznik [41], 2010, evaluated the long-term efficacy of CSII for treating PWD2 uncontrolled by MDI
and concluded that the use of CSII in PWD?2 is safe and effective for improving glycemic control, particular-
ly in those patients with baseline HbAlc above 8 %. Such beneficial effect of CSII may persist until 6-year
follow-up, suggesting the durability of CSII efficacy in our study population

Peyrot [42], 2011, assessed the relationship between changes in glucose control and changes in patient-
reported outcomes (PRO)—health-related quality of life (HR-QoL) and treatment satisfaction (TxSat) — in
PWD?2 initiating insulin pump therapy. Findings suggest that A1C, representing an «average» of both high
and low blood glucose values throughout the day, may not capture aspects of glucose control with the great-
est impact on HR-QoL. Although TxSat was more strongly associated with A1C and mean glucose readings
than with glycemic variability, HR-QoL was more strongly associated with glycemic variability.

King [43], 2012. 1t has been reported that most pump-treated PWD2 require only two or fewer basal
rates. Using daily continuous glucose monitoring (CGM)-directed titration, this premise was re-evaluated at
near-normal glycemic control. This study confirms that one basal rate is adequate for the majority of subjects
with type 2 diabetes. The mathematical proportionality between dosing factors closely agrees with those ob-
tained in CGM-titrated pump-treated type 1 diabetes but differs from those derived from clinical studies in
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which insulin titration was based on infrequent self-monitored plasma glucose testing and while on an un-
structured diet.

Aronson [44, 45], 2014, reported on the ongoing project: OpT2mise study is a multicenter, randomized,
trial comparing CSII with MDI in a large cohort of subjects with evidence of persistent hyperglycemia de-
spite previous MDI therapy.

Reznik [44, 45], 2014, reported on first outcomes of study OpT2mise: 495 of 590 screened patients en-
tered the run-in phase and 331 were randomised (168 to pump treatment, 163 to MDI). Mean glycated hae-
moglobin at baseline was 9 % (75 mmol/mol) in both groups. At 6 months, mean glycated haemoglobin had
decreased by 1,1 % (SD 1,2; 12 mmol/mol, SD 13) in the pump treatment group and 0,4 % (SD 1,1; 4
mmol/mol, SD 12) in the MDI group, resulting in a between-group treatment difference of —0,7 % (95 % CI
—0,9 to —0,4; —8 mmol/mol, 95 % CI —10 to —4, p<0,0001). At the end of the study, the mean total daily in-
sulin dose was 97 units (SD 56) with pump treatment versus 122 units (SD 68) for MDI (p<0,0001), with no
significant difference in body mass change between the two groups (1,5 kg [SD 3,5]vs 1,1 kg [3,6],
p=0,322). Two diabetes-related serious adverse events (hyperglycaemia or ketosis without acidosis) result-
ing in hospital admission occurred in the pump treatment group compared with one in the MDI group. No
ketoacidosis occurred in either group and one episode of severe hypoglycaemia occurred in the MDI group.
Hence, in patients with poorly controlled type 2 diabetes despite using MDI of insulin, pump treatment can
be considered as a safe and valuable treatment option.

Reznik [46], 2014. Insulin pump therapy may be offered to PWD2 not controlled by MDI. PWD2 may
suffer from unrecognized cognitive disabilities, which may compromise the use of a pump device.A total of
39 PWD2 from our database (n = 143) after CSII initiation using (1) an autonomy questionnaire evaluating
the patient's cognitive and operative capacities for CSII utilization, (2) the Montreal Cognitive Assessment
(MOCA) for the detection of mild cognitive disabilities, (3) the Hospital Anxiety and Depression Scale
(HADS) for the detection of anxiety and depression, and (4) the Diabetes Treatment Satisfaction Question-
naire (DTSQ) were evaluated. Patients were selected to constitute 3 groups matched for age, with different
degrees of autonomy at discharge after the initial training program: complete (n = 13), partial (n = 13), or no
autonomy (7 = 13). The satisfaction level with the pump device was high. At the last follow-up visit, only
23 % of patients did not reach complete autonomy. The autonomy score correlated fairly with the MOCA
score (R =10.771, P <.001). A receiver operating characteristic (ROC) analysis showed that at a cut-off score
of 24, the MOCA identified autonomous versus dependent patients at long-term follow-up (area under the
ROC curve [AUC], 0.893; sensitivity, 81 %; specificity, 81 %). The HADS correlated negatively with the
autonomy score, and the sociocultural level also influenced autonomy with pump utilization. Hence. PWD2
with partial autonomy at discharge may progress to complete autonomy. The MOCA and HADS may help
predict a patient's ability to manage with a pump device.

Chlup [47], 2015, reported on a prospective single-center study which recruited insulin-resistant CSII-
naive PWD?2, uncontrolled, using insulin analogues-based MDI therapy (+ metformin). Insulin dosing was
optimized over an 8-week run-in period and subjects with persistent HbAlc >8 % were randomly assigned to
the CSII arm or to MDI continuation arm to explore global metabolic improvement: glucose control, body
mass loss, reduction of insulin and insulin resistance. After 6 months, the MDI arm crossed over to CSII
therapy as well. A total of 23 PWD2 (16 men) were randomized (mean+SD, age 57.6£7.94 y, BMI
35.4+6.54 kg/m’, diabetes duration 14.3£5.93 y, HbAlc 10.0£1.05 %). At 6 months, subjects, assigned to the
CSII arm, achieved a significant mean HbAlc reduction of —0.9 % (95 % CI=-1.6, —0.1) while reducing
their total daily insulin dose (TDD) by —29.8+28.41 U/d (33 % of baseline 92.1+20.35U/d) and achieving
body mass reduction of —0.8+5.61 kg (0.98 % of baseline 104.8+£16.15 kg). PWD2 on MDI demonstrated a
non-significant HbAlc reduction of —0.3 % (95 % CI=-0.8, 0.1) with TDD reduction of 5 % from baseline
99.0+£25.25 U/d to 94.3+21.25 U/d, and body mass reduction of —1.0£2.03 kg (0.99 % of baseline
108.9+20.55 kg). At 12 months, patients continuing on CSII demonstrated an additional mean 0.7 % HbAlc
reduction with 54.6 % achieving HbA1c<8 %. TDD and body mass increased during the perusing 6 months,
the final reduction achieved in TDD was —9.7 U/d in comparison to baseline; body mass increased by 1.1 kg
from baseline. MDI patients crossed to CSII showed a HbAlc reduction of —0.5+1.04 %, HbAlc response
rate 27.3 %, TDD reduction of —17.4+21.06 U/d and body mass reduction of —0.3+3.39 kg. No ketoacidosis
or severe hypoglycemia occurred in either group. Hence, in insulin resistant PWD2, CSII significatively and
safely improved meta- bolic control with less insulin and with no sustainable reduction of body mass.

Thrasher [48], 2015, provided clinical information regarding the use of insulin lispro versus insulin
aspart in CSII in adult PWD?2. Insulin lispro and insulin aspart performed similarly after 16 weeks of treat-
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ment, with noninferiority for HbAlc and no significant difference in parameters measured. These findings
indicate that insulin lispro and insulin aspart can both be used safely and effectively in PWD2 using CSII.

Conget [44, 45, 49, 50], 2016, reported on the OpT2mise randomized trial designed to compare the ef-
fects of CSII and MDI on glucose profiles in PWD2. Changes in glucose profiles were evaluated using con-
tinuous glucose monitoring data collected over 6-day periods before and 6 months after randomization. After
6 months, reductions in HbAlc were significantly greater with CSII (-1.1 — 1.2 % [-12.0 —13.1 mmol/mol])
than with MDI (0.4 — 1.1 % [-4.4 — 12.0 mmol/mol]) (P < 0.001). Similarly, compared with patients receiv-
ing MDI, those receiving CSII showed significantly greater reductions in 24-h mean sensor glucose (SG)
(treatment difference, —17.1 mg/dL; P =0.0023), less exposure to SG > 180mg/dL (-12.4 %; P = 0.0004)
and SG >250mg/dL (5.5 %; P = 0.0153), and more time in the SG range of 70-180 mg/dL (12.3 %;
P =10.0002), with no differences in exposure to SG <70 mg/dL or in glucose variability. Changes in post-
prandial (4-h) glucose area under the curve 180 mg/dL were significantly greater with CSII than with MDI
after breakfast (—775.9 — 1,441.2 mg/dL/min vs. —160.7 — 1,074.1 mg/dL/min; P = 0.0015) and after dinner
(=731.4 - 1,580.7 mg/dL/min vs. =71.1 — 1,083.5 mg/dL/min; P = 0.0014). Hence, compared with MDI,
CSII treatment in suboptimally controlled PWD2 provides a significant improvement in glucose profile, with
increased time spent within target ranges and less exposure to hyperglycemia, without increasing time spent
in hypoglycemia.

Aronson [44, 45, 49, 50], 2016 (Randomized multicentric study Opt2mise 2011-2014). This overview
deals with the first outcomes of the 4-year study (Opt2mise) to compare insulin pump therapy and (MDI)
(Table 2) in PWD2 diabetes receiving basal and prandial insulin analogues. After a 2-month dose-
optimization period, 331 patients with glycated haemoglobin (HbAlc) levels >8.0 % and <12 % were ran-
domized to pump therapy or continued MDI for 6 months [randomization phase (RP)]. The MDI group was
subsequently switched to pump therapy during a 6-month continuation phase (CP). The primary endpoint
was the between-group dif- ference in change in mean HbA 1c from baseline to the end of the RP. The mean
HbA Ic at baseline was 9 % in both groups. At the end of the RP, the reduction in HbAlc was significantly
greater with pump therapy than with MDI (—1.1£1.2 % vs —0.4%1.1 %; p < 0.001). The pump therapy group
maintained this improvement to 12 months while the MDI group, which was switched to pump therapy,
showed a 0.8 % reduction: the final HbAlc level was identical in both arms. In the RP, total daily insulin
dose (TDD) was 20.4 % lower with pump therapy than with MDI and remained stable in the CP. The MDI-
pump group showed a 19 % decline in TDD, such that by 12 months TDD was equivalent in both groups.
There were no dif- ferences in body mass gain or ketoacidosis between groups. In the CP, one patient in each
group experienced severe hypoglycaemia. Hence, pump therapy has a sustained durable effect on glycaemic
control in uncontrolled type 2 diabetes (see Fig. 2 and Fig. 3).

In addition, several studies demonstrated further improvement of metabolit indices in PWD 1 and in
PWD 2 treated by means of an insulin pump when continuous glucose monitoring have been used (so called
sensor augmented CSII). We have participated in the following studies.

590 subject assessed for eligibility

95 screen failure

495 subjects enter run-in phase
164e>.tluﬂ[
1331 randomly assigned |

|168 allocated to CSII/CSli group]

|
|146 CSII/CSII finished the study phase |14

(22 drop out|

Figure 2. Study OpT2mise: Randomization of PWD2 at the end of run-in period [44, 45, 49, 50]
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Figure 3. Devolpement of HbAlc in the course of run-in period and throughout the study
and continuation phase in MDI/CSII arm and CSII/CSII arm [50]

Table 2
Selected studies comparing CSII and MDI in PWD2
Observ Assessed parameters
Author Year | Ref. Type " time | Alc | Ins./D. | BM | Hypo. | Keto. | Satisf. Satisfaction
Results
. Parallel ran- Posit. for
Raskin 2003 | 26 domized 132 6 m + + + + - + CSTI
Herman | 2005 | 27 Parallel |107| 1y | + - =]+ - + P Oé‘;;'nfor
. . Crossover ran- Posit. for
Wainstein | 2005 | 28 domized 40 18 w + + + + - + CSII
Labrousse.. | 2007 | 31 | Parallel | 51| 3y |+ | - |+ | + | - | + [Positinboth
groups
Prospective 43 % use
Chlup 2010 | 38 pec 44 1 0,1-8y | + + + - - + CGSM after
observational
the study
Reznik | 2010 | 41 | Rewospeetve \yor g sl o |+ |+ | - | = | - _
observational
e [ snoner
Conget 2015 | 49 Cro;(s)(r);/iere (rian- 331 ly + + + + + - -
Aronson | 2016 | 50 z
Chlup [ 2015 48 | Frospective \osb oo b o e |+ | 4 | — -
single center

Note. Ref. — refference number of citation in resources; n — number of patients in the study; Observ. Time — observation
time; w — week; m — month; y — year; Alc — HbAlc; Ins/D. — dosage of insulin per day; BM — body-mass; Hypo. — hypogly-
cemia; Keto. — ketoacidosis; Satisf. — satisfaction with the treatment; Labrousse.. — Labrousse-Lhermine.

Micak [51], 2004. This pilot study deals with the possibilities of a CGMS (Minimed-Medtronic) to op-
timize insulin substitution. Ten persons with type 1 diabetes mellitus treated by means of an insulin pump
entered the study and eight of them completed the protocol. CGMS was introduced for a period of 5 days.
The standard dinner (60 g of carbohydrates) and overnight fasting were designed to ensure standard night
conditions in all persons in the study while maintaining their usual daily eating routine, physical exercise and
assessment of prandial insulin boluses. The only adaptation of basal rates of insulin pump was performed on
day 3. Comparison of the mean plasma glucose concentration (0:00—24:00 hrs) between day 2 (before adap-
tation) and day 4 (following adaptation) was made. An independent comparison of the mean plasma glucose
concentration between the night from day 2 till day 3 (22:00—6:00 hrs) and the night from day 4 till day 5
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(22:00-6:00 hrs) was performed. The mean plasma glucose investigated by means of CGMS improved in the
24-hour period in 5 out of 8 persons and in the night fasting period (22:00 to 6 hrs) in 6 out of 8 persons. The
CGMS is a useful means for assessment of the effectiveness of basal rate and prandial insulin doses in per-
sons with type 1 diabetes treated by means of an insulin pump.

Chlup [52], 2008. The aim of this prospective study was to asses the demands for long-lasting use of
sensors in persons with diabetes (PWD) on insulin pumps. Forty PWD aged 19 to 83 years, duration of dia-
betes 1 to 44 years, using insulin pump Paradigm X22 were given a concise 30-min lecture on CGM and of-
fered transcutaneous sensors for a 3-month period free of charge. The education of PWD was performed in-
dividually or in small groups by an experienced educator. Several months later the same offer was repeated.
The diabetes control at start and end of the study was compared. Twenty two of 40 PWD (55 %) accepted the
suggestion and entered the 3-month sensor study. The reasons for a primary sensor refusal (n =18, 45 %)
were insufficient educational capacity of the center (n=9), lack of time due to occupation (n = 5) or family
(n =2) and blindness (n = 1), nevertheless, 13 of them (33 % of 40) would be interested in a short use of sen-
sor (up to one week) without being involved in the study. In the course of 3 study-weeks, 5 persons (12 %)
interrupted CGM due to technical problems with the transmitter (z = 1) or due to personal reasons (n = 4);
To date, 17 PWD (43 %) are using the sensor continuously, all of them are showing interest in long-lasting
use in the future. Hence, the sensors (free of charge) are demanded for long-lasting use by about 43 % of
PWDs on insulin pumps Paradigm X22. The main reason for the CGM denial was the insufficient education-
al capacity of the diabetes center.

Peterson [53], 2009. The Paradigm 722 insulin pump, Medtronic MiniMed, USA, enables daily reading
of 288 interstitial fluid glucose concentrations determined by a sensor inserted into subcutaneous tissue; the
sensor signals are transmitted into the insulin pump, enabling the patient to see real-time glucose concentra-
tion on the display and adapt further treatment. The purpose of this study was to assess the evolution of
HbAlc over the course of a 3-month period in two cohorts of PWD1 (n=39) or PWD2 (n = 3) diabetes
(PWD): 1) PWD on Paradigm 722 using sensors for continuous glucose monitoring (CGM group), 2) PWD
on other types of insulin pumps performing intensive self-monitoring as before (3 to 6 times/d) on glucome-
ter Linus, Wellion, Agamatrix (control group). Compliant PWDs using insulin pump with insulin aspart for
several previous months were included in the study. Seventeen were put on Paradigm 722 with CGM and 25
were included in the control group. Paired t-test and the statistical program SPSS v.15.0 were used to analyze
the data. There was no significant difference in age between the two groups (P = 0.996), in diabetes duration
(P=0.482) or in daily insulin dose (P =0.469). In the CGM group (but not in the control group)
HbA1c/IFCC dropped from 6.98+0.43 % to 5.98+0.36 % (P = 0.006) within 1 month and remained reduced.
Hence the use of the Paradigm 722 insulin pump with CGM resulted in significant improvement in HbAlc
which appeared within one month and remained throughout the whole 3-month study period. No significant
improvement in HbA 1c was seen in the control group.

Cohen [54], 2009. This study was conducted by highly experienced investigators with abundant time
and resources, phase III studies of continuous glucose sensing (CGS) may lack generalizability to everyday
clinical practice. Method: Community or academic practices in six Central and Eastern European or Mediter-
ranean countries prospectively established an anonymized registry of consecutive PWD1-dependent diabetes
mellitus starting CGS-augmented insulin pump therapy with the Paradigm® X22 (Medtronic MiniMed,
Northridge, CA) under everyday conditions, without prior CGS with another device. We compared glycosyl-
ated hemoglobin (GHD) values before and after 3 months of CGS and assessed relationships between insulin
therapy variables and glycemia-related variables at weeks 1, 4, and 12 of CGS. Of 102 enrolled patients, 85
(83 %) with complete weeks 1, 4, and 12 sensor data and baseline/3-month GHb data were evaluable. Evalu-
able patients were ~54 % male and ~75 % adult (mean age, 33.2 = 16.9 years) with longstanding diabetes
and high personal/family education levels. Mean GHb declined significantly after 3 months of CGS (7.55 +
1.33 % at baseline to 6.81 £ 1.08 % after 12 weeks, 0.74 %.

Valensi [55], 1996, studied the effect of a CSII associated with a low-calorie diet and metformin 1,700
mg/day on glycaemic control and basal and stimulated insulin secretion in a series of 82 overweight NIDD
before (T1), during CSII (T2), and after CSII withdrawal (T3). Patients were treated for 8 to 23 days with a
mean amount of 0.50 +/— 0.02 IU/kg/day. Glycaemic control was very good after 3—5 days of CSII and re-
mained good at T3. At T2, fasting and postprandial plasma C peptide levels decreased significantly. At T3,
fasting C peptide was very similar to T1, and postprandial C peptide was significantly higher than at T1.
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(4) Influence of temporary CSII on beta-cell recovery in recent type 2 diabetes

The molar fasting and postprandial plasma C peptide/glycaemia ratios increased significantly at T3. Af-
ter glucagon injection, the molar delta C peptide/glycaemia ratio was significantly increased at T2 and even
higher at T3. At T2, as at T1 and T3, there were significant correlations between fasting and postprandial C
peptide levels and between the glucagon-induced C peptide peak and fasting and postprandial C peptide lev-
els. Between T1 and T3 body mass changes correlated significantly with the molar fasting
C peptide/glycaemia ratio at T1. Twenty-nine of the 30 patients for whom this ratio was > 6.6x10(-8) lost
body mass. The length of CSII treatment did not correlate with body mass changes or other biological pa-
rameters. Hence, CSII with moderate amounts of insulin associated with a low-calorie diet and metformin
provided rapid glycaemic control, led to body mass loss, maintained regulation of insulin secretion and
seemed to improve insulin secretion and sensitivity. These results were obtained in only 8 to 10 days.

Ilkova [56], 1997, (Table 3) studied whether the induction of euglycemia, using intensive insulin thera-
py at the time of clinical diagnosis, could lead to a significant improvement in insulin secretion and action
and thus alter the clinical course of the disease. Thirteen newly diagnosed diet-unresponsive PWD2 were
treated with CSII for 2 weeks and followed longitudinally while being treated with diet alone. Four patients
were considered therapeutic failures since CSII failed to induce euglycemia (n = 1) or glucose control deteri-
orated within 6 months after CSII (n = 3). The remaining nine patients were maintained on diet alone with
adequate control from 9 to > 50 months (median + SE, 26 + 4.8 months). In five patients, glycemic control
deteriorated after 9-36 months, but a repeat 2-week CSII treatment reestablished control in four patients.
One of these patients underwent a third CSII treatment 13 months later. At the time this article was written,
six patients of the initial group were still controlled without medication 16-59 months (median + SE,
45.5 £ 6.6 months) after the initiation of treatment. Body body mass remained unchanged in all patients.
Hence, in a significant proportion of PWD2 who fail to respond to dietary measures, short-term intensive
insulin treatment can effectively establish responsiveness, allowing long-term glycemic control without med-
ication. Further studies are required to establish whether simpler treatment regimens could be equally effec-
tive. If the hypothesis offered here finds support, present approaches to the management of newly diagnosed
type 2 diabetes may need to be revised.

