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Background-—Mean amplitude of glycemic excursion (MAGE) is commonly used to gauge the degree of glucose level fluctuations.
MAGE plays a significant role in vascular endothelial dysfunction and cardiovascular events in patients with diabetes mellitus (DM),
but its significance is not clear in non-DM patients. Thus, we examined the impact of MAGE and vascular endothelial dysfunction on
clinical outcomes in non-DM patients with coronary artery disease.

Methods and Results-—We followed non-DM patients (n=65) for 12 months who underwent percutaneous coronary intervention
and assessed the relationship among MAGE, reactive hyperemia index (RHI) measured by reactive hyperemia peripheral arterial
tonometry as endothelial function, and cardiovascular events. Cardiovascular events analyzed were cardiovascular death,
myocardial infarction, unstable angina, and revascularizations. Compared with patients with MAGE <65 mg/dL (normal glycemic
excursions), the group with MAGE ≥65 mg/dL (high glycemic excursions) had significantly higher high-sensitivity C-reactive protein
(0.10�0.11 mg/dL versus 0.18�0.13 mg/dL, P=0.006) and lower RHI (0.64�0.21 versus 0.51�0.22, P=0.035). The
multivariable analysis identified high MAGE and low RHI (≤0.56) as risk factors associated with cardiovascular events (hazard
ratio, 5.6; 95% RI, 1.72–18.4 [P=0.004] versus hazard ratio, 4.5; 95% RI, 1.37–14.9 [P=0.013]). When the prognosis was classified
by combination with MAGE and RHI, the incidence of cardiovascular events was 46.7% (high MAGE+low RHI), 26.7% (high
MAGE+high RHI), 20.0% (low MAGE+low RHI), and 6.6% (low MAGE+high RHI) in descending order (P=0.014). Receiver operating
characteristic curve analysis revealed that MAGE, RHI, and MAGE+RHI were each associated with cardiovascular events (area
under the curve 0.780, 0.727, and 0.796, respectively).

Conclusions-—MAGE was associated with cardiovascular events in non-DM patients with coronary artery disease. Furthermore, the
combination with MAGE and RHI was useful for further subdivision of the risk of cardiovascular events. ( J Am Heart Assoc.
2017;6:e004841. DOI: 10.1161/JAHA.116.004841.)
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I t has been reported that intensive blood glucose control
decreases the risk of microvascular complications, but not

macrovascular disease, in patients with type 2 diabetesmellitus
(DM).1–3 Investigators have highlighted the importance of blood
glucose monitoring because it not only reduces glycated
hemoglobin, prevents hypoglycemia, and reduces postprandial

hyperglycemia, but also narrows the range of glycemic excur-
sions.4,5 By increasing advanced glycosylation end product
levels and protein kinase C activation and attenuating super-
oxide dismutase glycosylation, hyperglycemia increases oxida-
tive stress, exacerbates insulin resistance, causes chronic
inflammation, and impedes vascular endothelial function,
ultimately increasing the likelihood of cardiovascular events.6,7

In contrast, recent reports have stated that methylglyoxal
(generated by the breakdown of glucose into pyruvic acid in
the glycolytic pathway) is a causative agent of oxidative
stress, and its accumulation in the blood is more related to
glycemic excursions than hyperglycemia. Furthermore, glyce-
mic excursions are known to lead to endothelial impairments by
inducing inflammatory cytokines and increasing oxidative
stress.8,9

Even basic science experiments with the cultures of human
umbilical vein endothelial cells have demonstrated that
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cellular apoptosis is accelerated to a greater degree by
repetitive glycemic fluctuations than by continuous hyper-
glycemia. In addition, in cultured human umbilical vein
endothelial cells, exposure to glycemic excursions has been
reported to cause greater increases in protein kinase C
activity, an exacerbating factor of oxidative stress, resulting in
higher levels of oxidative stress markers, 8-hydroxy-20-
deoxyguanosine, and nitrotyrosine.10,11 These findings sug-
gest that large glycemic excursions may be more closely
linked to endothelial dysfunction and cardiovascular events
than that of hyperglycemia.

