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Abstract

Background: Hyperglycemia has been suggested as a significant
factor in coronary microangiopathy in patients with type 2 diabetes
(T2DM), but whether it can be reversed through treatment of
hyperglycemia is still unknown.

Aim: To clarify whether glycemic control can improve coronary
microangiopathy in T2DM.

Methods: Subjects were 34 T2DM patients who underwent
coronary angiography and 17 age-matched controls. Myocardial
segments perfused by angiographically normal coronary arteries
were studied. Baseline myocardial blood flow (MBF, ml/min/100
g) and MBF during dipyridamole administration (0.56 mg/kg/
min) were measured using positron emission tomography (PET).
Myocardial flow reserve (MFR) was calculated by the ratio of MBF
during dipyridamole administration to the baseline MBF. After
the first PET study, patients were subdivided into an additional
intensive therapy group (ATG) and no-additional therapy (NATG)
group. Second PET scan was performed 6 to 9 months later.

Results: Baseline MBF was comparable among the ATG (87.5 +
24.1), NATG (87.2 + 16.9) and controls (78.2 + 33.3). However,
MBF during dipyridamole administration was significantly lower in
both the ATG (170 + 52.0) and NATG (192 £ 52.6) than in controls
(293 £ 159, p<0.01) as was the MFR (ATG, 1.96 + 0.52; NATG,
2.27 + 0.63; controls, 3.69 + 1.09; p<0.01 respectively). MFR was
significantly improved in the ATG (2.51 + 0.77; p<0.05), but not
in the NATG (2.14 £ 0.69; p=ns). There was a significant inverse
relationship between percent change in MFR and percent change
in glycemic control. However, no significant relationships were
seen between the percent change in MFR and percent change in
plasma lipid fractions.

Conclusion: Reduced myocardial flow reserve in patients with
T2DM can be partially reversed by additional intensive therapy for
hyperglycemia.
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Introduction

Impairedmyocardialperfusion,suchascoronarymicroangiopathy,
is one of the important pathophysiological characteristics of diabetes
[1,2] and a clinically important unresolved clinical question [3]. The
importance of glycemic control in the development of atherosclerosis
in patients with diabetes has been suggested [4-10]. We previously
reported that myocardial flow reserve (MFR) was related to glycemic
control rather than to the mode of therapy in patients with type 2
diabetes (T2DM) [11]. We also have revealed that hyperglycemia
rather than insulin resistance is related to the reduced MFR in T2DM
[12]. In addition, reduced MFR in angiographically normal coronary
arteries in T2DM has been observed and such reduced MFR was
shown to be related to glycemic control in those with T2DM [13].
Such results have indicated that glycemic control is an essential
factor for diabetic coronary microangipathy. In addition, it has also
been reported that coronary flow reserve can be a good predictor for
cardiac mortality in patients with known CAD or suspected CAD
[14] and in patients with T2DM without CAD and patients with CAD
without T2DM [15]. However, it remains controversial whether such
diabetic coronary microangiopathy can be reversed. For instance,
Miyazaki et al. demonstrated that optimal anti-hyperglycemic
therapy is important to improve the coronary flow reserve (CFR) in
poorly controlled diabetic patients [16]. Moreover, Ichiki et al. found
that hyperglycemia was directly related to vascular resistance in the
coronary artery tree in normal subjects [17]. On the other hand,
Jarnert et al. found that strict glycemic control failed to improve
CFR in T2DM [18]. We also showed that chronic use of troglitazone
over 12 months with the aim of improving glycemic control through
improving insulin resistance in both heart and skeletal muscle failed
to improve MFR in patients with T2DM [19]. In addition, Schindler
et al. demonstrated that an abnormal myocardial blood flow (MBF)
in response to the cold pressure test can be significantly improved
with euglycemic control in patients with T2DM, suggesting that
myocardial vascular endothelial function in T2DM can be improved
through euglycemic control [20]. Since impaired endothelial function
is an important factor in abnormal coronary microvascular function,
it is important to clarify whether intensive glycemic control could
reverse an abnormal MFR in T2DM. Actually, Levy et al. noted in their
review that endothelial dysfunction causes coronary microangiopathy
and that coronary microangiopathy plays a common role in the
development of a reduced MFR in subjects with conventional
coronary risk factors including T2DM and essential hypertension
[21]. Thus, in this study, we have aimed to examine whether the
reduced MFR in segments that were perfused by angiographically
normal coronary arteries in patients with T2DM can be improved by
the control of hyperglycemia.

Materials and Methods
Study population

General characteristics of study subjects: Thirty-four patients
with T2DM with indications for coronary angiography (CAG), such
as symptoms or signs of myocardial ischemia or coronary artery
disease (CAD) (typical or atypical chest pain, chest oppression, chest
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tightness etc.), were entered into the study. Patients with plasma
total cholesterol (TC) more than 6.00 mmol/L and those with left
ventricular hypertrophy (wall thickness =213 mm) were excluded.
Patients who had undergone coronary artery bypass operation or
percutaneous coronary angioplasty were excluded. Patients with
well-controlled essential hypertension using long-acting calcium
antagonists (CILNIDIPINE 5-10 mg; AMLODIPINE, 2.5-5 mg/day),
diuretics, any angiotensin converting enzyme inhibitor (ENALAPRIL,
5-10 mg/day; LISINOPRIL, 10-20 mg/day) and any angiotensin II
receptor blocker (LOSARTAN, 25-50 mg/day; CANDESARTAN
CILEXETIL, 4-8 mg/day; VALSARTAN, 40-80 mg/day) or both
were included. Seventeen (13 males, 4 females) normo-lipidemic,
normo-glycemic asymptomatic age-matched individuals without a
history of heart disease or chronic disease were selected as control
subjects. Details of coronary angiographic findings of study patients
are shown in table 1. General characteristics of the study subjects are
summarized in table 2. There were no significant differences among
the two groups in age, gender, body weight, height, body mass index,
blood pressure at rest and during dipyridamole administration, heart
rate at rest and during dipyridamole administration, and levels of
TC, low density lipoprotein bound cholesterol (LDL), high density
lipoprotein bound cholesterol (HDL) and triglycerides (TG). Fasting
plasma glucose concentrations (FBS) and hemoglobin Alc values
averaged for the previous 6 months from data gathered at regular
clinic visits for diabetes were significantly higher in the T2DM patients
than in control subjects. Data for control subjects were reviewed from
records at local health service centers. Hemoglobin Alc was assayed
by the latex aggregation method (normal range 4.3%-5.8%). Plasma
fasting glucose concentration was measured after an overnight fast of
greater than 12 hours. Plasma insulin concentrations were measured
by radioimmunoassay (normal range under fasting was 3-18 U/ml).
Participants were informed of the nature of the study before agreeing
to take part in the study protocol, which was approved by the local
Ethics Committee.

Subjects with T2DM: T2DM was diagnosed according to the
following criteria: FBS greater than 7.0 mmol/L and hemoglobin
Alc level greater than 6.5% before the initiation of therapy. All of
these patients had undergone coronary angiography (CAG) due to
symptoms of angina such as chest pain, chest opression and/or chest

Table 1: Coronary angiographic findings in study patients.