Table 3
Months of CGS (7.5+£1.33 % at baseline to 6.81+1.08 % after 12 weeks, 0.74 %)
Author | Year | Ref. | n | Treating | CSII | MDI Other Insulin/day OHA/d Duration of remission
FCP, PCP — After treat-
. 0.50+0.02 ) ment the remission was
Valensi | 1997 | 55 | 82 | 823d | - — | CSIl+met. TU/ke met: 1,7 g reached, but the lenght was
not observed.
lkova | 1997| 56 | 13 | 9-s0m | + | - - - ~ |9759 months, in some still
continued
Remission  rates  third,
max. 0.7 sixth, twelfth, and twenty-
Li 2004 | 57 |126| 2w + - - unit's /k. - fourth months were
& 72.6 %, 67.0%, 47.1%,
and 42.3 %
) Remission after 1 year:
Weng [2008| 58 [261] 2w | + | + | SU, met. 01,671((),5 Slil'lelf,ozmg’ CSII 51,1 %, MDI 44,9 %,
g ““% |PAD26,7%
4.14+8.59 CPI, SUIT — after treat-
. CSII, . ment the remission was
Wan 2016 60 | 60 2w * - | CSI+Sig. 2.12+7.50 Sig: 100 mg reached, but the lenght was
CSII+Sig. not observed.

Note. Ref. — Ref. — reference number of citation in resources; n — number of patients in the study; Treatment — duration of
treatment; PAD/D./day — dosage of PAD per day; d- day; w — week; m — month; met. — metformin; Sig — sitagliptin; FCP —
Fasting C-peptide; PCP — Postprandial C-peptide; CPI — C-peptide reactivity index; SUIT — Secretory unit of islet in transplanta-
tion index.
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Li [57], 2004, (Table 3) investigated whether long-term optimal glycemic control can be achieved with-
out medication by transient CSII and the possible mechanisms responsible for this remission. Newly diag-
nosed PWD2 (n =138, fasting glucose > 11.1 mmol/l) were hospitalized and treated with CSII for 2 weeks.
Intravenous glucose tolerance tests (IVGTTs) were performed, and blood glucose, HbAlc, lipid profiles,
proinsulin, insulin, and C-peptide were measured before and after CSII. Patients were followed longitudinal-
ly on diet alone after withdrawal of insulin. Optimal glycaemic control was achieved within 6.3 + 3.9 days
by CSII in 126 patients. The remission rates (percentages maintaining near euglycemia) at the third, sixth,
twelfth, and twenty-fourth month were 72.6, 67.0, 47.1, and 42.3 %, respectively. Patients who maintained
glycemic control >12 months (remission group) had greater recovery of beta-cell function than those who did
not (non-remission group) when assessed immediately after CSII. Homeostasis model assessment of beta-
cell function (HOMA-B) and the area under the curve (AUC) of insulin during IVGTT were higher in the
remission group (145.4 +89.6 vs. 78.5 £ 68.5, P = 0.002, and 1,423.4 +523.2 vs. 1,159.5 +476.8 pmol.x
x]"'xmin”', P = 0.044). Change in acute insulin response was also greater in the remission group than that in
the nonremission group (621.8 + 430.4 vs. 387.3 +428.8 pmol.-1"“min"', P = 0.033). Hence, short-term in-
tensive insulin therapy can induce long-term glycemic control in newly diagnosed PWD?2 patients with se-
vere hyperglycemia. The improvement of beta-cell function, especially the restoration of first-phase insulin
secretion, could be responsible for the remission.

Weng [58], 2008, (Table 3) hypothesized that early intensive insulin therapy in newly diagnosed PWD2
might improve beta-cell function and result in extended glycaemic remissions. Multicentre, randomised trial
to compare the effects of transient intensive insulin therapy (CSII or MDI) with oral hypoglycaemic agents
on beta-cell function and diabetes remission rate was performed. a total of 382 patients, aged 25-70 years,
were enrolled from nine centres in China between September, 2004, and October, 2006. The patients, with
fasting plasma glucose of 7.0-16.7 mmol/L, were randomly assigned to therapy with insulin (CSII or MDI)
or oral hypoglycaemic agents for initial rapid correction of hyperglycaemia. Treatment was stopped after
normoglycaemia was maintained for 2 weeks. Patients were then followed-up on diet and exercise alone.
Intravenous glucose tolerance tests were done and blood glucose, insulin, and proinsulin were measured be-
fore and after therapy withdrawal and at 1-year follow-up. Primary endpoint was time of glycaemic remis-
sion and remission rate at 1 year after short-term intensive therapy. Analysis was per protocol. More patients
achieved target glycaemic control in the insulin groups (97.1 % [133 of 137] in CSII and 95.2 % [118 of
124] in MDI) in less time (4.0 days [SD 2.5] in CSII and 5.6 days [SD 3.8] in MDI) than those treated with
oral hypoglycaemic agents (83.5 % [101 of 121] and 9.3 days [SD 5.3]). Remission rates after 1 year were
significantly higher in the insulin groups (51.1 % in CSII and 44.9 % in MD]) than in the oral hypoglycaemic
agents group (26.7 %; p =0.0012). beta-cell function represented by HOMA B and acute insulin response
improved significantly after intensive interventions. The increase in acute insulin response was sustained in
the insulin groups but significantly declined in the oral hypoglycaemic agents group at 1 year in all patients
in the remission group. INTERPRETATION: Early intensive insulin therapy in PWD2 has favourable out-
comes on recovery and maintenance of beta-cell function and protracted glycaemic remission compared with
treatment with oral hypoglycaemic agents.

Kohnert [59], 2015. Type 2 diabetes mellitus is a complex metabolic disorder characterized by a rela-
tive deficiency of insulin in the presence of hepatic, adipose tissue, and skeletal muscle insulin resistance.
The pathological process underlying the B-cell dysfunction occurs already prior to the disease onset. While at
the initial stage, B-cell mass and insulin secretory function are sufficiently well maintained in the majority of
individuals with type 2 diabetes, the later stages are characterized by aggravating insulin deficiency. The
clinical course of the disease requires escalating therapy with oral drugs over time and eventually consistent
application of insulin at the late stage for control of glycemia. Oral therapies are quite effective in improving
the short-term insulin secretory capacity, but are incapable of preventing the inexorable decline in B-cell
function during diabetes progression. On the other hand, long-term use of antidiabetic agents is not without
various side effects. Since a series of clinical trials have recently shown that implementation of short-term
intensive insulin therapy in individuals with newly diagnosed type 2 diabetes can drastically improve and
preserve B-cell function and induce glycemic remission, this treatment strategy has gained considerable in-
terest. However, whether early intensive treatment with insulin can really provide longer-term protection of
the pancreatic 3-cells and may be preferable to other therapy modalities is a question that is not yet clearly
established and requires appropriate clinical studies.

Wan [60], 2016, (Table 3) tried to identify a new regimen to optimize treatment for patients with newly
diagnosed type 2 diabetes (PWD2) by short-term CSII alone. Sixty newly diagnosed PWD2 were random-
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ized into two groups (n =30 each) and treated for 2 weeks with CSII alone (CSII group) or with CSII plus
sitagliptin (CSII + Sig group). The glycemic variability of the patients was measured using a CGMS for the
last 72 hours. A standard meal test was performed before and after the interventions, and the levels of
glycated albumin, fasting glucose, fasting C-peptide, postprandial 2 h blood glucose, and postprandial 2 h
C-peptide were examined. Compared with the CSII group, the indicators of glycemic variability, such as the
mean amplitude of glycemic excursion (MAGE) and the standard deviation of blood glucose (SDBG), were
decreased significantly in the CSII + Sig group. The changes before and after treatment in the C-peptide re-
activity index (ACPI) and the secretory unit of islet in transplantation index (ASUIT) indicated a significant
improvement in the CSII + Sig group. So, add-on therapy with sitagliptin may be an optimized treatment for
patients with newly diagnosed T2DM compared with short-term CSII alone.

Cohen [61], 2016. The goal is to assess the usability and satisfaction of implementing the Get-
ting2Goal(SM) protocol by physicians transitioning PWD2 from MDI to CSII. PWD2 from three diabetes
clinics were switched from MDI to CSII. Physicians used the Getting2Goal type 2 pumping protocol to pre-
scribe and manage insulin pump therapy for T2DM. Surveys were conducted in which the physicians rated
their feedback related to acceptability of the Getting2Goal on a 5-point Likert scale. The data indicate Get-
ting2Goal materials as a standard approach that is simple and efficient to initiate pump therapy for T2DM.
At the same time, it is safe and a useful tool for physicians that are starting to prescribe pump therapy for
T2DM.

Conclusion

Insulin pump (CSII) appears to be an effective part of both type 1 and type 2 diabetes complex treat-
ment aiming to early recovery of beta cell function and/or to longlasting improvement of metabolic indices.

CSII may be considered either as a tool for potential recovery of beta-cells and also as a part of com-
bined therapeutic approach for general recovery of metabolit state in longlasting (neglected) diabetes.
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P. Xnyn

2-TunTti KaHT AUMadeTiHe MAJABIKKAH HAYKACTAPAbI eM/iey 0apbIChbIHIA
UHCYJIMH/I COPFBILITHI Naiiiajany

Makasana aBTop KyprisreH 1- xoHe 2-THUNTi JuabeTreH ayblpaThlH HayKacTapFa MHCYJIMHMII CODPFBILITHI
TYPaKThl HHCYJIMH MH(]Y3MACBIH KOJIIaHya aca MaHBI3/Ibl XKOHE Y3aK YaKbIT OOMbBI KYPri3iireH KIMHUKAIbIK
3epTTeyiep HOTHKeci OepinreH sxoHe o 4 GeniMHEeH Typazapl: 1) Tapuxu SKCKypc; 2) MHCYIHHAI (MHCYIHHLIL
HAcOC) Y3MIKCi3 eHri3ydal KoJjaHy THIMIIri; 3) HMHCYMMHII Y3[IKCi3 eHri3yai KOJJaHy KaHIarbl
TJIMKOJIM3AEHI€H TEMOTIO0MH JeHI el oHe 2-TUIITI JUa0eTTiH rinobanasl META0ONMTTI MHAEKCT THIMILIIT;
4) nHCYNMMHII Y37iKCi3 eHTi3yal Koinany 2-TunTi quadertin B-xacymanapsl QyHKIUSCHH KalIIbIHA KENTIPY.
Makasana MHCYJIMH/I HAcOCTapbl y3aK YakbIT OOWbI KOJNAAHY eMJey THIMIUINIIH jKOFapbuiaTy FaHa eMec,
COHBIMEH KaTap YHKbI Oe3iHiH B-jkacynranapbiH KambslHa KeNTipyAe aca MaHbI3AbIIBIFB KOPCETLII.

P. Xnyn

HUcnoan3oBanue HHCYJIMHOBBIX HACOCOB IIPHU JICYCHUUN zmaﬁeTa 2 THNIA

B pabote 00001ieH 3HAUYUTEIbHBIH 00BEM PE3yJIbTAaTOB CEPHE3HBIX U [UINTEIBHBIX KIMHUYECKUX HCCIIe-
JIOBaHMI1, IPOBEICHHBIX aBTOPOM M HOCBSILEHHBIX M3YYEHHIO NPHUMEHEHHsI MHCYJIMHOBBIX HACOCOB VIS IO-
CTOSIHHOHM MH(Y3UM HHCYIMHA B Ipolecce JedeHus 00nbHbIX anaderoM 1 u 2 tumna. VccnemnoBaHue COCTOUT
u3 4 pasznesnoB: 1) ucropuyeckuii 3kckype; 2) 3pheKTHBHOCTh IPUMEHEHHS HEPEPBIBHOTO BBEACHUS HHCY-
nvHa (MHCYJIMHOBBIE HACOCH) IpH JieueHNH auadera 1 tuma; 3) 3 hexkTHBHOCTS IPUMEHEHNUS HEPEPHIBHOTO
BBEJICHUSI MHCYJIHA Ha yPOBEHb TIIMKO3WJIMPOBAHHOTO TE€MOIJIOOMHA B KPOBH M TIJI00ANBHEIE MeTaboiu-
YecKHe MHAEKCH IpH auabere 2 Tuma; 4) BIMSHUE HETPEPHIBHOTO BBEICHUS MHCYJIMHA HAa BOCCTAHOBJIECHHE
¢ynkuun B-xirerok npu quabdete 2 tuna. [TokazaHo, 4To AIHUTETbHOE IPUMEHEHHE HHCYIMHOBBIX HACOCOB HE
TOJBKO BechbMa ((EKTHBHO B IUIAHE ITOBBIMECHUS 3()(GEKTUBHOCTH JICUCHUS, HO M, YTO OCOOEHHO BaXKHO,
CIIOCOOCTBYET BOCCTAHOBJICHHUIO (DYHKLMH B-KJI€TOK MO KeTy JOUHOM sKele3bl.
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Lifestyle Interventions for the Prevention of Type 2 Diabetes Mellitus

Prevention of diabetes requires using of the achievements of basic science in clinical practice. For the last
many years it was established that lifestyle factors in preventing type 2 diabetes in people at risk. Subsequent
studies have provided important information on the actual implementation of diabetes prevention programs.
In some countries efforts for diabetes prevention were realized but it is difficult to extrapolate on work ac-
cording a large regional or national programs, specific items which must be scheduled for execution. For
trained professionals in the field of health care, medical profile economists, health professionals and repre-
sentatives of public organizations, capable of interacting with influential politicians. Political support is a
very important component of this work. The article presents the results of a study that could help in the suc-
cessful implementation of diabetes prevention programs in the «Practice of the real world.

Key words: prevention of type 2 diabetes; diabetes mellitus; lifestyle interventions; health care.

Preface

In recent decades the world has experienced a significant increase in the number of patients with diabe-
tes mellitus [1]. This is primarily type-2-diabetes. Parallel to this, the increase is mostly attributable to a sig-
nificantly higher frequency of diabetes diagnosis in the age group below 60, but also below 35 years of age.
The growing economic burden in complex socioeconomic structures becomes obvious. The development of
the diabetes epidemic is predicted to have a significant impact on the global economic growth [2]. The situa-
tion requires fundamentally different approaches from national health care systems depending on national
health care structures and their medical, environmental, social and economic means. In order to respond rap-
idly in a coordinated fashion to the health threat diabetes and its associated co-morbidities, it is necessary to
plan and prioritize the quality and structures of diabetes prevention and care in a standardized way presenting
the goals, processes, responsibilities, availability and accessibility of diabetes care as part of the implementa-
tion of a Chronic Care Management [3] as part of a National Diabetes Program (NDP) [4].

At the United Nations High Level Meeting for Non Communicable Diseases (NCD) in September 2011
inNew York, Ministers of Health requested an international cooperation and policy decisions on diabetes
according to the present context of globalization of health issues [5, 6]. There was a consensus across coun-
tries that national programs for prevention and control of chronic diseases have to be developed and imple-
mented and that strategies to monitor progress on implementation needed to be established. In April 2012 the
European Diabetes Leadership Forum [7] was held, to discuss developing strategies on political, medical and
patient centered level for improving diabetes prevention, early detection and management. Kofi Annan said
at the meeting «There is no other option than to act — we do not have enough money not to act.» In Novem-
ber 2012 a major breakthrough at the World Health Organization (WHO), governments agreed an aspiration-
al set of targets to drive progress on diabetes and non-communicable diseases (NCDs), including the first
ever global target to halt the rise of diabetes. The governments agreed a Global Monitoring Framework in-
cluding 9 global targets and 25 indicators on diabetes and NCDs. The diabetes related target include a 25 %
relative reduction in overall mortality from NCDs by 2025, a halt the rise in diabetes and obesity and a 10 %
relative reduction in prevalence of physical inactivity. Furthermore a goal was set that 50 % of eligible peo-
ple receive drug therapy and counseling (including glycaemic control) to prevent heart attacks and
strokes [8].

The burgeoning health care costs associated with the treatment of type 2 diabetes and the consistent and
high quality of evidence for the effectiveness and cost-effectiveness have been central elements in necessitat-
ing a major realignment in national health care priorities away from models based solely on treatment, to
those that incorporate structures around primary prevention. This has been supported by high level interna-
tional advocacy. The cooperation between the United Nations and World Health Organization is a major
footstep on non-communicable disease prevention and control. This marks only the second time in the histo-
ry of the United Nations that its General Assembly has been convened to tackle an emerging health issue.
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This has necessitated a parallel shift in the focus to successful implementation of diabetes prevention re-
search, to include the translation of effective prevention strategies into routine clinical practice. This work
has been focused on addressing the major challenges to prevention, particularly around identifying resource-
efficient risk identification and intervention strategies.

The global epidemic panorama

Currently, we are experiencing an epidemic growth in the number of people with diabetes world-
wide [1]. An estimated 366 million people, corresponding to 8.3 % of the world's adult population has diabe-
tes today but the prevalence is expected to grow to 552 million by 2030, corresponding to 9.9 % of the adult
population. It goes hand in hand with «westernizationy» of lifestyle, with consuming more energy-dense food
as well as with decreasing physical activity. Driven by this development, diabetes affects more and more
young people.

These changes have driven a huge increase in type 2 diabetes — the most common form of diabetes
mellitus, particularly in young people, especially in their working age [9]. The medical burden is rising as
patients with diabetes mellitus are developing a growing number of metabolic and cardiovascular co-
morbidities. The growing economic burden in complex socioeconomic structures becomes obvious. The de-
velopment of the diabetes epidemic is predicted and the World Economic Forum foresees the development of
the diabetes epidemic as a disaster likely to occur in the near future with an significant impact on the global
economic growth at least similar in scale to the recent banking crisis [2]. The number of people affected by
chronic diseases globally necessitates better chronic care management. The central programs including early
detection and treatment strategies as well as investment into the development and implementation of preven-
tion programmes [4] prominence of lifestyle in the causal pathway of progression to diabetes represents an
opportunity to utilize lifestyle promotion as a preventive strategy and key line of defense against the rising
tide of T2DM.

Evidence for sustainable diabetes prevention

There is now consistent evidence from randomized controlled trials across diverse countries and popu-
lations that lifestyle interventions, aimed at promoting physical activity, a healthy diet and weight loss can
successfully reduce the risk of progressing to T2DM by between 30 to 60 % in those with impaired glucose
tolerance (IGT) [10]. IGT is an intermediary condition between normal glucose regulation and T2DM and is
associated with a substantially elevated risk of progression to Type 2 diabetes [11]. In 2001 the Finnish Dia-
betes Prevention Study and in 2002 the US Diabetes Prevention Program as well as the Da Qing IGT and
Diabetes Study [12—14] demonstrated that lifestyle modifications focused on losing weight, increasing phys-
ical activity and improving diet could reduce the risk of progression to diabetes by nearly 60 % [15-17].
Similar findings were also seen in India [18] Japan [19] and China [12]. There is a strong dose-response ef-
fect for people who adopted four or five lifestyle changes, the progression rate after seven years was reduced
by 80 % compared to those making no changes [20]. There is consistent evidence that some pharmaceutical
agents, such as Metformin, a drug that is effective for glucose-lowering in people with type 2 diabetes, can
prevent the onset of diabetes in high risk populations by 31 % in people with IGT [15, 18] and also other
agents have been proven to be effective [21, 22], but the evidence consistently suggests that lifestyle inter-
ventions are more effective than pharmacological interventions in preventing the onset of T2DM [23].

Economic evaluation has demonstrated the cost-effectiveness of primary prevention of T2D [24]. How-
ever despite the evidence, it remains questionable whether these programs are feasible at a population level.
The challenge, therefore, is to establish a scientifically-based structural framework for efficiently managing
nationwide prevention programs.

