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Hypoglycemia at Admission in
Patients With Acute Myocardial
Infarction Predicts a Higher 30-
Day Mortality in Patients With
Poorly Controlled Type 2 Diabetes
Than in Well-Controlled Patients

Diabetes Care 2014,;37:2366—2373 | DOI: 10.2337/dc13-2856

OBJECTIVE

We aimed to evaluate the association between hypoglycemia at admission and
30-day mortality in patients with acute myocardial infarction (AMI) and to de-
termine whether these associations differed according to diabetes-control status
in AMI patients with diabetes.

RESEARCH DESIGN AND METHODS

We analyzed the prognostic significance of hypoglycemia and hyperglycemia in
34,943 AMI patients with or without type 2 diabetes from two AMI registries: the
Korea Acute Myocardial Infarction Registry (KAMIR) and the Korea Working Group
on Myocardial Infarction (KorMl).

RESULTS

The patients were divided into five groups according to serum-glucose levels at
admission: <3.9 mmol/L (<70 mg/dL); 3.9-7.72 mmol/L (70-139 mg/dL); 7.78-
11.06 mmol/L (140-199 mg/dL); 11.11-14.39 mmol/L (200-259 mg/dL); and
214.44 mmol/L (=260 mg/dL). The 30-day mortality rates in the lowest and high-
est glucose groups were higher than those in other groups; the lowest glucose
group had the highest mortality for patients with type 2 diabetes, after adjusting
for multiple factors. We also extracted and compared four subgroups from the
patients with type 2 diabetes, based on hemoglobin Alc and serum-glucose levels
at admission: group A, <6.5% (48 mmol/mol) and <3.9 mmol/L; group B, <6.5% (48
mmol/mol) and 211.11 mmol/L; group C, =28% (64 mmol/mol) and <3.9 mmol/L;
and group D, 28% (64 mmol/mol) and 211.11 mmol/L. Group C had the highest 30-
day mortality rate among the groups.

CONCLUSIONS

These data suggest that hypoglycemia at admission affects clinical outcomes
differently in AMI patients with type 2 diabetes depending on the diabetes-
control status.
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Hyperglycemia is a well established pre-
dictor of mortality in patients with acute
myocardial infarction (AMI) with or
without diabetes (1-3). However,
many clinical studies have failed to
show that the intensive management
of hyperglycemia provides specific mor-
tality benefit to the hospitalized
patients with AMI (4-6). Because in-
tensive glucose control increases the
risk of severe hypoglycemia (7), there
have been consistent questions about
whether hypoglycemia induces cardio-
vascular (CV) disease, thus leading to
the dilution of the potential benefit of
intensive glucose control in high-risk
patients.

A frequently suggested but uncon-
firmed mechanism by which hypoglyce-
mia might lead to fatality during CV
events is QT interval prolongation on
an electrocardiogram. This phenomenon
seems to be precipitated by increased
levels of circulating catecholamines and
hypokalemia (8,9), although a recent
study demonstrated that hypokalemia
does not play an important role in the
development of QT prolongation during
severe hypoglycemia (10). Other possible
mechanisms have also been listed: he-
modynamic changes caused by increased
sympathetic activity, platelet activation
and aggregation, a rise in factor VIIl and
von Willebrand factor levels, and in-
creases in the circulating levels of inter-
leukins, cytokines, markers of endothelial
dysfunction including endothelin-1, and
reactive oxygen species (7,11). More
complicating is that hypoglycemia
might be a sign of vulnerability to CV
morbidity and mortality, as well as other
grave diseases (12-14). Therefore,
because hypoglycemia can be a cause, a
marker of severity, and an aggravating
factor in AMI patients (7,15), understat-
ing hypoglycemia during an AMI event
has important clinical relevance for
the management of AMI and stress
hyperglycemia.