Continuous glucose monitoring (CGM) is used clinically
to evaluate glycemic excursions. It has been covered by
medical insurance in Japan since 2010 and is generally
used to evaluate the glycemic variability of diabetic
patients. CGM devices typically measure blood glucose
levels at 5-minute intervals and record up to 288 readings
per day. The mean amplitude of glycemic excursion (MAGE)
is the mean of blood glucose values exceeding one SD
from the 24-hour mean blood glucose and is used as an
index of glycemic variability.4,5 According to the scientific
literature, the value of MAGE in patients without DM are
nearly 30 to 40 mg/dL,12–14 and the cutoff value of MAGE
for cardiovascular events are considered nearly 60 to
70 mg/dL.15–17

In patients with type 2 DM, CGM-based MAGE has been
significantly correlated with urinary 8-iso-prostaglandin F2a
levels, Gensini score, and reactive hyperemia index (RHI).18–21

These 3 clinical variables are an oxidative stress marker, a
vascular endothelial dysfunction index, and a coronary
stenosis index, respectively. Moreover, the association
between acute hyperglycemia and endothelial dysfunction
have been suggested in not only DM patients but also non-DM
persons.22,23

CGM-based MAGE is reportedly an independent risk factor
for coronary stenosis. Furthermore, studies that evaluated
MAGE in postmyocardial infarction (MI) patients demon-
strated that MI patients with high MAGE values had a signif-
icantly higher incidence of secondary cardiac events.15–17

While prior reports have examined the relationship between
MAGE and primary and secondary cardiovascular events in
diabetic patients, few studies have been conducted in
nondiabetic patients.

As previously mentioned, RHI is significantly correlated
with MAGE and each one is an independent risk factor
associated with cardiovascular events. Therefore, we consid-
ered that the combination with MAGE and RHI was useful for
further subdivision of the risk of cardiovascular events.

Thus, we examined not only the impact of MAGE on clinical
outcomes in non-DM patients with coronary artery disease
but also the prognosis of the patients classified by combina-
tion with MAGE and RHI.

Methods

Study Population
We recruited patients with stable angina during their hospi-
talizations for elective percutaneous coronary intervention
(PCI) at Kumamoto University Hospital from May 2013 to April
2014. We excluded patients with heart failure with reduced
left ventricular ejection fraction, hemodialysis, malignant
diseases, and collagen disease and patients who did not give
consent. In addition, patients with elevated white blood cell
counts (>9000) and/or serum high-sensitivity C-reactive
protein (>0.5 mg/dL) were excluded to avoid the potentially
confounding effects of occult infection or other systemic
inflammatory diseases on high-sensitivity C-reactive protein
levels.

Patients were considered hypertensive if their blood
pressure was >140/90 mm Hg. Chronic kidney disease was
defined as an estimated glomerular filtration rate <60 mL/
min�1.73 m2. Dyslipidemia was defined as low-density
lipoprotein >140 mg/dL, high-density lipoprotein <40 mg/
dL, or triglycerides >150 mg/dL. Impaired glucose tolerance
was defined as a fasting plasma glucose concentration
<126 mg/dL combined with an elevated 2-hour plasma
glucose concentration (≥140 and <200 mg/dL) after a 75-g
glucose load in an oral glucose tolerance test (75-g OGTT).
Patients were assigned the diagnosis of DM if they had an
elevated 2-hour plasma glucose concentration (≥200 mg/dL)
after a 75-g OGTT, an fasting plasma glucose concentration
≥126 mg/dL, a glycated hemoglobin score ≥6.5%, physician-
diagnosed DM, and/or the use of a diabetic medication. CGM,
75-g OGTT, and reactive hyperemia peripheral arterial
tonometry (RH-PAT) were performed on each different day
before undergoing elective PCI after admission.