Currently the evidence about short-term reduction of diabetes risk and conversation to type-2-diabetes
in people with IGT is very good. The major question is however, how sustainable this effect may be. A cur-
rent report has summarized the long-term effect of type 2 diabetes prevention pointing out a significant sus-
tainability of the effect if the initial intervention was able to achieve lifestyle change [25]. The first study
suggesting a sustainable effect was the Malmo Feasibility Study [26]. Here the effect of exercise and diet
was tested on incidence of type 2 diabetes among 161 men with impaired glucose tolerance. After a 5 year
study period 11 % of the men in the intervention group developed diabetes compared to 29 % of the men in
the reference group who did not want to join in lifestyle intervention. After the 12 years follow-up the all-
cause mortality was significant lower in the former intervention group (6.5 versus 14.0 per 1000 person
years, p=0,009) and was similar to healthy individual without any glucose disturbance [27].
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The Da Qing study [28] undertaken in China included 577 men and women with impaired glucose tol-
erance who were randomized into an intervention and control group. The interventions included either diet
alone, exercise alone and a combination of diet and exercise. The lifestyle intervention was for a period of 6
years and resulted in lower cumulative type 2 diabetes incidences in all 3 intervention groups (41-46 %)
compared to the control group (68 %). Interestingly the participants in the study were relatively lean so that
the weight reduction was relatively small. In the participating clinics assigned to the dietary intervention the
recommendation included a high carbohydrate (55-65 E %) and moderate fat (25-30 E %) diet. This study
indicated that it is not only bodyweight reduction alone that is important for the prevention of type 2 diabe-
tes. Also other lifestyle issues are important and bodyweight may be a summary indicator for several dietary
and activity factors[28, 29]. The 20 year follow-up of the study showed a sustained and persisting reduction
in the incidence of type 2 diabetes (43 %) in the intervention group compared to the control participants [25].
Surprisingly there was no significant effect in the reduction of cardiovascular disease or mortality, but a sus-
tained effect in reducing the prevalence of micro vascular disease in diabetes patients [30]. The Da Qing
study is the study with the longest follow up. The quintessence of the study is — lifestyle intervention ena-
bles an significant delay in the conversion to diabetes mellitus in those at risk and, at least for a period of 20
years, significantly prevents diabetes mellitus. For persons who develop diabetes the intervention significant-
ly reduces the development of microvascular complications [28, 30].

The Finish Diabetes Prevention Study (DPS) was a multi-centered trial carried out between 1993 and
2001 in Finland in 5 clinics [31]. The main objective of the study was to test the effect of a 3 years lifestyle
intervention on the reduction and incidence of type 2 diabetes compared to a control group. 522 men and
women were recruited into the study and randomly allocated into a control and intervention group. The re-
duction in incidence of type 2 diabetes was 58 % associated with a weight reduction of, on average, 4.5 kg in
the intervention group versus 1.0 kg in the control group (p < 0.001) after one year, and similar results main-
tained after 3 years. Overall, visceral obesity, dietary habits and exercise habits improved significantly and
were independently associated with diabetes risk reduction [32, 33]. The cumulative incidence of diabetes
was 11 % (95 % CI 6 to 15 %) in the intervention group and 23 % (95 % CI 17 to 29 %) in the control group
after four years, and thus the risk of diabetes was reduced by 58 % (p<0.001) in the intervention group com-
pared with the control group [17]. The following analysis utilising data collected during the extended follow
up of the study showed that after a follow-up time of 7 years, a marked reduction of the cumulative incidence
of diabetes was sustained, reaching a risk reduction of 43 % [34]. The corresponding incidence rates were
4.6 and 7.2 per 100 person years between the intervention group and control group. The 10 year follow-up
results of the effect of the lifestyle intervention in the diabetes prevention study included total mortality and
cardiovascular risk and showed a significant reduction in total mortality, but similar to the Da Qing study no
effect on reducing cardiovascular morbidity [35]. Interestingly, when the DPS intervention and control
groups together were compared with a population-based cohort including people with IGT, adjusted hazard
ratios were 0.21 (95 % CI 0.09-0.52) and 0.39 (95 % CI 0.20-0.79) for total mortality and 0.89 (95 % CI
0.62—-1.27) and 0.87 (95 % CI 0.60-1.27) for cardiovascular morbidity. Thus the risk of death among the
DPS participants was markedly lower than in a population based IGT cohort [25].

The Diabetes Prevention Program (DPP) was a United States multicenter randomized clinical trial
[36]. It compared the efficacy and safety of three interventions — an intensive lifestyle intervention, standard
lifestyle recommendations combined with metformin, or placebo [25]. The goals of the dietary intervention
were to achieve and maintain a 7 % weight reduction by consuming a healthy low-calorie, low-fat diet and to
engage in physical activities of moderate intensity (such as brisk walking) 150 minutes per week or more.
The intensive lifestyle intervention reduced type 2 diabetes risk after 2.8 mean follow-up by 58 % compared
with the placebo control group. Lifestyle intervention was also shown to be superior to metformin treatment
which resulted in a 31 % type 2 diabetes risk reduction compared with placebo. At the one-year visit the
mean weight loss was 7 kg (about 7 %) [25]. After the publication of the main results in 2002 the random-
ized trial was stopped and the participants were invited to join the Diabetes Prevention Program Outcomes
Study (DPPOS) [37]. During the follow-up, all participants regardless of their original treatment group were
offered lifestyle counseling. During the overall follow-up of 10 years (calculating from the randomization to
the DPP) diabetes incidence in the original lifestyle intervention group was reduced by 34 % compared with
the control group. However during the post-intervention follow-up diabetes incidence was similar in all
treatment groups (5.9 per 100 person-years in the former intervention group and 5.6 % in the placebo control
group, confirming that lifestyle intervention that was initiated in the former placebo control group was suc-
cessful even after several years of follow-up without any active intervention [25].
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The elements for prevention: Identifying people at risk

The question of who should be targeted for diabetes risk reduction is not easy to answer because the ef-
fect of an intervention program to prevent type 2 diabetes in adulthood depends on the setting where the in-
tervention is performed, the effectiveness of the intervention in addressing the high risk individual, accessi-
bility and affordability and a variety of additional variables [38]. However, the main considerations when
deciding who should be targeted for diabetes prevention are the effectiveness and affordability of the inter-
ventions available after the high risk person has been identified. Screening for diabetes risk makes no sense
without availability of a successful and sustainable intervention program [39]. Interventions can have various
approaches, strategies and concepts. Furthermore, strategies for targeting people at high risk will vary signif-
icantly between different settings and different population groups. The risk factors for T2DM are well recog-
nized and T2DM is often preceded by a period of impaired glucose tolerance which is characterized by in-
creasing insulin resistance and Beta cell dysfunction [40]. Visceral obesity plays a key role in triggering the
development of insulin resistance and increasing diabetes risk [23]. It is also recognized that many people
with T2DM remain undiagnosed and that patients with long diagnostic delays often have significant compli-
cations at diagnosis [41]. This suggests that combined screening for both impaired glucose tolerance and un-
diagnosed prevalent T2DM could be a pragmatic option. Indeed, data shows that screening for both condi-
tions together is cost effective, particularly when lifestyle and pharmacological based interventions are then
used to delay the onset of T2DM in high risk individuals [10, 42] Screening for T2DM and impaired glucose
tolerance in high risk populations is now recommended by a number of international Diabetes Associations
[43-46] and there is a plethora of tools available to identify people at increased risk of T2DM and there is
little evidence of detrimental, long term, physical or psychological harm from such screening [47, 48].

The consensus (based on screening approaches used in practice in the US, Germany, Australia, Finland,
UK and other countries) [4, 46, 49, 50] seems to favor a targeted, staged approach with the first step being to
identify those at high risk and a second step to confirm glycaemic status [51] (whether T2DM, impaired glu-
cose tolerance or normoglycaemia). Preliminary data about these broad approaches suggest that it is more
cost-effective to use a non-invasive screening tool as the first stage in screening rather than a blood test [52].
Risk scores tend to be based around risk factors such as age, gender, BMI, ethnicity, family history of diabe-
tes and taking anti-hypertensive medication. Risk scores have been shown to have good sensitivity and speci-
ficity for identifying diabetes risk [51]. For example the FINDRISC, the Danish Risk Questionnaire, the
Cambridge Risk Score, the Leicester Diabetes Risk Score and the Indian Score have all been associated with
a sensitivity of between 76—77 % and specificity between 55-72 % with a positive predictive value varying
between 7-11 % [53-58]. The most common approach used is the FINDRISC questionnaire which individu-
als use to self-assess their risk based on seven questions and which has been shown to have good validity at
predicting future diabetes over a ten year period [59]. Importantly, FINDRISC has been validated for use in
various countries [60]; but given the varying profile and prevalence of risk factors in different settings[40],
the score performance cannot be generalized from one country to another. It is therefore important that risk
scores are validated in the population in which they will be applied. The other approach is to use data which
is routinely available to the general practitioner (for example, the Cambridge Risk Score, QD Score or the
Leicester Practice Risk Score [51, 61-64].

The second stage involves diagnostic testing. In practice, this usually consists of either a fasting glucose
or HbAlc, although oral glucose tolerance testing can also be used. A recent statement by the International
Expert Committee of the WHO, has advocated that HbAlc of >6.5 % define T2DM [65]. Meanwhile there is
an ongoing debate about the use of HbA1¢<6.5 % in defining impaired glucose tolerance, although this may
be a pragmatic option for identifying people at high risk for T2DM [66]. A consensus approach by WHO
recently included the use of HbAlc > 6.5 % as a diagnostic threshold for T2DM. However, there is no clear
consensus on how or whether HbA 1¢ should be used to classify diabetes risk below this level. The ADA ten-
tatively suggested that an HbAlc value of between 5.7-6.4 % indicates a high risk of T2DM whereas an in-
ternational expert committee suggested a range of 6.0-6.4 % [44, 67]. The latter range was also recently en-
dorsed by NICE in the UK, which now recommends that HbAlc can be (48 mmol/L/mol) can now be used
to of type 2 diabetes and that those with a value of between 6.0-6.4 % should be referred into a diabetes pre-
vention programme [68]. This is supported by prospective data which found that those with an HbAlc of
between 6.0-6.4 % had twice the risk of developing type 2 diabetes compared to those with a value of be-
tween 5.5-5.9 %. Prospective data from the United Kingdom supports the use of 6.0-6.4 % as those in this
group were found to have a risk of future T2DM that was twice that in the range of 5.5-5.9 % [23]. Howev-
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er, other data from Germany suggest 5.7 % is likely to have the best sensitivity and specificity at detecting
future diabetes risk [66] but demonstrate that the combination of HbA 1c and the 1-hour plasma glucose con-
centration in predicting future diabetes risk was significantly better in a multivariate model than either one of
them alone. The 1-hour PG concentration has previously been shown to be a strong predictor of T2DM risk
[69—71] and also other chronic disease [72, 73] but has major logistical issues. Further, the optimal HbAlc
cut point for identifying subjects at increased diabetes risk is 5.65 % [66, 74] and not 6.0 % as originally
suggested by the ADA expert committee [67]. If a HbAlc >6 % was used to identify subjects at increased
risk for future T2DM, only about one third of subjects who developed T2DM would have been identified.
Thus, use of a HbAlc cut point of 5.65 % together with the 1-hour PG concentration [75] would identify
many additional high risk individuals who could benefit from an intervention program [66, 76, 77].

The most cost-efficient way to balance resources against risk has yet to be determined. In the meantime,
the balance that is struck may depend to a large extent on pragmatic considerations, particularly financial
constraints [49]. It is acknowledged that, along with strategies for identifying and intervening in those with a
high risk of a widely prevalent condition such as type 2 diabetes, it is also fundamentally important to em-
ploy initiatives that are aimed at shifting the distribution of known risk factors, such as BMI in adults or BMI
percentiles in childhood as well as waist circumference within the population as a whole [78]. Strategies for
primary prevention on public health level and high risk strategies need to work in parallel [50].

Waist circumference

Waist circumference is a powerful indictor of metabolic dysfunction as it represents a surrogate indica-
tor for the accumulation of visceral fat [79, 80]. It is well established that visceral fat does not only play a
role in the human energy metabolism, but that it also actively secrets hormones and peptides
(adipocytokines), such as MCP-1, Retinol binding protein 4 as well as a variety of interleukins together with
TNF-0, which enhance the development and/or the progression of chronic diseases, including insulin re-
sistance and chronic inflammation. There is a strong risk association between an increase in visceral fat mass
and risk of developing T2DM [81].

From a public health point of view, waist circumference presents a clinically valuable measure because
of accessibility [82], as no lab investigation is needed and no invasive procedure is necessary. In addition,
direct patient feedback during an intervention program is possible. As it is known that the metabolic activity
of visceral fat is higher than that of subcutaneous fat, alterations in baseline metabolic turnover from an indi-
vidual patient during an intervention associated with increased physical activity would predominantly reduce
the visceral fat depot [83]. It might be concluded that any reduction in the visceral fat depot is accompanied
by a reduction in most of the visceral adipocyte-secreted hormones and therefore has beneficial effects for
prevention of chronic diseases. Waist circumference provides a valid measure to predict diabetes risk in the
adult population and has been included in the criteria to define the metabolic syndrome [84]. For consistency
with the criteria for adults, the measurement of waist circumference has meanwhile also been included in the
definition of the metabolic syndrome in children and adolescents [85].

The elements for prevention: Physical activity

Epidemiological, experimental, and randomized controlled clinical studies trial level evidence have all
consistently demonstrated that levels of physical activity are centrally involved in the regulation of glucose
homeostasis, independent of other factors including adiposity [10, 86—88]. A modest increase in walking ac-
tivity, towards levels that are consistent with the minimum recommendations, significantly improved 2-hour
glucose levels by 1.3 mmol/l over 12 months in high-risk overweight and obese individuals, despite no
change was obvious in body weight or waist circumference [89]. This may correspond to a > 60 % risk re-
duction of developing T2DM within 24 months [90] and was consistent with findings from other studies [33]
but an replication of the results is needed and is underway. Therefore, physical activity promotion should be
the corner-stone of any diabetes prevention program. However, the role of physical inactivity in helping
identify diabetes risk is less clear and more problematic for several reasons. First, physical inactivity is a
nearly universal condition: it has consistently been shown that 50—80 % of the population in both developed
and developing countries fail to meet the minimum recommendations for health [90-93]. Indeed, when phys-
ical activity levels are objectively measured, rather than by subjective self-report, a substantial fraction of the
population are considered inactive [93, 94]. Therefore commonly used definitions of physical inactivity do
not provide a clear mechanism for stratifying diabetes risk. Secondly, methods that rely on individuals self-
reporting their activity levels are highly inaccurate and unreliable. For example, an internationally used and
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validated self-reported measure of physical activity described as little as 10 % of the variation in objectively
measured levels through accelerometry [95, 96]; being in contrast to simple measures of adiposity, such as
BMI or waist circumference, which are reasonably accurate on a population level. For these reasons, self-
recording levels of physical (in)activity has not been shown to add to the predictive power of diabetes risk
scores or to be usefully incorporated into other methods of quantifying diabetes risk [97, 98]. However, it is
important that physical inactivity, as with other lifestyle variables, is considered for the individual assess-
ments of diabetes risk [23].

The spectrum of evidence underpinning the link between physical activity and health is particularly com-
pelling in relation to metabolic health and the development of T2DM. Prospective observational research has
consistently demonstrated that undertaking levels of physical activity that are consistent with current physical
recommendations are associated with a 30-50 % reduction in the relative risk of developing T2DM [87].
Mechanistic studies have identified multiple pathways linking physical activity to improved glucose transport
[96-98]. For example, acute and long-term changes in insulin action and fuel utilisation occur through mito-
chondrial biogenesis, increased fatty acid oxidation, and increased expression and translocation of key signal-
ling proteins involved in the insulin mediated glucose uptake pathway, particularly GLUT-4. Furthermore,
muscular contractions are known to induce glucose uptake through insulin independent pathways, which is
likely to involve the up-regulation of AMP-activated kinase [96]. Finally, randomized controlled trials have
demonstrated that physical activity interventions result in improved glucose tolerance and a reduced risk of di-
abetes in those with a high risk of the disease [10, 89]. Importantly, physical activity has also consistently been
shown to reduce the risk of diabetes regardless of body weight status[33, 88], confirming that physical activity
should be promoted for its own sake rather than simply to help achieve weight loss [23, 99-101].

National and international recommendations are based on achieving 30 minutes of moderate- to vigor-
ous-intensity physical activity on at least 5 days or 150 minutes per week, accumulated through multiple
bouts of at least 10 minutes [102—104]. However, particularly in relation to the prevention of type 2 diabetes
and metabolic health, it should be emphasized that this is a minimum recommendation and that greater health
benefits will be achieved through higher doses of physical activity.

In order to be successful, lifestyle intervention programmes should focus on types of physical activity
that are acceptable to the majority of the population. Walking has consistently been shown to be the most
popular choice of physical activity; including those with a high risk of T2DM [33]. Indeed, walking for 150
minutes per week during leisure time is associated with a 60 % reduction in the relative risk of type 2 diabe-
tes compared with walking for less than 60 minutes per week [33]. Importantly, walking is associated with
fewer barriers than other forms of physical activity in black and minority ethnic populations dwelling in de-
veloped countries, such as South Asians [23, 105].

Wearing a pedometer and keeping a daily step log have been widely advocated as effective self-
regulatory strategies in the promotion of increased ambulatory activity and their use has consistently been
shown to successfully promote increased physical activity [106]. The success of pedometer interventions is
centered on the pedometer’s ability to raise awareness of current activity levels, provide objective feedback
to the individual and facilitate clear and simple goal setting. In order to be effective, it is essential that realis-
tic and personalised step-per-day goals are used; goals that are too ambitious can often be de-motivating and
lead to failure.

Sedentary individuals (let than 5000 steps per day) should initially aim for an average increase in ambu-
latory activity of around 2000 steps per day conducted at a moderate to vigorous-intensity, which is roughly
equivalent to an additional 150 minutes of walking activity per week [107]. Alternatively, the categories of
ambulatory activity shown in Table 1 can be used to guide lifestyle interventions. For example, those in the
sedentary or inactive categories could initially aim to increase their ambulatory activity by at least 2000 steps
per day. Those in the moderate category could be encouraged to try and enter the high category, whereas
those achieving the high or very high categories should be helped to at least maintain their activity levels.
For people who have significant barriers to walking, such as joint problems, alternative forms of physical
activity, such as cycling, or swimming should be encouraged.

Exercise is well known to be the potential lifestyle intervention to treat and prevent type 2 diabetes. The
evidence has been firmly established by several clinical trials. The challenge we have is to address the im-
plementation of the evidence into clinical and public health practice — and here the question about the key
items for changing lifestyle becomes relevant. Support for behavior change is the predominant issue. Physi-
cal activity such as step counts on a pedometer is a good sign of behavior change but maintaining physical
activity requires sustained behavioral support.
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Table 1
Physical activity categories based on steps per day

Category Steps per day
Sedentary <5000
Low (Typical of daily activity excluding volitional activity) 5000-7499

Moderate (likely to incorporate the equivalent of around
30 minutes per day of moderate intensity physical activity)
High (likely to incorporate the equivalent of around

45 minutes of moderate intensity physical activity)

Very High (likely to incorporate the equivalent of over

45 minutes of moderate intensity physical activity)

75009999

10,000-12499

>12500

Adapted from Tudor Locke and Bassett, 2004 [107].

The more intuitive the behavioral strategy, the more success it will have in increasing physical activity.
«Walking» is natural from an evolutionary point of view and may have the potential to reach a wide audi-
ence with the right behavioral support program and incentives. «Exercise therapy» is a therapy associated
with a disease which can be highly successful but needs an individualized strategy and by this is only appli-
cable for a fraction of our patients. In order that «Physical activity» becomes a core therapeutic element for
diabetes prevention and most patients with type 2 diabetes mellitus» we have to improve our understanding
of the behavioral and physiological as well as contextual mechanisms of the development of diabetes and the
disease itself. To reach every patient we need an individual proposal which can become part of daily life.
Nothing is more natural than «walking» and to ‘walk our diabetes away’ is effectively achievable.