Several studies have shown that hy-
poglycemia increased the mortality
rates in AMI patients with or without
diabetes (3,16,17), whereas others stud-
ies disagreed (1,4,18,19). The different
results might arise from heterogeneities
in the study protocols, such as admis-
sion or postadmission hypoglycemia;
spontaneous or insulin treatment-
related hypoglycemia; in-hospital or
long-term mortality; different degrees

or definitions of hypoglycemia or target
goals for glycemic control during the
hospitalization period; and diabetic or
nondiabetic subjects (16—18).

Although hypoglycemia at admission
was shown to predict death at 30 days in
patients with AMI (3,17), it is unclear
whether postadmission hypoglycemia
or insulin therapy-induced hypoglyce-
mia consistently increases mortality
during hospitalization in AMI patients
(17,20).

Additionally, diabetes and its control
status may differentially affect the
death rate in AMI patients who present
with admission hypoglycemia. Although
there have been a few reports that ad-
mission hypoglycemia is more strongly
associated with higher mortality in AMI
patients with diabetes than in nondia-
betic subjects (17,21), no studies have
addressed whether admission hypogly-
cemia in AMI patients with diabetes has
different effects on mortality depending
on the level of diabetes control before
admission.

In the current study, we aimed to
evaluate the association between ad-
mission hypoglycemia and 30-day mor-
tality in AMI patients and to determine
whether these associations differed ac-
cording to the preadmission diabetes-
control status in AMI patients with
type 2 diabetes mellitus.

RESEARCH DESIGN AND METHODS

These data were obtained from the Ko-
rea Acute Myocardial Infarction Registry
(KAMIR) and the Korea Working Group
on Myocardial Infarction (KorMlI), which
are prospective multicenter, observa-
tional registries designed to study the
current epidemiology of hospital man-
agement and AMI outcomes in Korea.
KAMIR (2005-2008; n = 11,062) and
KorMI (2008-2012; n = 23,881) contain
~1 year of clinical follow-up data re-
garding primary percutaneous coronary
interventions (PCls) in 53 community
and university hospitals, as described
previously (22,23). The registries include
patients suffering from AMI, including
both ST-segment elevation myocardial
infarction and non-ST-segment eleva-
tion myocardial infarction. AMI was
diagnosed if the patients met the fol-
lowing criteria: 1) at least one positive
cardiac biochemical marker of necrosis
(including creatine kinase MB and tro-
ponin | and T); and 2) typical symptoms
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compatible with AMI and/or new or pre-
sumed new ST-segment elevation of at
least 1 mm at any location or a new left
bundle-branch block on the index or
subsequent electrocardiogram (22,23).
These registries were supported by
KorMl, shared with many community
and university hospitals, and used similar
treatment protocols based on the Amer-
ican College of Cardiology/American
Heart Association guidelines (24). We
merged the two registries to maximize
the statistical power. After the KAMIR
registry, there were some protocol
amendments to the KorMlI registry, in-
cluding regular laboratory measure-
ments (at 6, 12, 24, and 36 months)
and long-term follow-up scheduled for
up to 3 years. These study protocols
were reviewed and approved by the In-
stitutional Review Board at each partici-
pating center. All KorMI participants
provided written informed consent.

The database is comprehensive and
includes demographic features, medical
history, clinical characteristics, labora-
tory findings, clinical performance,
and angiographic findings. Blood sam-
ples without lipid profiles were col-
lected at admission or before PCI.
Overnight fasting blood was drawn
for lipid measurements.

We divided the total cohort into two
groups, the type 2 diabetes mellitus and
nondiabetic groups. Type 2 diabetes was
defined by the patient-reported history
(medical treatment, age of diabetes on-
set =30 years, and the absence of a his-
tory of ketoacidosis), medical records,
or by a hemoglobin A;. (HbA;.) level
=6.5% (48 mmol/mol) in patients with
no history of diabetes, no features of
diabetic ketoacidosis, and an age =30
years. We then stratified each group
into five subgroups (groups 1-5) accord-
ing to the serum-glucose level at admis-
sion: <3.9 mmol/L (<70 mg/dL); 3.9-
7.72 mmol/L (70-139 mg/dL); 7.78-
11.06 mmol/L (140-199 mg/dL);
11.11-14.39 mmol/L (200-259 mg/dL);
and =14.44 mmol/L (=260 mg/dL).