Coronary angiographic findings T2DM

N
o

Zero vessel disease

N
o

normal coronary arteries

One vessel disease

LAD

LCX

RCA

Two vessel disease

LAD+LCX

LAD+RCA

W W o o NN~

LCX+RCA

Number of patients with old myocardial infarction 3

T2DM: Type 2 Diabetes Mellitus; LAD: Left Descending Coronary Artery; LCX:
Left Circumflex Coronary Artery; RCA: Right Coronary Artery
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Table 2: General characteristics of study subjects.

Controls T2DM (all)
N (M/F) 17 (13/4) 34 (27/7)
Age (year) 549+ 10.4 62.1+6.1
BW (kg) 60.7 +7.81 65.2 £ 9.22
HT (cm) 164 £ 11.3 163 + 8.60
BMI 23.4+4.10 245+2.76
SBP (Rest) 129 £12.3 139 £20.2
DBP (Rest) 76.8+7.34 79.0+10.5
HR (Rest) 67.1+13.9 65.2+10.8
RPP (Rest) 8892 + 1692 9067 + 1856
SBP (DP) 123+ 11.7 134 +20.6
DBP (DP) 76.4 +7.40 71.2+13.2
RPP (DP) 9564 + 1012 9673 + 1578
FBS (mmol/L) 4.82+0.49 9.11+222"
HBA1c (%) 5.51+0.23 8.30+1.40"
TC (mmol/L) 5.01+0.56 4.77 £ 0.694
HDL (mmol/L) 1.46 £ 0.66 1.10£0.27
TG (mmol/L) 1.28 £0.45 1.42+0.97
LDL (mmol/L) 2.99 + 0.50 2.89+0.89
FI (U/L) - 7.29+6.32
Duration of diabetes (M) - 132+88.5

“ p<0.01 vs controls

N: Number of study patients; M: Male; F: Female; T2DM: Type 2 Diabetes
Mellitus; BW: Body Weight; HT: Height; DP: Dipyridamole; RPP: Rate Pressure
Products; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP:
Diastolic Blood Pressure; HbA1c: Hemoglobin A1c (%); FBS: Fasting Plasma
Glucose Concentration; TC: Total Cholesterol; HDL: High Density Lipoprotein
cholesterol; TG: Triglycerides; LDL: Low Density Lipoprotein cholesterol; Fl:
Plasma Fasting Insulin Concentration; M: Months

tightness or abnormalities on an electrogardiogram (ECG) at rest or
abnormal findings during rest in stress ECG testing that suggested the
existence of CAD, or abnormal findings in static images from rest-
dipyridamole stress perfusion positron emission tomography (PET)
scans, and were proven to have one, two or three normal coronary
arteries within the three major branches as diagnosed by three
independent specialists (0% stenosis). Cardiac angiography data were
shown in table 1. Among the 34 patients with T2DM were 8 with
well-controlled essential hypertension. These study subjects were not
common to those used in our other publications [11-13,19,22-25].

The 34 patients were subdivided into two groups. One group
was treated with additional intensive treatment of hyperglycemia
including insulin (NOVOLIN 30R or NOVOLIN R), ACARBOSE,
POGLYBOSE and TROGLITAZONE and the other T2DM patients
were not treated with additional therapy. Patient profiles and
therapies for T2DM are shown in table 3.

Control subjects: In all 17 control subjects, the resting ECG was
normal. All potential control subjects underwent a symptom-limited
treadmill test and those with typical chest pain or abnormal ECG
indicating myocardial ischemia were excluded. Cardiac normality
was not confirmed by CAG; however, since these subjects were
selected among those with a low probability of cardiac disease they
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Table 3: Data on MFR, glycemic control, and therapy in patients with T2DM who underwent PET perfusion studies.

S.No. Age Sex CAG Therapies (pre / post)

1. 71 M o0vD D&E/D&E

2. 52 F 1vD D&E/A300 mg

3. 60 M 2VD D&E/P 0.6 g

4. 58 M 0vD D&E/SU (GLIBENCRAMIDE 5 mg/day)

5. 60 M 0vD D&E/A 300 g

6. 68 M 1vVD SU (GLICRARISIDE 80 mg/day)/In (NOVOLIN 30R (10-0-10)

7. 55 M 0vD D&E/D&E

8. 56 M 0vD SU (GLIBENCRAMIDE 5mg/day)/In (NOVOLIN R (8-6-6)

9. 64 F 2VD D&E/A 300 mg

10. 62 F 1VD D&E/D&E

11. 68 M 0vD SU (GLIBENCRAMIDE 2.5 mg/day)/SU (GLIBENCRAMIDE 2.5 mg/day)
12. 56 M o0vD SU (GLIMEPIRID 3 mg/day)/In (NOVOLIN R (10-10-10)

13. 69 M 1vD In (NOVOLIN 30R (14-0-14)/In (NOVOLIN 30R (14-0-14)

14. 57 M ovD In (NOVORAPID 30R (18-0-12)/In (NOVORAPID 30R (18-0-12)

15. 66 F 2VD A 300 mg/A300 mg

16. 64 F 2VD In (NOVOLIN 30R (14-0-14)/In (NOVOLIN 30R (14-0-14)) +TRO 200 mg
17. 64 M ovD D&E/D&E

18. 51 M ovD D&E/D&E+P 0.6 g

19. 69 M 1vD In (NOVOLIN 30R (8-0-8))/In (NOVOLIN 30R (8-0-8)) + D&E

20. 65 M o0vD D&E/TRO 200 mg

21. 59 M 1vVD D&E/D&E

22. 64 M 2VD D&E/D&E+SU (GLIMEPIRID mg/day)

23. 63 M 0vD D&E/D&E

24. 68 F o0vD SU (GLICRARISIDE 80 mg/day)/SU (GLICRARISIDE 80 mg/day +TRO 200 mg)
25. 55 M 2VD SU (GLIMEPIRID 2 mg/day)/SU (GLIMEPIRID 2 mg/day)

26. 65 M 0vD D&E/D&E

27. 56 M 0vD SU (GLIMEPIRID 2 mg/day)/SU (GLIMEPIRID 2 mg/day)

28. 66 M 1vVD SU (GLIBENCRAMIDE 2.5 mg/day)/SU (GLIBENCRAMIDE2.5 mg/day )+TRO 200 mg
29. 64 M 0vD D&E/TRO 200 mg

30. 48 F 0vD D&E/D&E

31. 64 M 1VD D&E/TRO 200 mg

32. 72 F ovD D&E/D&E

33. 60 M ovD D&E/D&E

34. 66 M ovD D&E/In (NOVOLIN R (8-6-6)

MFR: Myocardial Flow Reserve; CAG: Coronary Angiography Findings; OVD: 0 Vessel Disease; 1VD: 1 Vessel Disease; 2VD: 2 Vessel Disease; D: Diet Therapy; E:
Exercise Therapy; SU: Sulfonylurea Drugs; A: Acarbose; P: Poglybose; TRO: Troglitazone; In: Insulin
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can be considered to be appropriate as normal control subjects as
reported by Rozanski et al. [25]. Due to the difficulty of recruiting
normal control subjects for studies using PET, all but two of these
control subjects were those used for our other studies [11-13,22-24].

