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ABSTRACT

Th ere is a concern regarding the high incidence of coro-

nary heart disease (CHD) among patients with diabetes mel-

litus (DM) type 2 since it is a leading cause of mortality in 

those patients. Exercise treadmill test (ETT) is proposed as 

a suitable, non-invasive method for identifying asymptom-

atic patients with ischemic changes, who would benefi t from 

pharmacological treatment, thus contributing to a reduction 

of adverse cardiovascular events. Th erefore the objective of 

our study was to evaluate myocardial ischemia in asymp-

tomatic patients with DM type 2 by performing ETT. Th e 

present investigation was conducted in Health Center Pozega 

during the year 2018. 40 insulin-dependent, aged 33.05 ± 

2.01 years, with DM type 2 were included in the study. Th ey 

had nor history nor symptoms of cardiac disease. All pa-

tients underwent ETT according to Bruce protocol, while 12-

lead ECG was recorded and blood pressure was monitored. 

All patients had negative ETT results. Also no ST segment 

depression, no signs of insuffi  ciency of peripheral circulation, 

no changes in heart rhythm, no symptoms by the central ner-

vous system were observed. Additionally response of heart 

rate and blood pressure to exercise was within physiological 

range. Th ese promising fi ndings indicate that diabetes didn’t 

alter myocardial integrity and function, thus suggesting that 

coronary reserve in examined patients was preserved. 
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SAŽETAK

Postoji zabrinutost zbog visoke stope incidence koronar-

ne bolesti srca (KBS) kod pacijenata sa dijabetes melitusom 

(DM) tip 2, jer su one vodeći uzrok smrtnosti kod tih pacije-

nata. Test fi zičkog opterećenja na tredmilu (TFOT) predložen 

je kao pogodna neinvazivna metoda za identifi kaciju asimp-

tompatskih pacijenata sa ishemijskim promenama, koji bi 

imali korist od farmakološkog tretmana, čime bi se doprinelo 

smanjenu neželjenih kardiovaskularnih dogadjaja. Stoga je 

cilj naše studije bio da ispita prisustvo ishemije miokarda kod 

asimptomatskih pacijenata sa DM tip 2 izvodjenjem TFOT. 

Istraživanje je sprovedeno u Domu zdravlja Požega tokom 

2018. godine. U studiju je bilo uključeno 40 insulin zavisnih 

pacijenata, starosti 33,05 ± 2,01 година, sa DM tip 2. Nisu 

imali istoriju ni simptome bolesti srca. Svi pacijenti su podvrg-

nuti TFOT po Bruce protokolu, uz snimanje elektrokardiogra-

ma (EKG) u 12 odvoda i merenje krvnog pritiska. Svi pacijenti 

su imali negativan test opterećenja. Takodje uočeno je odsu-

stvo ST depresije, znakova insufi cijencije periferne cirkulacije, 

promena u srčanom ritmu i simptoma od strane centralnog 

nervnog sistema. Dodatno odgovor srčane frekvence i krvnog 

pritiska na fi zičko opterećenje je bio u fi ziološkim granicama. 

Ovi obećavajući rezultati ukazuju na to da dijabetes nije iz-

menio integritet i funkciju miokarda, što ukazuje da je koro-

narna rezerva kod ispitivanih pacijenata očuvana.

Ključne reči: dijabetes melitus tip 2, test fi zičkog optere-

ćenja na tredmilu, koronarna bolest srca
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INTRODUCTION

  Diabetes  mellitus  remains  one  of the  most rapidly 
growing chronic diseases, with a prevalence increasing at 
an alarming rate (1). It presents a group of metabolic dis- 
orders characterized by inadequate fasting or postprandi- 
al hyperglicemia, as a result of lack of insulin secretion or 
diminished tissue responses to insulin. Consequently me- 
tabolism of carbohydrates, fats and proteins is impaired
(2).  In  DM  type  2  insulin  resistance  and/or  progressive 
decrease  in  the  insulin  secretion  occurs,  thus  prevent- 
ing  insulin  from  reaching  target  tissue  (2,  3).  Condition 
of  chronic  hyperglicemia  is  associated  with  numerous 
microvascular  and  macrovascular  complications,  lead- 
ing  to  a  dysfunction  of  various  organs,  involving  heart 
and blood vessels, muscle, skin, eyes, kidneys, nerves etc

(4).  Management  of  diabetic  complications  represents  a 
great  challenge  of  the  21st century,  both  for  physicians 
and scientists, especially when it comes to cardiovascular 
disorders. There is a great concern regarding the develop- 
ment of coronary heart disease among patients with DM 
type 2 since it’s the main cause of death in those patients. 
Furthermore numerous data has confirmed that patients 
with DM type 2 have 2-4 fold higher risk for CHD in com- 
parison to the age-adjusted general population, thus indi- 
cating the urgent need for obtaining the correct diagnosis
in an asymptomatic stage (5-7).