We also extracted and compared four
subgroups of patients with type 2 dia-
betes, based on the HbA;. and serum-
glucose levels at admission: group A,
<6.5% (48 mmol/mol) and <3.9
mmol/L (<70 mg/dL); group B, <6.5%
(48 mmol/mol) and =11.11 mmol/L
(=200 mg/dL); group C, =8.0% (64
mmol/mol) and <3.9 mmol/L (<70
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mg/dL); and group D, =8.0% (64
mmol/mol) and =11.11 mmol/L (=200
mg/dL). We defined serum-glucose levels
<3.9 mmol/L (<70 mg/dL) as hypo-
glycemia and =11.11 mmol/L (=200
mg/dL) as hyperglycemia; HbA;. <6.5%
(48 mmol/mol) was defined as a well-
controlled diabetes, and HbA;. >8%
(64 mmol/mol) was defined as a poorly
controlled diabetes.

The primary study outcome was 30-
day all-cause mortality. Mortality was
assessed during sentinel hospitalization
using chart reviews and 30 days after
presentation with AMI using mortality
registry data.

Statistical Analysis

The continuous variables were ex-
pressed as the mean £ SEM and ana-
lyzed with Student t test and an
ANOVA. Categorical variables were ex-
pressed as numbers (percent) and com-
pared with x2 test or Fisher exact test as
appropriate. The cumulative incidence
of adverse events was estimated ac-
cording to the Kaplan-Meier method,
and the significance level was assessed
with the log-rank test. We performed a
Cox proportional hazards regression
analysis to find independent factors re-
lated to mortality in AMI patients and to
compare survival in AMI patients after
adjusting for multiple factors. Cox pro-
portional hazards regression analyses
were performed to estimate the hazard
ratios (HRs) and associated 95% Cls. Sta-
tistical significance was assumed at P <
0.05. The statistical analysis was per-
formed with SPSS version 18.0 (SPSS
Inc., Chicago, IL).

RESULTS

Clinical Characteristics of Study
Patients

All patients had AMI that was properly
managed with medication, thromboly-
sis, and/or PCls according to American
College of Cardiology/American Heart
Association guidelines (24,25). We
divided a total of 34,943 patients into
two groups, the type 2 diabetic (n =
20,714) and nondiabetic groups (n =
14,229). The baseline clinical character-
istics of the study subjects are shown in
Table 1. The mean ages were 64.1 years
for the type 2 diabetic group and 63.3
years for the nondiabetic group. The
first treatment was primary PCl in
90.26% of the nondiabetic group and
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Table 1—Baseline characteristics of the study subjects (n = 34,943)