Patients were followed up prospectively for about
12 months. During the follow-up period, cardiovascular
events were registered, including cardiovascular death, non-
fatal myocardial infarction, unstable angina, and revascular-
ization. Cardiovascular events were ascertained from a review
of medical records and confirmed by direct contact with the
patients, their families, and physicians. For patients who had
>2 cardiovascular events, only the first event was considered
in the analysis.

The study complied with the Declaration of Helsinki, and
informed consent was obtained from all patients.

CGM and MAGE
All patients enrolled in this study were equipped with CGM
(iPro2; Medtronic, Minneapolis, MN) and monitored for 48
consecutive hours before undergoing elective PCI. All patients
received optimal meals (25–28 kcal/kg of ideal body weight;
60% carbohydrates, 15–20% protein, and 20–25% fat) during
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CGM. A CGM sensor was inserted into the subcutaneous
abdominal fat tissue and calibrated according to the standard
Medtronic iPro2 (Medtronic) operating guidelines. While
wearing the CGM, the patients checked their blood glucose
levels with a self-monitoring blood glucose device (Medisafe
Mini; Terumo, Tokyo, Japan) at least 4 times per day. The
patients then entered their self-monitored blood glucose data
and the time of each meal into the CGM. After the patients
were monitored for 48 hours, the recorded CGM data were
downloaded onto a personal computer and the patient’s
glucose profile and glucose excursion parameters were
analyzed using the iPro2 software. The MAGE value that
was reported for each patient was derived from the interme-
diate 24 hours of each patient’s recording to avoid bias due to
the insertion and removal of the CGM or insufficient stability
of the monitoring system. The MAGE was calculated by
measuring the arithmetic mean of the differences between
consecutive peaks and nadirs, provided that the differences
were >1 SD of the mean glucose value. We used the value of
65 mg/dL to divide patients into low and high MAGE groups
because it has been reported that the cutoff value of MAGE
for cardiovascular events is 60 to 70 mg/dL.15–17

RH-PAT and RH-PAT Index
RH-PAT measurements were analyzed with a computerized
automated algorithm to reduce intraobserver and interob-
server variability (Endo-PAT2000 software, version 3.0.4;
Itamar Medical Ltd, Caesarea, Israel). The RH-PAT ratio was
calculated using the ratio of the average PAT signal amplitude
during a 1-minute interval, starting 1.5 minutes after cuff
deflation (where control arm=A and the occluded arm=C),
divided by the average PAT signal amplitude 2.5 minutes
before cuff inflation (baseline) (where the control arm=B and
the occluded arm=D) and the RH-PAT ratio=(C/D)/(A/B).
Because RH-PAT ratio results have a skewed distribution, we
used the Ln RH-PAT ratio and the RHI for analyses. The RHI
was derived from the following equation: RHI=Ln {[RH-PAT
ratio]9[0.2269Ln (baseline)�0.2]}.24,25 The Ln RH-PAT ratio
and baseline pulse amplitude were retrospectively analyzed
using Endo-PAT2000 software (version 3.4.4); however,
reanalysis was impossible in 2 patients for unknown reasons.
Peripheral endothelial function as assessed by the RHI was
validated by the coronary artery response to acetylcholine,
which is the gold standard coronary endothelial functional
measurement.26,27 Previous studies have demonstrated that
RH-PAT technology has excellent reproducibility.28–32 It was
reported that intraobserver and interobserver variability
coefficients for RH-PAT measurements were 16.1% and
22.6%, respectively,33 and the reproducibility was con-
firmed by some studies.29,34 In this study, intraobserver
and interobserver variability coefficients for RH-PAT

measurements was 22.1%. We used the median value of the
RHI (0.56) to divide patients into low and high RHI groups.

