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Background Glycemic variability (GV) induces coronary
microcirculatory disturbance and myocardial damage in
diabetic patients with acute myocardial infarction. However,
in nondiabetic acute myocardial infarction patients, the
relationship between GV and myocardial damage remains
unclear.

Patients and methods We investigated GV with a
continuous glucose monitoring system in nondiabetic
ST-segment elevation myocardial infarction patients treated
with emergent percutaneous coronary intervention. GV was
expressed as the mean amplitude of glycemic excursions
(MAGE). Myocardial damage was estimated by myocardial
blush grade and ST-segment resolution (STRes). STRes
was defined as complete (>70%), partial (30–70%), or none
(< 30%).

Results Consecutive patients (n= 73) were enrolled and
classified into a lower or higher MAGE group on the basis of
the median MAGE. The higher MAGE group showed lower
levels of myocardial blush grade (2.41±0.76 vs. 1.72±0.85,

P= 0.001) and STRes (complete: 56.8 vs. 33.3%, P= 0.044;
partial: 32.4 vs. 36.1%, P= 0.741; none: 10.8 vs. 30.6%,
P= 0.037).

Conclusion GV was associated with myocardial damage
after percutaneous coronary intervention in nondiabetic
ST-segment elevation myocardial infarction patients.
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Introduction
Hyperglycemia is associated not only with the incidence

of acute myocardial infarction (AMI), but also with cor-

onary microcirculatory disturbance and myocardial

damage after percutaneous coronary intervention (PCI),

which leads to a poor prognosis in patients with diabetes

mellitus (DM) [1]. Some studies have shown that

increased glycemic variability (GV) seems to have more

deleterious effects than chronic hyperglycemia in the

development of vascular endothelial dysfunction, as

acute glucose swings increase oxidative stress [2,3].

Recently, high GV has been attracting much attention for

the prevention of myocardial damage and improving

prognosis.

There are several reports on GV and myocardial damage

in AMI patients including both diabetic patients and

nondiabetic patients [4,5]. In fact, about 30% of AMI

patients were diagnosed with DM, and about half of the

others with no history of DM showed impaired glucose

tolerance (IGT) [6]. IGT is common in AMI patients and

results in worse outcomes than normal glucose tolerance

[7–9]. However, the relationship between GV and myo-

cardial damage, excluding diabetic AMI patients, has not

been studied and remains unclear. It is clinically impor-

tant to clarify whether GV is associated with the amount

of myocardial damage after successful PCI, even in

nondiabetic patients.

A continuous glucose monitoring system (CGMS) allows

the measurement of glucose levels in real time through-

out the day and night. It also allows the evaluation of GV

by calculation of the mean amplitude of glycemic

excursions (MAGE) [10]. This is the first study to

investigate the relationship between GV analyzed by a

CGMS and myocardial damage that focused only on

nondiabetic AMI patients.

Patients and methods
Patients

This study was a cross-sectional study of patients with

nondiabetic, ST-segment elevation myocardial infarction

(STEMI), who were treated with emergent PCI for the

first time at Yamanashi Prefectural Central Hospital

The preliminary analysis of this study has been reported in ESC Congress;
29 August 2016; Rome, Italy.
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(Japan). Consecutive STEMI patients who underwent

emergent successful PCI were screened for eligibility,

only if both their symptom-onset-to-hospitalization time

and door-to-balloon time were within 120min. We divi-

ded the patients into a lower MAGE group and a higher

MAGE group on the basis of the median MAGE deter-

mined by the CGMS, and then compared myocardial

damage between the two groups. Myocardial blush grade

(MBG) and ST-segment resolution (STRes), after PCI,

were used to estimate myocardial damage.

Exclusion criteria were as follows: in-hospital death,

history of AMI or PCI, no stenting or failed PCI, DM,

medication for postprandial hyperglycemia, less than 20

or over 80 years old, cardiogenic shock (Killip class IV),

respiratory failure, malignant tumor, malnutrition, active

inflammatory disease, pregnancy, interruption or failure

of the CGMS, and refusal to give informed consent.