Nondiabetic Type 2 diabetic
(n =14,229) (n =20,714) P value
Age (years) 63.31 * 0.47 64.09 = 0.08 <0.001
Sex (female) 44.71% 37.25% 0.001
BMI (kg/m?) 23.73 = 0.03 23.89 = 0.03 <0.001
sBP (mmHg) 128.51 = 0.28 128.48 = 0.26 0.910
dBP (mmHg) 78.77 = 0.24 78.13 = 0.23 <0.001
HbA, . (%) 5.75 + 0.01 7.76 *+ 0.02 <0.001
HbA;. (mmol/mol) 39.45 + 0.11 61.32 = 0.46 <0.001
Glucose (mmol/L) 7.92 = 0.04 10.52 = 0.03 <0.001
Creatinine (pwmol/L) 99.58 * 1.36 114.72 = 1.17 <0.001
TGs (mmol/L) 1.44 = 0.01 1.49 = 0.01 0.001
HDL cholesterol (mmol/L) 1.16 = 0.005 1.15 = 0.003 0.005
LDL cholesterol (mmol/L) 3.01 = 0.010 2.95 = 0.009 <0.001
hsCRP (mg/L) 3.11 * 0.06 3.78 =+ 0.07 <0.001
Killip class <0.001
| 71.47% 72.81%
Il 13.49% 14.44%
I 9.54% 7.31%
\% 5.49% 5.44%
Hypertension 52.23% 48.57% <0.001
Smoking 40.68% 43.27% <0.001
Previous Ml 7.94% 6.13% <0.001
HF 2.56% 1.67% <0.001
PAD 1.11% 0.54% <0.001
CVA 7.62% 6.37% <0.001
Statin 65.19% 73.85% <0.001
Aspirin 14.89% 13.40% <0.001
Clopidogrel 4.89% 5.80% <0.001
Hypertension treatment 89.44% 89.38% 0.478
3-Blocker 9.07% 7.39% <0.001
ACE inhibitor/ARB 94.085% 94.82% 0.101
CCB 10.85% 8.75% <0.001
Nitrate 5.23% 3.42% <0.001
Thrombolysis 3.61% 6.69% <0.001
Primary PCI 90.26% 79.87% <0.001

ARB, angiotensin receptor blocker; CCB, calcium channel blocker.

in 79.87% of the type 2 diabetic group.

Thrombolysis was performed in 3.61%
of the nondiabetic group and in 6.69%
of the type 2 diabetic group. Conservative
treatment was administered to 10.68% of
the type 2 diabetic group and 3.75% of
the nondiabetic group. The 30-day mor-
tality rate was higher in the nondiabetic
group (4.09%) than in the type 2 diabetic
group (3.70%; P < 0.05).

Additionally, age, BMI, systolic blood
pressure (sBP), heart rate, HDL choles-

terol, Killip classification, known hy-

pertension, known peripheral artery
disease (PAD), cerebrovascular accident
(CVA), LDL cholesterol, high-sensitivity
C-reactive protein (hsCRP), admission
serum-glucose level, and serum creatinine

were also shown to affect the 30-day
mortality. After adjusting for the above-
mentioned factors and sex, hypertension
medication, dyslipidemia, diastolic blood
pressure (dBP), the use of aspirin and
statins, total cholesterol, triglycerides
(TGs), previous history of Ml, and known
heart failure (HF), the 30-day mortality
was higher in patients with type 2 diabe-
tes compared with patients without
diabetes.

The 30-Day Mortality of AMI Patients
Showed a U-Shaped Relationship With
Serum-Glucose Levels at Admission

The entire cohort of 34,943 patients was
divided into five groups according to the
serum-glucose levels at admission: <3.9
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mmol/L (<70 mg/dL; n = 409, group 1);
3.9-7.72 mmol/L (70-139 mg/dL; n =
15,215, group 2); 7.78-11.06 mmol/L
(140-199 mg/dL; n = 10,316, group 3);
11.11-14.39 mmol/L (200-259 mg/dL;
n = 4,173, group 4); and =14.44 mmol/L
(=260 mg/dL; n = 4,139, group 5). The
30-day mortality rates of the five glu-
cose groups were 13.93, 3.08, 5.09,
7.40, and 14.87% in groups 1, 2, 3, 4,
and 5, respectively. The 30-day mortal-
ity rates showed a U-shape distribution
according to the glucose levels at admis-
sion in not only the entire AMI patient
cohort (Fig. 1A), but also both the non-
diabetic and type 2 diabetic groups (Fig.
1B). The clinical characteristics of each
of the five glucose subgroups of AMI
patients with type 2 diabetes and with-
out diabetes are presented in Supple-
mentary Tables 1 and 2. It is worth
noting that nondiabetic patients in
group 5 more frequently had a Killip
class >II compared with the patients
in other glucose groups (Supplementary
Table 2). Regarding group 5, the group
with the highest glycemic level, the 30-
day mortality rates were 26.39% for the
patients without diabetes and 12.14%
for the patients with type 2 diabetes,
with a significant difference between
the nondiabetic and type 2 diabetic
patients (P < 0.001).