Statistical Analysis
All statistical analyses were performed using SPSS version
22.0 (SPSS Inc, Chicago, IL) and STATA version 11 (StataCorp,
College Station, TX). The data are presented as frequencies
and percentages for categorical variables and mean�SD for
continuous variables, unless otherwise indicated. Differences
between the 2 groups were assessed using v2 and unpaired t
tests. The Kaplan–Meier survival curve analysis was used to
represent the proportional risk of cardiovascular events based
on the MAGE values, and the log-rank test was performed to
assess differences between high levels and low levels of those
variables. To ascertain the independent contribution of clinical
variables to subsequent cardiovascular events, a multivariable
regression analysis using Cox hazard model analysis and
stepwise backward method was made. We also examined
whether the addition of MAGE improved the discriminatory
power of the model of RHI by using receiver operating
characteristic (ROC) analysis for cardiovascular events. ROC
analysis was performed by logistic model analysis and
adjusted by hypertension. We used the bootstrap method to
estimate ROC curves and area under the curve (AUC) values.
P values <0.05 were regarded as statistically significant.

In sample size, we planned cardiovascular event rates in
the high MAGE group as 35% and that in the low MAGE group
as 5.0%.15,16 The power ratio was 0.8 and alpha was 0.05. We
needed at least 25 patients with high MAGE and 32 patients
with low MAGE in sampling analysis.

Patients who underwent elective
PCI 

(n=190)

HFrEF (n=15)
Hemodialysis (n=16)

Malignant disease (n=12)
Collagen disease (n=10) 

Others (n=8)

Non-DM patients who underwent elective PCI 
(n=65)

Newly diagnosed DM 
after admission

(n=16)

Formerly diagnosed DM
(n=48)

Follow-up for 12 months 
(n=65)

Figure 1. Study protocol flow chart. DM indicates diabetes
mellitus; HFrEF, heart failure with reduced left ventricular ejection
fraction; PCI, percutaneous coronary intervention.
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Results

From May 2013 to April 2014, 190 patients underwent
elective PCI. From these patients, we excluded those with
heart failure with reduced left ventricular ejection fraction,
hemodialysis, malignant disease, collagen disease, others

(without agreement, with infection or other inflammatory
diseases), formerly diagnosed DM, and newly diagnosed DM
by 75-g OGTT. After filtering, 65 patients who underwent
elective PCI were enrolled in this study. All patients followed
up for 12 months (Figure 1). After the CGM reports of the
non-DM patients were analyzed, 26 patients comprised the