On admission, plasma glucose (PG) was measured, and

dual antiplatelet therapy [acetylsalicylic acid 100 mg/day

(initial dose: 300 mg) and clopidogrel 75 mg/day (initial

dose: 300 mg) or prasugrel 3.75 mg/day (initial dose:

20 mg)] and a strong statin were prescribed to all patients.

The serum creatine phosphokinase-MB (CPK-MB) was

routinely measured, every 6 h from immediately after

emergent PCI, until peak levels were observed.

The study protocol was approved by the ethics commit-

tee of Yamanashi Prefectural Central Hospital (ID:

26–12), and all patients gave written informed consent

before emergent PCI.

ECG analysis

STEMI was defined as chest pain lasting for at least

30 min accompanied by new ST-segment elevation and a

rise in CPK-MB (above twice the upper limit of normal)

and cardiac-specific troponin T (>99th percentile of a

normal reference population). The ECG criteria to define

ST-segment elevation were as follows: new ST-segment

elevation more than 0.1 mV at 20 ms after the J point in at

least two limb leads, or more than 0.2 mV in two con-

tiguous precordial leads [11]. Patients with left bundle-

branch block or a paced rhythm were excluded.

The sum of ST-segment elevation was measured in leads

I, aVL and V1–V6 for anterior AMI, and leads II, III,

aVF, V5 and V6 for nonanterior AMI. The percent

resolution of the sum of ST-segment elevation from

baseline to 60 min after PCI was calculated, and STRes

was classified as complete, partial, or none on the basis of

Schroder’s method [12,13]. Complete STRes was

defined as at least 70% resolution of the initial sum of

ST-segment elevation, partial STRes was defined as

30–70% resolution and none was defined as less than

30% resolution.

Oral glucose tolerance test

All patients underwent a standard 75-g oral glucose

tolerance test the next morning while wearing the CGMS.

After an overnight fast, venous blood samples were taken

for measurement of fasting PG, fasting immunoreactive

insulin (IRI) and PG at 60 and 120min after the glucose

load (60 and 120min PG). Glycated hemoglobin, creati-

nine, estimated glomerular filtration rate, triglycerides,

high-density lipoprotein cholesterol, low-density lipopro-

tein cholesterol, the ratio of eicosapentaenoic acid to total

arachidonic acid, and high-sensitivity C-reactive protein

were measured simultaneously. Oxidized low-density

lipoprotein cholesterol (ox-LDLc) was also measured as

an oxidative stress marker from blood collected at this time.

On the basis of the results of the 75-g oral glucose tolerance

test, the patients were classified as DM, IGT, impaired

fasting glucose, or normal glucose tolerance according to

the criteria of the American Diabetes Association [14].

Patients with DM were excluded. The homeostasis

model assessment of insulin resistance (HOMA-IR)

and β-cell function (HOMA-β) score were calculated

using the following formulas: HOMA-IR= (fasting

PG× fasting IRI)/405; HOMA-β= (fasting IRI× 360)/

(fasting PG− 63).

Continuous glucose monitoring protocol

All patients underwent continuous glucose monitoring

(CGM) for 48 h during the subacute period (7–10 days

after emergent PCI and admission) using a CGMS (iPro2;

Medtronic, Minneapolis, Minnesota, USA). The CGMS

sensor was inserted under the skin to measure glucose

levels in tissue fluid. We calibrated the CGMS with

finger sticks four times per day (Onetouch Ultravue;

Johnson & Johnson, New Brunswick, New Jersey, USA)

to ensure optimal accuracy of the glucose sensor. Energy-

controlled meals were served (25–28 kcal/kg of ideal

body weight). The recorded 48-h CGM data were inde-

pendently analyzed by two cardiologists who were blin-

ded to the MBG and STRes data of each patient (Fig. 1).

The SD, mean, minimum, and maximum PG during

CGM were recorded. Time in hypoglycemia was defined

as the time when PG levels were less than 70 mg/dl. The

MAGE was calculated as the average value of the blood

glucose fluctuation range that exceeded 1 SD of the

mean glucose [15].

Quantitative coronary angiography and myocardial blush

grade

QCA of the target plaque was analyzed using the Allura

Xper FD 10/10, interventional tools Rel.8 (Philips,

Amsterdam, The Netherlands). An intravascular ultra-

sound (IVUS) catheter (Opticross, iLab system; Boston

Scientific, Natick, Massachusetts, USA) was also used for

all target lesion analysis.

