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SUMMARY

Introduction Several cardiovascular manifestations in patients with diabetes may be asymptomatic. Left
ventricular diastolic dysfunction (LVDD) is considered to be the earliest metabolic myocardial lesion in
these patients, and can be diagnosed with tissue Doppler echocardiography. Silent myocardial ischemia
(SMI) is a characteristic and frequently described form of ischemic heart disease in patients with diabetes.
Objective The aim of the study was to assess the prevalence of LVDD and SMI in patients with type
2 diabetes, as well as to compare demographic, clinical, and metabolic data among defined groups
(patients with LVDD, patients with SMI and patients with type 2 diabetes, without LVDD and SMI).
Methods We investigated 104 type 2 diabetic patients (mean age 55.4+9.1 years, 64.4% males) with
normal blood pressure, prehypertension and arterial hypertension stage I. Study design included basic
laboratory assessment and cardiological workup (transthoracic echocardiography and tissue Doppler,
as well as the exercise stress echocardiography).

Results LVDD was diagnosed in twelve patients (11.5%), while SMI was revealed in six patients (5.8%).
Less patients with LVDD were using metformin, in comparison to other two groups (x2 =12.152; p=0.002).
Values of HDL cholesterol (F=4.515; p=0.013) and apolipoprotein Al (F=5.128; p= 0.008) were signifi-
cantly higher in patients with LVDD.

Conclusion The study confirmed asymptomatic cardiovascular complications in 17.3% patients with
type 2 diabetes.

Keywords: type 2 diabetes mellitus; asymptomatic cardiovascular manifestations; left ventricular

diastolic dysfunction; silent myocardial ischemia

INTRODUCTION

Numerous epidemiological and clinical obser-
vations have indicated that patients with diabe-
tes are prone to develop various forms of
cardiovascular disease. One of the landmark
investigations, Framingham study, confirmed
that patients with diabetes have significantly
higher morbidity and mortality from cardio-
vascular disease than patients without diabe-
tes [1, 2]. Such findings, confirmed by several
subsequent studies have led to the development
of the modern medical dogma that diabetes and
cardiovascular disease are two sides of one coin.

It has been recently recognized that the
term cardiometabolic continuum can be used
to describe the changes in the cardiovascular
system that develop as a consequence of type
2 diabetes and metabolic syndrome. The initial
lesions can usually be identified in the third and
fourth decade, while the onset of overt clinical
manifestations depends on the duration and
severity of diabetes, as well as other risk factors
for cardiovascular disease.

Direct metabolic effect of diabetes on myoc-
ites may induce early myocardial dysfunction,
and is often asymptomatic and unrecognized
by both patients and the physician [3]. These
changes can be diagnosed by echocardiogra-
phy as left ventricular diastolic dysfunction
(LVDD), which may be considered as a precur-
sor of systolic heart failure. Further progression
of these metabolic disturbances may lead to the
development of coronary atherosclerosis which
is, in patients with diabetes, also often asso-
ciated with mild symptoms or asymptomatic.

In addition, acute myocardial infarction may
occur with minimal or without symptoms in
40% of patients with diabetes. Also, clinically
well recognized form of ischemic heart disease
in patients with diabetes is silent myocardial
ischemia (SMI), occurring 2-6 times more
frequently than in those without diabetes.
SMI can be defined as transitory impairment
of myocardial flow without anginal pain or
other symptoms.

As stated, one of the major clinical features
of cardiovascular disease in patients with diabe-
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tes is mild intensity or absence of symptoms. A significant
number of patients, up to 50%, are not aware of the disease,
because they do not have any symptoms [4, 5]. The most
important clinical implication of these findings in patients
with diabetes is a risk of developing major or even fatal
cardiovascular complications despite being asymptomatic.

OBJECTIVE

The objective of the study was to assess the prevalence of
asymptomatic cardiovascular manifestations, LVDD and
SMI in patients with type 2 diabetes, as well as to compare
demographic, clinical and metabolic parameters among
the defined groups.

METHODS
Study population

One hundred and four patients (mean age 55.4+9.1 years,
64.4% males) with type 2 diabetes were investigated from
October 2007 to January 2011. The medical treatment
consisted of diet and/or oral antihyperglycaemic agents
(fasting glycaemia <15 mmol/l and glycosylated haemo-
globin — HbAlc <9%). The studied patients had normal
blood pressure, prehypertension or arterial hypertension
stage I. None of the patients had prior history or symptoms
of ischemic heart disease, myocardial infarction, cerebro-
vascular disease, renal disease and microvascular diabetic
complications.