Table 1. Clinical Characteristics

MAGE <65 mg/dL
n=39

MAGE ≥65 mg/dL
n=26 P Value

Age, mean (SD), y 70.9 (9.8) 71.8 (10.3) 0.729

Men, No. (%) 19 (70) 12 (57) 0.342

Body mass index, mean (SD), kg/m2 23.5 (2.82) 23.8 (4.92) 0.779

Abdominal circumference, mean (SD), cm 78.6 (29.7) 83.2 (32.2) 0.383

Current smoking, No. (%) 7 (18) 4 (17) 0.860

Hypertension, No. (%) 26 (67) 22 (88) 0.044

Dyslipidemia, No. (%) 32 (82) 20 (80) 0.837

Chronic kidney disease, No. (%) 11 (28) 10 (38) 0.386

Previous MI, No. (%) 6 (15) 5 (20) 0.633

Previous OCI, No. (%) 5 (13) 5 (20) 0.440

PAD, No. (%) 1 (3) 1 (4) 0.730

LDL cholesterol, mean (SD), mg/dL 96.5 (26.4) 91.7 (26.7) 0.496

BNP, mean (SD), pg/mL 76.1 (64.0) 68.5 (60.6) 0.202

LVEF, mean (SD), % 57.6 (10.6) 62.2 (6.19) 0.103

IGT, No. (%) 18 (46.2) 14 (53.8) 0.443

Glycated hemoglobin, mean (SD), % 5.95 (0.39) 6.03 (0.37) 0.387

Fasting glucose level, mean (SD), mg/dL 99.8 (13.6) 104 (17.1) 0.279

1-h glucose level, mean (SD), mg/dL 164.0 (35.3) 188.5 (36.4) 0.010

2-h glucose level, mean (SD), mg/dL 140.2 (38.1) 160.5 (34.2) 0.056

IRI (pre), mean (SD), lU/mL 6.77 (3.64) 7.59 (5.76) 0.594

IRI (30 min), mean (SD), lU/mL 46.5 (14.2) 41.1 (22.4) 0.465

Insulinogenic index, mean (SD) 0.67 (0.13) 0.42 (0.15) 0.070

HOMA-b, mean (SD) 73.2 (29.4) 72.1 (15.8) 0.945

HOMA-IR, mean (SD) 1.58 (0.86) 1.81 (1.50) 0.457

Mean 24-h glucose level, mean (SD), mg/dL 114.4 (12.98) 127.0 (17.91) 0.002

MAGE, mean (SD), mg/dL 39.3�11.5 85.7�20.6 <0.001

Aspirin, No. (%) 34 (87) 22 (85) 0.769

Clopidogrel, No. (%) 30 (77) 18 (69) 0.489

ARB or ACEI, No. (%) 25 (64) 15 (58) 0.603

CCB, No. (%) 20 (51) 15 (57) 0.612

b-Blocker, No. (%) 26 (67) 18 (69) 0.829

Statins, No. (%) 37 (95) 24 (93) 0.792

Background between mean amplitude of glycemic excursion (MAGE) <65 and MAGE ≥65 mg/dL. Data are expressed as mean (SD), median values (25th to 75th percentile range), or
number (percentage). Insulinogenic index: {IRI (30 minutes)–IRI (pre)}/{glucose level (30 minutes)–fasting glucose level}; HOMA-b: (IRI9360)/(fasting glucose level-63); HOMA-IR:
(IRI9fasting glucose level)/405. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium channel
blocker; HOMA, Homeostatic Model Assessment; IGT, impaired glucose tolerance; IR, insulin resistance; IRI, immunoreactive insulin; LDL, low-density lipoprotein; LVEF, left ventricular
ejection fraction; MAGE, mean amplitude of glycemic excursion; MI, myocardial infarction; OCI, old cerebral infarction; PAD, peripheral arterial disease.
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high MAGE (≥65 mg/dL) group and 39 patients comprised
the low MAGE (<65 mg/dL) group.

When the clinical characteristics of the high MAGE and low
MAGE groups were compared, hypertension was significantly
more prevalent in the high MAGE group than in the low MAGE
group (88% versus 67%, P=0.044).

When the glucose parameters were analyzed, the levels of
the 1-hour glucose tolerance test, the mean of the 24-hour
glucose level, and the MAGE were significantly higher in
the high MAGE group than the low MAGE group
(188.5�36.4 mg/dL versus 164.0�35.3 mg/dL [P=0.010],
127.0�17.91 mg/dL versus 114.4�12.98 mg/dL [P=0.002],

Low MAGE
(n= 39)

High MAGE
(n= 26)

R
H

I

hs
-C

R
P,

 m
g/

dL

0.10 0.11

0.18 0.13

P=0.006

0.51 0.220.64 0.21

P=0.035A B

Low MAGE
(n= 39)

High MAGE
(n= 26)

Figure 2. High-sensitivity C-reactive protein (hs-CRP) and reactive hyperemia index (RHI) between the patients with low mean amplitude of
glycemic excursion (MAGE) and high MAGE. A, There was a significantly higher hs-CRP value in the high MAGE group than in the low MAGE
group. B, There was a significantly lower mean RHI value in the high MAGE group than the low MAGE group. Data are expressed as mean�SD.
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Figure 3. Comparison between the high mean amplitude of glycemic excursion (MAGE) group and the low MAGE group for cardiovascular
events. A, There was a significantly higher incidence of cardiovascular events in the high MAGE group than the low MAGE group. B, Kaplan–
Meier analysis for cardiovascular events in high-risk patients based on a MAGE value of 65 mg/dL.
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and 85.7�20.6 mg/dL versus 39.3�11.5 mg/dL [P<0.001],
respectively). The levels of the 2-hour glucose tolerance test
and the insulinogenic index showed a trend toward differ-
ences between the 2 groups (160.5�34.2 mg/dL versus
140.2�38.1 mg/dL [P=0.056] and 0.42�0.15 versus
0.67�0.13 [P=0.070], respectively), but these results were
not statistically significant. There were no significant differ-
ences between the 2 groups with regard to their medical
therapies (Table 1).

