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Effects of exercise on coronary flow reserve and biochemical
parameters in patients with type 2 diabetes mellitus

Aerobic egzersizin tip 2 diyabet hastalarinda koroner akim rezervi ve biyokimyasal

parametrelere etkisi

*

Goksel Giiz !, Hiiseyin Oflaz 2

Abstract

Aim: Coronary, peripheral and cerebral vascular diseases are the most important causes of mortality and morbidity
in diabetic patients. The aim of our study was to determine the dysfunction in the epicardial coronary arteries and
microvascular circulation noninvasively by measuring the coronary flow reserve (CFR) by transthoracic
echocardiography, and to examine the effect of regular aerobic exercise on CFR in diabetic patients.

Methods: Forty patients with diabetes mellitus and 20 healthy volunteers were included in the study. These patients
were those who had been using oral antidiabetic drugs for at least 3 years, had no ischemia symptoms and did not
exercise regularly. At the beginning of the study, the CFR obtained from the distal left anterior decendant artery
(LAD) flow in the transthoracic echocardiography of diabetic patients was compared with the health control group.
Diabetic patients were divided into two groups as those who were included in a regular exercise program and
those who were not. The exercise group was given regular aerobic exercise for 8 weeks in the department of sports
medicine. Post-exercise CFR values of diabetic patients included in aerobic exercise program were compared with
pre-exercise values.

Results: Basal CFR values of diabetic patients were statistically significantly lower than healthy volunteers
(p<0.001). A significant improvement was found in the post-exercise CFR values of the diabetic patients who
were included in the exercise program compared to the pre-exercise levels (p<0.001).

Conclusion: Regular aerobic exercise can reduce the risk of cardiovascular complications by improving coronary
flow reserve in diabetic patients.
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Oz

Amag: Diyabetik hastalarda en 6nemli mortalite ve morbidite nedenleri koroner, periferik ve serebral
hastaliklardir. Calismamizin amaci, epikardiyal koroner arterler ve mikrovaskiiler dolasimdaki disfonksiyonu
transtorasik ekokardiyografi ile koroner akim rezervinin (CFR) 6lgiilerek noninvaziv olarak belirlemek, diizenli
aerobic egzersizin diabetik hastalarda CFR {iizerindeki etkisini incelemekti.

Yontemler: Calismaya 40 diabetus mellitus hastas: ve 20 saglikli goniillii dahil edildi. Bu hastalar en az 3 yildir
oral antidiyabetik ila¢ kullanan, iskemi semptomu olmayan ve diizenli egzersiz yapmayan hastalardi. Caligmanin
baslangicinda diyabetik hastalarin transtorasik ekokardiyografisinde distal LAD (left anterior decendan artery)
akimindan elde edilen CFR, saglik kontrol grubu ile karsilastirildi. Diyabetik hastalar diizenli egzersiz programina
alinanlar ve egzersiz konusunda yonlendirilmeyenler olarak iki gruba ayrildi Egzersiz grubuna spor hekimligi
anabilim dalinda 8 hafta siireyle diizenli aerobik egzersiz verildi. Aerobik egzersiz programina aliman diyabetik
hastalarin egzersiz sonrast CFR degerleri egzersiz 6ncesi degerleri ile karsilastirildi.

Bulgular: Diyabetik gruplarin bazal CFR degerleri saglikli goniilliilere gore istatistiksel olarak anlamli derecede
diisiiktii (p<0.001). Egzersiz programina alinan diyabetik hastalarin egzersiz sonrast CFR degerlerinde egzersiz
oncesi diizeylere gore anlamli iyilesme tespit edildi (p<0.001).

Sonug: Diizenli aerobic egzersiz, diyabetik hastalarda koroner akim rezervini diizelterek kardiyovaskiiler
komplikasyon riskini azaltabilir.