The local Ethics Committee approved the study protocol
and written informed consent was obtained from all
patients.

Study protocol

Demographic data and information on the duration of di-
abetes, and anthropometric measurements were acquired
from all patients. Blood samples were collected after 12-
hour fasting for the following analysis: serum glucose,
HbAlg, total-, LDL- and HDL-cholesterol, triglycerides,
apolipoprotein A1, apolipoprotein B, apolipoprotein All,
apolipoprotein E, and lipoprotein(a).

Cardiologic assessment included blood pressure
measurements, electrocardiography, echocardiography;,
as well as stress echocardiography.

Arterial blood pressure was measured in the sitting posi-
tion, and after five minutes of rest on the hand with a regis-
tered higher blood pressure rate, using a sphygmomanom-
eter. Prehypertension was considered as systolic pressure
from 120 to 139 mm Hg or diastolic pressure from 80 to
89 mm Hg. Hypertension stage I was defined as systolic
pressure from 140 to 159 mm Hg or a diastolic pressure
from 90 to 99 mm Hg [6].
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Electrocardiography was performed using a 12-lead
Schiller Cardiovit CS-200.

Echocardiography

All patients underwent transthoracic 2D, Doppler and
tissue Doppler echocardiography using Sequoia c256
Acuson (Siemens Mountain View, California, USA).
LVDD was assessed using the criteria defined in a consen-
sus statement on the diagnosis of heart failure with normal
left ventricular ejection fraction by the Heart Failure and
Echocardiography Associations of the European Soci-
ety of Cardiology (ESC) [7]. According to this statement,
LVDD was diagnosed when early mitral valve flow veloc-
ity (E) and early diastolic lengthening velocity (E’) ratio
was E/E’>15.

If the E/E’ is suggestive of LVDD [8-15], additional
non-invasive investigations were applied. The abovemen-
tioned Consensus considers the left atrial volume index
(LAVT) >40 ml/m? to provide sufficient evidence of LVDD
(excluded by LAVI <29 ml/m?). Another parameter which
can be used to confirm LVDD is the left ventricular wall
mass index (LVMI) >122 g/m? (women) or >149 g/m?
(men) [8]. Ratio of maximal early filling velocity (E-wave)
and maximal late (atrial) filling velocity (A-wave), E/A
>0.5 was also used to confirm LVDD. Elevated plasma
levels of BNP can be used as additional diagnostic tool.
The same experienced investigator, blinded for the clini-
cal data, performed all echo-Doppler recordings.

Stress echocardiography

In order to detect the presence of ischemic heart disease,
all patients underwent stress echocardiograhy test (Del
Mar and Agilent Image Point, USA) using Bruce proto-
col [9]. Myocardial ischemia was established if horizontal,
descending or slow ascending ST segment depression >1
mm, with duration of 0.08 seconds, or segmental hypoki-
nesia (stress echocardiography) were detected.

Statistical analysis

Continuous data are presented as mean + SD and as
percentages, as appropriate. The unpaired t-test (two-
tailed) was used to assess differences between continuous
variables. The chi-square test was used to compare cate-
gorical variables between groups. Uni- and multiple linear
regression analysis were applied to identify the indepen-
dent correlates of LVDD. A value of p <0.05 was consid-
ered significant.

The sample size needed for the study was 99 patients,
calculated based on the literature data [10, 11] and the
presumed proportion of LVDD of 0.30 (30%), with an alpha
error of 0.05 (Z=1.96) and accuracy of E=0.09 (9%).
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RESULTS

Demographic data, anthropometric measurements,
duration of diabetes and arterial hypertension

The mean age of studied patients was 55.4+9.1 years,
with the predominance of males (64.4% males). The
median duration of diabetes was 4 (4) years, while the
mean value of body mass index (BMI) in this patient cohort
was 27.5+4.4 kg/m?. Average systolic blood pressure was
found to be 132.6+11.0 mm Hg, and diastolic blood pres-
sure was 82.6+6.3 mm Hg. Arterial hypertension stage I
was detected in 24 patients (23.1%), with median dura-
tion of 3 (4) years.

Prevalence of left ventricular diastolic dysfunction
and silent myocardial ischemia

After analysing the results of the study, patients were
divided into three groups: 1) patients diagnosed with
LVDD; 2) patients suffering from SMI; and 3) patients
with type 2 diabetes, but without LVDD and SMI. The
diagnosis of LVDD was established in 12 patients (11.5%),
while SMI was detected in 6 patients (5.8%).