  Regular physical exercise exerts myriad health benefits, 
involving  a  regulation  of  blood  pressure,  glycemia,  lipid- 
emia. Therefore it’s been proposed as one of the most ef- 
ficient non-pharmacological treatment modalities in con- 
trol of DM type 2. Hypoglycemic effect may be reached by 
increased  need  for  glucose  utilization  by  skeletal  muscle 
during  different  training  protocols  (8,  9).  Nevertheless, 
long-term  hyperglycemia  alters  structural  and  functional 
properties  of  the  heart,  with  an  emphasis  on  endothelial 
dysfunction (10, 11). Exercise tolerance test, as non-inva- 
sive  test,  which  involves  treadmill  and  bicycle  ergometer 
exercise,  is  proposed  a  great  method  for  assessment  of 
physical capacity of persons with DM type 2 if considering 
to  start  with  moderate  or  vigorous  fitness  program.  Ad- 
ditionally  diabetic  patients  are  strongly  recommended  to 
undergo this test for early detection of ischemic changes in 
myocardium, taking into consideration the high incidence 
of CHD (12-14).

  Regarding  all  above  mentioned  data,  the  aim  of  our 
study  was  to  establish  ischemic  heart  changes  in  asymp- 
tomatic patients with diabetes type 2 by performing exer- 
cise treadmill screening test.

SUBJECTS AND METHODS

Study design

  This study was conducted in the year 2018. The study 
protocol was approved by the Medical Ethics Committee
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of The Health Center Poz
v 

ega and was carried out accord- 
ing to the Declaration of Helsinki. All the participants were 
informed  about  the  research  protocol  before  giving  their

written consent to participate in the study.

Study population

  In total 40 patients suffering from DM type 2 were in- 
cluded in the study. They were insulin-dependent patients, 
whose therapy included long- and rapid-acting insulin, in 
combination with metformine and sulfonylurea derivatives 
or  other  oral  hypoglycemic  drugs.  A  dose  of  long-acting 
insulin  or  insulin  analogue  was  14  units  daily  and  rapid-
acting insulin or its analogue was 24 units daily.

Procedure

  All  patients  were  subjected  to  physical  examination, 
routine  biochemical  analysis,  electrocardiography  and 
echocardiography.  Body  weight,  height  and  waist  cir- 
cumference  were  measured.  All  patients  were  instructed 
to prepare for exercise testing by excluding beta blockers 
from their therapy on the testing day. It was not necessary 
to exclude coronary dilators since there were no patients 
receiving  this  group  of  drugs,  as  well  as  amiodaron  and 
propafen.  Three  hours  before  testing,  patients  had  light 
meals,  smokers  (10  patients)  didn’t  smoke  and  they  re- 
ceived a dose of insulin reduced for 4 and regular dose of 
oral hypoglycemic medications.

  Excluding criteria were reflected in the following: pres- 
ence  of  aortic  stenosis,  inflammatory  conditions  such  as 
pericarditis,  myocarditis  or  endocarditis,  blood  pressure 
higher than 135/85 mmHg during resting and relaxation, 
rapid uncontrolled atrial fibrillation or other disorders of 
heart rhythm and cardiac decompensation. Exercise tread- 
mill test (ETT) was conducted according to Bruce proto- 
col. Maximum predicted heart rate was calculated by sub- 
tracting the person’s age from 220 (210 for women).

  12-lead  ECG  was  used  for  continuously  monitoring 
during the test and blood pressure was measured at rest 
and  every  2  minutes  during  exercise  and  recovery  pe- 
riod.  Furthermore  symptoms  of  all  patients  were  con- 
tinuously observed. If patient reached 85% of maximum 
predicted  heart  rate  it  was  considered  as  satisfactory 
myocardial response. ETT test was considered positive 
if there is a horizontal (planar) or downsloping ST-seg- 
ment depression of > 1mm. The value of BP up to 225 
mm Hg is interpreted as normal. If patients had experi- 
enced fatigue and breathlessness, we would have inter-

rupted test (16, 17).