Anahtar Kelimeler: Egzersiz, koroner akim rezervi, tip 2 diabetus mellitus.
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Introduction

Diabetes mellitus is one of the most important threats to
human health in modern society. The most prominent mortality
and morbidity causes in diabetic patients are coronary, peripheral
and cerebral diseases [1]. Cardiovascular mortality is increased by
3 to 4 folds in diabetic patients compared to patients without
diabetes [2]. Endothelial dysfunction, proinflammatory state,
tendency to thrombosis, autonomic dysfunction and disruptions in
lipoproteins are the mechanisms responsible for cardiovascular
incidents [3, 4]. Insulin resistance has key importance on chronic
inflammation followed by endothelial dysfunction, formation and
development of atheroma plaque [5, 6]. Endothelial dysfunction
seen in diabetes is the most important factor that initiates and
promotes the macroangiopathic and atherosclerotic process. Due
to major role of normal endothelium on blood vessel homeostasis,
it is known that endothelial dysfunction has major effects in
pathophysiology of vasospasm, thrombus for- mation and diseases
progressing with blood vessel proliferation [7, 8]. Today,
atherosclerosis is considered to be an inflammatory disease. Many
cells (endothelial cells, smooth muscle cells, macrophages) and
proteins (inflammatory cytokines, adhesion molecules) play a role
in this inflammatory process and development of the lesion [9].

Coronary angiography used to detect coronary artery
disease only reveals the atherosclerotic lesions narrowing towards
the blood vessel lumen. Coronary angiography do not provide
with sufficient data regarding physiology of coronary blood flow
or endothelial function. In recent years, transthoracic
echocardiography (TTE) or measurements of coronary flow
reserve (CFR) obtained with invasive coronary angiographic
methods, have been drawing attention in demonstrating coronary
arterial endothelial function and level of microvascular
circulation. Based on the principle that inability of coronary
arteries to vasodilate during metabolic need indicates endothelial
dysfunction, CFR measurements can confidently determine the
status of both epicardial coronary arteries and microvascular
coronary circulation [10].

The aim of our study was to non-invasively determine
dysfunction in epicardial coronary arteries and microvascular
circulation with measurement of coronary flow reserve using
transthoracic echocardiography in patients with type 2 diabetes
despite absence of ischemic symptoms, and to demonstrate the
amelioration in endothelial functions, glycemic control and insulin
resistance along with increase in coronary flow reserve after 8
weeks of regular exercise.

Material and methods

Fourty patients diagnosed with type 2 diabetes in Istanbul
Facuty of Medicine, Department of Diabetes, who were on follow-
up for at least three years due to diabetes, without ischemic
symptoms, on oral antidiabetics and who had sedentary lifestyles
were included in our study. All patients were included in the study
after receiving their written consents. For this study Istanbul
Faculty of Medicine’s Ethics Committee approval was obtained.
Diabetic patients included in the study were divided into two
groups. Patients in the first group were put under a regular exercise
program of 5 times per week by the Department of Sports
Medicine and were encouraged to exercise regularly in the
remaining days. Patients in the second group were not given any
exercise program nor any additional information about exercise.
Exclusion criteria for patients were presence of untreated
(uncontrolled) hypertension (systolic blood pressure >160 mmHg,
diastolic blood pressure >90 mmHg), known or suspected

coronary artery disease, rhythm disorder (chronic or permanent
atrial fibrillation etc.), chronic diseases such as chronic kidney
failure and liver disease, bundle block in basal echocardiography,
lung disease such as chronic obstructive pulmonary disease
(COPD) that would limit effort capacity and absence of
appropriate physical conditions to exercise. Patients whose left
anterior descending artery (LAD) flow tracings were not ideal or
unable to be seen with pulse wave Doppler were excluded from
the study. Moreover, in order to compare features of diabetic
patients such as CFR and insulin resistance with the healthy
population, twenty healthy participants with similar age and sex
characteristics with the patient group were included in the study.

Before starting the exercise program, a Burdick model
treadmill stress test machine was used to perform exercise stress
test to diabetic patients who would be included in the exercise
program. All patients and those in healthy control group were
given cardiopulmonary exercise test by the department of sports
medicine using “Quinton 65 treadmill”, “Quinton 5000 effort test
system, “Cortex Metalyzer 3B” metabolic assessment device and
“Metasoft 2.7 software support. To assess metabolic parameters
of the participants, “Rudolph Mask 2 way 7910 was used during
testing. Patients in the exercise group received 5 days a week of
exercise for a duration of 8 weeks.