Comparative analysis of demographic data,
anthropometric measurements, duration of diabetes
and arterial hypertension in investigated groups

Comparative analysis of demographic data, anthropo-
metric measurements, duration of diabetes and arterial
hypertension, as well as patients” therapy is summarized
in Table 1. There were no significant differences in age
(F=2.627; p>0.05), duration of diabetes (x*=3.579; p>0.05)
and values of BMI (F=0.252; p>0.05). Furthermore, no
significant difference was detected in the values of systolic
and diastolic blood pressure (systolic F=0.465; p>0.05,
diastolic F=0.827; p>0.05), or duration of arterial hyper-
tension (x*=3.558; p>0.05) among the investigated groups.
However, less patients with LVDD were using metformin,
in comparison to other two groups (x>=12.152; p=0.002).

Comparison of laboratory parameters

Table 2 depicts the comparison of parameters of glycoreg-
ulation (fasting plasma glucose and HbA1c¢), lipid parame-
ters and lipid subfractions among the groups. Although the
values of fasting plasma glucose and HbA1c were elevated
in all patients, there were no statistically significant differ-
ences in glycaemia (F=0.428; p>0.05) or HbAlc (F=0.437;
p >0.05) among the groups. Mean values of tryglicerides
were elevated in all groups, while the values of apolipo-
protein A1, B, AIJ, E and lipoprotein(a) were normal in all
patients. There were no significant differences in the values
of total (F=0.513; p>0.05) and LDL cholesterol (F=0.001;
p>0.05), tryglicerides (x>=2.029; p>0.05), apolipoprotein B

(F=1.160; p>0.05), apolipoprotein AII (F=1.023; p>0.05),
apolipoprotein E (x*=0.063; p>0.05) and lipoprotein(a)
(x*=1.180; p>0.05) among investigated groups.

However, the values of HDL cholesterol (F=4.515;
p=0.013) and apolipoprotein A1 (F=5.128; p=0.008) were
significantly higher in patients with LVDD when compared
to other two groups. Furthermore, significantly higher
values of HDL cholesterol (p=0.004) and apolipoprotein
A1 (p=0.003) were revealed in patients with LVDD in
comparison to those without LVDD and SMI. Also, signif-
icantly higher values of apolipoprotein A1 were detected
in patients with LVDD than with SMI (p=0.015).

DISCUSSION

Asymptomatic/oligosymptomatic cardiovascular
manifestations of diabetes

As confirmed in various studies, a significant number
of patients with type 2 diabetes are not aware to have
metabolic disorder [4, 5]. This occurrence is more often
described in females, who also have a higher glycaemia at
the end of the oral glucose tolerance test, particularly if
older than 70 years. Seemingly, as with diabetes, cardio-
vascular symptoms in these patients may be very discrete

Table 1. Comparison of demographic data, antropometric measurements,
duration of diabetes/hypertension and treatment

Parameter LVDD SMI L\Ié% g(l?/ll p
Number of patients 12 6 86
Age (years) 59.3£9.1 60.7+7.6 54.4+9.0 | >0.05
Gender Male 7(58.3%) | 5(83.3%) |55 (64.0%) 50.05
Female 5(41.7%) | 1(16.7%) | 31(36.0%)
BMI (kg/m?) 271%3.1 26.6+2.3 27.7+4.6 | >0.05
Duration of diabetes* (years) 2(4) 7 (13) 4(4) >0.05
Diabetes Metformin 9(75.0%) | 6 (100.0%) | 84 (97.7%) | 0.002
therapy Sulfonylurea 8(66.7%) | 5(83.3%) | 45(52.3%) | >0.05
Blood Systolic 131.7£9.4 | 136.7+12.1 | 132.4£11.1 | >0.05
pressure ) .
(mmHg) | Diastolic 82.5t4.5 | 85.8+49 | 82466 | >0.05
Arterial hypertension stage | | 4(33.3%) | 3(50.0%) | 17 (19.8%) | >0.05
([;g:gon of hypertension* 5(13) 300 3(5) 50.05

Values are expressed as X+SD and n (%).
*median (interquartile range); T2D - type 2 diabetes; LVDD - left ventricular
diastolic dysfunction; SMI - silent myocardial ischemia