Positron Emission Tomography (PET)

Regional baseline MBF and that during dipyridamole
administration were measured using PET and *N-ammonia. Twenty-
four hours before PET, we stopped all medications and caffeine
intake. For all patients, follow-up PET study was performed 6 to 9
months after the first study.

Myocardial flow images were obtained using a Headtome IV
scanner (Shimadzu Corp., Kyoto, Japan). This scanner has seven
imaging planes; in-plane resolution is 4.5 mm at full width at half
maximum and the z-axial resolution is 9.5 mm at full width at
half maximum. Effective in-plane resolution is 7 mm after using a
smoothing filter. The sensitivities of the Headtome IV scanners are
14 and 24 kilo counts per sec (uCi/ml) for direct and cross planes,
respectively.

After acquiring transmission data to correct for photon
attenuation prior to obtaining images, 15-20 mCi of ’N-ammonia was
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injected and dynamic PET was performed for 2 min and static scan
for 8 min. After waiting 45 min to allow for decay of the radioactivity
of ®N ammonia, dipyridamole (0.56 mg/kg) was administrated
intravenously. Five min after dipyridamole administration, 15-20
mCi of ®N-ammonia was injected and, exactly at the same time, a
second dynamic scan was performed for 2 min and a static scan for 8
min. The dynamic scan was performed every 15 sec (8 times) during
the 2-min period and dynamic data were obtained for seven slices.
Only one channel electrocardiographic monitoring in limb leads was
made during the scan.

Determination of myocardial blood flow (MBF) and
myocardial flow reserve (MFR)

Regional MBF was calculated basically according to the two-
compartment *N-ammonia tracer kinetic model [26,27]. This model
has been well validated [26,27] and has been used frequently in
the clinical studies of MFR [11-13,19,22-25,28-30]. Metabolites of
PN-ammonia can be negligible during the first 90 sec after infusion
of "N-ammonia [31]. The time activity curve of the left ventricular
cavity was used as an input function. Tracer spillover was corrected
by least square nonlinear regression analysis on our program to
calculate the MBF with the assumption that both myocardial and left
ventricular radioactivity were influenced by each other. Details were
given in our published paper [11].

All data were corrected for dead time effects to reduce error
to less than 1%. To avoid the influence of the partial volume effect
associated with the object’s size, recovery coeflicients obtained from
experimental phantom studies in our laboratory were used. The
recovery coefficient was 0.8 when myocardial wall thickness was 10
mm. For correction of the partial volume effect, wall thickness was
measured with two dimensional echocardiography by specialists in
our hospital. The recovery coeflicients were taken into consideration
in our program to measure MBF.

To determine MBF, regions of interest were placed on the
transaxial images manually. Only myocardial segments which were
perfused by anatomically normal coronary arteries were selected in
this study. Those segments which were perfused by coronary arteries
after percutaneous transluminal angioplasty or coronary artery
bypass grafting were excluded. As has been reported previously
[23], each transaxial image was divided into 8 segments. Segments
for the mid to mid-lower septum, upper septum, anterior wall on
the mid-ventricular transaxial slice and mid to mid-lower septum,
upper septum, and anterior wall on the lower slice were defined as
the left descending coronary artery region. Segments for the lateral
wall (mid-upper, mid-lower) on the middle slice and lateral wall on
the lower slice were defined as the left circumflex coronary artery
region. Segments for the lower septum and lower lateral wall on the
middle slice and lower septum and lower lateral wall on the lower
slice were defined as the right coronary artery region. When there was
not enough space to place a region of interest on the right coronary
arterial region visually, those segments were excluded. To obtain input
function, small regions of interest were placed on the left ventricular
cavity of each slice. Averages of the regional MBF corresponding to
the same target coronary artery were used for this study. We then
determined the MFR as follows:

MFR = regional MBF during dipyridamole administration/
regional baseline MBF

doi:http://dx.doi.org/10.4172/2327-4700.1000103

Statistics

Baseline MBF, MBF during dipyridamole loading, MFR, body
weight, systolic blood pressure, diastolic blood pressure, height, body
mass index and lipid parameters in the two groups were compared
using analysis of variance, and then individual data were analyzed by
the two-tailed unpaired ¢-test. Wilcoxon signed-rank test was used to
determine whether each therapy was effective for the improvement in
MFR. Spearman rank order correlation coefficient analysis was used
to determine the relationship between percent change in FBS and
percent change in MFR. Values are expressed as the mean # standard
deviation.

Results

Hemodynamic and electrocardiographic responses to
dipyridamole administration

There were no significant differences in systolic blood pressure
at rest and during dipyridamole administration and rate pressure
product between T2DM and control subjects (Table 2). During
dipyridamole administration, typical chest pain or chest oppression
accompanied by electrocardiographic changes were observed in
17 study patients. Due to difficulty in recording the radiolucent
electrocardiogram in the precordial leads during PET, a detailed
description of electrocardiographic response to dipyridamole was
not possible.

Baseline MBF and MBF during dipyridamole administration

Baseline MBF (ml/min/100 g weight heart) was comparable
among T2DM (86.8 + 22.3 ml/min/100 g weight heart) and control
subjects (78.2 = 33.3 ml/min/100 g weight heart). However, MBF
during dipyridamole administration was significantly lower in those
with T2DM (188 + 60.4 ml/min/100 g weight heart) than in control
subjects (293 + 159 ml /min/100 g weight heart, p<0.01).

MEFR

MFR was significantly lower in all 34 patients with T2DM (2.12
+ 0.58) than in control subjects (3.69 + 1.09, unpaired ¢ test: p<0.01).

Effect of anti-hyperglycemic therapy on MBF and MFR

After randomization, additional medications were introduced. In
these patients, the MFR significantly improved (pre 1.96 + 0.52 vs.
post 2.51 + 0.77, p<0.05, Figure 1 on the left) as did the MBF during
dipyridamole administration (pre 170 + 52.0 ml/min/100 g vs. post
224 + 56.5 ml/min/100 g, p<0.05). However, baseline MBF did not
change significantly (pre 87.5 + 24.1 vs. post 94.7 + 32.3). In these 17
patients, the hemoglobin Alc value was significantly reduced, (8.06 =
1.38% vs. 7.08 + 1.03% p<0.01) as were the FBS (10.4 + 2.49 mmol/L
vs. 8.38 + 1.83 mmol/L) and TC (4.86 + 0.936 mmol/L vs. 4.40 + 0.781
mmol/L, p<0.05). LDL tended to be reduced (3.08 + 0.672 mmol/L
vs. 2.64 = 0.696 mmol/L, p<0.1). On the contrary, HDL (1.01 + 0.266
mmol/L vs. 1.08 + 0.297 mmol/L), TG (1.71 + 0.891 mmol/L vs. 1.50
+ 0.619 mmol/L) and blood pressures (systolic pressure, 132 + 30.6
mmHg vs. 130 £ 28.9 mmHg; diastolic pressure, 79.9 £ 7.18 vs. 78.3 +
7.01 mmHg) did not significantly change.