MBG was defined according to the Zwolle criteria [16].

Blush grade was divided into grades 0–3, with grade 0
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indicative of no blush and grade 3 indicative of normal

blush. Grade 1 blush was defined as minimal blush, and

grade 2 as moderate blush, comparable with that obtained

during angiography of a contralateral or ipsilateral non-

infarct-related coronary artery. Epicardial coronary flow

was graded according to the TIMI classification [17,18].

Successful PCI was defined as TIMI 2 or 3. The final

TIMI flow grade and MBG were systematically analyzed

by two different cardiologists on the basis of the final

angiographic images obtained at the completion of

emergent PCI. The synergy between PCI with Taxus

and cardiac surgery (SYNTAX) score was also calculated

by them [19].

Statistical analysis

A Student’s t-test was used to compare differences

between two groups for variables with a normal dis-

tribution, and a Mann–Whitney U-test was used for

variables with a skewed distribution (high-sensitivity

C-reactive protein). Categorical variables were com-

pared by a χ2-test. Continuous variables were described

as the mean ±SD. All statistical tests were two tailed, and

P value less than 0.05 was considered significant. IBM

SPSS, version 21.0 (SPSS Inc., Chicago, Illinois, USA)

was used for all statistical analyses.

Results
Baseline characteristics

A total of 128 STEMI patients were treated with emergent

PCI between 1 July 2013, and 1 July 2015, and were

enrolled in this study. After screening for eligibility, 73

nondiabetic patients who had CGM were analyzed. Mean

symptom-onset-to-hospitalization time was 68.5± 30.4min,

and mean door-to-balloon time was 67.6± 21.6min.

According to the median MAGE (62.5mg/dl), patients

were divided into two groups: a lower MAGE group

(n= 37, MAGE≤ 62.5mg/dl) and a higher MAGE group

(n= 36, MAGE> 62.5mg/dl) (Fig. 2). The baseline patient

characteristics of the two groups are summarized in

Table 1. The higher MAGE group showed greater levels

of glycated hemoglobin, fasting PG, 60 and 120min PG,

HOMA-IR, maximum CPK-MB and ox-LDLc. The mean

and maximum PG during CGM were also elevated in the

higher MAGE group. There were no significant differ-

ences in minimum PG during CGM and time in hypo-

glycemia. The percentages of both IGT and impaired

fasting glucose were greater in the higher MAGE group.

Almost all patients had second generation drug-eluting

stents implanted; bare-metal stents were implanted in only

two patients. Everolimus-eluting stents and biolimus-

eluting stents were used equally between the two

groups. The use of zotarolimus-eluting stents was greater

in the higher MAGE group. There were no significant

differences in age, male sex, BMI, hypertension, dyslipi-

demia, current smoker, culprit lesion, the number of dis-

eased vessels, SYNTAX score, or medication use between

the two groups (Table 1).

Myocardial blush grade and ST-segment resolution

The higher MAGE group showed significantly lower

levels of MBG (2.41 ± 0.76 vs. 1.72 ± 0.85, P= 0.001)

(Fig. 3a). There were more patients who showed MBG 2

or 3 (the better myocardial blush) in the lower MAGE

group (83.8 vs. 52.8%, P= 0.004). In contrast, there were

more patients who showed MBG 0 or 1 (the worse

myocardial blush) in the higher MAGE group (16.2 vs.

47.2%, P= 0.004) (Fig. 3b). The results of the STRes

analysis are shown in Fig. 4. Although there was no sig-

nificant difference in the incidence of partial resolution

between the two groups (32.4 vs. 36.1%, P= 0.741), there

were significant differences in the percentage of patients

classified as complete and none. A lower incidence of

complete STRes was found in the higher MAGE group

(56.8 vs. 33.3%, P= 0.044), and this group also showed a

greater incidence of no resolution (10.8 vs. 30.6%,

P= 0.037) (Fig. 4). MAGE was associated with micro-

circulatory disturbance and myocardial damage after PCI

in nondiabetic STEMI patients.