The high-sensitivity C-reactive protein levels were signifi-
cantly higher in the high MAGE group than the low MAGE
group (0.18�0.13 mg/dL versus 0.10�0.11 mg/dL,
P=0.006) (Figure 2A), and the RHI levels were significantly
lower in the high MAGE group than the low MAGE group
(0.51�0.22 mg/dL versus 0.64�0.21 mg/dL, P=0.035)
(Figure 2B).

The data of 65 non-DM patients were available for
analyzing cardiovascular events. During the follow-up
period, no patients dropped out. The median follow-up
period was 272 days. The cardiovascular event rate was
significantly higher in the high MAGE group than the low
MAGE group (26.4% versus 11.8%, P=0.038). There was a
trend toward more de novo PCIs in the high MAGE group
than the low MAGE group (15.3% versus 5.1%, P=0.078)
(Figure 3A, Table 2), but this finding was not statistically
significant.

Kaplan–Meier survival curve analysis demonstrated a
significantly higher risk of cardiovascular events in the high
MAGE group than the low MAGE group (log-rank P=0.011)
(Figure 3B).

Multivariable analysis revealed that hypertension, low RHI
(RHI ≤0.56), and high MAGE (MAGE ≥65 mg/dL) were risk
factors associated with cardiovascular events (hazard ratio,
3.27; 95% CI, 1.13–9.43 [P=0.028]; hazard ratio, 4.53; 95%
CI, 1.37–14.9 [P=0.013]; hazard ratio, 5.63; 95% CI, 1.72–
18.4 [P=0.004], respectively) (Table 3).

The RHI value was used to stratify patients into a high-level
vascular endothelial dysfunction group (RHI ≤0.56) and a
normal group (RHI >0.56). When the RHI stratification was
analyzed in conjunction with the high MAGE (≥65 mg/dL) and
low MAGE (<65 mg/dL) groupings (the P value of the
interaction between MAGE and RHI was 0.462), the incidence
of cardiovascular events was 46.7% (high MAGE+low RHI
group), 26.7% (high MAGE+high RHI group), 20.0% (low
MAGE+low RHI group), and 6.6% (low MAGE+high RHI group)
in descending order (P=0.014) (Figure 4A).

Kaplan–Meier survival curve analysis also revealed a
significantly higher risk of cardiovascular events in the low

Table 2. Clinical Outcomes

MAGE
<65 mg/dL
n=39

MAGE
≥65 mg/dL
n=26 P Value

Cardiovascular events 6 (11.8) 9 (26.4) 0.038

Cardiovascular death 0 (0) 0 (0) 1.000

Myocardial infarction 0 (0) 2 (7.7) 0.217

Unstable angina 1 (2.6) 1 (3.8) 0.778

De novo PCI 3 (5.1) 5 (15.3) 0.078

ISR 3 (7.7) 4 (11.5) 0.327

Cardiovascular events between mean amplitude of glycemic excursion (MAGE) <65mg/dL
and MAGE ≥65 mg/dL. Data are expressed as number (percentage). ISR indicates in-stent
restenosis; de novo percutaneous coronary intervention (PCI), PCI for new lesion stenosis
(without stenting).