Smart Health and Physical Activity

The recent very fast development of smart health technology enables a wide variation of new tools to
target patients as customers and uses smart health tools to encourage a healthy lifestyle [108]. A recent eval-
uation identified a large number of smartphone apps as pedometer app or fitness and physical activity apps to
encourage people for a healthier and more active lifestyle [109, 110]. Some of these apps are linked with
clinical studies that show a very good success rate in encouraging daily physical activity [111]. One of the
examples is the AnkerSteps App — www.ankersteps.com — which uses a gamification approach to sustain-
ably encourage people to walk 10,000 steps a day. The AnkerSteps model was tested and shows a sustainable
increase of daily physical activity of people reaching 10,000 steps a day at about 65 % of the days.
AnkerSteps is an example, in which cost free smart technology helps to anchor motivation of people to reach
a health goal sustainably, based on a sustainable social business model [112].

The elements for prevention: Nutritional aspects

Obesity is one of the most important risk factors for T2DM and population trends in obesity and diabe-
tes run in parallel [113]. The pathophysiology of adiposity regarding the development of T2DM is not fully
understood; however, several mechanisms that may interplay have been identified. Adipose tissue, especially
the tissue surrounding internal organs (visceral fat) is today regarded as an active endocrine organ that se-
cretes a variety of pro-inflammatory adipokines, which act at both the local and systemic level [114]. In-
creasing adipose tissue mass leads to changes in the secretion of these adipokines as well as increased turno-
ver of free fatty acids which bring on insulin resistance, the harbinger of metabolic disturbances leading to
T2DM, as reviewed by Cornier et al. [115].

Waist circumference is a powerful indictor of metabolic dysfunction as it represents a surrogate indica-
tor for the accumulation of visceral fat [80, 116]. It is well established that visceral fat does not only play a
role in the human energy metabolism, but that it also actively secretes hormones and peptides (adipo-
cytokines), such as MCP-1, Retinol binding protein 4 as well as a variety of interleukins together with TNF-,
which enhance the development and/or the progression of chronic diseases, including insulin resistance and
chronic inflammation, providing evidence that there is a strong risk association between an increase in vis-
ceral fat mass and risk of developing T2DM [81]. On the other hand adiponectin, an additional adipocytokine
secreted from (visceral) fat cells, has been shown to have beneficial effects on the development of insulin re-
sistance and arteriosclerosis. From a public health point of view, waist circumference presents a clinically valu-
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able measure because of accessibility [117], as no laboratory investigation is needed and no invasive procedure
is necessary. In addition, direct patient feedback during an intervention program is possible.

Further evidence supporting the causative role of obesity in the development of T2DM comes from life-
style intervention studies which have consistently shown that moderate weight reduction (5—7 %) prevents
type 2 diabetes [17, 118]. In the DPP study weight loss was identified as the main driver of changes in diabe-
tes incidence, with each kilogram of weight loss being associated with a relative reduction of 16 % in the risk
of progression to T2DM [118].

Weight reduction seems to be beneficial, at least in the short term, regardless of the mechanism of
weight loss (e.g. diet or physical activity or both) [119] Interestingly, beneficial changes in glucose metabo-
lism seem to appear soon after the initiation of energy-restricted diet, even before any significant reduction in
body fat which suggests that there are several different simultaneous mechanisms in play [120]. Another im-
portant point is that weight reduction of only 5 to 10 % seems to have a large effect on diabetes risk [121].

Even though the basic cause of excess body fat accumulation is an imbalance between energy intake
(=dietary intake) and expenditure, the factors predisposing to the development of overweight and obesity are
multifactorial and poorly understood. Nevertheless, regular physical activity, high dietary intake of fibre and
reduced intake of energy-dense micronutrient-poor foods were identified by the World Health Organization
as lifestyle factors for obesity [122]. In the DPS energy density of diet was found to be associated with
achieved weight reduction [20] which supports the intuitive recommendation to increase foods with low en-
ergy density such as vegetables and fruits to increase satiety while reducing total energy intake. An increased
understanding of these mechanisms will be helpful in providing prioritization of behavioural targets for fu-
ture prevention programs.

Nutritional recommendations

For the majority of people, weight reduction is difficult to sustain. Fortunately, diabetes prevention
studies have shown that changing lifestyle is effective without significant weight reduction [12, 18, 89] (Ta-
bles 2, 3). An important contributor is physical activity; however the composition of diet seems to be im-
portant as well. Epidemiological studies have suggested that several dietary factors may either increase dia-
betes risk (e.g. intake of refined grains, red and processed meat, sugar-sweetened beverages, heavy alcohol
consumption) or decrease it (e.g. intake of whole-grain cereal, vegetables, legumes, nuts, dairy, coffee, mod-
erate alcohol consumption), independently of body weight change [23]. The suggested mechanisms behind
these observations include improvement of insulin secretion and/or insulin resistance as a result of reduced
glycaemia and lipidemia, reduced ectopic fat, reduced low-grade inflammation, changes in cell membrane
phospholipids and improvement of intestinal peptide secretion [23].

Table 2
Nutrition and dietary guidance for sustained diabetes prevention
Goals for food intake Goals for long-term nutrient intake
* Consuming fruit, vegetables, and legumes inabundance |+ Energy intake balanced with physical activity
(=500 g or five portions per day) levels to achieve or maintain healthy body weight
» Choosing whole grain in all cereal products » Total fat 25-35 E%* (60-80 g/day with 2000 kcal
daily intake level), of which saturated or trans fat

e Limit sugar to < 50 g/day, including sugar in food and
g g/day g sug <10 E%

beverages
- Consuming vegetable oil and/or soft margarines and/or nuts | * Dietary fibre 25-35 g/day

as the primary source of fat + Salt (NaCl) < 6 g/day
 Limiting butter, other saturated fat and partially hydrogen- |+ Alcohol <5 E%*

ated fats
* Choosing low-fat milk and meat products *E% = proportion of total energy

» Consuming fish regularly (=2 per week)

* Consuming alcoholic beverages in moderation (<2
drink/day for men and <1 drink/day for women) if at all

* Other goals according to individual needs (e.g. body
weight, diseases, medications, age)
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Table 3

The EAT CLEVER principle provides brief practical advice for counsellors
to be applied within the framework of national dietary recommendations

EAT CLEVER

Estimation of the die- |Use the food diary, or interview to help your client to become aware of his/her dietary pattern
tary pattern compared |and food consumption. Compare dietary intake to the recommendations. Consider special

to the recommenda-  |needs, resources and readiness to change food habits.

tions

Aims in the long and  [Discuss both short and long term goals: what is your client willing and able to do at the mo-
short term ment? Help to set practical, achievable targets and proceed with small steps. Make a plan with

your client.
Tools, guidance and  |Which kind of tools, guidance, support or skills are needed and available? Involving the family

support and friends and group counseling are all worth considering.
Composition A diet with high sugar and other refined carbohydrates and low fibre content, or high saturated
of the diet and trans fat content may increase the risk for diabetes and other related disorders. Whole

grains and moderate amounts of coffee and alcohol may decrease the risk. Encourage the use
of herbs and spices to reduce salt. Refer to your national nutrition recommendations but con-
sider the special requirements of people with high diabetes risk, such as the improvement of]
the components of the metabolic syndrome. Take into account any additional disease your cli-
ent may have.

Lifestyle Diet is influenced by culture, religion, ethical, physiological, psychological, social and eco-
for the whole life nomical aspects, availability, and individual likes and dislikes. Help your client to find his/her
own healthy way of life. Lifestyle change is a process and relapses are part of it. Help your
client to learn from these experiences to develop successful strategies over time.

Energy Excessive energy intake causes weight gain. If the client is overweight, make a plan with her /
him to support gradual weight loss (step by step). Focus on substituting foods with high satu-
rated fat and/or refined carbohydrate content with lower-energy items. How many meals and
snacks, beverages and alcohol included, does he/she have during a day and night? Some regu-
larity in the daily meal plan helps to control over-eating.

Variety Emphasise variety instead of restriction. A health-promoting diet provides satiety and pleasure
as well as protective nutrients. Encourage clients to try new foods. Give advice on how to read
food labels. This can help your client to feel more confident and expand their healthy food
choices.

Evaluation Evaluation and self-monitoring help in achieving and maintaining new food habits. Body
weight and /or waist circumference should be measured regularly. Encourage your client to use
a food diary (see Appendix) or some other methods to monitor eating habits: the number of]
meals and snacks, the amounts of certain food stuffs, such as vegetables, whole grains, sugar,
alcoholic beverages, vegetable oil and/or fat etc.

Risks management Dietary guidance must be based on evidence from nutrition and behavioural sciences. Focus on
the big picture: changing one aspect in the diet affects many others. Strict restrictions and
‘crash dieting’ may lead to an unhealthy diet, and can cause damage in the long term as well as
psychological and social harm. A multi-disciplinary team, including a registered dietician and a
psychologist, can give essential support to avoid these risks.

The Finnish DPS aimed, in addition to weight reduction and increased physical activity, at reduced total
and saturated fat intake and increased fiber density of diet [123]. The post hoc analyses showed that diabetes
risk reduction was clearly associated with the achievement of these lifestyle goals. In the DPP study from the
USA, dietary goals were reduced energy intake (to achieve weight reduction) and reduced total fat [124].
The diabetes prevention studies from China, India and Japan aimed at reduced fat, energy, alcohol and re-
fined carbohydrates and increased fiber [12, 18, 19]. A recent study from Spain showed that adopting a Med-
iterranean diet, characterized by high intake of vegetables, fruit, legumes, extra virgin olive oil, nuts, fish,
whole grains and red wine, also decreases diabetes incidence remarkably [125], without body weight reduc-
tion.

A pragmatic way to prevent diabetes therefore would be to focus on diet composition and physical ac-
tivity. A strict diet emphasising dietary restriction and avoidance of certain food groups (e.g. sources of fat or
carbohydrates) and aiming solely at weight reduction may be more efficient for achieving weight loss in the
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short term, but may not be sustainable in the long run [126]. Diet may well vary according to food culture,
food availability and personal preferences, and yet follow the same general principles:

— High intake of vegetables and fruits should be encouraged.

— Grain products should mainly be unrefined, with high natural fibre content.

— The vegetable sources of fat with low saturated fat content (such as olive oil) should be preferred.

— As a source of protein nuts, legumes, dairy and fish should be favoured and red meat limited.

The intake of highly processed foods (e.g. processed meat, sweetened beverages, confectionery) should
be limited.

The elements for prevention: The right intervention to the person at risk.
Supporting behavior change

As described above, there seem to be several possible routes to non-pharmacological diabetes preven-
tion, but a common factor is the need to support sustained changes in lifestyle behaviors. However, achieving
the required changes reliably is challenging. Both clinical intervention programs [127-129] and ‘real world’
diabetes prevention programs demonstrate wide variation in their ability to deliver weight loss or changes in
physical activity [23]. It is therefore of importance to be able to characterise the components of lifestyle in-
terventions that are reliably associated with increased effectiveness. Only by understanding what makes in-
terventions effective, can we design diabetes prevention programs that will a) deliver the expected benefits
and b) optimize cost-effectiveness in scalable, real world prevention programs [39].

A recent ‘review of reviews’ systematically examined a wide range of evidence from existing high
quality reviews of RCTs of interventions to support changes in diet and /or physical activity in people at high
risk of developing T2DM [118]. Based on the grading of 129 analyses that related intervention characteris-
tics to effectiveness, evidence-based recommendations were developed and these are shown in Table 4. The-
se recommendations are broadly consistent with other recent international guidelines on supporting lifestyle
change in people with high cardiovascular risk [130], with type 2 diabetes [131] and obesity [132].

Table 4
The F.I.T.T. recommendations: general guidelines for individuals of moderate fitness

F.I.T.T. principle Aerobic Endurance Training Resistance Training

3x / week (minimum)

Max. 2 days gap between training sessions

(a) light to moderate (40-60 % VO, max. /
50-70 % HRmax) (e.g. brisk walking —

Intensity | How hard 5-6 km/h) slightly increased breathing rate;

(b) vigorous (e.g. jogging — 8—10 km/h)
increased breathing rate and sweating

(a) light to moderate 45—-60 min

Time How long (in total > 150 min/week)

(b) vigorous 30—40 min (in total > 90 min/week)

Frequency | How often 2-3x / week

light to moderate
(slight muscular fatigue)

1-3 sets of 8—15 repetitions
for each exercise

about 8 different strength exercises
using the major muscles of the body
(e.g. with fitness machines,
resistance-bands or just with your
own body weight)

walking, jogging, cycling, swimming,

Type Whatkind 4 i o “okiing

Applying these recommendations may help to guide the selection of intervention components in a way
that maximises the likely effectiveness of diabetes prevention programs. However, it is worth noting that the
evidence base on «the best strategies for supporting behavior change» is far from complete. Individuals with
high diabetes risk from different backgrounds and cultures may be responsive to a number of different strat-
egies that modify the cognitive, social, and emotional processes that underpin their lifestyle behaviors. There
are also a number of possible modes of intervention beyond persuasive face-to-face interaction, including
modifying the physical environment and changes in food-pricing or regulatory /taxation regimes. Hence,
there may be considerable opportunities to further increase the efficiency and cost-effectiveness of programs
to support lifestyle behavior change.
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Considerable attention is also needed to address the issue of maintenance of lifestyle changes. Long
term follow-up of weight loss interventions shows a clear pattern of weight regain over 5 to 10 years, even in
the successful diabetes prevention research studies [37, 126]. It is likely that when weight loss is achieved
through changes in diet or physical activity that are challenging for people to adhere to or that they do not
enjoy, these changes will not be sustainable in the long term. Recent data from a meta-analysis of multiple
long-term cohort studies indicates that a habitual energy imbalance of about 50 to 100 kcal per day seems
sufficient to cause the gradual weight gain observed in most adults [133]. Consequently, «modest, sustained
changes in lifestyle could mitigate or reverse such an energy imbalance». Hence, promoting a series of small
changes that people can easily live with, rather than dramatic changes in diet or activity may be a strategy
worth further investigation.

Recommendation for diabetes prevention practice

The European Union supported the IMAGE project (Development and Implementation of a European
Guideline and Training Standards for Diabetes Prevention), a multi-professional initiative to develop practice
recommendations for diabetes prevention practice [134]. More than 100 experts in this field worked for
2.5 years to prepare an evidence-based guideline on T2DM prevention [46], a Toolkit for diabetes prevention
practice [49], a guideline for evaluation and quality management in T2DM prevention [135] and an Europe-
an training curriculum for prevention managers [136]. The major output of the IMAGE project — relevant
for prevention practice — is the practical diabetes prevention guideline called «Toolkit for the prevention of
type 2 diabetes». This toolkit is developed for all professionals involved in diabetes prevention: those work-
ing in primary healthcare services, physicians, physical activity experts, dieticians, nurses, teachers, but also
stakeholders and politicians. The Toolkit condenses the essence what is necessary to build up the manage-
ment of a diabetes prevention program, financial, intervention and quality assurance aspects and refers to the
latest evidence in diabetes prevention. The core of the Toolkit describes elements of an effective lifestyle
intervention program and gives the core goals of lifestyles (behavior, physical activity and diet) and finishes
with an overview on how to evaluate intervention programs and how to establish quality assurance. It pro-
vides several recommendations that may help in planning and implementing a type 2 diabetes prevention
programs worldwide [4, 25, 137].

Intervention cost/scarce resources: There is clearly a tension between the evidence-based recommenda-
tion for maximizing intervention intensity (number or frequency of contacts) and the practical availability of
resources (suitably trained staff and funding) for diabetes prevention. However, this tension might be re-
duced in several ways. These include:

e Using group-based interventions. There are several good examples of group-based interventions that
produce levels of weight loss similar to those in the large diabetes prevention studies, at least in the short
term (Table 1). Group-based intervention also costs less than individual intervention [138, 139].

e Reducing staff costs: Lifestyle interventions can be delivered successfully by a range of staff, includ-
ing doctors, nurses, dieticians /nutritionists, exercise specialists and lay people [118]. More research is need-
ed to define the range of personal skills and type of training required to maintain program effectiveness
[136].

e Self-delivered and internet based approaches. This type of intervention could potentially provide a
low cost solution for a considerable sub-group of the population and may be a useful supplement for face-to-
face programs. Given the success of such approaches to support smoking cessation [140] and recovery from
depression [141], it should, in theory, be possible to use them to support changes in diet and physical activi-
ty. Although a number of programs are under evaluation, more robust evidence on effectiveness is still need-
ed before this approach can be endorsed.

e Developing standardized recommendation for diabetes prevention practice [46, 49]: Applying the rec-
ommendations on supporting behavior change (Table 4) should enhance the efficiency of lifestyle interven-
tion programs.

e Disclosing the economic benefits of diabetes prevention [142]. Economic modelling indicates that
group-based diabetes prevention interventions in the US would provide a return on investment within a 3
year timeframe. This has resulted in the release of significant resources in the US from government and
Health Maintenance Organisations.

e Expertise: In order to deliver prevention programs on a large scale, we need to identify a sufficient
number of people with the expertise and experience to design and deliver them. Investing in high quality
training would seem to be essential for the implementation of successful programs [136].
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e Maximising the uptake of both screening and intervention: Further research is needed in this area, but
this may require multi-media approaches, involvement of multiple sectors (public health, voluntary sector,
commercial /workplace programs, healthcare and social care) and the use of social marketing techniques to
target messages to appropriate population sub-groups.

¢ Ensuring sustainability of funding and support within both healthcare and political arenas: This will
require a sustained focus and willingness to invest in preventive healthcare. The forthcoming UN Summit on
Non-Communicable Diseases presents an opportunity to more firmly and sustainably establish diabetes pre-
vention on the global health agenda [143].

¢ Developing quality management systems: Quality management systems are needed to provide contin-
uous bench marking and monitoring of the effectiveness of prevention programs [135].

¢ Further improving the technology to support behavior change: This could be achieved by establishing
«networks of practice» so that we can learn how to improve the efficiency of interventions from practice
/real world experience as well as from developments in theory /research. The Global Network «Active in
diabetes prevention» — www.activeindiabetesprevention — provides a forum for exchanging knowledge
and intervention materials as well as educational standards and recommendations for prevention practice.

Improving effectiveness in diabetes prevention practice

One of the challenges in developing intervention programs for diabetes prevention is to find the right
intervention which has the highest probability to be successful in the individual with high diabetes risk. This
strongly varies between different individuals. In today’s practice we should aim to be using standardized and
structured intervention programs that we apply to all the people at risk which we have identified in a preven-
tion plan. By this approach, we accept that sometimes only 20 % of the people achieve the highest effect and
that in 80 % of the people the programme may be less efficient [ 144]. It is possible to increase the probability
of success by developing intervention programs that follow a behavior change model. Such a model was de-
veloped as part of the IMAGE project whereas the patient is seen as being in 3 stages [145, 146]:

— the stage of motivation;

— the stage of action;

— the stage of maintenance.
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Figure. Behaviors Change Model and behavior change techniques based on [146]
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The development of intervention programs following this behavior change model may generate a higher
efficacy due to an increase in flexibility in the program execution. The key point in the IMAGE project was
that the behavior change model (BCM) was accompanied by a collection of behavioral techniques for sup-
porting the lifestyle changes (Figure). Specific tools and techniques for each stage of the BCM were elicited
from more than 300 studies [146] and shown to be effective. The prevention manager can choose the tech-
niques needed for the intervention in several stages. The use of the techniques allows a much more wide-
spread implementation of an intervention plan and may be one step away from only focusing on structured
and standardized intervention concepts by allowing a higher degree of flexibility of the intervention manager
and focusing more on individual needs and preferences.

This behavior change model then was further developed by a working group derived from the IMAGE
project [23, 146]. Daily practice in performing intervention shows that even the intervention planning by fo-
cusing on the BCM misses an effect in a large number of people receiving the intervention. One of the diffi-
culties is associated with the use of standardized programs which follow a standardized curriculum. Further-
more, difficulties also arise by the effect that most of the intervention programs do not include different pref-
erences and interests of the people receiving the intervention. This is followed by different stages of morbidi-
ty [39] which also define different preferences and interests which can be a barrier to an effect of a program
if someone with the very low risk expression is sitting together in an intervention group with someone hav-
ing a very high risk and different preferences and interests. Based on this background the further develop-
ment of intervention programs have to take into account to develop an assessment to identify the most suita-
ble intervention characteristics for a person at risk.