In 17 patients for whom additional therapy was not given, MFR
did not significantly change (pre 2.27 + 0.63 vs. post 2.14 + 0.69, p=ns
(Figure 1 on the right) nor did baseline MBF (pre 87.2 + 16.9 ml/
min/100 g weight heart vs. post 89.5 + 32.0 ml/min/100 g weight
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heart). MBF during dipyridamole administration tended to be
reduced (pre 192 + 52.6 ml/min/100 g weight heart vs. post 164 +
43.7 ml/min/100 g weight heart). Values for hemoglobin Alc, (pre
7.7 £ 1.2% vs. post 7.6 = 1.0%), FBS (pre 9.77 + 4.52 mmol/L vs. post
9.38 £ 2.71 mmol/L) and plasma lipid fractions (TC, pre 4.87 + 0.822
mmol/L vs, post 4.84 £+ 0.97 mmol/L; HDL, pre 1.20 + 0.245 mmol/L
vs. post 1.19 + 0.341 mmol/L; TG, pre 1.95 + 1.51 mmol/L vs. post
1.53 + 0.68 mmol/L; LDL, pre 2.77 + 0.585 mmol/L vs. post 2.97 +
0.74 mmol/L) and blood pressures (systolic pressure, pre 129 + 29.0
mmHg vs. post 131 + 25.1 mmHg; diastolic pressure, pre 78.6 + 7.03
mmHg vs. post 77.6 + 6.87 mmHg) were comparable between the first
and second PET study.

There were significant inverse relationships between the percent
change in MFR and the percent change in FBS (r=-0.54, p<0.01, Figure
2) as well as hemoglobin Alc. (r=-0.54, p<0.01, Figure 3) However,
there was no significant relationship between the percent change in
MFR and percent change in plasma lipid fractions. Spearman rank
order correlation coefficient analysis also showed that there were
significant inverse relationships between the percent change in MFR
and percent change in FBS (r=-0.56, p<0.01) as well as hemoglobin
Alc (r=-0.61, p<0.01).

Additional No additional
therapy group therapy group
p<0.05 p=NS
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Figure 1: (Left) Plotted data on myocardial flow reserve (MFR) pre and
post additional therapy.

(Right) Plotted data on myocardial flow reserve (MFR) pre and post in
patients who were not given additional therapy.

140 5
1201 o
» 1004 o
= 804 s
= o
=] 601 o
§0 401 c o
=207 o]
3] . Cp [s] 9\\
= 0 ol -
-201 o 21
o g
401 o o
-60 =
-100 -75 -50 -25 0 25 50 75 100 125 150

% change in FBS

Figure 2: Significant relationship between % change in myocardial flow
reserve (MFR) and % change in fasting plasma glucose concentration (FBS)
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Figure 3: Significant relationship between % change in myocardial flow
reserve (MFR) and % change in hemoglobin A1c.

Discussion
Reduced MFR in diabetes

It has been recognized that MFR is inversely correlated with
the severity of coronary stenosis [32]. However, contrary to such
a well-known general concept, it has been shown that MFR can be
reduced without overt coronary stenosis [1,2,13,23,24] or without
evidence of ischemia in the presence of a variety of coronary
risk factors [11-13,22,28-30]. That such reduced MFR was more
prominent in patients with familial hypercholesterolemia [22,23]
or hyperlipidemia with familial CAD [30] was also implied.
Improvements in MFR after therapy for coronary risk factors were
seen in patients with hyperlipidemia who were treated with intensive
low fat diet therapy (total daily cholesterol intake less than 50 mg)
but without any medicines including statins [29], those treated with
a combination of multiple anti-hyperlipidemic medicines including
statins [23] and those treated only with statins [33,34]. In these
reports, inconsistent effects of statins in improving the reduced
MEFR in patients with hypercholesterolemia have been shown. For
instance, SIMVASTATIN but not PRAVASTATIN improved MFR
in patients with hypercholesterolemia [34]. Another study using
FLUVASTATIN revealed that improvement in MFR was delayed 4
months after the improvement in plasma lipid fractions in patients
with hyperlipidemia with CAD [33]. Huggins et al. showed that the
reduced MFR in patients with hypercholesterolemia was improved 2
months after the initiation of high doses of SIMVASTATIN (80 mg/
day) [35]. Therefore, even when the same types of medicines, such as
statins, were used, responses related to improvements in MFR could
differ. Similarly, differences in responses to various medicines for
diabetes for impaired MFR in patients with T2DM could occur. As the
medications administered obviously varied in the additional intensive
therapy group, differences in the effects of these antihyperglycemic
medicines on myocardial perfusion should be considered. In
addition, prior to our present study, it was still controversial whether
the reduced MFR in diabetic individuals could be reversed by
improvements in glycemia control. It still remains uncertain which
kinds of medicines for diabetes are effective in improving the MFR
in T2DM. For example, Miyazaki et al. showed that the CFR was
improved by an optimal anti-hyperglycemic therapy [16], whereas
Jarnert et al. found that strict glycemic control failed to improve CFR
in patients T2DM as indicated by a placebo controlled study [18].
In addition, we recently also revealed that the MFR in patients with
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T2DM was not improved after chronic therapy with troglitazone over
a 12-month period [19]. Therefore, anti-insulin resistance therapy is
not effective for the treatment of diabetic coronary microangiopathy
whereas anti-hyperglycemic therapy is effective for the treatment
of diabetic coronary microangiopathy. The present study, which
addressed this issue, showed just such an effect. However, it is still
uncertain whether kinds of medicine, types of therapy (medication,
exercise, diet), and individual differences in response to those
therapies could influence the results of intensive anti-hyperglycemic
therapy. Therefore, more precise investigations are required on each
medication and each type of therapy to determine whether any of
those therapies could actually improve MFR.

Several factors could contribute to the reduced MFR in patients
with T2DM, including coronary microangiopathy [1,2], endothelial
dysfunction [2], an abnormal smooth muscle cellular mutation
associated with atherosclerosis and angiographically undetectable
balanced diffuse atherosclerosis [36]. Coronary microcirculation
abnormality has been implicated as a possible mechanisms for the
reduced MFR in patients with essential hypertension [37]. Oxidative
stress caused by an increase in reactive oxygen species can be a
primary contributing factor to impaired endothelial function in the
spontaneously hypertensive rat (SHR) [38]. Kubis et al. revealed that
microvascular rarefaction because of lack of the endothelial nitric
oxide synthase gene played an important role in the occurrence of
arterial hypertension in a mouse experimental model [39]. Loss of
microvessels due to apoptosis of endothelial cells that was caused by
oxidative stress in the experiment using SHR was shown [40]. Levy
et al. commented in their review that all of these experimental results
could commonly be applied to explain mechanisms for the reduced
MEFR in patients with traditional coronary risk factors, including
T2DM [21]. In patients with hypertension, an improvement of MFR
by ENALAPRIL has been observed [41], and such improvement
also was seen in those treated with NEBIVOLOL [42]. Usefullness
of both CANDESARTAN and ENALAPRIL on the improvement of
subctaneous fat small arterial endothelial function in patients with
T2DM and hypertension has been reported [43]. It has also been
reported that myocardial capillary density and coronary fllow reserve
were improved with calcium antagonists (BENIDIPINE [44] and
AMLODIPINE [45]) in a rat experimental model of hypertension.
In this study, sevral kinds of anti-hypertensive drugs were used.
Influences of different type of medicines for essential hypertension
in T2DM should be considered for our results because effects of
such drugs on MFR in patients with T2DM and hypertension were
only partially understood clinically. Further investigations should be
required.