To all individuals that participated to the study, routine
transthoracic echocardiographic mea- surements in left lateral
decubitus position were performed with a 3 MHz probe using
VIVID 7 (GE, General Electric) device. M-mode
echocardiography and two-dimensional measurements were done
in accordance with methods stated by American Society of

Echocardiography  [14]. Left ventricular  conventional
echocardiographic measurements were performed in all
individuals.

Investigation of coronary flow reserve was done using
the same device and a 3 mHz probe. LAD mid-distal flow was
imaged using color Doppler in left lateral decubitus position, at
the point of intersection of midclavicular line with 4-5th
intercostal space, in longitudinal apical 2 chamber view of the left
ventricle, with optimal velocity of 12-15 cm/s. The cursor was
placed on the LAD flow. First, basal value [PDV (peak diastolic
flow velocity)] of the coronary flow velocity (CFV) was measured
with pulsed- wave Doppler. Then, the subjects received 0.56
mg/kg of dipyridamole infusion for 4 minutes. In case of less than
10% of increase in heart rate compared to basal values, an
additional 0.28 mg/kg of dipyridamole infusion for 2 minutes was
given. 2 minutes after the dipyridamole infusion was over,
hyperemic peak diastolic flow velocity was measured. CFR was
calculated via the formula: hyperemic peak diastolic flow
velocity/basal peak diastolic flow velocity. During dipyridamole
infusion and until the procedures were over, patients were
monitorized and their blood pressures were followed.

After 12 hours of fasting, morning plasma glucose and
insulin levels, cholesterol, low density lipoprotein (LDL), high
density lipoprotein (HDL) and triglyceride, pro-brain natriuretic
peptide (pro-BNP), highly sensitive C-reactive protein (hs-CRP),
HbAlc, C- peptide, fructosamine and fibrinogen levels of patients
and control group were measured.

In our study, the first step was to compare values of the
healthy control group and those of diabetic patients were
statistically compared at first. Basal values before exercise of
diabetic patient who did not exercise regularly. Values obtained
after exercise of these patients were compared with values before
exercise and those of diabetic patients who did not exercise.
Parameters that ameliorated after exercise of diabetic patients
enrolled in the exercise program were likewise compared with
those of the healthy group.
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Statistical Analysis

Continuous variables with parametric distribution were
expressed as mean + standart sapma deviation. Categroical data
were expressed as frequncies and their differences were analyzed
using the Chi-square test. Variables were investigated using visual
(histograms, probability plots) and analytical methods (
Kolmogorov-Simirnov/Shapiro-Wilk’s test) to determine whether
they were normally distributed. Continuous variables were
compared using Student’s t test or the Mann-

Whitney U test as appropiate. The ANOVA test or
Kruskall Wallis Test was used to compare basal basal peak
diastolic velocity (BPDV), hyperemic peak diastolic velocity
(HPDV), CFR values of the groups. Statistical analyses were
performed using SPSS version 20.0 (SPSS Inc., Chicago, Illinois,
USA). Statistical significance was taken as p<0.05.

Results

Comparison of basal blood chemistry values and physical
features such as age, height and weight of healthy volunteers and
patient volunteers who participated in the study is given in Tablel.

Table 1. Comparison of basal values of the groups.

Diabetics with Diabetics without  Healthy p

exercise exercise (n=20) group

(n=20)
Age (year) 56.45+4.72 5525+344 544+4.08 0.29
Weight (kg) 79.3+£10.8 81.2+9.18 82.1+89 0.77
Height (cm) 165+5.2 166 +7.1 169+7.4  0.70
Insulin (uU/ml) 8.17+5.1 10.2 £3.07 6.26£2.1 0.004
Fasting blood glucose 151 £44.65 143.3+32.13 84.8+7.9 <0.001
(mg/dL)
Basal hsCRP (mg/L) 3.36+1.25 3.2+1.09 1.99+£0.9 <0.001
Basal HOMA-IR 3.93+£1.85 3.45+0.62 <1.3+04 0.001
Basal Pro-BNP (ng/ml) 65.7 +80.5 532+52 31.05+£17.6 0.037
Basal C-Peptide 2.38+1.15 2.33+1.49 - 0.90
(ng/ml)
Triglyceride (mg/dl)  210.6+£113.7 231.5+51.09 - 0.61
LDL cholesterol 117.75+£23.56 116.9 +20.59 - 0.90
(mg/dl)
HDL cholesterol 40+ 11.69 38.95+8.12 - 0.83
(mg/dl)
Basal HbAlc 7.46+1.2 732+0.4 - 0.65
Basal fructosamine 3.01+0.6 3.25+0.59 - 0.24
(mmol/L)
Basal fibrinogen 409.4+117.6 400.7+118.8 - 0.81
(mg/dl)
Basal VO max 24.1+2.66 2534225 32.6+6.67 <0.001