The elements for prevention: Moving Diabetes Prevention into practice

A challenging step is to translate the research findings into nationwide or regional diabetes prevention
programmes that translated the research findings to the real-life health care settings. Finland has led the way
with FIN-D2D, a large-scale implementation covering a quarter of the Finnish population [147]. Another
landmark was the profusion of published implementation trials including GOAL and the Saxon DPP in Eu-
rope [148], the Greater Green Triangle DPP in Australia, the Walking Away from Type 2 Diabetes pro-
gramme in the United Kindom (UK) [39, 149] and programs in Indianapolis Pittsburgh and Montana in the
United States [150, 151]. A great challenge will be the scaling up from these implementation trials to sizea-
ble regional and national programs.

Political support is needed and this requires the development of a national or international action plan
for diabetes prevention, which needs involvement of a number of stakeholders at a governmental and non-
governmental level. Furthermore, the presentation of the evidence in the field for diabetes prevention on the
scientific and practical level as well as the training of people to deliver preventive intervention is required.

The European experience

The two European funded Projects DE-PLAN [152] and IMAGE [153] have been addressing the im-
plementation process. Especially the IMAGE project was able to collate this information in a systematic
manner, including an evidence-based guideline on T2D prevention [46], a toolkit for the prevention [154]
and a paper on quality indicators in T2D prevention [155]. Furthermore, IMAGE developed a curriculum for
the training of prevention managers. This training includes a seven day curriculum for educators and to learn
necessary skills to deliver preventive intervention, and acquire accreditation.

Toolkit for the prevention of type 2 diabetes

One major output of the IMAGE project is the practical guideline called «Toolkit for the prevention of
type 2 diabetes». This toolkit is aimed at all people involved with diabetes prevention: those working in pri-
mary and specialised healthcare services, physicians, physical activity experts, dieticians, nurses, teachers,
but also stakeholders and politicians. The IMAGE Toolkit contains useful information for local and national
politicians and health policy makersinterested in creating an environment which facilitates healthy ageing
and the implementation of the WHO recommendation that «we must make the healthy choice the easy
choice.»

The Toolkit [156] includes the essence of what is necessary to build up a diabetes prevention program
covering management, financial, intervention and quality assurance aspects and refers to the latest evidence
in the science of diabetes prevention and allows translating this knowledge into practice. The Toolkit ad-
dresses issues such as how to finance a prevention program and how to identify people at risk. The core of
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the toolkit describes elements of an effective lifestyle intervention program. A process model for supporting
lifestyle behaviour change is presented and described in its phases (motivation, action and maintenance). The
Toolkit gives the core goals of lifestyles (physical activity and diet) and gives practical instructions about
how to address these with the individual. Other behaviours to consider in diabetes prevention are, e.g., smok-
ing, stress/depression and sleeping patterns. The Toolkit finishes with an overview on how to evaluate inter-
vention programs and how to establish a quality assurance programme.

The toolkit provides a good balance between clear, accurate information and practical guidance, it is not
however intended to be a comprehensive source of information. Specifically, detailed instructions about how
to achieve and maintain weight reduction, which is one of the main issues in diabetes prevention are not giv-
en because local and national guidelines as well as other information are available elsewhere. Furthermore,
intervention delivery staff are assumed to have basic knowledge about e.g. diet and physical activity and
their health effects and about supporting behaviour change. Finally, the toolkit is not designed to be used to
provide intervention materials to be delivered directly to those participating in prevention interventions, alt-
hough it does contain some examples of information sheets and materials which might be used with partici-
pants.

Content of the toolkit

The toolkit starts with an executive summary including the rationale for diabetes prevention [49]. It is
followed by a chapters representing the background (type 2 diabetes prevalence, risk factors, consequences,
evidence of successful prevention), and giving instructions about the planning and development of preven-
tion programmes and the identification, and recruitment of participants at high risk for T2DM. One of the
core items of the toolkit is the description of what to do and how to do it. Behaviour change is a process
which requires individual attention, and effective communication to achieve motivation, self-monitoring,
sustained support and other intervention to prevent and manage relapses. This section includes a model of
intervention including empowerment and patient-centred messages. It is followed by key messages on be-
haviour (physical activity and diet) that are important in prevention of diabetes, and practical advice for pa-
tient-centred counseling. The focus is on long-term, sustainable lifestyle changes.

Finally, a brief guide for evaluation and quality assurance in reference to the «Quality and outcome in-
dicatorsy is included. This section is followed by a consideration of possible risks and adverse effects. The
IMAGE Toolkit main text ends with a positive mission statement, emphasizing what can be achieved if we
work together. The appendices give the reader a set of easy-to-use tools including a checklist for prevention
programme development, templates for goal-setting and for food and physical activity diaries, an example of
a risk screening questionnaire (the FINDRISC questionnaire) and a template for evaluation and quality as-
surance data collection [49].

Prevention manager

As part of the IMAGE project, a curriculum for the training of prevention managers was also developed
[157]. The purpose was to develop common European learning goals, teaching methods and contents as well
as teaching material for the training of health care professionals who want to carry out lifestyle interventions
for diabetes prevention (Prevention managers'*”™). With this curriculum, for the first time a standardised
state of the art training for health care professionals interested in offering preventive intervention can be per-
formed Europe-wide in a comparable and consistent way. This is particularly useful because a standardised
method to train the trainers for diabetes prevention can also pilot the same strategies for the prevention of
other chronic diseases. All materials needed to train a prevention manager will be freely available at
www.virtualpreventioncenter.com. National institutions, such as universities or associations interested in the
training of eligible health care professionals are encouraged to download the specific teaching material and
follow the curriculum for the training of prevention managers.

The idea behind the curriculum for the training of diabetes prevention managers was to develop a
standardised training curriculum for people coming from different professional disciplines, but who, together
want to deliver coordinated interventions for the prevention of type-2-diabetes. Currently 11 European coun-
tries and more than 20 extra European countries have started to train prevention managers following the
IMAGE curriculum.
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National Initiatives

Along with European level support, National governments and health care organisations are increasing-
ly developing tailored national policies and guidance aimed at the prevention of chronic disease. For exam-
ple, Finland has adopted a regional systematic whole system approach across all sectors of the health care
community, including primary care, pharmacy and community settings, to the prevention of type 2 diabetes
[147]. In the United Kingdom, the National Health Service Health Checks Programme has been rolled out
nationally and aims to screen all individual between 45 and 70 years for the risk of chronic disease and treat
high risk individuals accordingly (http://www.healthcheck.nhs.uk/) [158]. In addition, new NICE guidance
has been published which provides a blueprint for the prevention of type 2 diabetes in the community and
primary care [68]. A similar program is underway in Germany. A health check were all persons between 35
and 65 years are eligible will be established including FINDRISC, parameters of the metabolic syndrome,
HbA1c and creatinine. A standardized management of persons screened at risk into primary and secondary
prevention programmes will be established or inclusion into disease management programmes for newly
identified diabetes patients.

In November 2011 Denmark has introduced a tax on saturated fatty acids. 1 kg saturated fatty acids in-
creased taxes by 2,50 €. This has successfully reduced the sales of products with a high content of fat signifi-
cantly. Unfortunately after 11 months Denmark has postponed the tax due to disruption of national business,
because Danish people tended to cross boarder shopping in Germany. Both examples show that standardized
guidelines and summarized evidence alone does not foster itself the implementation of diabetes prevention
programs. National initiatives are the key targeting people at high risk which can be a success model on re-
gional, local or national arena. Population based strategies for example including taxes for unhealthy food
require pan national policies and activities, but can be very efficient on overall public health on a population.

The US experience

Reduction in the incidence of type 2 diabetes on a population level requires collaboration among com-
munity-based organizations, insurance payers, health care and public health professionals, academia, and
others. In 2010, the U.S. Congress authorized the Centers for Disease Control and Prevention (CDC) to es-
tablish the National Diabetes Prevention Program (National DPP) to translate and systematically scale the
U.S. DPP for individuals at high risk. The National DPP brings together the groups listed above and unifies
delivery of proven lifestyle change programs in communities throughout the country. The National DPP con-
sists of four components:

Training

CDC established the Diabetes Training and Technical Assistance Center (DTTAC) at Emory University
to help increase the work force by providing training to lifestyle coaches and those who train lifestyle coach-
es. There are other organizations, such as the YMCA, that provide training so DTTAC also serves to coordi-
nate training functions (http://dttac.org).

Program Recognition

The CDC Diabetes Prevention Recognition Program (DPRP) (www.cdc.gov/diabetes/prevention) as-
sures program quality, consistency, provides a registry of re- cognized programs, and implements standard-
ized reporting on performance of recognized programs.

Intervention Sites

The YMCA (Y) and United Health Group (UHG) are the first to participate in the National DPP and are
collaborating on instituting community-based prevention programs in which the Y delivers the lifestyle
change program while the UHG provides third-party reimbursement for its beneficiaries. This is a new pay-
ment model in which an insurer reimburses a community-based organization based on performance. With
implementation of the DPRP, more organizations are involved in program delivery and reimbursement.

Health Marketing

Participant engagement and health care provider referrals are important for program success. CDC and
others, such as the Diabetes Prevention and Control Alliance, are testing various marketing strategies to en-
hance program participation. The public health sector can play an important role in continuous evaluation
and monitoring to ensure successful implementation of diabetes prevention programs. Furthermore, this is
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vital for quality assurance and benchmarking of standardized procedures. Scientific outcome evaluation indi-
cators and measurement recommendations (e.g., body weight, waist circumference, HbAlc, total energy in-
take, etc.) have been developed to monitor the effectiveness and efficiency of programs [135]. Recent expe-
rience demonstrates that monitoring alone, as function of quality management, is a driver for increasing the
quality of intervention programs [159]. The CDC DPRP, as part of the National DPP, serves this monitoring
function for diabetes prevention programs in the U.S.

The elements for prevention. steps to develop a prevention program.
Basic science in diabetes prevention

Exploration of the molecular physiology of the prevention of type 2 diabetes is key in both understand-
ing the pathomechanisms of diabetes prevention and also in developing targeted intervention programs with
improved outcome. Growing evidence suggests that insulin resistance, in a normoglycaemic person, is the
key processor of the development of diabetes risk [40]. The role of visceral fat mass and visceral obesity
seems to be a key trigger for the development of insulin resistance [160]. The visceral fat secreted adipokine
profile directly influences inflammatory processes and insulin resistance development which then altogether
directly influences diabetes risk [161]. Furthermore, together with an increasing level of circulating insulin,
also proinsulin seems to become a major factor in triggering diabetes development and, subsequent cardio-
vascular disease and cardiovascular morbidity. Understanding these pathophysiological mechanism will
make it necessary to explore the genetic basis of the regulation of insulin resistance and to understand viscer-
al obesity and the combined pathophysiology behind it. Current evidence from genome-wide association
studies explains a small proportion of diabetes pathophysiology [162, 163]. However, current investigations
suggest that there is a link between genetic susceptibility and the outcome in preventive interventions [164,
165]. Furthermore, basic prevention studies show there is a substantial proportion of people at risk for diabe-
tes, who do not respond to an intervention or do not benefit from an intervention, even without diabetes de-
velopment. A significant challenge in the future is the development of pathophysiology-targeted prevention
programs, as well as the identification of non-responders for preventive interventions.

Efficacy in diabetes prevention

To test intervention concepts and to generate evidence about intervention structures, diabetes prevention
programs have to be tested in ideal randomized control trial (RCT) settings. In recent years considerable evi-
dence showing that sustained lifestyle change enables a significant ability to prevent or delay type 2 diabetes
has developed [15, 166], A number of large randomized clinical trials have shown that interventions, focus-
sing on improved physical activity and nutritional intake along with strategies and supports for behaviour
change, enabled up to 58 % prevention of type 2 diabetes. Furthermore, using traditionally known diabetes
drugs, enables prevention of type 2 diabetes [15, 17]. Lifestyle interventions and drug treatment do not show
an additive effect; unfortunately, there is conflicting evidence about the combination. Lifestyle intervention
was more effective in older adults and less in obese people than the drug metformin. Metformin was more
effective in younger, heavier people and women with a history of GDM in the United States Diabetes Pre-
vention Program (U.S. DPP) [15]. By summarizing the efficacy in diabetes prevention, we have learned that
the prevention of diabetes is effective and feasible, but we have also identified barriers and the challenging
task of how to implement this knowledge. [167].

The efficacy of diabetes prevention programs may be strongly influenced by pathophysiological differ-
ences. There is a huge variation for the conversion from impaired glucose tolerance to diabetes mellitus and
the trigger mechanisms are not completely understood. The efficacy will increase as higher the conversion
rate is, as well as higher the prevalence of impaired glucose metabolism in the population is. Due to the fact,
that the prevalence of impaired glucose tolerance increases in nearly all populations, the efficacy of diabetes
prevention programs may increase in the future [23].

Effectiveness in diabetes prevention

After obtaining the evidence derived from RCTs, it is necessary to translate this knowledge into real-
world settings. This generates a number of new challenges and makes it necessary to start a critical discus-
sion about necessity and practicability of what was done in the RCTs and what is applicable to real-world
settings. A number of translation studies have tried to do this and have found ways to reduce costs and
achieve the same or similar weight loss as the RCTs. There are challenges in moving from RCTs to real-
world implementation in diabetes prevention. One issue is screening to identify those at high- risk. It is unre-
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alistic to believe that performing two OGTTs for screening, which is done in some countries, can be appro-
priate for prevention programs in real-world settings, except for a very high risk individuals in the medical
environment. A number of translational trials have been performed in several parts of the world, with differ-
ent experiences. The implementation design often depends on limited financial resources and is driven by the
circumstances in the environment to enable screening and intervention. Therefore, the translational trials are
often driven by the practical need for diabetes prevention and the dimension of the clinical and public health
problem in the environment. They adjust screening procedures and interventions to the existing environ-
ments, driven by the hypothesis to test the feasibility and applicability of an intervention program to the real-
world setting [51]. The subsequent translation studies of the U.S. DPP have shown that by delivering the
program in a group setting (instead of one-on-one) and utilizing lower-cost trained health educators and
community organization staff, the program can be delivered effectively and cost-effectively [168].

Efficiency of diabetes prevention

After having learned from the implementation trials and having put together practical evidence from ef-
fectiveness studies, the next challenge is to modify the programs or their implementation to achieve the big-
gest impact for the most people who need the intervention. The efficacy research studies are often only ap-
plicable to a limited part of the population and studies often include a relatively small number of people. The
effectiveness trials are more likely to use a more broadly defined high risk population, but the interventions
that have been proven to be effective in real-world settings still may not address factors that will scale the
intervention to reach the most people. At this stage, for the first time, policy perspectives and plans for cost-
effective expansion of the intervention come into account. RCTs or effectiveness trials cannot tell us how to
achieve the best effect for most of the people; this requires networking with a number of specialists and
stakeholders from neighbouring fields in medicine and public health and expertise in fields such as manage-
ment, economics and policy development.

To be efficient in the prevention of type 2 diabetes on a population-level, political support on local and
national levels to build national diabetes prevention plans is needed. These plans help relevant players and
stakeholders to network in order to agree on a concerted action involving different resources from societal
and personal life to enable an efficient and wide reaching type 2 diabetes prevention program.

Availability of diabetes prevention

After addressing the efficiency of diabetes prevention through a practical framework of stakeholders, as
well as, political support and necessary resources to enable a population impact, it is necessary to address
program availability and accessibility and capacity. Availability includes an adequate number of programs in
the com- munity within easy access, the existence of adequate personnel resources to train the prevention
managers, as well as, an adequate number of prevention managers. The development of the European curric-
ulum for the training of prevention mangers is a relevant achievement to standardise intervention procedures
and to develop «train the trainer» strategies. As part of the National Diabetes Prevention Program, the United
States has developed the Diabetes Training and Technical Assistance Center at Emory University to help
train master trainers and lifestyle coaches and coordinate training efforts [168]. Policies that support ade-
quate resources and coordination are important at this stage and support from scientists and medical experts
in the field to drive the right political decisions and program availability is vital.

The industrialization of diabetes prevention programs becomes a relevant challenge. The Danish exam-
ple with the tax on saturated fatty acids is an effective model for diabetes prevention on a national scale, but
failed due to political reasons and the missing pan European policy. The industrialization can also be
achieved by adequate and intensified training of medical professional and healthcare workers to perform dia-
betes prevention programs and to build a framework to implement business solutions for diabetes prevention.
The extensive growth of new media and mobile health solutions may help to make healthy lifestyle infor-
mation more available throughout the population, but also to enable mobile health intervention concepts. We
have to except that not one solution will address the needs of a large population. We will need a number of
solutions providing adequate care and attention for diabetes prevention, based on target population, individu-
al prevalence, readiness to change lifestyle, environmental and regional aspects and many more [23].

Distribution of diabetes prevention

The best program, if it is not reachable for people with increased risk, will fail [148]. Any preventive
action will have to be performed in the environment in which the people with increased risk live and work
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[3, 169]. Structures and policies to identify high-risk individuals and manage intervention follow-up, and
evaluation have to be established. Scientific evaluation standards based on the RCTs need to be translated
into the public health care setting with careful management of considerably more limited resources. This has
been achieved in Europe by the international IMAGE consortium with a quality management structure [135].
In the United States, the National Diabetes Prevention Program contains a recognition program that set
standards that help assure program quality and consistency. CDC is responsible for conducting this program
and reporting on the distribution and quality of the diabetes prevention program across the United States
[169].

Fulfilling the development of a national diabetes prevention program

Within the European Union, only five of 27 countries have a national diabetes plan and only one has a
national diabetes prevention program [170]. In Asia, the situation is similar with a progressive increase in the
number of countries including diabetes prevention in their national policies [171]. The United States is at the
forefront of governmental initiatives for developing a diabetes prevention program with the CDC being the
driving force for coordinating the national effort [168]. The existence of a national policy for supporting dia-
betes prevention does not always equate with a positive outcome, but it is a mandatory first step for success-
ful public health implementation. The European Coalition for Diabetes, together with the EU Diabetes
Working Group, has installed working groups to address the need for delivering adequate care for diabetes in
Europe. Those working groups have elaborated recommendations to the EU institutions and other govern-
ments to take urgent action to address the major public health challenge that diabetes represents. Currently in
the UK and Germany National programmes undergoing development include the NICE and the UK Vascular
Check Programme and the German Check-up 35+ programme.

To prevent type 2 diabetes, an adequate scientific basis provided by research, efficacy studies in highly
controlled environments, and effectiveness studies in real-world environments performed by clinical re-
searchers and public health experts are necessary. To scale up diabetes preventive actions to the population,
the program strategies have to be adjusted to have the best effect for a relevant proportion of the population
as well as the supply and diffusion of the intervention into the population. Policy development is a necessary
part of the latter three steps. The development of national diabetes plans, which are supported by local pre-
vention management and adequate networking and stakeholder involvement, are necessary to address this
challenge and guide implementation of diabetes prevention [4].

Health Literacy: barrier or improvement measure?

In addition to political and financial challenges of health systems, we are witnessing, that it is not
enough to plan, implement, monitor and evaluate prevention by just looking at medical needs of patients.
Scientific evidence shows, that people with low health literacy have a higher risk for a poor health status
[172], higher hospitalization rates [173] and higher mortality rates [174]. Looking especially at type-2-
diabetes, patients with low health literacy tend to have a poorer glycemic control [175] and are less aware of
symptoms related to hyperglycemia [176]. Those who have the lowest health literacy competences have a
higher risk for developing chronic conditions. On top of that, it is less likely that these patients receive the
care they actually need. Additionally, they are having substantially poorer preconditions to seek, find, under-
stand, and use (online) health information, to take informed decisions [177].

The adherence to medical treatments and behavioral lifestyle change primarily works for those with a
considerable level of health literacy and systematically causes inequalities in terms of access to care, support
and information [178]. Recent studies indicate that some patients seem to be systematically excluded from
these benefits due to low health literacy skills, potentially leading to an extension of health inequalities and a
growing amount of people not participating in care [179, 180]. A recent review of Morony emphasizes that
more than 90 % of educational materials written for kidney disease is higher than an average patient’s litera-
cy, limiting the understanding of key massages [181].