Discussion
Myocardial damage

The present study showed that GV during the subacute

phase after PCI was associated with coronary micro-

circulatory disturbance and the amount of myocardial

Fig. 1
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Glycemic variability measured using a continuous glucose monitoring system. The continuous glucose monitoring system can visualize glycemic
variability. The mean amplitude of glycemic excursions was calculated by measuring the arithmetic mean of the difference between consecutive peaks
and nadirs when that difference was more than 1 SD of the mean glucose (arrows).
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damage in nondiabetic STEMI patients. In this study,

myocardial damage after PCI was estimated with MBG

and STRes, which are noninvasive, inexpensive and

reliable indicators that have been clinically validated.

Reflecting myocardial damage, maximum CPK-MB

value was also significantly higher in the higher MAGE

group. Tsuchida et al. [4] also evaluated myocardial

damage in 63 STEMI patients (including 33 nondiabetic

patients) with STRes and reported that MAGE was sig-

nificantly higher in the group with STRes less than 30%.

However, we did not address the potential mechanisms

of the relationship between GV and myocardial damage

in nondiabetic AMI patients.

Several mechanisms for the effect of GV on myocardial

damage were considered. First, acute hyperglycemia

abolishes the effect of ischemic preconditioning, which is

an independent predictor of myocardial damage [20]. This

is thought to be caused by attenuation of mitochondrial

ATP-regulated potassium channel activation [21].

A second hypothesis for the effect of GV on myocardial

damage is that there was distal embolization caused by PCI,

which caused microcirculatory disturbance in the higher

MAGE group. Exposure to daily higher GV can impair

vascular plaque stability. Gohbara et al. [22] examined the

relationship between GV measured by CGM during the

stable phase after AMI and plaque vulnerability measured

by optical coherence tomography in nonculprit vessels. In

their subgroup analysis of nondiabetic patients (n=35),

thin-cap fibroatheroma was identified in 26% of the

patients, and MAGE was a significant predictor of thin-cap

fibroatheroma. Thus, because of the relationship between

GV and plaque vulnerability, patients with higher GV may

develop microcirculatory disturbance because of more distal

embolization after reperfusion therapy.

A third hypothesis is that increased GV may enhance

myocardial damage caused by reperfusion injury. Acute

hyperglycemia has been shown to be associated with the

no-reflow phenomena (reperfusion injury) after PCI in

patients with STEMI [23]. Of course, reperfusion ther-

apy by itself rapidly causes endothelial dysfunction and

microcirculatory disturbance [24]. In diabetic patients,

GV induces the generation of oxygen-free radicals and

activation of protein kinase C [25], and these are two of

the causes of reperfusion injury. Teraguchi et al. [5]

reported a negative relationship between GV during the

acute phase of AMI and the myocardial salvage area after

PCI in both nondiabetic patients (n= 24) and diabetic

patients (n= 14). Furthermore, GV was significantly

associated with an oxidative stress marker [5]. Monnier

Fig. 2

ST-segment elevation myocardial infarction patients 
treated with emergent PCI 

n = 128

Non-diabetics conducted CGM
n = 73

CGM protocol with 75-g OGTT 7-10 days after PCI Exclude

• Previous or new DM diagnosis
n = 32

• Interruption or failure of CGM
n = 1

Exclude

• In-hospital death
n = 2

• History of AMI or PCI
n = 5

• No stenting or failed PCI
n = 2

• Less than 20, over 80 years old
n = 9

• Killip class IV
n = 3

• Active inflammatory disease
n = 1

Lower MAGE group

(MAGE ≤ 62.5 mg/dl) 
n = 37

Higher MAGE group

(MAGE > 62.5 mg/dl)
n = 36

Analysis  

Study population. Consecutive patients (n=128) who had ST-segment elevation myocardial infarction treated with emergent percutaneous coronary
intervention (PCI) were enrolled. Seventy-three eligible patients underwent continuous glucose monitoring (CGM) and were classified into a lower
mean amplitude of glycemic excursions (MAGE) group or a higher MAGE group on the basis of the median MAGE (62.5 mg/dl). AMI, acute
myocardial infarction; DM, diabetes mellitus; OGTT, oral glucose tolerance test.
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et al. [3] and Abeer et al. [26] also reported that GV cor-

related with an oxidative stress marker in patients with

DM. In the present study, ox-LDLc, an oxidative stress

marker was significantly greater in the higher MAGE

group. Thus, oxidative stress activated by acute hyper-

glycemia may induce endothelial dysfunction and impair

myocardial salvage even in nondiabetic patients.