Next, we compared the 30-day mor-
tality rates among the five groups using
Cox proportional hazards regression
models after adjusting for multiple fac-
tors, including age, sex, BMI, hyperten-
sion, hypertensive medication use,
dyslipidemia, sBP, dBP, Killip class, aspi-
rin use, statin use, hsCRP, smoking, total

cholesterol, TGs, HDL cholesterol, LDL
cholesterol, serum creatinine, PAD,
CVA, previous MI, and HF. We defined
group 2 (serum glucose 3.9-7.72 mmol/L)
as the reference group because this
group had the lowest 30-day mortality
rate among the five groups. After adjust-
ing for multiple factors, group 1, the
group with hypoglycemia, showed the
highest 30-day mortality (HR 2.157
[95% CI 1.222-3.807]; P = 0.008). Group
5, the group with severe hyperglycemia,
also had increased 30-day mortality (HR
1.869 [95% Cl 1.416-2.468]; P < 0.001).
However, the 30-day mortality rates of
groups 3 and 4 were similar to that of
group 2.

The trends in the 30-day mortality
rates of the five subgroups from both
the nondiabetic and type 2 diabetic
groups were similar to those observed
in the total patient cohort. The HRs for
groups 1 and 5 were 4.777 (95% ClI
2.090-10.918; P < 0.01) and 2.548
(95% ClI 1.624-4.000; P < 0.01), respec-
tively, in the nondiabetic group, and
2.866 (95% Cl 1.564-5.250; P < 0.01)
and 1.616 (95% Cl 1.222-2.141; P <
0.01), respectively, in the type 2 diabetic
group.

Both Hypoglycemia and
Hyperglycemia Are Independent
Predictors of 30-Day Mortality in

AMI Patients

After adjusting for multiple factors, we
performed a multivariate Cox propor-
tional hazards regression analysis to
identify the independent factors asso-
ciated with 30-day mortality in the
nondiabetic and type 2 diabetic AMI pa-
tients (Supplementary Table 3). Both
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hypoglycemia (<3.9 mmol/L) and hyper-
glycemia (=14.44 mmol/L) were strong
independent factors associated with
30-day mortality in both AMI patient
groups. The risk associated with hypogly-
cemia was comparable to that associ-
ated with Killip class level. In addition
to glycemic parameters, other previously
well-known factors, including older age,
lower sBP, a high Killip class (=I11), CVA
history, and a higher hsCRP level were
risk factors related to higher 30-day mor-
tality in both AMI patient groups. Fur-
thermore, in the nondiabetic AMI
group, HF and PAD were significant risk
factors related to 30-day mortality.
In patients with type 2 diabetes, a
previous MI, no aspirin use, and higher
creatinine levels were additional inde-
pendent factors associated with higher
30-day mortality.