A recent report from the European Commission indicated that more than 80 % of the European popula-
tion is using the internet for private purposes on a daily basis but more than 40 % of the total population and
even 59 % of citizens with low health literacy have never searched for health related information online
[182]. However, improved digital health literacy and literacy-adequate health information represent a great
opportunity to gain positive impact on the citizens’ personal level regarding knowledge, motivation, self-
confidence, treatment adherence, feelings of control, social involvement, improved decision making and em-
powerment [111].
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For the prevention and care of diabetes it is therefore of utmost importance to incorporate the ability of
patients in understanding, translating and applying health-related information.

Diabetes risk in childhood and adolescence

The prevalence of childhood obesity has increased dramatically during the past decades although there
is emerging evidence that prevalence rates seem to have stabilized at present, albeit at high levels, especially
in the younger age groups [183, 184] Overweight and obesity now affects between 15-30 % of all children
and adolescents in many industrialised countries. The rise in childhood overweight and obesity has dramati-
cally altered the demographic profile of chronic disease in affected countries. For example, type 2 diabetes,
once a clinical rarity in younger adults (< 40 years) and children, has now prevalence rates estimated to have
increased by up to 10-fold in recent decades [185]. This shift in the profile of type 2 diabetes has a serious
consequence as its emergence in younger age groups represents an extreme phenotype that magnifies the dis-
case profile observed in adults. Risk factors for the development of T2DM in childhood and adolescents in-
clude [186, 187]:

— Type 2 diabetes of first- or second degree relatives;

— Morbid obesity (BMI > 99.5 percentile);

— Ethnical background (East Asians, African-American, Hispanics);

— Clinical signs of insulin resistance or associated features (syndrome of polycystic ovaries, acanthosis

nigricans, dyslipidemia, elevated liver enzymes).

In addition to the development of T2DM, affected individuals are also at higher risk for the develop-
ment of significant cardiovascular comorbidities early in life: Compared to age-matched healthy controls,
incidence of myocardial infarct in younger people with type 2 diabetes has been shown to be fourfold higher
than in late-onset type 2 diabetics and 14-fold higher than in people without diabetes[188]. Preliminary data
from adolescents with type 2 diabetes in Canada, followed-up for 9 years, found that the mortality during this
period was almost 10 %. Along with increasing the prevalence of chronic disease and mortality rates in
younger age ranges, childhood obesity also significantly increases the risk of chronic disease into adulthood
[189]. Thus the emergence of deleterious lifestyle practices and obesity in younger age ranges will have a
devastating clinical and societal legacy that is only just beginning to emerge. The focus of health care policy
and research, which has commonly targeted those over 40 years of age, has lagged behind this substantive
shift in the demographic profile of obesity and chronic disease. However, if left unchecked, it is clear that
this will become one of the primary clinical priorities within the next couple of decades. Therefore, high-
quality research is urgently needed to investigate optimal methods of identifying and treating diabetes risk in
children and adolescents. This includes the development of integrated risk scores that are lacking in this
group. However, at present the World Health Organisation recommends that, starting at 10 years of age, an
oral glucose tolerance test (OGTT) should be performed in overweight (BMI > 90. percentile) children or
adolescents who present with at least 2 additional risk factors mentioned above or several clinical signs or
associated sequalae of insulin resistance [186]. Once diagnosed, «conservative» approaches including life-
style changes, promoting physical activity, and assessing and optimizing dietary habits should be the main
focus of intervention at that age group. Metformin [190], a common first or second line therapy for adults,
may also be appropriate for children and adolescents with diagnosed T2DM, and clinical studies for the use
of metformin in impaired glucose tolerance in the pediatric population are underway. It is crucial that chil-
dren and adolescents with type 2 diabetes are seen by a pediatric endocrinologist/diabetologist to receive
comprehensive diabetes health education and long term clinical care within a specialized centre [187].

The clinical environment sets a number of limitations because only a selective clientele of adult patients
is accessible — those who go to a physician due to disease burden, whereas the majority of the paediatric
population is regularly seen by a paediatrician for routine medical checkups, vaccinations, or other reasons
and might than be screened for relevant risk factors. On the other hand the clinical environment enables a
more comprehensive and targeted approach due to the availability of diagnostic and treatment as well as in-
tervention procedures. The public health environment offers a far more wide spread accessibility to target
populations and to identify people at risk. The public health strategy is more related to address population
embedded risk behaviour to be addressed by comprehensive health policy.

For a clinical applicable approach to target diabetes risk reduction we recommend

e screen the adult population by using the FINDRISK score or a comparable risk score as well as avail-
able clinical data by screening computer data bases;
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e Where possible, those above a predefined high risk threshold level should have their risk status con-
firmed, and the presence of type 2 diabetes ruled out, by a simple measure of glycaemia, such as fasting glu-
cose or HbAlc.

e In children > 10 years of age, an OGTT should be performed in overweight (BMI > 90. percentile)
subjects who present with at least 2 additional risk factors (T2DM of first- or second degree relatives, morbid
obesity (BMI > 99.5 percentile); ethnical background (East Asians, African-American, Hispanics), clinical
signs of insulin resistance orassociated features (syndrome of polycystic ovaries, acanthosis nigricans,
dyslipidemia, elevated liver enzymes).

e Those children/adolescents and adults confirmed to have a high risk status or even confirmed
IGT/T2DM, are eligible for lifestyle intervention programs (all age groups) or pharmaco-preventive strate-
gies (mainly adults).

Conclusions

It seems that diabetes prevention is a major opportunity for global health and some have even referred
to it as «the future of diabetology». The evidence that diabetes is a preventable disease is excellent. A num-
ber of large randomized clinical trials have shown that more than 50 % of diabetes risk can be reduced and
diabetes can be postponed and prevented sustainably over more than a decade. Translational studies that tried
to translate scientific evidence into clinical practice have proven that similar results are reachable in clinical
practice and that it’s feasible to implement diabetes prevention programs in different care processes and
structures. But those translational studies also have shown that it’s the responsibility of healthcare policies to
harness existing care structures and infrastructure to structure the prevention program and what is the out-
come for the person at risk and the community. Over recent years we have learned a lot about non pharmaco-
logical interventions and that they are effective in preventing diabetes from developing and we have gained a
lot of knowledge regarding policies that still need to be developed [23]. Effective strategies to identify peo-
ple with increased diabetes risk are available. Changing physical activity and eating habit can be effective in
prevention diabetes but most effective seems to be to «walk the diabetes away» approach. 10000 steps and
more a day prevent diabetes significantly but already importantly 1000 additional steps to the normal daily
amount of steps — even if much less than 10000 — are as effective as 1000 mg metformin.

Now we have to play the ball from the research arena into political field. Political support is needed to
build up the framework for a successful implementation of diabetes prevention programs. But finally we to-
gether with all relevant stakeholders have to build effective and sustainable prevention programs. This
should not be an excuse for researchers not to act — like Kofi Annan said: «We have not enough money to
do nothingy.
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IL.E.X. IlIBapu, I1. Tumnen

2-TunTi nnadeTTiH aJAbIH a1y MYMKIHAIriHE 6Mip CYPYy CAJTHIHBIH bIKIAJbI

Knuaukanelk Toxipubene AMaOETTIH agbH ally iprelli FBUIBIMIAp JKETICTITH KOJINAHYABl Tauam eTe.
CoOHFBI OH KB IIIIHJE KIMHAKAIBIK 3epPTTEeyJep TOyeKeN TOOBIHBIH 2-THNTi auabeT IaMybH Ooigsipmay
MoceJIeciHie eMip CYpy (aKTOpJIapbIHBIH MAHBI3IBUIBIFBI HAKTHI TYKbIpIMaanabl. Kasipri tanna nuaberTin
anbiH any OarjapiamanapblH HaKThl TYpPZAC CHIIpyJe MaHbI3[bl aKnapaTTapAbl COHFbI 3epTTeysep Oepin
oTeIp. JKekeneren enaepae AMabeTTiH AIBIH aly miapaiapsl KaObUTAaHFaH, OipaK HAKTHI TApMAaKTap MiHACTTI
OpBbIHJAY JKOCHAphIHAA AyKbIMIbl aiiMaKTap HeMece YJITTBIK Oarjapiiamaiapbl >KYMbICTap[a KHBIHIBIK
Tyzabpagsl. JKymbIc aKy3ere acy YIUIH apHaibl JailbIHIBIKTaH ©TKEH MEAMLMHAJIBIK KbISMET KepCeTy,
MEIVIUHA CANACBIHAAFEl JKOHOMHCTEp, JICHCAYJBIK CaKTay KbI3METKepiepl KoHe KOFaMABIK YHbIMIap
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ekinzepi Genenai casicaTKepiepMeH e3apa opeKeTTece KhI3MeT jkacayra OeifiMm Gomynapbl KaxeT. Makanana
casicH KOJIIay ©Te MaHbI3Ibl Kypayiibl 6ombin Tabsutansl. «Kasipri onem toxipubecinme» auabeTTiH alablH
airy OaraapiaMachlH XKy3ere achblpyaa KaxeT 3epTTeyJiep HOTHKeIepi KopCceTiireH.

IL.LE.X. lIBapu, I1. Tumnen

Binsinue 00pa3a ;KM3HH HA BO3MOKHOCTH
NpeaoTBPAIleHUsI Pa3BUTHS 1uadeTa 2 TUNA

IIpodumakTuka nuabera TpeOyeT MCHONB30BAHHS JOCTIKEHHH (YHIAMEHTAIbHONH HAYKH B KIMHHYECKON
HpakTHKe. B TeueHne nocieaHux NecsATHICTHH KIMHUYECKUMH MCCIIEIOBAaHUAMH OBLIO TBEPJO YCTAHOBJICHO
3HaueHHe (HaKTOpoB 00pasa KU3HU B BOIPOCAX MPEIOTBpAIICHHS pa3BUTUSA AuabeTa 2 THUIIA Cpelu JIUI] U3
rpynnsl pucka. [Tociaenyronye uccienoBanus NPEAOCTABHIN BXHYIO HHPOPMALUIO O PeabHOM BHEAPEHUH
IporpaMM NpoQuIaKTUKU Auabera. B oTAenpHBIX cTpaHax MpeaUpUHSITHl YCHINS 1O NpoduiakTuke auade-
Ta, OJJHAKO IPH paboTe 10 GOJIBIINM PETHOHANBHBIM MIH HAMOHATIBHBIM POrpaMMaM, KOHKPETHBIE ITYHKTHI
KOTOPBIX JOJDKHBI OBITH 3aIUIAHMPOBAHBI U BBHIIOJHEHBI, BOSHUKAIOT ONPEACIICHHBIE TPYAHOCTH: OTCYTCTBHE
TIOJITOTOBJICHHBIX CIEIUAINCTOB B O0JIACTH MEAWIIMHCKOTO OOCIY)KUBAaHUS, YKOHOMUCTOB MEIUIUHCKOTO
npoduisi, pabOTHUKOB 3ApaBOOXpPAHEHMS M IpejcTaBHTeNel OOIECTBEHHBIX OpraHM3alUi, CIOCOOHBIX
B3aMMOJICHCTBOBAT C BIMATEIbHBIMU IPEACTABUTEIAMU MOJIMTHYESCKUX KPYroB. [ToauTrnueckas noanepxka
SBJISICTCS. OUCHb BOKHBIM KOMIIOHEHTOM B paboTe 1o npoduiaktuke auabera. B crarthe mpeacTaBieHbl pe-
3yJIbTaThl UCCIIEIOBAHUSA, KOTOPbIE MOIJIM Obl IOMOYb B YCIEIIHOM BBITIOJHEHUH IPOTPaMMBbl 110 MPOQHIaK-
THKe quabera «IIpakTuka peasbHOro MUpa.
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Structure of risk factors developing of diabetes and cardiovascular diseases
depending of the type of tobacco smoking

Smoking is a factor in increasing the risk of endothelial dysfunction and increase the risk of developing dia-
betes and cardiovascular diseases. The influence of active and passive smoking on the risk of developing dia-
betes and cardiovascular disease among population of industrial cities of Central Kazakhstan is analyzed.
Smokers surveyed 766 people (609 women and 157 men) in Karaganda, Saran, Karaganda region. It is estab-
lished that a high risk of developing diabetes was observed in 31 % persons with passive type of smoking
with prevalence of women 92 % in comparison with 63 % active type of smoking. Physical work predomi-
nated, higher in the group with active type of Smoking — 71 % comparatively with 65 % in the group of pas-
sive smoking. A high cardiovascular risk among almost 80 % of persons with active type of smoking and
high risk of diabetes in group with passive smoking.

Key words: active, passive smoking, the risk of diabetes, screening, Findrisk, Score.

Actuality

Among of the leading behavioral and physiological risk factors related to mortality, the second after
high blood pressure (13 % mortality) followed factor of tobacco smoking (9 %) [1, 2]. Development of En-
dothelial dysfunction and cardiovascular diseases are a important factors in their development and in combi-
nation with diabetes mellitus, tobacco use exacerbates the development and further progression of diabetic
macroangiopathy in the form of lesions of the coronary vessels of the brain. Combination of smoking and
one of other risk factors such as hypercholesterolemia and blood hypertension result risk increasing exponen-
tially in compared with persons without risk factors. Prevalence of tobacco use to date is an important prog-
nostic indicator of the future burden of active smoking-related diseases, including important role in the risk
of developing diabetes. The prevalence of active smoking among adults globally, according to WHO prevails
among men: 36 % comparatively with 8 % in women. Recently, there is evidence held by the research on the
effect of passive smoking on the risk of developing of lung disease and of diabetes. This type of smoking the
most pre-dominant among females [3, 4, 7].

According to the WHO the number of people with registered diabetes had increased from 108 million in
1980 to 422 million in the year 2014. The global prevalence of diabetic patients among people older than
18 years increased from 4.7 % in 1980 to 8.5 % in 2014. WHO estimates that in 2012 year 1.5 million deaths
were directly caused by diabetes and a 2.2 million deaths were due to the high level of blood glucose concen-
tration. Almost half of all deaths caused by high concentration of glucose in the blood occurs before the age
of 70 years. Mortality in European region accounted for 238 person and a maximum mortality rate — in the
African region, South-East Asia: 322 and 382 person per 100000 population respectively [1]. According to
the Ministry of health of Kazakhstan in 2013, the number of incidence of diabetes is 170 persons per 100
thousands of population and mortality from late complications of diabetes as a diabetic macroangiopaty
(strokes, heart attacks) accounted for 141 to 100000 of the adult population with a tendency to increase com-
pared with the year 2012 [6].

The aim of investigation: to evaluate the prevalence of active and passive tobacco smoking while carry-
ing out a screening survey of the population of downtown Saran, Land Karaganda and to study their possible
influence on the risk of developing diabetes.

Materials and methods

A cross-sectional investigation as form of screening among residents of the city of Saran was carried
out. Human 766 patients aged 18 to 65 years have been examined: 609 women (79.5 %) and 157 men
(20.5 %). Questionnaires included questions of active and passive smoking, duration of smoking, social and
demographic indicators, history of chronic disease. Active smoking was assessed by the smoker index (IR):
IR of more than 10 — high risk, passive smoking by means of a questionnaire, data on smoking spouse,
partner. The risk of developing diabetes was estimated using of scale Findrisk, the criteria for a low risk:
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<7-11 points, high risk of development of diabetes from 12 to 20 points and measuring of blood glucose
concentration was used to determine the glucose level of capillary blood. Cardiovascular risk was estimated

by the SCORE scale (Fig. 1, 2.)
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H Male 37%
H Female 63%
i Average 35%
H Specialized secondary 44%
M higher 21%
M Work 71%
i Not work 29%
M Mental 39%
L Physic 61%
MYes 54%
4 No 46%
Figure 1. General characteristics of subjects in the contingent of active smoking group
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M Work 65%
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MYes 65%
M No 35%

Figure 2. General characteristics of contingent subjects in the passive smoking group

Results

Results of comparative investigation of the characteristics in terms of social and demographic indicators
showed the presence of prevalence among women in groups with active and passive smoking: 92 % and
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63 % respectively regardless of the level of education of women (secondary education (average), specialized
secondary education and highest education) — 35 %, 44 % and 21 % in group 1 comparatively with 30 %,
49 % and 21 % in group 2 (Fig.1,2). 71 % and 65 % of women have job and 29 % and 35 % without job re-
spectively. Regarding type of work we showed prevalence of more active smoking in groups 1 and 2 of
women-workers of physical work: in group 1 of active smoking — 61 % and 59 % in women of passive
smoking group 2 in compared with 39 % and 41 % respectively in women of not physical work. Prevalence
of chronic diseases were showed in a group with passive smoking type of chronic disease in 65 % of re-
spondents comparatively with 54 % in group of active smoking (Fig. 1, 2).

Analysis of clinical investigation identified a groups of active and passive smoking as 25 % and 43 %
respectively. In the Group of active smokers in compared with the Group passive smokers noted the predom-
inance of high cardiovascular risk in 77 (41 %) respondents. In a group of passive smoking we have showed
the prevalence of risk of developing diabetes comparatively with group of active smoking has reached 102
(31 %) and also high rates of cardiovascular risk was revealed in a group of passive smoking, which were
increased until 124 (38 %) respondents.

Conclusions

1. A high risk of developing diabetes was associated with passive smoking and reached 102 (31 %).
2. High risk developing of cardiovascular diseases associated with active smoking and reached 77
(41 %) respondents.
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E.M. Jlaptomuna, ®@.Y. Hunpnubaesa, B.®. [Tapaxuna, JI.T. AMupxanoBa

HIp1bIM mery Typine 0ailJIaHbICTBI KAHT AUA0ETI KIHE JKYPeK-KAHTAMBIP
aypyJapbIHbIH TdyeKeJ (PAKTOPJIapPbIHbIH KYPbLJIBIMbI

IbuIbIM IIEry CcanfapblHaH KaHT [uabeTi JKOHE JKYPeK-KaHTaMbIpIapbl aypyJapblHBIH JaMybl JKOHE
SHIOTENHI ANCHYHKUHUACHIHBIH apTybl IQJICIICHIeH KayinTi (akrop 0oibin Tabbu1aabl. J[naber jxoHe Kypek-
KaHTaMbIPJIapbl aypy/apblHbIH JaMy Kayimi OoiblHIIA OejiceHIi >KOHE MacCHBTI TeMeKi MLIerymiH acepi
3eprrenred. Kaparanapl kanacel xoHe Kaparanabl o0nbicbiHbIH CapaH KalachbIHBIH LIBUIBIM IIETeTiH 766
amam (609 oiienmep Men 157 epiep) 3epTreyre KaTbICKaHbl aHBIKTanabl. HoTwkeciHme KaHT auaberi
aypybIHBIH JKOFaphl JICHTeiiie KayinTi JaMybl AacCUBTI TeMeki mekkeH TyirFanapaa 102 (31 %) Oaiikangsl.
TonTa OenceHl jKOHE MACCHBTI TEMEKI IICTETiH oHeNiep CaHbl JKOFapbl OONIbI, OHBIH imIiHAE OenceHIl
IBUIBIM IeTy 63 %-0eH caibICThIpFaHzaa, naccuBTi mereTiH (92 %) oiftennep O6aceM TycTi. XKyMbIc TYpiHiH
CHIATBIH €CKEPE OTBIPBIIL, ICHE IIBIHBIKTHIPYMEH aifHaNIbICAThIH [IACCUBTI TeMeKi ToObIHAa — 65 %, Gerncenai
temeki mery 71 % xypanpl. Co3pUIMaibl aypysapisl 3epTTey OGapbIChIHIA, OJ1 aypylapiblH Herisri Typi
MACCUBTI TEMEKi LIEry[iH TOOBIHIAarbl HaykacTapablH 65 %-ma TaOburran. [laccuBTI Temeki iereriHaep
TOOBIMEH caiblcThIpranzia OeiceHai TeMmeki IereriH rtonrapbiHza 77 (41 %) pecnoHASHTTEpHIH
KapAMOBaCKyJSIPIIbI Kayiri 6achiM ekeHi aHbIKTanabl. bencenai Temeki ImieryaiH ToObIMEH CajbICThIpFaHIa
MACCUBTI TEMeKI LIery ToObIHJIa KaHT auadeTiHiH namy kayimi 102 amamust (31 %) KypaiTbIHBI, COHBIMEH
KaTap MAacCHBTI TeMeKi IIery TOOBIHAA >XYpeK-KaHTaMbIpilap aypyJlapblHBIH AaMy KayilliHiH >KOFapFrbl
xepcertkimi 124 (38 %) HaykacTapnia 6aiiKabl.