HsCRP: high sensitive ¢ reactive protein, HOMA-IR: Insulin resistance calculated
via homeostasis model assessment method, LDL: low density lipoprotein, HDL:
high density lipoprotein, HbAlc: hemoglobin Alc, VO2 max: maximal oxygen
consumption- maximal aerobic capacity

Comparison of basal peak diastolic flow velocity,
hyperemic peak diastolic flow velocity and coronary flow reserves
of diabetic patients that followed an exercise program, diabetic
patients who did not follow an exercise program and healthy adult
group is given in Table 2. According to this, while basal peak
diastolic flows did not significantly differ between the three
groups, there was a statistically significant difference in
hyperemic peak diastolic flow velocity and coronary flow reserve
between healthy adults and both groups of diabetic patients (Table
2). There are 20 people in the group of those who exercise. Of the
20 participants, 15 (75%) were able to complete the exercise
program. Values of 15 patients before and after exercise were
evaluated.

Table 2. Comparison of basal BPDV, HPDV, CFR values of the groups

Diabetics with Diabetics ~ Healthy group
Coronary flow exercise (n=20) without Test P
exercise (n=20) value
Basal BPDV 3 7018298 32.65+5.071 33.45+7.373 F=0.081 0.922°
(cm/s)
E:isl?;)I;IPDV 54.75+£10.120 53.55+7.112 75.15 + 17.315y42=23.467 0.0001°
E:isl?i)gFR 1.68 +0.186 1.66 £0.239  2.25+0.232 F=47.332 0.0001°

f: mean + standard deviation.
a: ANOVA; b: Kruskal Wallis Test. BPDV: Basal peak diastolic flow velocity,
CFR: Coronary flow reserve, HPDH: Hyperemic peak diastolic flow velocity.

Comparison of BPDV, HPDV and CFR values before
and after exercise of the group of diabetic patients who exercise
are given in Table 3; and HPDV and CFR values are statistically
significantly higher after exercise compared to before. Blood
chemistry values before and after exercise of the group under the
exercise program is given in detail in Table 4, values before and
after exercise of maximum oxygen intake (VO2 max) were
compared, and maximum oxygen intake was found to be
statistically significantly lower before exercise than after (23.8 +
29vs27.6+2.9,p=0.0001).

Table 3. Comparison of BPDV, HPDV, CFR values before and after
exercise of the group of diabetics who exercise.

Coronary n t Pa
flow Before exercise After exercise

BPDV * 15 32.27+9.384 34.80 + 5.454 -0.881 0.393
HPDV 15 54.27+2.892 76.07 +13.771 5.261 0.0001
CFR ' 15 1.69 + 0.203 2.15+0.253 6.082 0.0001

f: mean + standard deviation.

BPDV: Basal peak diastolic flow velocity, CFR: Coronary flow reserve, HPDH:
Hyperemic peak diastolic flow velocity.

Table 4. Comparison of biochemistry parameters before and after
exercise of the group of diabetics who exercise.

n Before exercise After exercise t p?
Insulin 15 8.19+5.715 8.38 £3.958 -0.231 0.820
C-Peptide ' 15 2.09 £ 1.191 2.61+1.792 -1.739 0.104
FBG ' 15 150.67 £47.566  123.0+31.173 3.126 0.007
HbAlc* 15 7.47 £ 1.406 6.88 =0.989 4.171 0.001
Fructosamine ¥ 15 3.02 £0.736 2.66 +0.479 3.065 0.008
HDL ' 15 40.73 £13.21 48.53+14.784  -5.706  0.0001
Triglyceride 15 21040+ 127.26  147.2+63.493 2.367 0.033
LDL ' 15 115.67 £26.161  97.73+20.800  4.142 0.001
Fibrinogen " 15 410.80+ 13327  3689+117.62  2.617 0.020
CRP* 15 3.29+1.39 2.49 +1.039 2.644 0.019
HOMA-IR * 15 420+1.93 2.42 +1.208 3.714 0.002
Pro-BNP 15 73.53 £91. 44.40 £+ 32.758 1.818 0.091

f: mean = standard deviation.