Since we studied reduced MFR in myocardial segments that were
perfused by angiographically normal coronary arteries, coronary
microangiopathy is an essential factor for the reduced MFR in our
study subjects with T2DM. Thus, ineffective glycemic control, which
would contribute to such microvascular damage, could be a major
factor in the reduced MFR in T2DM. However, improvement in
glycemic control would improve MFR and, in turn, be reflected
by an additional improvement in other factors such as myocardial
vasodilatation and diffuse macrovascular balanced atherosclerosis.

Lipid disorders have been shown to reduce MFR without
evidence of CAD [22,23,30]. In the present study, plasma TC was
significantly reduced and plasma LDL cholesterol values showed
a tendency toward decreasing in patients who were provided with
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intensive therapy for hyperglycemia. Reduced MFR and its negative
relationship with plasma triglyceride concentrations in patients
with hypertriglyceridemia in angiographically normal coronary
arteries was reported [46]. Therefore, insignificant changes in plasma
triglyceride concentrations after intensive therapy for hyperglycemia
would also contribute to our results. Taken together, it may therefore
be considerd that a reduction in lipid fractions would be a factor in
the improvement of MFR in T2DM patients undergoing additional
therapy for glycemic control. However, there were no significant
relationships between the percent change in the MFR and the percent
change in plasma lipid fractions. Thus improvement in MFR can be
ascribed to a more correct diet rather than to the secondary change in
lipid parameters in response to the improvement in glycemic control.

Glycemic control and reduced MFR in myocardial segments
that were perfused by anatomically normal coronary arteries
in patients with T2DM

A relationship between hyperglycemia and diabetic vascular
complications [4-10] has been shown as well as a relationship
between glycemic control and MFR in T2DM [11-13]. Our
current study showed an improvement in MFR in all 17 patients
who received intensified treatment with additional medications,
whereas a tendency toward the worsening of MFR was seen in
patients who were not provided this additional treatment. There
was a significant relationship between percent change in control of
hyperglycemia and percent change in MFR. In support of our recent
report that hyperglycemia rather than insulin resistance is related
to the reduced MFR in T2DM [12], our current results confirm the
concept that glycemic control is the most essential factor for diabetic
microangiopathy in these patients. However, in the strict sense of
the word, it remains uncertain whether improvement in MFR can
be explained by the coronary microvascular vasodilatory function
or coronary microvascular structural changes or both. Minor
contribution of macrovascular vasodilatory dysfunction should also
be considered. Although the MFR improved after successful anti-
glycemic therapy, the MFR remained significantly lower than that of
control subjects. In general, it can be supposed that damage to the
myocardial vascular structure due to a reduction in the microvascular
bed could not easily be reversed [2] and that a longer period of
time and more stringent control of hyperglycemia may be required
for such a reversal. Therefore, it is thought that the effect of anti-
hyperglycemic therapy on the MFR should be examined in relation to
the reduced MFR in T2DM over a much longer period of time.

Limitations of this study

In this study, we administered troglitazone to some of the
study patients. However, due to serious side effects related to liver
function, troglitazone was taken off the market. Therefore all studies
using troglitazone ended, and this agent cannot be used in further
studies. That is a limitation of this study. After March 2000, some
of new anti-diabetic medicines has been emerged. Further studies
should be required, however it is difficult to compaire effects between
troglitazone and new medicines. Moreover, the control subjects were
normal individuals without CAD, but the study group was comprised
of diabetic subjects with and without CAD. A group of of nondiabetic
subjects with CAD would be preferable for comparisons. However, it
is difficult to obtain PET data on normo-lipidemic, normo-glycemic
asymptomatic age-matched individuals with CAD.
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Conclusion

Reduced MFR in angiographically normal coronary arteries in
patients with T2DM can be partially reversed by an improvement in
glycemic control.

Author Note

On March 2000, this study ended because troglitazone was prohibited for
the treatment of diabetes mellitus and was withdrawn from the market due to
serious side effects regarding liver function. Patients who were treated with
troglitazone received no further treatment with troglitazone beginning in March
2000. Accordingly all data using troglitazone were accumulated before March 1.

References

1. Nitenberg A, Valensi P, Sachs R, Dali M, Aptecar E, et al. (1993) Impairment
of coronary vascular reserve and ACh-induced coronary vasodilation in
diabetic patients with angiographically normal coronary arteries and normal
left ventricular systolic function. Diabetes 42: 1017-1025.

2. Nahser PJ Jr, Brown RE, Oskarsson H, Winniford MD, Rossen JD (1995)
Maximal coronary flow reserve and metabolic coronary vasodilation in
patients with diabetes mellitus. Circulation 91: 635-640.

3. Camici PG, Crea F (2007) Coronary Microvascular Dysfunction. N Engl J
Med 356: 830-840.

4. Kim JA, Berliner JA, Natarajan RD, Nadler JL (1994) Evidence that glucose
increases monocyte binding to human aortic endothelial cells. Diabetes 43:
1103-1107.

5. Folsom AR, Eckfeldt JH, Weitzman S, Ma J, Chambless LE, et al. (1994)
Relation of carotid artery wall thickness to diabetes mellitus, fasting
glucose and insulin, body size, and physical activity. Atherosclerosis Risk in
Communities (ARIC) Study Investigators. Stroke 25: 66-73.

6. van Hoeven KH, Factor SM (1990) A comparison of the pathological
spectrum of hypertensive, diabetic, and hypertensive-diabetic heart disease.
Circulation 82: 848-855.

7. Yegin A, Ozben T, Yegin H (1995) Glycation of lipoproteins and accelerated
atherosclerosis in non-insulin-dependent diabetes mellitus. Int J Clin Lab Res
25: 157-161.

8. The Diabetes Control and Complications Trial Research Group (1993) The
effect of intensive treatment of diabetes on the development and progression
of long-term complications in insulin-dependent diabetes mellitus. N Engl J
Med 329: 977-986.

9. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR (1977)
Diabetes, blood lipids, and the role of obesity in coronary heart disease risk
for women. The Framingham study. Ann Intern Med 87: 393-397.