E.M. Jlapromuna, @.Y. Hunbnubaesa, B.®. [Tapaxuna, [.T. AMupxaHoBa

CTpykTypa (aKTOPOB PUCKA PA3BUTHSA 1Ma0eTa U CepAeYHO-COCYAUCTHIX
3a00/1eBaHMii B 3aBUCMMOCTH OT THIIA KypPeHUs

Kypenue sBnsercs NoKa3aHHbIM (aKTOPOM B YBENMHYECHMM PUCKA AUCHYHKLUH SHAOTEIMS, U KAK CIEJCT-
BHE — TIOBBILIEHHE PUCKA Pa3BUTHA JuabeTa U CepAeYHO-COCYUCTHIX 3aboneBanuil. M3ydyeHo BausHME ak-
THUBHOTO U ITACCHBHOTO KypeHHs Ha PUCK Pa3BUTHS AnabeTa M COCYANCTHIX 3aboneBanuil. OOciaenoBansl 766
Kypsux genosek (609 sxenmun n 157 myxunn) r. Kaparanner u r. Capann Kaparanauackoit obmactu. Ye-
TaHOBJIEHO, YTO BBICOKMII PUCK pa3BHTHs caxapHoro auabera Habmozmancs y 102 (31 %) mmm, moasepras-
LIMXCs IaCCUBHOMY KypeHH0. OJMHAKOBO 4acTO B IPYIIE C aKTUBHBIM U IIACCUBHBIM TUIIOM KypPEHHUS IIpe-
o0Jajiany SKEHIIMHBI: B TPYIIE C MACCUBHBIM TUIIOM KypeHHus — 92 %, cpeau akTUBHO Kypsimmx — 63 %.
3aHsATEIe (QU3MYECKHUM TPYAOM Mpeobiamanu Oonbllle B TPYINE C aKTHBHBIM THIIOM KypeHus — 71 %,
B IpyIIe MacCuBHOTo KypeHus — 65 %. IIpu n3ydeHnn XpoHHYECKUX 3a00/€BaHUN MX HAJIWYUE BBISBICHO
B OCHOBHOM B TPYIIIIE C MACCUBHBIM TUIIOM KypeHHs — y 65 % oOcnenoBaHHBIX. B rpynme akTHUBHO Kypsi-
KX B CPAaBHEHHHU C TPYMION MAaCCHBHO KYPSIIUX OTMEUYEHO MpeobiIagaHie BBICOKOTO KapAHOBACKYIIPHOTO
pucka 'y 77 (41 %) pecionneHToB. B rpymme maccuBHOTo KypeHHsI yCTaHOBIICHO IIPeo0iIaaHue prcKa pa3BH-
THSI caXapHOTO JrabeTa B CPaBHEHMH C IPYNIION akTHBHOTO KypeHus — 102 genoseka (31 %). Taxxe oTme-
YEeHB! BBICOKHE ITOKA3aTENIN PHUCKA PA3BUTHUsS COCYJHUCTHIX 3a00JIeBaHMI B IpYIIE MaCCHBHOTO KypeHHS —
y 124 (38%) obcneoBaHHBIX.
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The prevalence of risk factors of developing of cardio-vascular diseases
and diabetes among the urban population of Karaganda region

Frequency of developing of diabetes mellitus in patients with risk factors developing of cardiovascular dis-
eases was investigated. The prevalence of main modifiable factors that generate a high risk of diabetes and
cardiovascular disease were investigated in 891 respondents of the city of Saran, Land Karaganda (population
56,000, city-satellite of Karaganda) using of international questionnaire FINDRISC and cardiovascular risk
calculator-SCORE. It was showed that increasing of risk of cardiovascular diseases accompanied parallel by
increasing of risk of diabetes. Among of urban population of Karaganda region it were established the role of
risk factors like obesity, fasting glycemia, arterial hypertension, hypercholesterolemia, allowing realization of
preventive activities in the target population.

Key words: risk factors, diabetes mellitus, cardio-vascular diseases, Karaganda region, obesity, arterial hyper-
tension, hyperholesterolaemia, hyperglycemia.

Actuality

Last period it was reported a intensive increase number of incidence of diabetes mellitus (DM) in the
world. It is expected that by the 2035g. the prevalence of DM be increase to 347 million. people and 145 mil-
lions in rural areas [1]. Kazakhstan DM is rankedas socially significant disease, requiring a system of deci-
sions and actions of the State supporting. According to data from a large clinical trials of diabetes is an inde-
pendent factor for development of cardiovascular diseases, which led to the emergence of the term of
cardiometabolic syndrome [2]. Each every second man in the group very high cardiovascular risk: each se-
cond man has high and very high risk of developing diabetes mellitus [3].

According to the State Health Kazakhstan Program named «Densaulyk 2016-2020», as well as plan of
WHO on prevention and control of not infectious diseases is one of the objectives of improving of state of
health by prevention of risk factors at the global, regional and national levels [4, 5]. In this regard, effective
measures reducing premature mortality from diseases of the circulatory system and DM, is prevention, which
is possible as result of studying the prevalence of risk factors for these diseases. In this context we tried to
investigate the risk of development of diabetes mellitus among respondents with varying degrees of cardio-
vascular risk, as well as to identify the prevalence of modifiable factors in investigated groups.

Research objective: to investigate the risk of development of diabetes mellitus in patients with various
level of cardiovascular risk and also to study prevalence of the main modified factors forming high risk of a
diabetes mellitus and of cardiovascular diseases

Materials and methods

This clinical investigation is based on the results using of questionnaire and clinical analysis of 891 re-
spondents of the city of Saran, the Karaganda region, with existence of risk of cardiovascular diseases at the
age of 18—65 years are the basis for a research, a male made 20,4 % of them, the woman of 79,5 %. The vol-
ume of selection was defined proceeding from necessary significance value. Screening included questioning,
with use of the international questionnaires on establishment of risk factors of socially important diseases as
SD, the cardiovascular diseases (CD); anthropometry, measurement of the ABP, definition of a glucose and
cholesterin of a blood. Definition of a glucose of a blood was carried out by means of the Accu-Chek glucose
meter (Roche Diagnostics, Germany), a blood cholesterol — Accutrend Plus (Roche Diagnostics, Germany).

In the first part was carried out calculation of total cardiovascular risk (CVR) on a scale SCORE, using
a special risk calculator. To assess total CVR takes into account gender, age, level of systolic HELL, smok-
ing, total cholesterol. In the second phase 850 complete answers were selected from 891which were grouped
CVR: I — no risk, low-moderate risk (<5 %), high risk (5—10 %) and very high risk (10 %). 41 answers were
not selected as not completed.

Respondents with different cardiovascular risk on a scale SCORE, conducted interviews using ques-
tionnaire FINDRISC. For measuring the risk of DMfollowing questions from the questionnaire were used:
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age, body mass index, waist circumference, the presence of at least 30 minutes of physical activity, blood
pressure, blood glucose level, facts of presence of diabetes at family or at relatives. According to results of a
questionnaire FINDRISS installed: low risk (sum of points < 7), moderate risk (sum of points 7 < 14), high
and very high risk (over > 15). In the group of patients with high and very high risk of diabeteswith different
cardiovascular the frequency of major modifiable risk factors: low physical activity, smoking, obesity, arteri-
al hypertension, hyperglycemia, hypercholesterolemia were investigated using of FINDRISC scale. Statisti-
cal processing was done using Microsoft Excel.

Results and discussion

According to the results of analysis of 850 respondents at 126 (14.8 %) respondents did not identify the
risk of cardiovascular disease. The cardiovascular risk was confirmed at 724 respondents (85.1 %). Among
respondents with the presence of CVR on a scale SCORE from 629 (86.9 %) respondents set low/moderate
risk, 65 (8.9 %) respondents have high and 30 (4.2 %) respondents — very high risk (Table). Among re-
spondents with low/moderate risk, high and very high CVR on a scale SCORE risk gradation were studied
using of SCORE scope. Among respondents with low and moderate CVR at 318 (50.6 %) the low risk of
DM were found, 257 (40.9 %) respondents identified as patients with moderate risk and at 54 (8.5 %) re-
spondents found the high and very high risk of DM. Among group with high risk of CVR the low risk of DM
identified in 21 respondents (32.4 %), moderate risk of DM— in 37 persons (56.8 %) and high risk (10.8 %)
have 7 respondents. In patients with very high CVR a low risk of DM is defined at 5 (16.7 %) respondents,
moderate risk — in11 respondents (36.6 %) and the high at 14 (46.7 %) respondents.

Table

The prevalence of modifiable risk factors in varying degrees by SCORE of cardiovascular system
respondents with high and very high risk of developing type 2 diabetes, %

Low/moderate cardiovascu- | High cardiovascular risk Very high cardiovascular
Risk factors lar risk FINDRISK FINDRISK high risk FINDRISK high
high and very high and very high and very high
Lowphysicalactivity 3.9 20.1 40.1
Smoking 4.8 15.4 37.7
Obesity 19.2 33.6 100
BP >140/90 mmHg 40.3 85.1 88.9
Fastingglucose > 5.6 11.1 82.5 100
Hypercholesterolemia 11.5 26.1 45.1

Thus, a most number of respondents with very low risk of development of 2 type of DM are belong to
patients with very low or moderate risk of CVR (50.6 %) while in groups with high and very high to CVR
the real risk of development of 2 type of DM in the nearest 10 years were determined at 32.4 % and 16.7 %
accordingly, at respondents with high risk of CVR — at 56.8 % respondents — a moderate risk of develop-
ing of DM andamong persons with very high risk of CVR more often there was a high risk of development
of diabetes mellitus — at 46.7 %.

The analysis of the obtained results demonstrate that the risk of development of DM is increases as far
as growth of cardiovascular risk, that confirm the presence of relation between risk of CVR and diabetes
mellitus.

In a group with high and very high risk (1) and very high risk (2) of CVR we observed a for 1.9 and 10
times more low frequency of physical activity among persons with the very high risk of development of C/]
2 types (Table 1) frequency of subzero physical activity in 1.9 and 10.2 time higher as compared with group
low/moderate risk of developing of CVR.

Frequency of smoking was confirmed as higher among respondents with very high CVR risk and risk of
DM in compared with groups with high and moderate / low risk of CVR (37.7 % against 4.8 % and 15.4 %).

Frequency of obesity revealed at 100 % respondents with very high risk of CVR and high/very high risk
of development of diabetes mellitus, that in 2.9 and 5.2 time exceeds frequency in groups with high and
low/moderate CVR risk accordingly.

A similar tendency is observed regarding frequency of high blood pressure in patients: most frequency
was revealed in a group with high and very high risk of CVR: 88.9 % and 85.1 % accordingly that in 2 times
higher than in a group with low/moderate SSR.
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The high level of blood glucose level was determined at 100 % of respondents with very high cardio-
vascular risk in compared with 11.1 % at respondents with low/moderate risk of CVR.

We have found the prevalence ofhypercholesterolaemia for 2-3 times more high among persons with
the high and very high risk of development of 2 type of DM types in groups with very high risk of CVR and
is as 45.1 and 26.1 %.

Thus, it was showed that by the important modified factors among respondents with highrisk of CVR
and DM there are obesity, hyperglycemia arterial hypertension, hyperchosterolaemia, a low physical activity
and smoking were revealed at many respondents with high risk developing as DM among group with high
risk of CVR.

Conclusions

1. The risk of development of cardiovascular diseases accompanied by increasing of risk of developing
of diabetes mellitus. Among respondents with a low/moderate cardiovascular risk there are prevalence per-
sons with low risk of diabetes mellitus (50.6 %), at persons with high to CVR-a low risk of DM (56.8 %),
with very high of CVR- a high risk of development of DM (46.7 %).

2. Among persons with the high risk of cardiovascular diseases and of high risk of DM among the urban
population of the Karaganda area the important modified risk of DM factors were established, as obesity —
100 %, hyperglycemia — 100 %, hypertension — 88.9 %, hypercholesterolaemia — 56.7 %.

3. Obtained results allow to allocate group of patients for realization of purposeful prophylaxis of cardi-
ovascular diseases and of diabetes mellitus.
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Kaparanabl 00JIbICHIHBIH KaJ1a TYPFBIHAAPHI apachbIHAa
JKYPEK-KAHTAMBIPJIAP ayPYJ/JAPbIHbIH KOHE KAHT JualeTiHiH
KAJBINTACYBIHIA KAYINTLIIK (AKTOPBIHBIH TAPATYbI

Kaparaugsr o6mabiceiHblH CapaH KanachiHAArbl 891 pecrmoHIEHTTepiHAe op TYpJi Jopexkeneri >Kypek-
KaHTaMbIp aypyiapbl 0ap agamaapnia KaHT AWAOCTIHIH JaMmy Kayimi OarajiaHfbl, COHBIMEH KaTap »KOFapFbl
JIopexeni >KOHE KapIUOBAaCKyJSIpIIBl aypylapAbl TYABIPATHIH KEH TapalFaH HETi3ri MoAM(UKaIWsIIaHFaH
¢axropinap 3eprrenmi. by 3eprrey FINDRISC xanbikapansik cypakaamacsl MeH SCORE xypek-KaHTaMBIp
KayiliH ecenTeyill apKblUIbl XKypri3iini. Kypek-kaHtamblp aypyniapsl Kayilli ©CKeH CailblH KaHT JuabeTiHiH
JaMy Kayimi Je JKOFapbUIalThIHABIFGI Oenrini. Kaparauabl OOJIBICHIHBIH Kajla TYPFBIHIAPBIHBIH apachklHAa
CeMI3IiK, alIKapblH TIIMKEMUSICHI, apTepUaIbl THIIEPTeH3UsI, TUrepxonectepuaemus coiapl K/ kayini 6ap
MaHbI3Ibl MO (DHUKALMIAHFAH (aKTOPJIap aHBIKTAJIBL. Byl TONBIK TONTA aibIH ajly apanapibl KYprizyre
MYMKIiHIIK 6epei.
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E.M. Jlaprommna, J[.T. Amupxanosa, A.P. Anmuna, H.I'. Mamoyenko, B.®. [Tapaxuna

PacnpocrpaneHHocTs GaKkTOpoB pucKka B GOpMUPOBAHUU
CepAeYHO-COCYAMCTHIX 3a00J1eBaHUI 1 CAXapHOIo Auadera
cpeau ropojackoro Hacejenusi Kaparanamuckoi ooaactu

ABTOpaMu MpoBE/IEHA OIIEHKA PUCKA Pa3BUTHS CaXapHOTo AuabeTa y JIMI( C Pa3IMYHON CTENEHbIO PHUCKA Pa3-
BUTHUSI CEPJEYHO-COCYAUCTBIX 3a00/€BaHUM, a TaKKe H3yueHa PaclpOCTPAHEHHOCTh OCHOBHBIX MOAU(HU-
MpyeMbIX (akTopoB, GOPMHUPYIOIIMX BEICOKHH PUCK CaXapHOro Juabera M KapAHOBACKYJISAPHBIX 3a00JieBa-
Hui, y 891 pecnonnenta r. Capann KaparanauHckoif 061acTi ¢ MCHONBE30BaHUEM MEXITYHAPOJIHOTO OIPOC-
Huka FINDRISC u kanbkynaropa cepaeuHo-cocyauctoro pucka — SCORE. YcranoBieHo, 4To o Mepe Ha-
pacTaHHs CepACYHO-COCYIUCTOTO PHCKA BO3pacTaeT PUCK pa3BHTHUs caxapHoro auabera. Cpemy Topoackoro
HacesieHns1 KaparanauHCKOH 001acTH yCTaHOBJIEHB! 3HAa4YMMble Moauduimpyemsle dakropsl pucka CJI:
OKHMpEHHeE, ITUKEMHsl HAaTOINAK, apTepHualibHasi THIIEPTEH3Hs, TUNEPXOJIECTEPUHEMHS, YTO MO3BOJIUT MPOBO-
JMTb PO UIIAKTHYECKHE MEPONIPUATHUS B LIEJIEBOIl IpyIIIIe.
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Determination of trimethylamine N-oxide level
and its metabolic precursors in biological material

The level of trimethylamine N-oxide, exceeding the threshold indices, is a precursor to a number of diseases,
leading to disability and death. In this context the definition of titers and the normalization of its levels in the
body is one of the stages of preventive medicine. This review presents the methods for determining the levels
of TMAO and its metabolic precursors in the biological material. The world practice mainly use the high per-
formance liquid chromatography for TMAO quantitative determination in biological material, the detection is
performed using tandem MS/MS spectroscopy, and in some cases nuclear magnetic resonance spectroscopy.
The time-consuming sample preparation and complex combinations of the composition of the mobile phase
are applied for effective separation and receiving of reliable results. Nevertheless, the problem of the quanti-
tative and qualitative determination of TMAO and his predecessors not only hasn't lost the relevance, but has
acquired the new horizons to improve this analysis in view of recent events in the scientific world.

Key words: TMAO, choline and metabolites, atherosclerosis, trimethylaminuria, GC-MS/MS, NMR-
spectroscopy, HPLC-MS/MS, ion chromatography, analysis technique.

Trimethylamine N-oxide (TMAO) is the end product of metabolism of phospha- tidyl- choline, entering
the organism with food of animal origin (such as red meat, egg yolk, seafood), which under the influence of
the intestinal microbiota is metabolized to trimethylamine (TMA), and it enters the liver with a current
blood, where is oxidized to its final form TMAO with the help of an enzyme of flavinmonooxygenase
(FMO3) genus (Fig. 1) [1, 2]. Initially, in clinical practice, the levels of TMA and TMAO in blood and urine
were considered as a diagnostic character of genetically caused disease Trimethylaminuria (insufficient syn-
thesizing of FMO3 enzyme in liver) as well as in the diagnosis of renal disease. From the perspective of en-
vironmental protection, the levels of TMAO and other methylamines are important as a component of organ-
ic nitrogen spray in the areas with increased levels of these substances that affect the climate and human
health as a whole [3]. Also TMAO can be regarded as a new, relatively modifiable risk factor for cardiovas-
cular [1, 2, 4], it is especially important that this group of diseases is the leader for morbidity and mortality
worldwide on a global healthcare [5]. According to recent reports, the control of TMAO level allows to mon-
itor the risk of atherosclerosis development and its complications, as well as to evaluate the effectiveness of
treatment and prevention, which can be one of the components of personalized medicine. All of the above
leads to the necessity of the development and improvement of methods for determining the levels of TMAO
in the biological material.

Heart attack

Stroke

Fatty acid
Fatty acid
CH3 H3
Gut Hepatic
O- P O - Choline —» HO-CH2—CHa— N CHgﬂ—)v - CH3 WHO N CHa
O' C 3 CH3
Phosphatidylcholine Choline Trlmethyl amine  Trimethylamine N-oxide
(dietary) (TMA) (TMAO)

Figure 1. TMAO generation in human organism [1, 2]
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Among the first researchers, who had synthesized TMAO and spent its qualitative and quantitative de-
termination in 1962, were the scientists from the University of California (USA) J.R. Baker and S. Chaykin.
The purpose of their study was to determine the type of liver enzymes and their effect on detoxification (oxi-
dation) of trimethylamine (TMA) to trimethylamine N-oxide (TMAO). The material, in which the level of
tertiary amine determines, was the microsomal fraction of pork liver. Preparative liquid chromatography was
used, followed by analysis on paper chromatography [6].

