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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 lifednd life
expectancy in diseased people. There is a worldwide increase in the prevalence in diabetes mellifus 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 morbiditygand mertality both
in type 2 and type 1 diabetes. Results from ADVANCE and UKPDS Studies ingype 2 diabetes have, shown
that the effect of intensive glucose control was associated with decreased risk of cardiovascularidisease and
death from any cause in addition to reduction of microvascular disease. HbA 1c targets lowerdhan 7.5 % and
near to 6.5 % and avoiding of hypoglycemia are recommended. DCCT-EDIG, Studyadata in type 1 diabetes
have demonstrated that an early intensive metabolic control near to normal leyel initiated in patients with
short diabetes duration and without microangiopathic complications such as nephropathy significantly re-
duced micro- and macrovascular morbidity. The long lasting effeet’of intensive control is called «memory ef-
fect». Near normal HbAlc levels at least < 7.5 % and individually tangeted in order to avoid hypoglycemia
are required. When comparing both types of diabetes, in type 1, as'Wwell\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 increagéd 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 €ardiovascular Risk in Diabetes;

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

DCCT/EDIC — Diabetes Gentroband Complications Trial/Epidemiology of Diabetes Interventions and
Complicationss

CAC — coronasy artery;/calcification;

CVD — cardiovaseular disease;

CHD — georonary heart disease;

CAD —£ coronary artery disease;

EURODIAB —=), European Prospective Complications Study IDDM Complications Study;

ROS — “feactive oxygen species;

UKPBS-PLM—;| 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 aregworking 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, retinopathyaand neurop-
athy [14]. As cardiovascular risk factor in type 1 diabetes were further considered arteridl stiffnessy coronary
artery calcification, cardiac autonomic neuropathy and hypoglycemia [15].

Today our understanding about the cardiovascular risk of hyperglycemia ingboth typesfof diabetes has
enlarged [8, 16].

Therefore, it was the aim of the present survey to compare the impactiof the(riskfof hyperglycemia on
the cardiovascular morbidity and mortality both in type 2 and in type 1 diabetess

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 imype 1 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 smeehanism of hyperglycemia in this process has been
proposed by M. Brownlee in 2005 [18].

In diabetes, hyperglycemia is washing round allieells of every tissue, but there is a tissue damaging ef-
fect of hyperglycemia to a particular cell typef i.e. capillasy endothel cells in the retina, mesangial cells in the
renal glomerulus, neurons and Schwann gellsjin the peripheral nerves, and on endothel cells by generating
diabetic macrovascular disease. These g€lls 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 willbe coniverted to sorbitol, which later will be oxidized to fructose.

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

Increased intracellulariprodaction 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 PK(C “effectssgene expression and leads to endothelial nitric oxid synthesis (eNOS) and in-
creased vasoconstrictoriendothelin-1 [23, 24].

An incféasedhexosamin pathway activity flux results from metabolizing glucose by glycolysis and the
formation ofdUDP N-acethyl-glucoseamin.

This results'in increased expression of transforming growth factor-p1 and plasminogen activator inhibi-
tor-1 4vhich is detrimental to blood vessels function [25, 26]. Hyperglycemia increases superoxide production
byithe 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 effeet of
hyperinsulinemia on the development of CVD in type 2 diabetes was less pronounced than that offecenven-
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;imephropathy,
and possibly neuropathy were reduced by lowering blood glucose levels in type 2 didbetesywith 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 microy@scular<eemplications 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 theyrisk of complications [43]. The
risk of complications significantly decreased in the range of glyeemic levels of HbA1 ¢ <8.0 %. There was
no evidence of any glycemic threshold for any of the microvasculagcomplications above normal glucose
level [43]. A significant effect of lowering blood glucose on cardigvaseular complications was not found.
There was a 16 % reduction of combined fatal and nonfatalymy@ecardial infarction and of sudden death
(P =0.052) [41, 42]. Epidemiological analysis demonstfated \a ‘centinuous association between the risk of
cardiovascular complications and glycemia. Every pereentage point decrease in HbAlc was associated with
a 25 % reduction in diabetes related deaths, a 7 %geduction 1n all-cause mortality, and a 18 % reduction in
combined fatal and nonfatal myocardial infarctien [43]. Again, there was no glycemic threshold above nor-
mal glucose levels [43].