Statistical analysis

  IBM SPSS Statistics 19.0 for Windows was used for sta- 
tistical  analysis. Descriptive  statistics  was  used  to  calcu- 
late average value ± standard deviation (SD). If there were 
patients with positive test results, the association between
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detect early ischemic myocardial changes is of a great im-
portance in management of diabetes (21).

We have chosen to apply ETT in our study since it has 

been proposed as a convenient test for assessing the pres-

ence of silent ischemia among patients with diabetes (22). 
Figure 1. Th e change of HR during exercise treadmill test. Data are pre-

sented as mean ± SD. 

Table 2. Laboratory analysis and values of blood pressure and heart 

rate of patients. Data are presented as mean ± SD. rHR- resting heart 

rate; rSBP-resting systolic blood pressure; rDBP- resting diastolic blood 

pressure; BG- blood glucose; HbA1c- glycated haemoglobin; TC- Total 

cholesterol; TG- total triglycerides; LDL-C- low-density lipoproteins cho-

lesterol; HDL-C- high-density lipoproteins cholesterol; AST- aspartate 

aminotransferase; ALT- alanine aminotransferase; GGT- gamma-glutam-

yltransferase; TB- total bilirubin; AI- atherogenic index of plasma; CRP- 

C reactive protein; ESR- erythrocyte sedimentation rate; WBC- white 

blood cells; RBC- red blood cell; PLT- platelets; HgB- haemoglobine.

Variables Mean±SD
rHR beats/min 77 ± 4

rSBP (mmHg) 135 ± 15

rDBP (mmHg) 85 ± 10

BG (mmol/l) 5.8 ± 0.1

HbA1c (%) 8.12 ± 1.51

TC (mmol/l) 5.9 ± 0.3

TG (mmol/l) 1.5 ± 0.1

LDL-C (mmol/l) 3 ± 0.8

HDL-C (mmol/l) 1.5 ± 0.1

AST (U/l) 30 ± 2

ALT (U/l) 25 ± 2

GGT (U/l) 25 ± 1

TB (Umol/l) 10 ± 0.6

Urea (mmol/l) 5.2 ± 1.4

Creatinine (mmol/l) 88 ± 3.1

AI 1±0.23

CRP (mg/l) 1± 0.2

ESR (mm/hr) 4 ± 1

WBC (cells /l) 8.4 x 109

RBC (cells/l) 4,4 x 1012

PLT (cells/l) 233 x 109

HGB  (g/l) 126 x 1012

4 ± 0.2K (mmol/l)

NormalUrine

Table 1. Clinical characteristics of patients. Data are expressed as mean ± SD.

Variables Mean±SD
33.05 ± 2.01Age

25/10Sex M/F

87.5 ± 5.21Weight (kg)

Height (cm) 177.5 ± 11.02

Waist circumference (cm)
Duration of disease (years)

90 ± 4.5

5.5 ± 1,1
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their clinical and laboratory characteristics and test results 
would be assessed using Chi-square test for categorical data.

Value of p<0.05 was considered to be statistically significant. 

RESULTS

  Clinical  characteristics  of  patients  are  presented  in 
Table  1,  while  laboratory  characteristics  are  presented  in 
Table  2.  Laboratory  values  were  within  reference  range. 
All  patients  had  negative  screening  test  results,  with  no 
changes in echocardiography. They were able to complete 
the ETT, and changes in HR were presented in Figure 1. No 
ST segment elevations, no signs of insufficiency of periph- 
eral circulation, no symptoms by the central nervous sys- 
tem  such  as  dizziness,  presyncopa,  ataxy  were  observed. 
Furthermore  the  test  was  not  interrupted  due  to  patient 
request for any reason. Values of BP were within referent 
range during whole period of measurement. Additionally 
there were no changes in heart rhythm during the entire
duration of the test.