Table 2. Comparison of parameters of glycoregulation, lipids and sub-
fractions

Parameter LVDD SMI L\-I/—ég rS“K/lI p

Glycaemia (mmol/l) 7.7+1.8 8.7+1.6 8.2+2.3 >0.05
HbA1c (%) 7.1x0.8 7.7x1.6 7.2£1.3 >0.05
Total cholesterol (mmol/l) | 5.7+0.8 5.1%1.1 5.7+1.3 >0.05
LDL cholesterol (mmol/I) 3.4+0.9 2.9+1.1 3.5+1.1 >0.05
HDL cholesterol (mmol/I) 1.3+£0.3 1.0+0.2 1.0+0.3 0.013
Tryglicerides* (mmol/I) 2.6(2.4) 2.9(2.5) 1.9(1.8) >0.05
Apolipoprotein A-1 (g/1) 2.1%0.5 1.6+0.3 1.7+0.4 0.008
Apolipoprotein B (g/1) 1.0+0.3 1.1+0.2 1.21£0.3 >0.05
Apolipoprotein All (mg/l) | 359.2+85.0 | 346.4+44.0 | 333.3+58.2 | >0.05
Apolipoprotein E* (mg/l) | 46.0(17.2) | 42.5(54.8) | 45.1(22.9) | >0.05
Lipoprotein(a)* (g/1) 0.1(0.05) | 0.1(0.2) 0.1(0.1) | >0.05

Values are expressed as X+SD.
* median (interquartile range); HbA1c - glycated haemoglobin
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[12]. The duration of the asymptomatic period in patients
with diabetes and cardiovascular diseases is unpredictable,
varying with gender, age and co-morbidities. Furthermore,
the rate of the detection of asymptomatic cardiovascular
disease is higher in more developed healthcare systems
resulting in increased detection of diabetes, arterial hyper-
tension, and dyslipidemia.

Slow progression of cardiovascular and metabolic
changes in patients with diabetes is one of the key reasons
for the absence or delayed clinical manifestations.

The scarce symptoms of cardiovascular complications
in diabetes prevent timely diagnosis, and thus the success-
ful prevention and treatment. Therefore, early detection of
asymptomatic forms of cardiovascular manifestations in
patients with diabetes may be crucial not only in prevent-
ing fatal complications, but also to improve outcome and
survival.

The causes of the absence of symptoms in patients
with diabetes and cardiovascular lesions

There are several explanations for the absence of cardio-
vascular symptoms (including anginal pain) in patients
with diabetes. The most common causes can be listed as
cardiac autonomic neuropathy, elevated concentrations of
endogenous endorphins and dissimulation of anginal pain.

Experimental studies and autopsy reports of patients
who died after an asymptomatic myocardial infarction
[13] indicated that cardiac autonomic neuropathy could
be commonly revealed in patients with diabetes. Cardiac
autonomic neuropathy leads to sensory denervation, which
increases the threshold for the occurrence of anginal pain
[14]. Imaging method with m-iodine benzylguanidine
confirmed sympathetic denervation causing diminished
sensitivity for anginal pain and abnormal perception of
painful stimuli [15]. Various investigations have demon-
strated that vagal activity is reduced, while the sympathetic
activity is enhanced in patients with diabetes and asso-
ciated SMI, with expressed morning peak [16]. In addi-
tion, significant clinical correlation between autonomic
neuropathy and insulin resistance was revealed, as well as
the possible etiological role of insulin resistance in devel-
oping SMI [17, 18].

High concentration of endogenous endorphins can be
listed as a possible cause of asymptomatic cardiovascu-
lar events in patients with diabetes. The same is true for
dissimulation of anginal pain demonstrated in experimen-
tal setting as a reason for the absence of cardiovascular
symptoms.

Diastolic left ventricular dysfunction
In this study, LVDD was revealed in twelve (11.5%) patients.

Higher proportion of patients with LVDD in comparison
to patients with SMI could be explained with early devel-
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opment of myocardial changes during the development of
cardiovascular continuum, while atherosclerotic lesions
causing SMI can be seen later. Direct negative metabolic
effect of diabetes on the myocardium, due to hyperglycemia
and insulin resistance, causes the impairment of myocar-
dial relaxation presented on echocardiography as LVDD
[19]. Arterial hypertension, as a cause of LVDD, is ruled out
by patient selection, since only patients with prehyperten-
sion and hypertension stage I were included in the study.

It has been shown that the prevalence of LVDD in vari-
ous studies showed considerable variability. The results
of this study revealed lower proportion of LVDD in
comparison to the literature data. This difference could
be explained by the strict selection of patients who were
in initial stages of cardiovascular continuum with early
myocardial changes.

Furthermore, they had a relatively short duration of
diabetes (median 4 (4) years) treated with diet and/or oral
antihyperglycemic agents, without diabetic complications
and had prehypertension and hypertension stage I. Addi-
tional reason for the low prevalence of LVDD in this study
is that used criteria are ones defined by the Consensus
statement of the Heart Failure and Echocardiography Asso-
ciations of the ESC [7] which are considered to be precise
and strict.