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

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

Despite an early loss of glycemie 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 g¢ouldbe @bserved 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, itlisfestablished without any doubt that outcomes in those whose blood pressure and
glycemic controhwere fiear normal were better, and it proved evidence base for the use of metformin.

The fifStyears, 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 togatherosclerosis [40].

@ther trials of glycemic control in type 2 diabetes however showed different results: ACCORD Study
patients had longer disease duration 0f 11 years when comparing with the UKPDS population. The intensive
groupjtargeted 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 titne 6fidisease
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 c levels [40].

Possible mechanisms behind the observed effect could be, that changes in glycatioft may, altér 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 consegltefices ‘insfany organs in
the long term [49].

The therapeutic efforts in type 2 diabetes should not be focused only on\glycemic ¢ontrol. Type 2 diabe-
tes cannot simply be treated as a disease of abnormal glucose metabolism. [Jmial,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 ngargo 6.5 %, #fachieved 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 ofintensified 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 hassbeen‘tecognized since long time [52, 53]. It was sug-
gested that the most likely factor that primarily acceunts fon 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 beefn repotted 56, 57].

Over the past years, a reduction was @bsetyved it the mortality due to CVD both in the diabetic and non-
diabetic population, presumably of theprogress i cardiovascular risk management and interventional cardi-
ology [58]. In type 1 diabetes, a decuéase 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. Incredsed CVI 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 haid, anjedfly and intensive metabolic control has been shown to reduce micro- and
macrovascular morbidity and mortality, favouring the «imprinting « theory of metabolic control.

Nevertheless, imtypes!l”diabetes we have to consider still other pathogenetic factors: an excess CAC in
type 1 diabetes's, providing support for accelerated atherosclerosis [63, 64]. Here, angiographic and autopsy
studies have*Showmmore extensive disease. Of note, changes in arterial compliance, endothelial dysfunction
and.changes¢in Wasculature structure and function occur early in the course of type 1 diabetes [65—68].
Type 1 diabetessis 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,
sueh as blood pressure, lipid abnormalities and smoking and specific factors as renal disease. In the EDIC —
Studwhinflammation, 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 HbA1lc 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 contrgl was
named «metabolic memory». The effect lasted at least 10 years [62]. Major beneficial effects of inteénsive
control on advanced complications included retinopathy, nephropathy and autonomic neuropathy. ‘Weasure-
ments of atherosclerosis included carotid intima thickness and coronary artery calcification.4Fatal and nonfa-
tal myocardial infarctions were reduced by intensive treatment with 58 % after a mean of 18years of folow-
up [75]. The EDIC observational follow up confirmed the durability of DCCT effects [76].

Table
Meta-analysis of intensified vs. conventional glycemic contrel
Trials Annualeventrate (%)
Intensified | Conventional | (%) 4l 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) —0i72 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 (1.519 -1.01 0.77 (0.64-0.93)
ADVANCE 310 (1.18) 33701.28) —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)
ADVANGE 498 (1.86) 533 (1.99) ~0.72 0.93(0.83-1.06)
UKRDS 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‘tecommend 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 takingfinito aceeunt 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 am 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 numbex, 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 asmearlyhas possible (legacy effect), and hypoglycemia
should be avoided [40].

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

(4) Reducing the cardiovascular riskpbyadecreasing “elevated cholesterol levels and hypertension has
shown to be more effective than intensiye 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 trialgiprovided 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 offboth types'have an increased prevalence of cardiovascular complications. These complica-
tions appear edrlier thanyin the non-diabetic population, the clinical course is accelerated and there are no sex
differencess

When comparing both types of diabetes, the major epidemiological trials have brought the evidence that
itensified 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
mnithe 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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1- 2xoHe 2-THNTI JA0eE Ke3iH/Aeri :KypeK-KaH TaMbIpJiap
aypyJiapbIHbIA THHEPIINKEMHACHI JKIHe JaMy Kayii