10. Laakso M (1996) Glycemic control and the risk for coronary heart disease in
patients with non-insulin-dependent diabetes mellitus. The Finnish studies.
Ann Intern Med 124: 127-130.

11. Yokoyama |, Momomura S, Ohtake T, Yonekura K, Nishikawa J, et al. (1997)
Reduced myocardial flow reserve in non-insulin-dependent diabetes mellitus.
J Am Coll Cardiol 30: 1472-1477.

12. Yokoyama |, Ohtake T, Momomura S, Yonekura K, Woo-Soo S, et al. (1998)
Hyperglycemia rather than insulin resistance is related to reduced coronary
flow reserve in NIDDM. Diabetes 47: 119-124.

13. Yokoyama |, Yonekura K, Ohtake T, Yang W, Shin WS, et al. (2000) Coronary
microangiopathy in type 2 diabetic patients: relation to glycemic control, sex,
and microvascular angina rather than to coronary artery disease. J Nucl Med
41: 978-985.

14. Murthy VL, Naya M, Foster CR, Hainer J, Gaber M, et al. (2011) Improved
cardiac risk assessment with noninvasive measures of coronary flow reserve.
Circulation 124: 2215-2224.

15. Murthy VL, Naya M, Foster CR, Gaber M, Hainer J, et al. (2012) Association
between coronary vascular dysfunction and cardiac mortality in patients with
and without diabetes mellitus. Circulation 126: 1858-1868.

16. Miyazaki C, Takeuchi M, Yoshitani H, Otani S, Sakamoto K, et al. (2003)
Optimum hypoglycemic therapy can improve coronary flow velocity reserve in
diabetic patients: demonstration by transthoracic doppler echocardiography.
Circ J 67: 945-950.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

doi:http://dx.doi.org/10.4172/2327-4700.1000103

Ichiki H, Hamasaki S, Nakasaki M, Ishida S, Yoshikawa A, et al. (2010)
Relationship between hyperglycemia and coronary vascular resistance in
non-diabetic patients. Int J Cardiol 141: 44-48.

Jarnert C, Landstedt-Hallin L, Malmberg K, Melcher A, Ohrvik J, et al. (2009)
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 Dysfunction) study. Eur J Heart Fail 11: 39-47.

Yokoyama |, Moritan T, Inoue Y (2013) Heart and skeletal muscle insulin
resistance but not myocardial blood flow reserve could be related to chronic
use of thiazolidione in patients with type-2 diabetes. J Biomed Sci Eng 6: 144-
151.

Schindler TH, Facta AD, Prior JO, Cadenas J, Hsueh WA, et al. (2007)
Improvement in coronary vascular dysfunction produced with euglycaemic
control in patients with type 2 diabetes. Heart 93: 345-349.

Levy BI, Schiffrin EL, Mourad JJ, Agostini D, Vicaut E, et al. (2008) Impaired
tissue perfusion: a pathology common to hypertension, obesity, and diabetes
mellitus. Circulation 118: 968-976.

Yokoyama |, Murakami T, Ohtake T, Momomura S, Nishikawa J, et al. (1996)
Reduced coronary flow reserve in familial hypercholesterolemia. J Nucl Med
37:1937-1942.

Yokoyama |, Ohtake T, Momomura S, Nishikawa J, Sasaki Y, et al. (1996)
Reduced coronary flow reserve in hypercholesterolemic patients without
overt coronary stenosis. Circulation 94: 3232-3238.

Yokoyama |, Momomura S, Ohtake T, Yonekura K, Yang W, et al. (1999)
Improvement of impaired myocardial vasodilatation due to diffuse coronary
atherosclerosis in hypercholesterolemics after lipid-lowering therapy.
Circulation 100: 117-122.

Rozanski A, Diamond GA, Forrester JS, Berman DS, Morris D, et al.
(1984) Alternative referent standards for cardiac normality. Implications for
diagnostic testing. Ann Intern Med 101: 164-171.

Krivokapich J, Smith GT, Huang SC, Hoffman EJ, Ratib O, et al. (1989) 13N
ammonia myocardial imaging at rest and with exercise in normal volunteers.
Quantification of absolute myocardial perfusion with dynamic positron
emission tomography. Circulation 80: 1328-1337.

Kuhle WG, Porenta G, Huang SC, Buxton D, Gambhir SS, et al. (1992)
Quantification of regional myocardial blood flow using 13N-ammonia and
reoriented dynamic positron emission tomographic imaging. Circulation 86:
1004-1017.

Czernin J, Miller P, Chan S, Brunken RC, Porenta G, et al. (1993) Influence
of age and hemodynamics on myocardial blood flow and flow reserve.
Circulation 88: 62-69.

Czernin J, Barnard RJ, Sun KT, Krivokapich J, Nitzsche E, et al. (1995) Effect
of short-term cardiovascular conditioning and low-fat diet on myocardial blood
flow and flow reserve. Circulation 92: 197-204.

Dayanikli F, Grambow D, Muzik O, Mosca L, Rubenfire M, et al. (1994) Early
detection of abnormal coronary flow reserve in asymptomatic men at high risk
for coronary artery disease using positron emission tomography. Circulation
90: 808-817.

Schelbert HR, Phelps ME, Huang SC, MacDonald NS, Hansen H, et al.
(1981) N-13 ammonia as an indicator of myocardial blood flow. Circulation
63: 1259-1272.

Gould KL, Lipscomb K (1974) Effects of coronary stenoses on coronary flow
reserve and resistance. Am J Cardiol 34: 48-55.

Guethlin M, Kasel AM, Coppenrath K, Ziegler S, Delius W, et al. (1999)
Delayed response of myocardial flow reserve to lipid-lowering therapy with
fluvastatin. Circulation 99: 475-481.

Yokoyama |, Inoue Y, Moritan T, Ohtomo K, Nagai R (2004) Impaired
myocardial vasodilatation during hyperaemic stress is improved by
simvastatin but not by pravastatin in patients with hypercholesterolaemia. Eur
Heart J 25: 671-679.

Huggins GS, Pasternak RC, Alpert NM, Fischman AJ, Gewirtz H (1998)
Effects of short-term treatment of hyperlipidemia on coronary vasodilator
function and myocardial perfusion in regions having substantial impairment
of baseline dilator reverse. Circulation 98: 1291-1296.