From the clinical point of view, LVDD is often asymp-
tomatic or with minimal symptoms and frequently over-
looked by the patient [20]. When the symptoms occur, they
are discrete and variable in intensity and duration, present-
ing mostly as dyspnea. In the current study, patients were
free of symptoms related to the cardiovascular system.

The major drawback in detecting LVDD includes the
lack of precise diagnostic parameters, as well as vari-
ous technical features of echocardiographic equipment.
In-depth review of the literature data, wide heterogeneity
of diagnostic parameters for LVDD was demonstrated. In
general, the diagnostic approach to LVDD was improved
and standardized by using both, the parameters defined
in the Consensus statement [7] and tissue Doppler. Good
clinical applicability and accuracy were the reasons that
these parameters were used in the current study.

Several studies demonstrated a huge variation and
heterogeneity among cohorts investigated for the preva-
lence of LVDD in patients with diabetes. Studies using the
criteria defined in the Consensus statement revealed lower,
but similar prevalence of LVDD. The prevalence of LVDD
in DADD study (Diabetes Mellitus and Diastolic Dysfunc-
tion) [21], which investigated the influence of strict glycae-
mic control on diastolic dysfunction in 39 patients with
type 2 diabetes, without ischemic heart disease or heart
failure, was 33%.

From et al. [22] investigated 486 patients with type 2
diabetes, without hypertension and ischemic heart disease
and revealed that E/E’>15 had 21% of patients. Research
of Sharman et al. [23] that included 155 patients with type
2 diabetes without other cardiovascular diseases demon-
strated LVDD (E/E’>15) in 51% of subjects.
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Silent myocardial ischemia

In our study cohort, SMI was confirmed in six (5.8%)
patients, which was significantly lower than the preva-
lence of LVDD. Since SMI in patients with diabetes indi-
cates atherosclerotic (coronary artery) diabetic involve-
ment, which develops in the later stage of the cardiomet-
abolic continuum, this complication was unexpected. The
majority of patients with diabetes and SMI suffer from isch-
emic heart disease, presenting as angina pectoris or prior
myocardial infarction. In only a few patients, SMI could
be confirmed without atherosclerotic coronary disease.

In comparison to the anginal episodes of ischemia, in
SMI coronary flow impairments are of shorter duration
and/or mild intensity. Several studies demonstrated signif-
icant correlation of SMI and increased risk for cardiovas-
cular events, independently of other risk factors for isch-
emic heart disease [24]. Jacqueminet et al. [25] confirmed
that SMI could be considered as an independent risk factor
for cardiovascular events.

The diagnosis of SMI in asymptomatic patients with
diabetes can be established using several methods. Exer-
cise stress test has a sensitivity of 50-67%, specificity of 75%
and significant positive (46%) and negative predictive value
(87%). Although imprecise in diagnosing single coronary
artery disease, its diagnostic accuracy is much higher in
patients with multivessel coronary disease. Due to clinical
applicability and low cost, this test is widely used. Echo-
cardiographic stress test, which was used in our study; is
more reliable in detecting SMI and its sensitivity, specific-
ity, diagnostic accuracy and predictive value are high. The
segmental wall motion abnormality caused by the physi-
cal activity and recorded echocardiographically indicates
a narrowed coronary artery.

In patients unable to perform the exercise test, dobu-
tamine stress test is indicated. Cosson et al. [26] revealed
that SMI, diagnosed by non-invasive tests, could be found
in 20-35% of patients with type 2 diabetes. The prevalence
of SMI in patients with type 2 diabetes detected in differ-
ent studies varied between 12 and 62%, depending on the
patient selection and diagnostic tests used [27].

REFERENCES

1. Garcia MJ, McNamara PM, Gordon T, Kannel WB. Morbidity and
mortality in diabetics in the Framingham population. Sixteen year
follow-up study. Diabetes. 1974; 232:105-11.

2. Kannel WB, McGee DL. Diabetes and cardiovascular disease. The
Framingham study. JAMA. 1979; 241:2035-8.

3. Seferovi¢ PM, Lali¢ NM, Seferovi¢ JP, Joti¢ A, Lali¢ K, Risti¢ AD, et al.
Dijabeticka kardiomiopatija: stara bolest ili nova nomenklatura? Srp
Arh Celok Lek. 2007; 135(9-10):576-82.