Study limitations

First, this study was a small, cross-sectional study con-

ducted at a single center. Therefore, there were the

possibilities of several biases and misidentification of

causality. This study clarified the relationship between

GV and myocardial damage in nondiabetic STEMI

patients. We believe that high GV causes deleterious

Table 1 Baseline characteristics

Total (n=73) Lower MAGE (n=37) Higher MAGE (n=36) P value

Coronary risk factors
Age (years) 64.2 ±10.4 64.7 ±11.1 63.7 ±9.7 0.698
Male sex 55 (75.3) 29 (78.4) 26 (72.2) 0.548
BMI (kg/m2) 23.1 ±3.1 22.8 ±3.1 23.3 ±3.1 0.498
Hypertension 48 (65.8) 23 (62.2) 25 (69.4) 0.519
Dyslipidemia 52 (71.2) 25 (67.6) 27 (75.0) 0.490
Current smoker 31 (42.5) 14 (37.8) 17 (47.2) 0.548

Glucose profiles
HbA1c (%) 5.8 ±0.4 5.7 ±0.3 5.9 ±0.4 0.015
PG at hospitalization 155.3 ±45.2 141.5 ±35.0 169.3 ±51.0 0.087
75-g OGTT (mg/dl)
Fasting PG 97.9 ±10.1 93.9 ±7.5 101.9 ±10.9 0.001
60min PG 188.3 ±51.0 169.3 ±35.6 208.4 ±39.1 <0.001
120min PG 165.8 ±49.7 141.5 ±42.3 191.4 ±44.2 <0.001

IGT 52 (71.2) 21 (56.8) 31 (86.1) 0.005
IFG 7 (9.6) 1 (2.7) 6 (16.7) 0.043
Fasting IRI (μU/ml) 6.0 ±3.5 5.3 ±2.7 6.7 ±4.0 0.084
HOMA-IR 1.5 ±1.0 1.2 ±0.7 1.7 ±1.2 0.044
HOMA-β 63.2 ±33.0 62.6 ±30.7 63.8 ±35.6 0.880

CGMS
SD 25.0 ±9.9 19.1 ±6.0 32.1 ±8.8 <0.001
MAGE (mg/dl) 67.6 ±25.4 49.3 ±11.9 86.8 ±21.3 –

Mean PG (mg/dl) 119.4 ±16.3 111.8 ±11.7 127.4 ±16.7 <0.001
Minimum PG (mg/dl) 72.2 ±16.1 73.5 ±14.7 70.9 ±17.6 0.506
Maximum PG (mg/dl) 199.7 ±43.2 171.5 ±30.0 229.6 ±35.8 <0.001
Time in hypoglycemia (h) 0.9 ±1.6 0.7 ±1.3 1.2 ±1.8 0.178

Laboratory data
Creatinine (mg/dl) 1.0 ±0.7 1.0 ±0.6 1.1 ±0.8 0.796
eGFR (ml/min/1.73 m2) 63.9 ±14.6 64.5 ±13.2 63.3 ±15.9 0.716
Triglycerides (mg/dl) 131.2 ±64.6 128.5 ±63.8 134.1 ±66.1 0.714
HDL cholesterol (mg/dl) 42.6 ±10.4 43.6 ±11.2 41.6 ±9.6 0.420
LDL cholesterol (mg/dl) 96.7 ±28.2 97.3 ±27.5 96.1 ±29.3 0.860
EPA/AA 0.31 ±0.43 0.35 ±0.58 0.26 ±0.11 0.362
ox-LDLc (U/l) 102.1 ±26.8 95.2 ±21.5 108.7 ±30.0 0.031
Maximum CPK-MB (u/l) 310.0 ±246.4 248.1 ±212.5 375.6 ±265.5 0.029
hs-CRP (mg/dl) 1.2 ±1.3 1.0 ±1.0 1.3 ±1.6 0.214