% Paired Sample t-Test. FBG: fibrinogen, HbAlc: Hemoglobin Alc, HDL: high
density lipoprotein, LDL: low density lipoprotein, CRP: C reactive protein,
HOMA-IR: Insulin resistance calculated via homeostasis model assessment
method, pro-BNP: pro brain natriuretic peptide

Discussion

It is known that diabetes leads to atherosclerosis,
hypertension, coronary artery disease and certain problems in the
heart free of wvalvular disease [11-13], that it increases
cardiovascular mortality and that cardiovascular mortality in
diabetic population is significantly higher compared to general
population [14]. In our study, the positive effects of exercise on
glycemic control, cholesterol panel, and inflammatory markers in
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diabetic patients as well as its positive effect on endothelial
functions were demonstrated by the CFR method. CFR values of
diabetic patients were found to be lower than the healthy group in
accordance with the literature.

In diabetes, aerobic exercise is as efficient as
pharmacotherapy. Exercise not only attains glucose control, it also
prevents cardiovascular complications of diabetes [15, 16].
According to duration and intensity of physical exercise,
production of free radicals and activations of the antioxidant
system can increase [17, 18]. Oxidative stress depends on the
balance between production of free radicals and anti- oxidant
activity. While excessively intense exercise plasma 8-
hydroxyguanosine (8- OHdG) and serum malondialdehyde
concentrations indicating oxidative stress; regular, conscious
exercise decreases plasma levels of these oxdative stress markers.
Effects of exercise on oxidative stress are shaped with duration
and intensity of the exercise. Regular, conscious exercise is highly
important in diabetic patients in order to achieve metabolic control
and decrease oxidative stress [19, 20]. In a study by Nojima et al.
[21] regular exercise for one year was shown to decrease oxidative
stress leading to a visible drop in urinary 8- OHdG levels that
indicate total oxidative stress.

It is known that oxidative stress disrupts glycemic control
by causing insulin resistance and that it leads to micro and
macrovascular complications [22]. Regular physical activity
applied to diabetic patients improves glycemic control by
decreasing oxidative stress. It decreases the frequency of
complications encountered in diabetes. It mends endothelial
dysfunctions seen in early stages of atherosclerosis: the most
common and deadly complication of diabetes.

Endothelial dys- function in diabetic patients is directly
associated with the duration and intensity of hypergly- cemia. In a
study conducted by Yokoyama et al., longterm glycemic control
was shown to signifi- cantly improve coronary flow reserve in
patients with asymptomatic diabetes [23]. Nemes et al. [24] stated
in their publication that there was a negative correlation between
insulin resistance and CFR. Endothelial dysfunction was
considered to be one of the reasons of insulin resistance in this
study. In our study, we have observed that regular exercise leads
to a significant decrease in insulin resistance. Decrease in insulin
resistance brings on the improvement in endothelial functions. By
decreasing insulin resistance, exercise ameliorates endothelial
functions and increases coronary flow reserve. One of the
mechanisms responsible for the improvement in endothelial
functions in our patient group is the decreased insulin resistance
in the physical activity and exercise group. Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) values after regular
and intense physical activity of patients in this group were
significantly lower than initial HOMA-IR values of these patients
and HOMA-IR values of 8 weeks after of the diabetic group that
did not exercise.

In a study conducted by Ilercil et al. [25] patients with
impaired glucose tolerance, association between left ventricle
mass, left ventricle wall thickness and insulin resistance was
investigated and an independent association between insulin
resistance and increased left ventricle wall thickness was revealed.
Similar to current literature, compared to healthy control group,
left ventricle wall thickness in diabetic patients was likewise
greater in our study. In a study by Sung et al., relation between
increased left ventricle mass and endothelium dependent
vasodilation in peripheral arteries was investigated and
endothelium dependent vasodilation in peripheral arteries was
found to be insufficient in those with increased left ventricle mass
[26]. Davis et al. [27] stated in their study that increase in left
ventricle mass was a component of metabolic syndrome and an
important cardiovascular risk factor. There are much evidence

supporting the existence of insulin resistance in pathogenesis of
left ventricle hypertrophy.