4. Harris MI, Flegal KM, Cowie CC, Eberhardt MS, Goldstein DE, Little
RR, et al. Prevalence of diabetes, impaired fasting glucose, and
impaired glucose tolerance in U.S. adults. The Third National Health
and Nutrition Examination Survey, 1988-1994. Diabetes Care. 1998;
21:518-24.

5. Rathmann W, Haastert B, Icks A, Lowel H, Meisinger C, Holle R, et al.
High prevelance of undiagnosed diabetes mellitus in Southern
Germany: target populations for efficient screening - The Kora
survey 2000. Diabetologia. 2003; 46:182-9.

6. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, |zzo JL
Jr, et al. The seventh report of the Joint National Committee on

In MiSAD study (Milan Study on Atherosclerosis and
Diabetes) [28], which included 735 asymptomatic patients
with type 2 diabetes, the prevalence of SMI established by
echocardiography stress test was only 12%. This could be
explained by the absence of other risk factors for cardio-
vascular disease in these patients. In the study of Cosson
etal. [29], computerized tomography was employed for the
diagnosis of SMI, which was revealed in 33% of patients.
The results of this study confirmed the significance of SMI
as a predictor for the development of cardiovascular events,
while the worst prognosis was proved in patients with SMI
and coronary atherosclerosis.

DIAD study (Detection of Ischemia in Asymptomatic
Diabetics) [30] analysed the importance of screening for
the SMI by radionuclide adenosine stress test in patients
with diabetes, and clinical value for the cardiovascular
events risk assessment. Final conclusions were that screen-
ing for SMI had no prognostic significance, and that it was
associated with several drawbacks, such as a large number
of patients and high costs.

In the current study, all patients in whom SMI was
detected underwent selective coronary angiography. The
angiographic findings included two vessel disease in four
patients and three vessel disease in two patients. Diagnos-
ing SMI in 5.8% of patients indicates that the chronologi-
cal progression of cardiovascular lesions in diabetes might
not be always longitudinal, and that the vascular (coro-
nary) changes may develop early causing life-threaten-
ing complications even before the individual is aware to
have diabetes.

CONCLUSION

This study confirmed asymptomatic cardiovascular compli-
cations in 17.3% patients with diabetes. LVDD was diag-
nosed in 11.5% patients, while SMI was revealed in 5.8%
patients. Diagnosing LVDD using tissue Doppler echocar-
diography and SMI by stress echocardiograhy allow timely
detection of these diseases and therefore their treatment
and prevention of complications.

Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: The JNC 7 report. Hypertension. 2003; 42:1206-52.

7. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA,
Rademakers FE, et al. How to diagnose diastolic heart failure: a
consensus statement on the diagnosis of heart failure with normal
left ventricular ejection fraction by the Heart Failure and Echocar-
diography Associations of the European Society of Cardiology. Eur
Heart J. 2007; 28:2539-50.

8. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka
PA, et al. Recommendations for chamber quantification. Eur J
Echocardiogr. 2006; 7:79-108.

9. Bruce RA. Exercise testing of patients with coronary heart disease.
Ann Clin Res. 1971; 3:323-30.

10. Poirier P, Bogaty P, Garneau C, Marois L, Dumesnil JG. Diastolic
dysfunction in normotensive men with well-controlled type 2
diabetes: importance of maneuvers in echocardiographic
screening for preclinical diabetic cardiomyopathy. Diabetes Care.
2001; 24:5-10.

11. Zabalgoitia M, Ismaeil MF, Anderson L, Maklady FA. Prevalence of

www.srp-arh.rs

603



604

Seferovi¢-Mitrovic J. et al. Asymptomatic Cardiovascular Manifestations in Diabetes Mellitus

diastolic dysfunction in normotensive, asymptomatic patients with
well-controlled type 2 diabetes mellitus. Am J Cardiol. 2001;
87(3):320-3.

12. The DECODE Study Group. Age- and sex-specific prevalences of
diabetes and impaired glucose regulation in 13 European cohorts.
Diabetes Care. 2003; 26:61-9.

13. Faerman |, Faccio E, Milei J, Nufiez R, Jadzinsky M, Fox D, et al.
Autonomic neuropathy and painless myocardial infarction in
diabetic patients: histological evidence of their relationship.
Diabetes. 1977; 26:1147-9.

14. Zarich S, Waxman S, Freeman RT, Mittleman M, Hegarty P, Nesto
RW, et al. Effect of autonomic system dysfunction on the circadian
pattern of myocardial ischemia in diabetes mellitus. J Am Coll
Cardiol. 1994; 24:956-62.