DISCUSSION

  It’s  been  reported  that  mild  inflammation,  increased 
generation of pro-oxidants, enhanced coagulability, endo- 
thelial dysfunction etc play role in occurrence of CDV in pa- 
tients with DM (17). People with diabetes have six to eight 
years shorter life expectancy compared to general popula- 
tion and the main reason doesn’t lie in diabetes per se, but 
in  developed  CHD  (18).  The  complex  mechanisms  asso- 
ciating  CHD  and  diabetes  have  been  under  extensive  in- 
vestigation with the aim to discover novel approach, which 
would decrease mortality and morbidity rate in these pa- 
tients. More severe manifestations of CHD are recorded in 
patients with diabetes, involving multiple, more peripheral 
and smaller blood vessels, which is closely related to pro- 
nounced difficulties in treatment (19, 20). Additionally due 
to the absence of symptoms, silent ischemia delays time for 
diagnosis and make the prognosis unfavorable. Therefore 
application of certain diagnostic procedures which would
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Our results have shown that no ST segment depression 

was found among observed patients and all ECG record-
ings were within reference range. It’s been previously con-

firmed that not only ST-segment behavior during exercise 
may predict cardiovascular events, but also exercise time, 
heart rate and recovery of blood pressure. Moreover ab-

normal values of heart rate and recovery of blood pressure 
correlate with a greater risk for adverse cardiovascular 

outcome (23). Due to the presence of autonomic dysfunc-
tion it may be expected that chronotropic response to 

ETT in diabetic patients is deteriorated, reflected in in-

ability of the heart to increase heart rate when exposed to 

physical activity (24). A drop in blood pressure after the 
exercise suggests poor prognosis regarding cardiovascular 

complications (16). In our study heart rate increased from 

the baseline 70 beats/min, up to 172 beats/min at the end 
of 20 minute exercise. We revealed physiological response 

of the blood pressure to exercise and the absence of pro-

gressive decline which would indicate failure of the heart 
muscle due to possible distinctive coronary disease. More-

over our findings clearly show that the coronary reserve 
in all examined patients is preserved, indicating that DM 
2 doesn’t progress in all persons so rapidly and duration 

time of about 5,5 years in our patients didn’t alter myocar-
dial integrity and function. It has been known that symp-

tomatic patients with CHD have a longer disease history 
in comparison to asymptomatic patients with CHD. The 

link between the age and presence of CHD has also been 
reported, thus suggesting that higher positive predictive 

values of ETT for coronary artery stenosis is among pa-
tients older than 55 years (25).

On the one hand, the fact that CHD is frequently missed 
in the asymptomatic phase of disease emphasizes the need 

for performing ETT screening test in order to identify in-
dividuals who need to receive anti-ischemia therapy (26). 

Sensitivity of the exercise stress tests is 45–61%, while 
specificity is in range 70–90% (27). Beside the frequent use 

in clinical practice there are several limitations for the test 

application, such as impossibility of the patients with pe-
ripheral neuropathy, peripheral vascular diseases etc to ex-

ercise (13). Interestingly data regarding the performance of 
ETT in asymptomatic patients are controversial. Possibility 

of false positive responses to ETT in those patients require 
further confirmation by radionuclide imaging techniques 

(28). There is a recommendation for application of ETT 
in elderly patients with more than 10 years history of DM 

type 2 or shorter if the risk factors such as hypertension, 
hyperlipidemi, smoking are present (25).

A strong correlation between the presence of hyperten-
sion and dyslipidemia and CHD was revealed in patients 

with diabetes (13). However we weren’t able to test the link 
between associated patients’ characteristics and coronary 

artery stenosis since routine laboratory analysis, general 
medical examinations as well as ETT result of our selected 
patients proved to be in reference range. When encounter-

ing diabetes as a contemporary disease of mankind bring-
ing so many cardiological complications (numerous forms 

of heart attacks, stents, by-passes etc), negative ETT re-

sults obviously indicate a hope that appropriate insulin and 
oral hypoglicemic therapy may preserve coronary func-

tion. However impact of novel medication, modification 
of nutrition intake or implementation of physical activity 

on maintenance of cardiovascular homeostasis shouldn’t 
be missed.

Based on our result we may conclude that patients with 

DM type 2 achieved predicted heart rate during exercise 
stress test, without associated ST segment depression, 

followed by a physiological response of blood pressure. 
Our promissing results provide insight into the favour-

able prognosis of these patient in terms of cardiovascular 
events. Further studies are certainly necessary in order to 

gain more information about the role of ETT in early di-
agnosis of CHD in asymptomatic patients with diabetes, 

management of recognized patients with CHD and neces-
sity for different treatment strategies.
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