It is known that diabetic patients do not have enough
physical activities and that more than 80% of the diabetic patient
population follows a sedentary lifestyle. Compared to general
population, rate of having an inactive, sedentary lifestyle is higher
in diabetic patients [28]. Within the lifestyle changes suggested to
diabetic patients, along with diet, exercise is known to cause a
significant decrease in morbidity and mortality [29]. It has been
shown that regular exercise improves cardiac autonomic and
contraction functions. Deficiency of insulin in diabetics leads to
decreased activity of Na/Ca exhancer protein. With increased
physical activity, in diabetic patients, insulin resistance decreases
and intracellular calcium metabolism improves through the
increase in the activity of Na/Ca exhancer protein. This is reflected
as the increase in functional capacity in the clinical status of the
patient. In our study, VO2 max values of the patients after 8 weeks
of exercise showed significant improvement.

In diabetic patients, due to increased oxidative stress,
endothelium is eroded and damaged. There is decrease in Nitric
oxide (NO) dependent vasodilator system, increase in
vasoconstrictor system along with a worsened ability of the
coronary arteries to dilate due to endothelial dysfunction and
decreased CFR values. CFR is a parameter with a prognostic
value. Cortigiani et al. [30] followed 1130 patients with coronary
artery disease, 270 of whom were diabetics, for a period of 16
months. Analyses regarding development of cardiovascular
incidents showed that age (p=0.02), wall motion abnormalities
(p=0.05), abnormal CFR value (p<0.0001) were the independent
prognostic parameters. Compared to patients with CFR >2, those
with CFR <2 had a significantly higher risk (p<0.0001) of having
a cardiovascular incident regardless of being a diabetes status. In
patients with normal CFR value, risk of having a cardiovascular
incident was found to be 2.2% in diabetics and 2.0% in non-
diabetics (p=0.8). While rate of cardiovascular incidents in
diabetic patients with low CFR levels was 9.3%; annual rate of
cardiovascular incidents in non-diabetic patients with low CFR
levels was 5.1% [30].

In the current study, in accordance with the other studies
in literature, comparison of control and diabetic groups CFR levels
in diabetic patients’ group were statistically lower compared to
control group. After 8 weeks of exercise, there was significant
improvement in coronary flow reserve of diabetic patients who
exercised. Although initially there was no significant difference in
coronary flow reserves between diabetic patient groups, at the end
of 8 weeks, those who were not informed about physical activity
had significantly lower coronary flow reserve than those who
exercised. Comprehensive studies investigating the effects of
exercise on CFR in diabetes arequite few. A study by Sebastian
Sixt et al. [31] demonstrated that regular exercise improved
coronary endothelial functions. Response of coronary arteries to
acethylcholine after six months of exercise was invasively
measured, and significant improvement in coronary endothelial
functions was observed. In this study, coronary arteries of the
patients were examined before and after exercise with an
intravascular ultrasound, and no increase in coronary plaque
burden with regular exercise was found. In our study, the
argument that endothelial functions significantly improve in
diabetic patients who exercise regularly was proven using
transthoracic echocardiography, which is a non-invasive method
easier to use in clinical practice. Endothelial dysfunction
overlooked with coro- nary angiography or stress test can
therefore be recognized with decrease in CFR, and detection of
atherosclerosis in earlier stages will be possible.

The present study has the following limitations. First, our
modest sample size obtained from a single center may make the
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generalizability of the observed results difficult. Second, an
assessment of additional markers of endothelial dysfunction
besides CFR, which could have supported the study results, was
not performed. Third, we did not perform coronary angiography
on the patients. Fourth, is the absence of a long-term follow-up of
the participants.

To summarize, regular exercise and physical activity are

highly important in diabetic patients for primary and secondary
protection against cardiovascular incidents. Physical activity
increases insulin sensitivity in diabetic patients, and has many
positive effects on glucose metabolism. In the current study we
found that regular aerobic exercise improved CFR in patients with
diabetus mellitus. In light of these findings, exercise should be
highly recommended to diabetic patients and those with a risk of
developing diabetes mellitus.
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