e Page 7 0f 8 o


http://www.ncbi.nlm.nih.gov/pubmed/8513969
http://www.ncbi.nlm.nih.gov/pubmed/8513969
http://www.ncbi.nlm.nih.gov/pubmed/8513969
http://www.ncbi.nlm.nih.gov/pubmed/8513969
http://www.ncbi.nlm.nih.gov/pubmed/7828287
http://www.ncbi.nlm.nih.gov/pubmed/7828287
http://www.ncbi.nlm.nih.gov/pubmed/7828287
http://www.nejm.org/doi/full/10.1056/NEJMra061889
http://www.nejm.org/doi/full/10.1056/NEJMra061889
http://www.ncbi.nlm.nih.gov/pubmed/7520876
http://www.ncbi.nlm.nih.gov/pubmed/7520876
http://www.ncbi.nlm.nih.gov/pubmed/7520876
http://www.ncbi.nlm.nih.gov/pubmed/8266385
http://www.ncbi.nlm.nih.gov/pubmed/8266385
http://www.ncbi.nlm.nih.gov/pubmed/8266385
http://www.ncbi.nlm.nih.gov/pubmed/8266385
http://www.ncbi.nlm.nih.gov/pubmed/2394006
http://www.ncbi.nlm.nih.gov/pubmed/2394006
http://www.ncbi.nlm.nih.gov/pubmed/2394006
http://www.ncbi.nlm.nih.gov/pubmed/8562980
http://www.ncbi.nlm.nih.gov/pubmed/8562980
http://www.ncbi.nlm.nih.gov/pubmed/8562980
http://www.ncbi.nlm.nih.gov/pubmed/199096
http://www.ncbi.nlm.nih.gov/pubmed/199096
http://www.ncbi.nlm.nih.gov/pubmed/199096
http://www.ncbi.nlm.nih.gov/pubmed/8554204
http://www.ncbi.nlm.nih.gov/pubmed/8554204
http://www.ncbi.nlm.nih.gov/pubmed/8554204
http://www.ncbi.nlm.nih.gov/pubmed/9362404
http://www.ncbi.nlm.nih.gov/pubmed/9362404
http://www.ncbi.nlm.nih.gov/pubmed/9362404
http://www.ncbi.nlm.nih.gov/pubmed/9421384
http://www.ncbi.nlm.nih.gov/pubmed/9421384
http://www.ncbi.nlm.nih.gov/pubmed/9421384
http://www.ncbi.nlm.nih.gov/pubmed/10855621
http://www.ncbi.nlm.nih.gov/pubmed/10855621
http://www.ncbi.nlm.nih.gov/pubmed/10855621
http://www.ncbi.nlm.nih.gov/pubmed/10855621
http://www.ncbi.nlm.nih.gov/pubmed/22007073
http://www.ncbi.nlm.nih.gov/pubmed/22007073
http://www.ncbi.nlm.nih.gov/pubmed/22007073
http://www.ncbi.nlm.nih.gov/pubmed/22919001
http://www.ncbi.nlm.nih.gov/pubmed/22919001
http://www.ncbi.nlm.nih.gov/pubmed/22919001
http://www.ncbi.nlm.nih.gov/pubmed/14578602
http://www.ncbi.nlm.nih.gov/pubmed/14578602
http://www.ncbi.nlm.nih.gov/pubmed/14578602
http://www.ncbi.nlm.nih.gov/pubmed/14578602
http://www.ncbi.nlm.nih.gov/pubmed/19147243
http://www.ncbi.nlm.nih.gov/pubmed/19147243
http://www.ncbi.nlm.nih.gov/pubmed/19147243
http://www.ncbi.nlm.nih.gov/pubmed/19147455
http://www.ncbi.nlm.nih.gov/pubmed/19147455
http://www.ncbi.nlm.nih.gov/pubmed/19147455
http://www.ncbi.nlm.nih.gov/pubmed/19147455
http://www.scirp.org/journal/PaperDownload.aspx?paperID=28268
http://www.scirp.org/journal/PaperDownload.aspx?paperID=28268
http://www.scirp.org/journal/PaperDownload.aspx?paperID=28268
http://www.scirp.org/journal/PaperDownload.aspx?paperID=28268
http://www.ncbi.nlm.nih.gov/pubmed/16940388
http://www.ncbi.nlm.nih.gov/pubmed/16940388
http://www.ncbi.nlm.nih.gov/pubmed/16940388
http://www.ncbi.nlm.nih.gov/pubmed/18725503
http://www.ncbi.nlm.nih.gov/pubmed/18725503
http://www.ncbi.nlm.nih.gov/pubmed/18725503
http://www.ncbi.nlm.nih.gov/pubmed/8970509
http://www.ncbi.nlm.nih.gov/pubmed/8970509
http://www.ncbi.nlm.nih.gov/pubmed/8970509
http://www.ncbi.nlm.nih.gov/pubmed/8989134
http://www.ncbi.nlm.nih.gov/pubmed/8989134
http://www.ncbi.nlm.nih.gov/pubmed/8989134
http://www.ncbi.nlm.nih.gov/pubmed/10402439
http://www.ncbi.nlm.nih.gov/pubmed/10402439
http://www.ncbi.nlm.nih.gov/pubmed/10402439
http://www.ncbi.nlm.nih.gov/pubmed/10402439
http://www.ncbi.nlm.nih.gov/pubmed/6742646
http://www.ncbi.nlm.nih.gov/pubmed/6742646
http://www.ncbi.nlm.nih.gov/pubmed/6742646
http://www.ncbi.nlm.nih.gov/pubmed/2805269
http://www.ncbi.nlm.nih.gov/pubmed/2805269
http://www.ncbi.nlm.nih.gov/pubmed/2805269
http://www.ncbi.nlm.nih.gov/pubmed/2805269
http://www.ncbi.nlm.nih.gov/pubmed/1516170
http://www.ncbi.nlm.nih.gov/pubmed/1516170
http://www.ncbi.nlm.nih.gov/pubmed/1516170
http://www.ncbi.nlm.nih.gov/pubmed/1516170
http://www.ncbi.nlm.nih.gov/pubmed/8319357
http://www.ncbi.nlm.nih.gov/pubmed/8319357
http://www.ncbi.nlm.nih.gov/pubmed/8319357
http://www.ncbi.nlm.nih.gov/pubmed/7600651
http://www.ncbi.nlm.nih.gov/pubmed/7600651
http://www.ncbi.nlm.nih.gov/pubmed/7600651
http://www.ncbi.nlm.nih.gov/pubmed/8044952
http://www.ncbi.nlm.nih.gov/pubmed/8044952
http://www.ncbi.nlm.nih.gov/pubmed/8044952
http://www.ncbi.nlm.nih.gov/pubmed/8044952
http://www.ncbi.nlm.nih.gov/pubmed/7226473
http://www.ncbi.nlm.nih.gov/pubmed/7226473
http://www.ncbi.nlm.nih.gov/pubmed/7226473
http://www.ncbi.nlm.nih.gov/pubmed/4835753
http://www.ncbi.nlm.nih.gov/pubmed/4835753
http://www.ncbi.nlm.nih.gov/pubmed/9927392
http://www.ncbi.nlm.nih.gov/pubmed/9927392
http://www.ncbi.nlm.nih.gov/pubmed/9927392
http://www.ncbi.nlm.nih.gov/pubmed/15084372
http://www.ncbi.nlm.nih.gov/pubmed/15084372
http://www.ncbi.nlm.nih.gov/pubmed/15084372
http://www.ncbi.nlm.nih.gov/pubmed/15084372
http://www.ncbi.nlm.nih.gov/pubmed/9751677
http://www.ncbi.nlm.nih.gov/pubmed/9751677
http://www.ncbi.nlm.nih.gov/pubmed/9751677
http://www.ncbi.nlm.nih.gov/pubmed/9751677

Citation: Yokoyama I, Inoue Y, Moritan T (2013) Myocardial Flow Reserve Partially Recovered after Additional Intensive Anti-Hyperglycemic Therapy in
Patients with Type 2 Diabetes. J Hypo Hyperglycemia 1:1.

doi:http://dx.doi.org/10.4172/2327-4700.1000103

36. Mintz GS, Painter JA, Pichard AD, Kent KM, Satler LF, et al. (1995) 42. Galderisi M, Cicala S, D’Errico A, de Divitiis O, de Simone G (2004) Nebivolol
Atherosclerosis in angiographically “normal” coronary artery reference improves coronary flow reserve in hypertensive patients without coronary
segments: an intravascular ultrasound study with clinical correlations. J Am heart disease. J Hypertens 22: 2201-2220.