15. Langer A, Freeman MR, Josse RG, Armstrong PW. Metaiodobenzyl-
guanidine imaging in diabetes mellitus: assessment of cardiac
sympathetic denervation and its relation to autonomic dysfunction
and silent myocardial ischemia. J Am Coll Cardiol. 1995; 25:610-8.

16. Bernardi L, Ricordi L, Lazzari P, Solda P, Calciati A, Ferrari MR, et al.
Impaired circadian modulation of sympathovagal activity in
diabetes: a possible explanation for altered temporal onset of
cardiovascular disease. Circulation. 1992; 86:1443-52.

17. Dinh W, Fiith R, Lankisch M, Bansemir L, Nickl W, Scheffold T, et al.
Cardiovascular autonomic neuropathy contributes to left
ventricular diastolic dysfunction in subjects with type 2 diabetes
and impaired glucose tolerance undergoing coronary angiography.
Diabet Med. 2011; 28(3):311-8.

18. Lindmark S, Wiklund U, Bjerle P, Eriksson JW. Does the autonomic
nervous system play a role in the development of insulin resis-
tance? A study on heart rate variability in first-degree relatives of
type 2 diabetes patients and control subjects. Diabet Med. 2003;
20:399-405.

19. Poanta L, Porojan M, Dumitrascu DL. Heart rate variability and
diastolic dysfunction in patients with type 2 diabetes mellitus. Acta
Diabetol. 2011; 48:191-6.

20. Stevens MJ, Raffel DM, Allman KC, Dayanikli F, Ficaro E, Sandford T,
et al. Cardiac sympathetic dysinnervation in diabetes: Implications
for enhanced cardiovascular risk. Circulation. 1998; 98:961-8.

21. Jarnert C, Landstedt-Hallin L, Malmberg K, Melcher A, Ohrvik J,
Persson H, et al. A randomized trial of the impact of strict glycaemic
control on myocardial diastolic function and perfusion reserve: A
report from the DADD (Diabetes mellitus And Diastolic Dysfunc-
tion) study. Eur J Heart Fail. 2009; 11(1):39-47.

22. From AM, Scott CG, Chen HH. Changes in diastolic dysfunction in
diabetes mellitus over time. Am J Cardiol. 2009; 103(10):1463-6.

23. Sharman JE, Haluska BA, Fang ZY, Prins JB, Marwick TH. Association
of arterial wave properties and diastolic dysfunction in patients
with type 2 diabetes mellitus. Am J Cardiol. 2007; 99(6):844-8.

24. Cohn PF. Should silent ischemia be treated in asymptomatic
individuals? Circulation. 1990; 82(3 Suppl):11149-54.

25. Jacqueminet S, Barthélémy O, Le Feuvre C. Screening of silent
myocardial ischemia in type 2 diabetic patients: A randomized trial
comparing isotopic and echocardiographic stress tests. Diabetes
Care. 2010; 33(6):e79.

26. Cosson E, Guimfack M, Paries J, Paycha F, Attali JR, Valensi P. Are
silent coronary stenoses predictable in diabetic patients and
predictive of cardiovascular events? Diabetes Metab. 2003;
29(5):470-6.

27. Rutter MK, Nesto RW. The changing costs and benefits of screening
for asymptomatic coronary heart disease in patients with diabetes.
Nat Clin Pract Endocrinol Metab. 2007; 3(1):26-35.

28. Faglia E, Favales F, Calia P, Paleari F, Segalini G, Gamba PL, et al.
Milan Study on Atherosclerosis and Diabetes (Mi SAD). Cardiac
events in 735 type 2 diabetic patients who underwent screening
for unknown asymptomatic coronary heart disease: 5-year
follow-up report from the Milan Study on Atherosclerosis and
Diabetes (MiSAD). Diabetes Care. 2002; 25(11):2032-6.

29. Cosson E, Guimfack M, Paries J, Paycha F, Attali JR, Valensi P, et al.
Prognosis for coronary stenoses in patients with diabetes and silent
myocardial ischemia. Diabetes Care. 2003; 26(4):1313-4.

30. Young LH, Wackers FJ, Chyun DA, Davey JA, Barrett EJ, Taillefer R, et
al; DIAD Investigators. Cardiac outcomes after screening for
asymptomatic coronary artery disease in patients with type 2
diabetes: the DIAD study: A randomized controlled trial. JAMA.
2009; 301:1547-55.