We analyzed the 30-day cumulative
survival with a Cox proportional hazards
regression model (Fig. 2A and B). After
adjusting for age, sex, BMI, hyperten-
sion, hypertensive medication use, dys-
lipidemia, sBP, dBP, Killip class, aspirin
use, statin use, hsCRP, smoking, total
cholesterol, TGs, HDL cholesterol, LDL
cholesterol, serum creatinine, PAD,
CVA, previous MI history, and HF,
both hypoglycemia (<3.9 mmol/L) and
hyperglycemia (groups 4 and 5) at ad-
mission were shown to decrease cumu-
lative survival in the nondiabetic AMI
group (Fig. 2A). However, in patients
with type 2 diabetes, hypoglycemia
(<3.9 mmol/L) had a more prominent
effect than hyperglycemia on the 30-
day cumulative survival rate after AMI
events. Furthermore, in patients with
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Figure 1—The 30-day mortality rates of the five glucose-based groups among the total AMI patient cohort (n = 34,943) (A) and the AMI patients with
(n = 20,714) and without type 2 diabetes (n = 14,229) (B). The five glucose subgroups of AMI patients were categorized according to the admission
serum-glucose levels, as follows: group 1, <3.9 mmol/L (<70 mg/dL); group 2, 3.9-7.72 mmol/L (70-139 mg/dL); group 3, 7.78-11.06 mmol/L (140-
199 mg/dL); group 4, 11.11-14.39 mmol/L (200-259 mg/dL); and group 5, =14.44 mmol/L (=260 mg/dL).
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Figure 2—Cumulative survival curves according to the admission glucose levels in nondiabetic AMI patients (A) and AMI patients with type 2 diabetes
(B). The five glucose groups are described in Fig. 1 and RESEARCH DESIGN AND METHODS.

type 2 diabetes, only severe hyperglyce-
mia (group 5) was shown to decrease
the 30-day cumulative survival after
AMI events (Fig. 2B).

Additionally, we analyzed the associ-
ation between HbA;. and cumulative
survival 30 days after AMI events in pa-
tients with type 2 diabetes. HbA;. was
not associated with 30-day cumulative
survival after AMI events in these pa-
tients (data not shown). Similarly, no
such association was observed in the to-
tal patient cohort (data not shown).

Hypoglycemia at Admission in
Patients With AMI Predicts a Higher
30-Day Mortality in Patients With
Poorly Controlled Type 2 Diabetes
Than in Well-Controlled Patients

To determine the effects of the diabetes-
control status before the AMI event
and admission hypoglycemia on mor-
tality in AMI patients with type 2 dia-
betes, we classified these patients into

>

four selected subgroups, based on
the HbA;. and serum-glucose levels
at admission: the well-controlled dia-
betic and admission hypoglycemic
group (group A), with HbA;. <6.5%
(48 mmol/mol) and serum glucose
<3.9 mmol/L (<70 mg/dL); the well-
controlled diabetic and admission hy-
perglycemic group (group B), with
HbA;. <6.5% (48 mmol/mol) and serum
glucose =11.11 mmol/L (200 mg/dL);
the poorly controlled diabetic and
admission hypoglycemic group (group
C), with HbA;. =8.0% (64 mmol/mol)
and serum glucose <3.9 mmol/L (<70
mg/dL); and the poorly controlled dia-
betic and admission hyperglycemic
group (group D), with HbA;. =8.0% (64
mmol/mol) and serum glucose =11.11
mmol/L (200 mg/dL). The clinical char-
acteristics of these four specific sub-
groups are presented in Supplementary
Table 4. No differences in blood pressure,
HDL, hsCRP, HF, and the use of aspirin,
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ACE inhibitors, angiotensin receptor
blockers, or B-blockers were observed
among the groups. However, many other
factors differed significantly among four
groups.

We first used the Kaplan-Meier
method (Fig. 3A) to compare cumulative
survival among the four specific groups,
followed by a Cox proportional hazards
regression analysis (Fig. 3B), to compare
the independent cumulative survival af-
ter adjusting for multiple factors. Inter-
estingly, group C showed a markedly
decreased 30-day cumulative survival
in both analyses (Fig. 3A and B). After
adjusting for multiple factors, group A
also showed a decreased 30-day cumu-
lative survival rate in comparison with
the two hyperglycemic groups (groups
B and D; Fig. 3B).