Makanazma 1uabeTrieH aybIpathiH @aMiap YLIiH eH eNeylli )KoHe TYPaKThl Kayill PEeTiHAe aTepOCKIepO3 jKoHe
KKT aypynapislH caHBIPKOFapbUIaybl >KOHE COHBIH CalIapblHAaH OJIMMEH asKraly OOJBIT TaObUIaJbI.
XKymbIicTeiH Makcatsl| —— /1SjpKoHe 2-THnTi auabeT Ke3iHIe TIMIeprIIMKEMUSHBIH, XYPEK-KaH TaMbIpiap
aypyJIapbIHBIH JaMybl MEH OJIiM KOpCeTKIMIHeri poiiH 3epTrey. 2-tunti nuadet kesingeri ADVANCE sxone
UKPDS 3epriéynepi  2KKT aypynapbHEIH JaMybl MeH KanWULIPIapAbIH 3aKbIMAAHYBIHA OalIaHBICTHI
OosrFaH aypynblH a3arObIMEH KaTap, OJapIblH ©JiM KOPCETKILIiHiH a3aioblHA ajblll KeJETiHiH KOpCeTTi.
Makcar A~3HbAL _adpexecin 7,5 %-nan temeH, 6,5 %-ra [eiliH TOMEHAETY MEH THIIOTJIHKEMHSHBI
GonapipMay. Harkenep l-Tunti nuabeTrneH ayblpaThIHAAPABIH epTe OacTanraH MeTaboJMTTI Kaxaramay
apKachbIHla MUKPOTaHTHOTIATUSHBIH, HePOMaTHSHBIH JKOHE MUKPO- XKOHE MaKPOBACKYJISIPIIbI KaOBIHYIapIbIH
edHBIHBIH asaifransiH KepceTTi. HbA1 nmopexeciniy 7.5 % -fa TeH OOMybl YCBIHBIIABL. Amaiifia HOTIXKeIep
KopeeTkillli OOWBIHINIA T'MIEPXOIECTEpHHEMHSI HeMece THIepTOHMsFa Kaparanma runepriukemus JKKT
aypyraps! imiHae eH aici3 GakTop OO TaObIIAdbL.

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

I'uneprimkeMusi ¥ pUCK Pa3BUTHS CePAECYHO-COCYAUCTHIX 3a00J1eBaHUM
npu quadere 1 u 2 TUNOB

B cratbe oTMeueHO, 4To Hambosiee Cepbe3HOM M MOCTOSHHOW Yrpo30d 310pPOBBIO OOJIBHBIX IUAOETOM JIUI
OCTalOTCs aTepPOCKJIEPO3 M TOBBIMICHHBIH PUCK Pa3BUTUS CEPACUHO-COCYOHUCTHIX 3aboneBanmuii (CC3), Ha-
OmrofjaeTcsl BHICOKass CMEPTHOCTh OT HHX. Llenb paboTel — HCCIIenoBaTh POJIb THIICPTIINKEMUH B Pa3BUTHHU
CC3 u cmepTHOCTH OT 3THX 3aboneBanuil npu quabdere 1 u 2 tunos. Mccnenosanus ADVANCE u UKPDS
npu auabere 2 THINA MOKAa3ajiH, YTO MHTEHCHUBHBIA KOHTPOJb 33 TIIOKO30H NMPUBOAWI K CHIDKCHHIO PHCKa
pazButuss CC3 1 cMEpTHOCTH OT JPYTUX NMPHUYUH B COUCTAHUH C YMEHBIICHUEM 3a00JIeBaHUH, CBSI3aHHBIX C
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MOpaKeHUEM KalMUIAPOB: HaOI0aa0ch cHkeHue yposHs HbAlc 1o 6,5 % u npenoTBpaiieHue THIIOTIH-
KeMmuil. Pe3ynbrarsl oKa3aiy HaJu4ne CHIKEHHS YMCia MUKPOAHTHONATHii, HedponaTuil U 4nucia MUKPO- U
MaKpOBaCKyJISIPHBIX PacCTPOHCTB Y OONbHBIX AnaberoM | THIIa MPU paHO HA4YaTOM MeTabOoJIMYEeCKOM KOH-
Tpose. Pexomennyemsrit yposens HbAlc — 7,5 %. Mexay TeM pe3yibTaThl IOKa3bIBAIOT, YTO THIIEPIIINKE-
MU sBIIsIeTCst Ooutee caObIM (pakTopoM prcka passutis CC3, yeM runepxoiaecTepuHEeMHs I THITEPTOHHS.
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