Table 3. Multivariable Regression (Stepwise Backward Method) for Cardiovascular Events

Univariable Regression Multivariable Regression

HR 95% CI P Value HR 95% CI P Value

Age ≥70 y 1.01 0.95–1.07 0.773 ��� ��� ���
Male sex 1.17 0.45–9.74 0.342 ��� ��� ���
BMI ≥25 0.89 0.31–2.57 0.834 ��� ��� ���
Current smoking 1.02 0.22–4.75 0.975 ��� ��� ���
Dyslipidemia 1.72 0.37–7.99 0.488 ��� ��� ���
Hypertension 1.35 0.29–6.25 0.258 3.27 1.13–9.43 0.028

CKD 1.19 0.42–3.38 0.741 ��� ��� ���
IGT 2.24 0.85–5.92 0.201 2.72 0.97–7.58 0.075

RHI ≤0.56 3.84 1.25–11.8 0.019 4.53 1.37–14.9 0.013

MAGE ≥65 mg/dL 3.44 1.27–9.34 0.015 5.63 1.72–18.4 0.004

BMI indicates body mass index; CKD, chronic kidney disease; HR, hazard ratio; IGT, impaired glucose tolerance; MAGE, mean amplitude of glycemic excursion; RHI, reactive hyperemia
index.
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RHI+high MAGE group (log-rank P=0.027). Among the 4
pairings, we found that there were no significant differences
between the high MAGE+high RHI and the low MAGE+low RHI
group (log-rank P=0.937), and there was a trend toward
differences between the low MAGE+high RHI and high
MAGE+high RHI groups (log-rank P=0.081) (Figure 4B).

The ROC curve (logistic model analysis and adjusted by
hypertension) demonstrated that each MAGE, RHI, and
MAGE+RHI was associated with cardiovascular events (AUC,
0.780; 95% CI, 0.661–0.899 [P=0.004]; AUC, 0.727; 95% CI,
0.566–0.888 [P=0.027]; AUC, 0.796; 95% CI, 0.682–0.910
[P=0.017], respectively). Although not significantly different
between the RHI and MAGE+RHI groups (0.727 versus 0.796,
P=0.259), the MAGE+RHI group had a higher AUC area than
RHI alone (Figure 5A and 5B).

Discussion
In our study, we showed that in nondiabetic post PCI patients,
MAGE was correlated with chronic inflammation and impair-
ments of vascular endothelial function, and high MAGE was an
independent risk factor associated with cardiovascular
events.

The results of this study indicate that non-DM patients with
high MAGE scores have evidence of low initial insulinogenic
index. It is postulated that low initial insulinogenic index can

result in significant fluctuations in blood glucose levels, even
in non-DM patients. This effect is thought to be associated
with the significantly higher levels of glucose detected with
75-g OGTT, particularly during the first hour. In addition, there
were significantly more patients with hypertension in this high
MAGE group. Patients with hypertension will have the insulin
resistance and lead to high glycemic excursions. Hyperten-
sion may be an early predictor of high MAGE in non-DM
patients.

In studies that have employed optical coherence tomog-
raphy to assess the coronary artery at the time of a
myocardial infarction, investigators determined that plaque
ruptures were significantly more frequent in patients with high
MAGE values, even in non-DM patients.35 Moreover, reports
from prior studies have noted that �50% of myocardial
infarctions originate from changes in an existing pathology
where treatment with a stent was deemed unnecessary.36

Furthermore, a recent study suggested that high MAGE
measured early after the onset of a first-episode acute
coronary syndrome was correlated with thinner fibrous cap
measurements and a higher prevalence of thin-cap fibroather-
oma at the nonculprit plaque in the nonculprit vessel.37 The
findings by these investigators may support our results that
cardiovascular events, especially in de novo PCI, were
frequently higher in the high MAGE group than that in the
low MAGE group.