Acumntomarcka owTehera cpua Kog ocoba obonennx og anjabereca:
AnjacTonHa aguchyHKLMja NeBe KOMOpPE U HeMa UCXEMUja MUOKapAaA

Jenena M. Cedpeporuh-Mutposuh', He6ojiwa M. Nlanuh'?, bocuibka Byjucuh-Tewnh?3, KatapuviHa Jlanuh'?,
Anekcangpa Jotrh'?, ApceH [l. Puctuh?3, Bojucnas lvra’, Munopag Tewwuh?, Hatawa Munuh?, Jbumbaxa Jlykuh!,

Tatba Munnumnh', CaHgpa Cunrx’, Metap M. Cedpeposunih??

'KnvHviKa 3a eHJOKpUHoNorujy, aujabetec 1 6onectn metabonuama, Knuuuukm uentap Cpbuje, beorpap, Cpbuja;
“MenuumHcKu dpakynTeT, YHuBep3uTeT y beorpagy, beorpag, Cp6uja;

3KnuHuiKa 3a kapguonorujy, Knunuuku uentap Cpbuje, beorpag, Cpbuja;

YIHCTUTYT 33 MEANLIMHCKY CTaTUCTUKY 1 UHGOPMaTUKY, MeanumHckn GakynTeT, YHuBep3uteT y beorpagy, beorpaa, Cpbuja

KPATAK CALIPXKAJ

YBop OwrTehera cpua kog ocoba obonennx o anjabeteca
06MYHO Cy acMnTOMaTCKa. [lnjacTonHa AncdyHKLMja eBe Ko-
mope (OJIK) HacTaje Kao nocneguLa nower MeTabonMyKor yTu-
Laja anjabeteca Ha MYOKapA. YeCT U TUNMYaH HAYMH KIIMHUYKOT
1CMNoJbaBakba NCXeMujcke bonecTy cpua Koa 6oecHUKa ca iu-
jabeTecom jecte Hema ncxemuja Muokapgaa (HAM).

v papa Linmb nctpaxusarma 6uo je aa ce ytBpan yuectano-
¢t AAJIK v HAM kop 6onecHuKa ca aujabetecom Tun 2 1 yro-
pene nemorpadCcki, KINMHUYKM 1 METAabONNYKI Nofgaum nsme-
hy ncnutueaHmx rpyna 6onecHuka (6onecHuka ca JAJTK, 60-
necHuka ca HIM v 6onecHuka 6e3 oBe fBe MaHUbecCTaumje).
MeToge papa Y ctyaujy cy 6rna ykibyyeHa 104 6onecHrKa
(64,4% myLiKapaLa), cpeftbe cTapocTu 55,4+9,1 roguHy, Koja cy
6onoBana of anjabeteca Tvn 2 1 6una neyeHa JUjeToM v opa-
HUM aHTUXMNEeprankemuuyma. icnutaHmum cy umanu Hopma-
NaH KPBHY MPUTUCAK, NPexXunepTeH3unjy Nav apTepujcky Xu-
nepTeH3ujy NpBor cteneHa. [poTokon ncnutuBarba nogpasy-
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MeBao je OCHOBHe NlabopaTopujcKe aHanM3e U KapamoroLKe
npernepe (enekTpokapAvorpam, ABOANMEH3MOHAHN EXOKap-
ANOrpam 1 TKUBHW [OMJIEP 1 eXOKapANOorpadCKy CTpec-TecT Ha
NMOKPeTHOj Tpauw).

Pesyntatu Kop fBaHaecT 6onecHuka ytephena je AAJIK (11,5%),
[OK je KOA LWeCT NCMUTaHKKa NocTaB/beHa aujarHo3a HM (5,8%).
CraTCTUYKM 3HaYajHO Makby 6poj bonecHrka ca JANIK neuer
je MeTdopMUHOM y ofiHOCY Ha Apyre ABe rpyne NcnuTaHnka
(x*=12,152; p=0,002). BpegHoctu HDL-xonectepona (F=4,515;
p=0,013) n anonunonpoteunHa Al (F=5,128; p=0,008) 6une cy
CTaTUCTWNYKM 3HayajHo Behe y rpynm 6onecHuka ca JAJIK.
3aK/byuak VcTpaxuBarbe je Nokasano aa ce aCMMNTOMaTCKa
owTeheta cpua jaBrbajy kog 17,3% bonecHuka ca gujabete-
com UM 2.

KmbyuHe peun: gujabetec MenUTyC TMn 2; acMMNTOMAaTCKe Kap-

AVoBacKynapHe MaHndecTaumje; aujactonHa AucdyHkLmja ne-
Be KOMOPE; HEMa NCXeMIja MMOKapAa
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