CONCLUSIONS

In the current study, we observed that
both hypoglycemia and hyperglycemia

Group A

Group C

10 15 20 25 30 (days)

Figure 3—The effects of admission hypoglycemia and the preadmission diabetes-control status on 30-day cumulative survival in AMI patients with
type 2 diabetes. Kaplan-Meier survival estimates (A) and the Cox proportional hazards regression analysis (B) after adjusting for age, sex, BMI,
hypertension, hypertensive medication use, dyslipidemia, sBP, dBP, Killip class, aspirin use, statin use, hsCRP, smoking, total cholesterol, TGs, HDL
cholesterol, LDL cholesterol, serum creatinine, PAD, CVA, previous Ml history, and HF. We classified the AMI patients with type 2 diabetes according
to the HbA;. and serum-glucose levels at admission as follows: group A, HbA; . <6.5% (48 mmol/mol) and serum glucose <3.9 mmol/L (<70 mg/dL);
group B, HbA;. <6.5% (48 mmol/mol) and serum glucose =11.11 mmol/L (=200 mg/dL); group C, HbA;. =8.0% (64 mmol/mol) and serum glucose
<3.9 mmol/L (<70 mg/dL); and group D, HbA;. =8.0% (64 mmol/mol) and serum glucose =11.11 mmol/L (=200 mg/dL).
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at admission were associated with in-
creased 30-day mortality in AMI pa-
tients with or without type 2 diabetes.
In particular, admission hypoglycemia in
patients with poorly controlled type 2
diabetes (indicated by a higher HbA,.
level) was associated with a markedly
decreased 30-day survival rate after an
AMI event. However, the HbA;. level
alone was not associated with the risk
of 30-day mortality in AMI patients with
type 2 diabetes.

Several studies have shown that hy-
poglycemia in AMI patients was associ-
ated with increased short- or long-term
mortality (16,17,26,27). Our findings are
consistent with those of previous stud-
ies in which admission hypoglycemia
was a predictor of 30-day mortality in
AMI patients with diabetes (17). Addi-
tionally, many previous studies have
shown a J- or U-shaped relationship be-
tween glycemia and 30-day mortality in
patients with AMI (3,16,17,26). Depend-
ing on study protocols, the definition of
hypoglycemia and the grouping of the
study patients have been different
(28). Most studies used a lower cutoff
level between 3.33 and 4.44 mmol/L as
the definition of hypoglycemia (1,3,17).
We observed the most prominent dif-
ference in 30-day mortality when we
categorized our patients as having hypo-
glycemia if their serum-glucose level
was <3.9 mmol/L. Previous data have
consistently indicated that in AMI pa-
tients without diabetes, admission
blood-glucose levels higher than the
euglycemic level are associated with in-
creased short-term mortality after an
AMI event; however, the serum-glucose
level associated with the lowest early
mortality in AMI patients with type 2
diabetes seems to differ according to
study population, stage of diabetes, di-
abetes complications, and comorbid
states (28,29). Studies have shown that
even euglycemic levels of serum glucose
(for example, <7 mmol/L) may be asso-
ciated with increased early mortality in
AMI patients with type 2 diabetes
(28,29). However, in the current study,
for the group with serum-glucose levels
between 3.9 and 7.72 mmol/L (70-139
mg/dL) at admission, the 30-day mortal-
ity rate after an AMI event was compa-
rable for the nondiabetic patients and
the patients with type 2 diabetes. In
contrast to the significant association
between admission serum-glucose level

and early mortality, no such association
between HbA;. and mortality was ob-
served in a large cohort of AMI patients
with diabetes (30). Our results also
showed that HbA;. alone was not asso-
ciated with 30-day mortality in AMI pa-
tients with type 2 diabetes.