Coll Cardiol 25: 1479-1485.

43. Rizzoni D, Porteri E, De Ciuceis C, Sleiman |, Rodella L, et al. (2005) Effect
of treatment with candesartan or enalapril on subcutaneous small artery
structure in hypertensive patients with noninsulin-dependent diabetes

38.DelLano FA, Parks DA, Ruedi JM, Babior BM, Schmid-Schénbein GW mellitus. Hypertension 45: 659-665.

(2006) Microvascular display of xanthine oxidase and NADPH oxidase in the
spontaneously hypertensive rat. Microcirculation 13: 551-566.

37. Levy BI, Ambrosio G, Pries AR, Struijker-Boudier HA (2001) Microcirculation
in hypertension: a new target for treatment? Circulation 104: 735-740.

44, Kobayashi N, Kobayashi K, Hara K, Higashi T, Yanaka H, et al. (1999)
Benidipine stimulates nitric oxide synthase and improves coronary circulation
39. Kubis N, Richer C, Domergue V, Giudicelli JF, Lévy Bl (2002) Role of in hypertensive rats. Am J Hypertens 12: 483-491.
microvascular rarefaction in the increased arterial pressure in mice lacking
for the endothelial nitric oxide synthase gene (eNOS3pt-/-). J Hypertens 20: 45. Kobayashi N, Yanaka H, Tojo A, Kobayashi K, Matsuoka H (1999) Effects
1581-1587. of amlodipine on nitric oxide synthase mRNA expression and coronary
microcirculation in prolonged nitric oxide blockade-induced hypertensive rats.

40. Kobayashi N, DelLano FA, Schmid-Schénbein GW (2005) Oxidative J Cardiovasc Pharmacol 34: 173-181.

stress promotes endothelial cell apoptosis and loss of microvessels in the

spontaneously hypertensive rats. Arterioscler Thromb Vasc Biol 25: 2114- 46. Yokoyama |, Ohtake T, Momomura S, Yonekura K, Kobayakawa N, et al.
2121. (1998) Altered myocardial vasodilatation in patients with hypertriglyceridemia
41. Motz W, Strauer BE (1996) Improvement of coronary flow reserve after long- in anatomically normal coronary arteries. Arterioscler Thromb Vasc Biol 18:
term therapy with enalapril. Hypertension 27: 1031-1038. 294-299.
Author Affiliations Top

'Department of Cardiovascular Medicine, Sanno Hospital, International
University of Health and Welfare, Japan

2Department of Radiology, Graduate School of Medicine, University of Tokyo,
Japan

SDepartment of Clinical Engineering, Faculty of Medical Engineering, Suzuka
University of Medical Science, Japan

Submit your next manuscript and get advantages of SciTechnol
submissions

% 50 Journals

< 21 Day rapid review process

< 1000 Editorial team
2 Million readers

“*  More than 5000

< Publ liately after accep

“  Quality and quick editorial, review processing

Submit your next manuscript at e www.scitechnol.com/submission

Volume 1 ¢ Issue 1 + 1000103 e Page 8 0f 8 o


http://www.ncbi.nlm.nih.gov/pubmed/7759694
http://www.ncbi.nlm.nih.gov/pubmed/7759694
http://www.ncbi.nlm.nih.gov/pubmed/7759694
http://www.ncbi.nlm.nih.gov/pubmed/7759694
http://www.ncbi.nlm.nih.gov/pubmed/11489784
http://www.ncbi.nlm.nih.gov/pubmed/11489784
http://www.ncbi.nlm.nih.gov/pubmed/16990214
http://www.ncbi.nlm.nih.gov/pubmed/16990214
http://www.ncbi.nlm.nih.gov/pubmed/16990214
http://www.ncbi.nlm.nih.gov/pubmed/12172320
http://www.ncbi.nlm.nih.gov/pubmed/12172320
http://www.ncbi.nlm.nih.gov/pubmed/12172320
http://www.ncbi.nlm.nih.gov/pubmed/12172320
http://www.ncbi.nlm.nih.gov/pubmed/16037565
http://www.ncbi.nlm.nih.gov/pubmed/16037565
http://www.ncbi.nlm.nih.gov/pubmed/16037565
http://www.ncbi.nlm.nih.gov/pubmed/16037565
http://www.ncbi.nlm.nih.gov/pubmed/8621193
http://www.ncbi.nlm.nih.gov/pubmed/8621193
http://www.ncbi.nlm.nih.gov/pubmed/15480106
http://www.ncbi.nlm.nih.gov/pubmed/15480106
http://www.ncbi.nlm.nih.gov/pubmed/15480106
http://www.ncbi.nlm.nih.gov/pubmed/15723969
http://www.ncbi.nlm.nih.gov/pubmed/15723969
http://www.ncbi.nlm.nih.gov/pubmed/15723969
http://www.ncbi.nlm.nih.gov/pubmed/15723969
http://www.ncbi.nlm.nih.gov/pubmed/10342786
http://www.ncbi.nlm.nih.gov/pubmed/10342786
http://www.ncbi.nlm.nih.gov/pubmed/10342786
http://www.ncbi.nlm.nih.gov/pubmed/10445667
http://www.ncbi.nlm.nih.gov/pubmed/10445667
http://www.ncbi.nlm.nih.gov/pubmed/10445667
http://www.ncbi.nlm.nih.gov/pubmed/10445667
http://www.ncbi.nlm.nih.gov/pubmed/9484996
http://www.ncbi.nlm.nih.gov/pubmed/9484996
http://www.ncbi.nlm.nih.gov/pubmed/9484996
http://www.ncbi.nlm.nih.gov/pubmed/9484996

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Study population
	Positron Emission Tomography (PET) 
	Determination of myocardial blood flow (MBF) and myocardial flow reserve (MFR) 
	Statistics

	Results
	Hemodynamic and electrocardiographic responses to dipyridamole administration
	Baseline MBF and MBF during dipyridamole administration 
	MFR
	Effect of anti-hyperglycemic therapy on MBF and MFR

	Discussion
	Reduced MFR in diabetes
	Glycemic control and reduced MFR in myocardial segments that were perfused by anatomically normal co
	Limitations of this study

	Conclusion 
	Author Note 
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3