Medication
Statin use 73 (100) 37 (100) 36 (100) –

ACEI/ARB use 47 (64.4) 20 (54.1) 27 (77.8) 0.063
β-Blocker use 43 (58.9) 20 (54.1) 23 (63.9) 0.400

Coronary artery
The number of diseased vessels 1.6 ±0.7 1.6 ±0.8 1.5 ±0.6 0.572
SYNTAX score 12.6 ±6.7 12.1 ±6.2 13.2 ±7.3 0.494
Anterior AMI 35 (47.9) 14 (37.8) 21 (58.3) 0.082
Nonanterior AMI 38 (52.1) 23 (62.2) 15 (41.7) 0.082
Door-to-balloon time 67.6 ±21.6 70.7 ±22.2 64.3 ±21.0 0.902
BMS 2 (2.7) 1 (2.7) 1 (2.8) 0.985
Second generation DES 71 (97.3) 36 (97.3) 35 (97.2) 0.985
EES 50 (68.5) 27 (73.0) 23 (63.9) 0.139
BES 6 (8.2) 4 (10.8) 2 (5.6) 0.382
ZES 15 (20.5) 3 (8.1) 12 (33.3) 0.010

Thrombus aspiration 39 (53.4) 19 (51.4) 20 (55.6) 0.723

Data are represented as mean ±SD or n (%).
P<0.05 was considered significant.
ACEI, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; BES, biolimus-eluting stent; BMS, bare-metal stent;
CGMS, continuous glucose monitoring system; CPK-MB, creatine phosphokinase-MB; DES, drug-eluting stent; EES, everolimus-eluting stent; eGFR, estimated glo-
merular filtration rate; EPA/AA, the ratio of eicosapentaenoic acid to total arachidonic acid; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR and
HOMA-β, homeostasis model assessment of insulin resistance and β-cell function; hs-CRP, high-sensitivity C-reactive protein; IFG, impaired fasting glucose; IGT, impaired
glucose tolerance; IRI, immunoreactive insulin; LDL, low-density lipoprotein; MAGE, mean amplitude of glycemic excursions; OGTT, oral glucose tolerance test; ox-LDLc,
oxidized low-density lipoprotein cholesterol; PG, plasma glucose; 60 and 120 min PG, plasma glucose at 60 and 120min after the glucose load; ZES, zotarolimus-
eluting stent.
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effects on myocardial damage after PCI. Nevertheless,

the possibility that a large amount of myocardial damage

and neurohormonal stress of AMI increases GV even in

the subacute phase might be considered. Second, we

excluded some patients, as mentioned earlier, and it

remains uncertain whether the present results can be

applied to these patients. Third, the types of implanted

stents were not consistent. Detailed follow-up analysis of

the culprit lesion that required stenting with IVUS or

optical coherence tomography was not performed in all

cases. Thus, it is unknown whether the difference in

stent type affected the results. In addition, IVUS

assessment of plaque vulnerability was excluded from

analysis because the conditions were not uniform across

patients. Fourth, although MAGE was calculated from

CGMS data during the subacute phase of AMI after PCI,

a residual inflammatory response may have affected GV.

In addition, a patient’s diet in the hospital could differ

from their ordinary diet, which could have also influ-

enced GV. We used a 48-h period to determine MAGE

after the condition of all patients had stabilized. Given

that patients had energy-controlled meals during hospi-

talization, the present results might have underestimated

the association between MAGE and myocardial damage.

Under those conditions, however, a significant associa-

tion was noted between MAGE and myocardial damage

in the present study.

Conclusion
GV was related to microcirculatory disturbance and

myocardial damage after PCI in nondiabetic STEMI

patients.

Abolishment of ischemic preconditioning, plaque vul-

nerability, and oxidative stress because of high GV may

cause deleterious effects on myocardial damage. Even in

nondiabetic AMI patients, high GV may be an important

target for prevention of myocardial damage.

Alternatively, a large amount of myocardial damage may

be expressed as high GV. MAGE is useful for the esti-

mation of myocardial damage after PCI in AMI patients.
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mean amplitude of glycemic excursions (MAGE) group showed lower
levels of STRes.
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