It is well known that admission
hyperglycemia is associated with in-
creased mortality in patients with AMI
(17,19,26,31,32). Although some stud-
ies have suggested that hyperglycemia
is associated with greater short- or long-
term mortality in AMI patients without
diabetes than in AMI patients with type
2 diabetes (2,31), others have reported
that the risk was similar between the
patient groups (33,34). In the current
study, hyperglycemia (serum glucose
=14.44 mmol/L or =260 mg/dL) was
associated with an increased risk of 30-
day mortality in both the nondiabetic
and type 2 diabetic groups, with a
greater increase in 30-day mortality in
the nondiabetic AMI patients. The rea-
son for this higher mortality rate in non-
diabetic AMI patients with admission
hyperglycemia, compared with their di-
abetic counterparts, is not clear, but
such a trend has been previously re-
ported (28,29). A greater degree of
stress might be required for a nondia-
betic patient to achieve the same hyper-
glycemic state as a diabetic counterpart
(35). In line with this speculation, our
results showed that the nondiabetic pa-
tients in glucose group 5 more fre-
quently had a Killip class >l compared
with the patients in other glucose
groups.

Furthermore, the unadjusted 30-day
mortality was higher in patients without
diabetes than in patients with type 2 di-
abetes in the current study. However,
after adjusting for multiple factors, the
30-day mortality was higher in patients
with type 2 diabetes compared with
nondiabetic patients. Although diabetes
has been shown to predict long-term
mortality after AMI in many previous
studies, some studies, including KAMIR
(36) and a similar Japanese registry
study (37), have suggested that diabetes
did not increase short-term mortality
(28,32) because of recent progress in
treatment, especially the development
of PCI.

The mostimportant finding in the cur-
rent study, we believe, is that hypogly-
cemia in AMI patients with poorly
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controlled type 2 diabetes was associ-
ated with the highest 30-day mortality
among the subgroups, which also in-
cluded hypoglycemic patients with
well-controlled diabetes, hyperglycemic
patients with well-controlled diabetes,
and hyperglycemic patients with poorly
controlled diabetes. An explanation for
this finding has remained elusive. How-
ever, this finding suggests that the
avoidance of hypoglycemia in poorly
controlled high-risk patients is ex-
tremely important.

Several pathways might mediate the
adverse effects of hypoglycemia on out-
comes in AMI patients, including sympath-
oadrenal activation, hypokalemia, QT
prolongation, platelet activation and
prothrombotic activity, increased in-
flammation and cytokine levels, endo-
thelial dysfunction, and oxidative stress
(7,10,11). In particular, hyperglycemia
after hypoglycemia was shown to cause
more severe pathophysiologic changes
than those observed during recovery to
euglycemia, for a so-called “reperfusion-
like effect” (38,39). These pathologic
processes might be more relevant to pa-
tients with poorly controlled diabetes if
they also have micro- or macrovascular
complications (40). Additionally, acute
hyperglycemia itself prevents ischemic
preconditioning in patients with AMI
who are undergoing reperfusion (28).
Thus, in theory, ischemia-reperfusion in-
juries in patients with AMI could be fur-
ther complicated by glucose-reperfusion
after hypoglycemia. This agrees with our
finding that hypoglycemia in AMI patients
with poorly controlled diabetes was asso-
ciated with highly unfavorable outcomes.

This study had several limitations.
First, there is a possibility that other
residual confounding factors were not
excluded completely because the reg-
istries that were used were AMI but
not diabetes oriented. Second, the num-
ber of patients who experienced hypo-
glycemia at admission for AMI was
relatively small compared with the num-
ber of patients with hyperglycemia, and
detailed information regarding diabetes
control and hypoglycemia is lacking.
Third, the long-term effects of hypogly-
cemia on mortality were not deter-
mined in the current study. It is not
known how long the pathophysiologic
changes persist following each episode
of acute hypoglycemia. Further studies
are required to fully understand the
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long-term effects of hypoglycemia on
the CV system and other organ systems.
In conclusion, hypoglycemia in AMI
patients with or without type 2 diabetes
is a more important factor related to 30-
day mortality than was previously
thought. In particular, hypoglycemia in
AMI patients with poorly controlled di-
abetes is associated with increased
mortality compared with patients with
well-controlled diabetes.
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