In modern time the level of TMAO is usually defined for diagnosis of Trimethylaminuria. The syn-
drome of disagreeable fish odor (also known as fish odor syndrome or Trimethylaminuria) is the index of
metabolic disorder and is characterized by the presence of abnormal amounts of dietary origin tertiary amine,
trimethylamine (TMA) in urine, sweat, exhaled air and other secretions. Trimethylamine has a strong smell
of rotting fish, and it has on a person, suffering from this disease, a devastating psychological impact on all
spheres of life (personal, social, labor). In 2004 Marcus A. Bain et al. [7], based on the earlier experience of
their foreign colleagues, who determined the level of TMAO in urine by gas chromatography (GC) [8, 9],
high performance liquid chromatography (HPLC) [10], with various detection methods, developed their own
methodology using GC. This method using solid phase microextraction (SPME) allowed determining the
level of TMAO in human plasma. During the work, it was used gas chromatograph Varian Star 3400 CX
with column SPB-1 sulfur (30 m x 0.32 mm, 4.0 pm) and mass-detector Varian Saturn 2000. Evaporator
temperature was 250 °C, the column temperature — 120 °C, as a carrier gas it was used the isothermal heli-
um with the delivery of 60 ml/min. Carboxy-polydimethylsiloxane fiber (75 um) was used for SPME.
0.01 M of hydrochloric acid and titanium sulfate (III) dissolved in sulfuric acid (10 pL, 45 % w/v) were
poured to plasma. As internal standards the deuterated TMA and TMAOwere used, quantitative calculation
was based on the calibration line.

With the aim of the diagnosis of Trimethylaminuria, as well as for studying of the role of betaine and its
metabolites in the development of vascular disease, in 2006 the team of scientists from New Zealand con-
ducted the validation of method of 1H NMR-spectroscopy, which, according to their opinion, allows the
more efficient identification of methylamine metabolites at the study of their level in urine [11]. Sample
preparation was carried out by adding of 1M of hydrochloric acid solution, containing 25 mM of acetonitrile
(as an internal standard), into the test material (urine). Also the internal standards of methylamines were
used. All spectra were registered and were recorded on a high-resolution investigated liquid phase NMR-
spectrometer Varian INOVA 500 at the temperature of 23 °C in the 5 mm NMR-tubes with deuterated 3 mm
lock inserted in them. For measuring it was used 90° RF pulse with duration of 8.1 microseconds. The delay
between the pulses was 5 seconds, the detection time 1,982 seconds, the width of the fluctuation band —
8000 Hz. The duration of the analysis was less than 5 minutes. The limit for TMAO detection was 3,37 ppm
(15 uM) that, according to the authors' opinion, was above the detection limit using HPLC. The same meth-
od, but in more expanded version (with detection of TMAOQO level not only in the urine and blood), was pa-
tented in 2015 by the team of scientists from North Carolina (USA) headed by James D. Otvos [12].

Due to the need to improve the diagnosis of Trimethylaminuria, the scientists from many countries in-
troduced new and technically more simplified methods of qualitative and quantitative determination of TMA
and TMAO levels. One of these was David W. Johnson, who in 2008 proposed thread-injection electrospray
ionization tandem mass-spectrometry for the simultaneous determination of TMA and TMAO in urine for
the first time [13].The analysis was performed on the equipment Applied Biosystems/MDS Sciex API 4000.
The gas for the collision was nitrogen. A sample (20 pL) was placed through 96-well autosampler Gilson
215, with mobile phase at a rate 150 pL/min (supplied by Agilent 1100 of HPLC-system). The time for the
analysis of one sample was 2 minutes. TMAO and TMA marked *H were used as an internal standard. Sam-
ple preparation was carried out in several stages. The internal standards NyTMA (1 pL, 1 mg/ml in water)
and “Ho-TMAO (2 pL, 1 mg/ml in water) dissolved in hydrochloric acid were poured to the test material
(urine), then it was added concentrated ammonia solution (1 uL) and ethyl bromoacetate (30 uL, 20 mg/ml in
acetonitrile). After 30 minutes, the solution of mobile phase containing acetonitrile/water/formic acid
(50:50:0.025) was added.

Subsequently it was conducted 100x dilution of 10 uL of received solution by mobile phase (MP). The
following data were obtained for TMA (146,1, 118,1, 400 m/z), 2H9-TMA (155,1, 127,1, 400 m/z), TMAO
(76,1, 58,1, 100 m/z) and 2H9-TMAO (85,1, 66,1, 100 m/z). The quantitative calculation was based on the
calibration line. Two years later, the team of scientists from Canada used the method of direct input of elec-
tro-spray quadrupole time-of-flight mass-spectrometry to determine the TMA and TMAO in urine in order to
improve and simplify the given analysis [14]. The difference with the method developed by David
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W. Johnson (described above) was in radioactive isotopes, with which the desired material was labeled.
Orval A. Mamer and co-workers used the isotope "N instead the isotope *H.

In order to protect the human from the use of poor fish and to improve the quality of life of people with
Trimethylaminuria the Chinese scientists have developed a method of determining the levels of TMAO,
TMA, dimethylamine, formaldehyde in seafood [15]. For this it was used the method of ion chromatography
with non-suppressed conductivity. The analysis was performed on the equipment ICS-2000 using
theprotective pre-column Dionex lon-Pac CG17 guard column (50 mm % 4 mm i.d.) and the analytical col-
umn DionexlonPac CS17 (250 mm X 4 mm i.d.). The column CS17 has been selected on the basis of benefits
at the analysis of organic amines in the method of ion chromatography with not-suppressed conductivity.
Mobile phase (MP) consisted of a solution of methanesulfonic acid 3.0 pmol/L. Separation was performed in
isocratic mode at 30 °C temperature of column and MP flow rate 0.8 ml/min. Sample preparation was carried
out by homogenization of raw material (finely chopped pieces of fish) in 10 ml of 7.5 % cold trichloroacetic
acid (TCA), followed by centrifugation 4000 rpm/min for 15 minutes at 4 °C. The sediment was subjected to
a double back-extractingof 5 ml of 5 % TCA with the repeat centrifugation. All supernatants were mixed
with deionized water with subsequent filtration through a fine pore filter paper (20-25uL). The time of
TMAO retention was 15,91 min. The quantitative determination was carried out on the calibration line.

The scientists from the University of California (USA) in 2010 at the head of Mark E. Erupe among the
first used the above method to determine the level of TMAO (in combination with other amines) in the at-
mospheric air. This study was conducted for determination of the role of organic nitrogen in the composition
of atmospheric aerosols, which plays a significant role in formation of the environment and affecting the
climate and human health as a whole [3]. The analysis was performed on the equipment Metrohm 761 Com-
pact IC with protective pre-column Metrosep RP (with steel mesh filter) and analytical column Metrohm-
Peak Metrosep C2 (250 mm x 4 mm i.d.). As an eluent was thesolution of 3 mM nitric acid and 3.5 % ace-
tonitrile with mobile phase at a rate of 1 ml/min. The sample was injected manually; the analysis time was
15 minutes. Separation was performed in isocratic mode at a column temperature of 20 °C. The mix of me-
thylamines (including TMAOQO) was used as a marker. The samples were taken from the filter of the smoke
chamber for sample preparation, then it was conducted the extraction in 10 ml of ultrapure water (Millipore)
by ultrasonic dispersion for 30 minutes. The quantitative calculation was based on the calibration line. The
lower limit of TMAO detection was 72 pg/L, the retention time — 12 minutes. According to the authors, this
method is easy to use and applicable for the determination of the desired substances in low concentrations
due to the low detection threshold.

Since 2011 the level of TMAO in the human body is given a new meaning. A number of researchers
have proven the relationship of TMAO high titers as the end product of metabolism of choline and betaine
with an increased risk of developing of cardiovascular diseases, myocardial infarction and stroke [1, 2, 4].
This fact has increased the interest in the improvement of methods for determining the level of these sub-
stances in biological samples.

Thus, Zeneng Wang et al., were among the first to carry out this analysis as part of their research work
with reference to cardiovascular risk. The liquid chromatography coupled with electrospray ionization spec-
trometry was used to determine the metabolic profile. Structural identification of targeted analytes was per-
formed using a combination of methods: HPLC/MS/MS, multinuclear NMR-spectroscopy and GC/MS.
Sample preparation was carried out by deproteinization of plasma by means of ice-cold methanol. After cen-
trifugation, the supernatant was introduced into Rexchrom Phenyl column (4,6x250 mm, 5 um) with a flow
rate of MP 0.8 ml/min. Gradient elution was used, at first 10 mM ammonium formate was used longer than
0.5 minutes with the transition to 5 uM of ammonium formate, 25 % methanol and 0.1 % formic acid (for
8 minutes), after it was used 100 % methanol and the water for analytes separation [1]. In analysis mode of
MSI1 positive ions they were obtained the analytes with m/z 76, 104, 118. d9-TMAO was used as the internal
standard. The quantitative determination was carried out on the calibration line.

The same group of authors refined the method of determining the TMAOQ level in the biological materi-
al in 2013 [16]. The analysis was conducted using a pump system 4LC-20AD Shimadazu, autosampler SIL-
HTC and system switching the valve of double columns connected with the mass-spectrometer API 4000
Q-TRAP. Sample preparation consisted of mixing of 20 pL of the test plasma with 10 pM of internal stand-
ard (d9-TMAO) in 80 microliters of methanol with followed centrifugation for 10 minutes at 20000g speed
at 4 °C. The resulting supernatant was injected into the column Luna silica (4,6%X250 mm, 5 pm) at a rate of
MP 0.8 ml/minute at gradient elution. Discontinuous gradient used for better separation of analytes by mix-
ing a composition of eluent «A» (0.1 % propanoic acid in water) with eluent «B» (0.1 % acetic acid in meth-
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anol) in different ratios, ranging from 2 % «B» linearly to 15 % «B» within 11 minutes, then linearly to
100 % «By» for 5 minutes with the followed return to 2 % «B». The desired substance was monitored using
electrospray ionization in the mode of positive ion with multiple reaction monitoring (MRM) with typical
product-ion transitions m/z 76—58 and 85—66 amu. Retention time was =~ 9 minutes, the minimum quanti-
fication threshold of detection was 0.05 uM, max > 200 uM[16].

A similar method, but with some modifications, was used by Liam M. Heaney et al. in 2015. Differ-
ences with the method created by Zeneng Wang were as follows: the composition of MP, as the solvent «A»
the mixture of 0.025 % ammonium hydroxide with 0.045 % formic acid (pH 8.1) was used, the solvent «B»
was acetonitrile, the characteristics of the used column Acquity UPLC BEH HILIC (130 A, 2,1 mm x
x 100 mm, 1.7 um). The analysis results were similar to the previous method.

Later they began to appear the new works confirming the correlation of TMAO high titers with the de-
velopment of atherosclerosis [17—-19], heart failure [20], inflammatory bowel disease (Crohn's disease, ulcer-
ative colitis) [21], the more detailed description of the metabolic pathway of TMAO formation on the basis
of nutritional factor [22-24]. All of these moments give scientists new tasks to increase the number of simul-
taneously defined TMAO metabolites and precursors, to reduce the time of analysis, to increase the sensitivi-
ty of the method, including the simplification the methods of analysis and at the same time the optimization
of its reliability.

For example, the team of Latvian scientists have developed and conducted the validation of the method
for the simultaneous determination of TMAO level in combination with L-carnitine and its biological precur-
sor y-butyrobetaine (GBB) in human plasma using HPLC/MS/MS [25]. For the sample preparation 900 uL
of solution of acetonitrile and methanol (3:1 v/v) containing the tap (200 ng/ml) was poured the 40 pL of
plasma. Supernatant was used for analysis after centrifugation (13000g, 10 minutes). The system Acquity
HPLC with column Acquity HILIC BEH (2,1x50 mm, 1.7 um) was used for the separation of analytes. Elu-
tion was conducted by the gradient principle from 75 to 55 % acetonitrile in 10 uM of aqueous solution of
ammonium acetate (pH4) at a rate of MP 0.25 ml/minute. The analytes were monitored using electrospray
ionization in the positive ion mode with multiple reactions monitoring on a triple quadrupole mass-
spectrometer. The mass-spectrometer was configured as follows: capillary voltage 3,3 kV, desolvation and
source temperature 120 and 350 °C respectively. Nitrogen flow rate 500 L/h. The product-ion transitions for
TMAO amounted m/z 75,8 — 58,3, for L-carnitine — m/z 146,11 — 87,11, for GBB — m/z 175,44 — 86,0.
The time TMAO detection was 1,95 min, L-carnitine — 1,85 min, GBB — 2,21 min. The quantitative de-
termination was carried out on the calibration line.

All of the following methods for determining of the level of choline structural metabolites are largely
identical. Analysis was performed using HPLC/MS/MS in the positive ion mode. Relative differences were
presented in the composition and the speed of mobile phase, in the type of analytical column and the time
ofanalytes retention in accordance with applied chromatographic systems.

One of the latest it is possible to mark the work of Xueqing Zhao et al [26], which improved method for
determination of choline, betaine, TMA and TMAO to diagnose diseases associated with nutrition, bowel
diseases and the risk of life-threatening diseases. Sample preparation was carried out as follows: acidified
test material (plasma, urine) was extracted, and then derivatization using tert-butylbromoacetate in acetoni-
trile and ammonium hydroxide in water was performed. After the centrifugation, the supernatant was trans-
ferred to a vial for subsequent analysis. Chromatographic separation was performed on the column Atlantis
Silica HILIC (4,6x50 mm, 3um). Column temperature was 40 °C, the eluent flow rate 1 ml/minute. The sol-
vent «A» was the composition of acetonitrile and water (1:9) with 10 uM of ammonium formate and
0.125 % formic acid. The solvent «B» consisted of acetonitrile and water (9:1) with 10 pM of ammonium
formate and 0.125 % formic acid. The gradient elutionwas used. The analytes and their respective isotopes
were monitored by specific ion transitions: 104—45 for choline, 118—59 for betaine, 174—59 for TMA,
76—58 for TMAO. The retention time for TMAO was 2,41 min.

Steuer et al. [27] using the same clinical objectives conducted another improvement of the analysis above-
listed substances in plasma, serum and human urine. They proposed the method for rapid and simultaneous de-
termination of compounds of quaternary ammonium of phosphatidylcholine origin such as choline, betaine, O-
acetyl-L-carnitine, L-carnitine and TMAQ. Plasma, serum, urine were deproteinized with methanol with fol-
lowing centrifugation and the supernatant sampling. The column Phenomenex Luna-HILIC (4,6x150 mm, 3
um) was used for the separation of substances, the detection and quantitative analysis was performed by LC-
MS/MS electrospray ionization in the positive ion mode recording. The temperature of column was 35 °C, mo-
bile phase flow rate — 0.75 ml/min. The analysis was conducted using a gradient elution. Solvent «A1» con-
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sisted of 10 pM ammonium acetate in 90 % acetonitrile with water (9:1), the solvent «B1» consisted of 10 uM
acetate buffer with pH 4. The second mobile phase consisted of «A2» of 10 umol of ammonium formate and
90 % acetonitrile and «B2» — 10 umol of ammonium formate in water at pH 3. Autosampler temperature was
set to 10 °C. Validation method was carried out in accordance with international guidelines regarding selectivi-
ty, consistent contamination of samples, the limit of quantitation (LQ), linearity, accuracy, reliability, reproduc-
ibility and stability of the treated sample. lonic analytes transitions made the identical performance to the above
methods. The retention time for TMAQO was 7.27 min.

Conclusions

Thus, by analyzing all of the above, it is found that the level of trimethylamine N-oxide exceeding the
threshold is a precursor of a number of diseases, leading to disability and death, in this context, the definition
of titers and the normalization of its levels in the body are one of the stages of preventive medicine. High
performance liquid chromatography is mainly used in world practice for quantitative determination of
TMAO in biological material. Given the structural features of TMAO the detection is performed using tan-
dem MS/MS-spectroscopy and nuclear magnetic resonance spectroscopy in some cases. It should be noted
that such equipment is very expensive, so it is not always available. Taking into account the multi-
component composition of the research material the time-consuming sample preparation and complex com-
binations of the composition of the mobile phase are used for efficient separation and obtaining of reliable
results.

Nevertheless, the problem of the quantitative and qualitative determination of TMAO and his predeces-
sors not only hasn't lost the relevance, but has acquired the new horizons to improve this analysis in view of
recent events in the scientific world. Speaking about the evolution of techniques, it is clear that the work
aimed at their improvement, due to changes of technical component of analysis, the number of simultaneous-
ly defined analytes, reducing time of analysis, and also the improvement of the method of sample preparation
and the composition of the mobile phase for the separation.

The development of rational sample preparation and efficient methods of quantitative determination of
TMAO in plasma using HPLC-MS/MS for the early diagnosis of diseases of the circulatory system is carried
out in the Share laboratory of the Scientific-research Center of Karaganda state medical university.
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Buosorusibik MaTepuaaia TPUMETUIAMMH OKCU/LI IeHTeliiH 7K9He OHbIH
MeTa0O0JNTTi OPBIHOACYIBLIAPBIH AHBIKTAY

TpumeTmiiaMUH OKCHAI KONTEreH aypynapAblH Oactamachl OOJBIT ©JIM MEH >KYMBICKAa KabileTci3mikke
oKemin corambl. [IpoduIakTHKANbIK MEIUIUHAHBIH €H MaHBI3Ibl peepiHiH Oipi THTpiey MEH ar3aJarbl
KaJbIITHl JICHTeiiH aHbIKTay OOJbIn TaObutaabl. bepinren momyna TMAO peHreitiH aHbIKTay 9fici MeH
OUOJIOTHSUIBIK MaTepHalIaFbl OHBIH METa0OJNUTTI OpbIHOACYIIBUIAPEI KOPCETUIreH. Byrinae OMONIOTHSIIBIK
marepuangarbl TMAQO caHbIH aHBIKTay/a >KOFapbl Aeiiredineri CYHbIKTBI XpomaTorpadus TaHAEMiH, SFHU
criektpockonuss MS/MS  skoHe Kell jkaFmailyiapia pPEe30HAHCTBIK SIAPOJIBIK CIHEKTPOCKONUs SiCTEpiH,
KoJIIaHa/bl. ¥TKbIp (a3aHbIH Kypzenai KOMOMHALMSUIBIK KypaMbl THIMII O6JiHiIN, CEeHIMI HOTIXENep ayra
KOMEKTeCe]Ii, COJI ce0EeITI XKOFaphl CypaHbICKa ue 00abl.

A.Bb. Mapuenko, C.A. Bacenko, A.A. TypmyxamGeToBa

Onpenesnenne ypoBHs OKHMCH TPUMETHJIAMUHA U €r0 MeTa00IHYeCKHUX
npeanecTBEHHUKOB B 0HOJIOTMYECKOM MaTepualie

OKHCh TPUMETHIAMUHA SBISETCS NPEAIICCTBEHHMKOM MHOTMX 3a00JIeBaHMii, IPUBOAAIIMX K HETPYIOCHO-
COOHOCTH M CMEPTH. B 3TOM KOHTEKCTE OIpeielIeHHe TUTPOB U HOPMaJIM3aLHs €0 YPOBHEH B OpraHU3Me 5B~
JAI0TCS OJHOM M3 BaXKHBIX 3a/1a4 NPO(QMIAKTHYECKOH MeIuIMHbL. B Hacrosimem 0630pe npeicTaBieHbl Me-
TOIUKHN A7st omnpernenenus: yposHeir TMAO u ero MeTabonn4ecKux MpeIeCTBEHHUKOB B OMOJIOTHUECKOM
Marepuaie. CeromHs TIaBHEIM 00pa3oM HCIOJIB3YIOTCS BHICOKOA((EKTHBHAS KUAKOCTHAS XpoMaTorpadus
Ul KoindecTBeHHOro ompeneneHuss TMAO B OGHOIOTMYECKOM MaTepHale, TaHAEMHas CIIEKTPOCKOIHS
MS/MS u B HEKOTOPBIX CITy4dasX — CHEKTPOCKOIUS SIAEPHOTO MarHUTHOTO pe3oHaHca. [loaroroska npob n
CJIOXKHBIE KOMOMHAIMN COCTaBa MOOMIBHON (ha3bl MPUMEHSIOTCS Ui 3P ()EKTHBHOTO pa3/iesIeHUs U T0JTyde-
HMS HaJIe)KHBIX PE3yJIbTATOB, OJlaroiaps yeMy sIBJISIOTCS BECbMa BOCTPEOOBAHHBIMU.
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