Log Rank P = 0.027
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Figure 4. Comparison among the 4 groups by combination with mean amplitude of glycemic excursion (MAGE) and reactive hyperemia index
(RHI) for cardiovascular events. A, There was a significantly higher incidence of cardiovascular events in the high MAGE and low RHI groups than
the other groups. B, Kaplan–Meier analysis for the cardiovascular events based on the combination with a MAGE value of 65 mg/dL and median
RHI value of 0.56.
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We not only showed the impact of MAGE on clinical
outcomes in non-DM patients with coronary artery disease
but also that the 4 pairings (combination with MAGE and RHI)
were useful for further subdivision of the risk of cardiovas-
cular events. Among the 4 pairings, there was a trend toward
differences between the low MAGE+high RHI and high
MAGE+high RHI groups. That may mean even if the patients
have high RHI values (ie, those who maintained a certain
degree of vascular endothelial function), the patients with high
MAGE values (ie, large glycemic excursions) may have higher
risk for cardiovascular events. Moreover, there were no
significant differences between the low MAGE+low RHI and
high MAGE+high RHI groups. This may mean that even if the
patients have high RHI values, the patients with high MAGE
values may have a similar risk as patients with low RHI values.
Thus, it is possible that our findings suggest that glycemic
excursions were not merely a cause of vascular endothelial
dysfunction but also an early risk factor associated with such
dysfunction, and that they could be used to associate future
deterioration of the vascular endothelium.

No significant differences between RHI andMAGE+RHI were
seen in the ROC curve, but MAGE+RHI was associated with
higher AUC area than RHI alone. Investigation with a larger

sample size may elucidate the synergistic effect of MAGE+RHI
rather than RHI alone associated with cardiovascular events.

Clinical Implications
In patients with DM and those with impaired glucose
tolerance, alpha glucosidase inhibitors, pioglitazone, and
dipeptidyl peptidase 4 inhibitors have previously been
reported to improve glycemic excursions, reduce inflamma-
tion, and ameliorate coronary arteriolar thickening.38–40 Both
DM and non-DM patients who exhibit postprandial hyper-
glycemia have been reported to have exacerbated insulin
resistance and decreased glucagon-like peptide-1 levels.41

These adverse effects on glucose handling and endothelial
function can potentially be ameliorated by glycemic variabil-
ity–reducing drugs, such as dipeptidyl peptidase 4 inhibitors,
when taken by nondiabetic patients with high MAGE.42

Limitations and Strengths
The limitations of this study include the small sample size and
single-center design and that cardiovascular events were not
adjudicated. As a method to measure MAGE, the CGM system

MAGE+RHI

RHI

MAGE

MAGE
AUC, 0.781

95% CI, 0.659-0.902
P=0.004

MAGE+RHI
AUC, 0.797

95% CI, 0.685-0.909
P=0.017

RHI
AUC, 0.727

95% CI, 0.572-0.883
P=0.027

A B

Figure 5. Receiver operating characteristic (ROC) curve for cardiovascular events in mean amplitude of glycemic excursion (MAGE), reactive
hyperemia index (RHI), and MAGE+RHI. A, MAGE was a risk factor associated with cardiovascular events. B, Each RHI and MAGE+RHI was a risk
factor associated with cardiovascular events. Dates were adjusted by hypertension. AUC indicates area under the curve.
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employed in this study was expensive, invasive, and time-
consuming. We hope that a simple and inexpensive biomarker
formeasuring glycemic excursionswill be available in the future.

The study’s strengths include the fact that it was a
prospective follow-up study of non-DM patients identified by
2-hour glucose tolerance test, and all of the patients had
measurements of MAGE obtained by CGM and RHI deter-
mined by RH-PAT. At the hospital where the study was
conducted, patients are typically seen for post-PCI follow-up
1, 3, 9, and 12 months following discharge. Furthermore, all of
the patients were provided with nutrition education prior to
discharge in an attempt to raise their awareness of blood
glucose monitoring.

Family history of DM is one of the main findings of early-
phase endothelial function and cardiovascular events, espe-
cially in patients with pre-DM.43 However, we did not have
complete data on family history of DM in this study.

Finally, ranolazine can be used in patients with stable
angina44 and can improve insulin resistance45 and influence
glycemic control.46 Taking ranolazine is a confounding factor;
however, ranolazine is not for off-label use in Japan and there
were no patients taking ranolazine in this study.

Conclusions
MAGE was associated with cardiovascular events in non-DM
patients with coronary artery disease. Furthermore, the
combination of MAGE and RHI was useful for further
subdivision of the risk of cardiovascular events.
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