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Abstract

This study was undertaken to assess the impact of acute hyperglycemia (acute-HG) and

chronic hyperglycemia (chronic-HG) on short-term outcomes in patients wifth; acute

myocardial infarction (AMI). This study consisted of 696 patients with AMIAcute—HG
was defined as admission plasma glucose >200 mg/dl and chxomc—HGasHbAlc >6.5%.
Acute-HG was associated‘with higher peak serum creatininfe:fk@%sé“@,O% + 4,594 vs.
2,526 + 2,227 TU/L, p <0.001) and in-hospital mortali‘t‘yi(gi.é“’j/:o’ v 1.6%, p <0.001). On
the contrary, there was no significant difference mpeakcrea‘cmme kinase (2,803 + 2,661
vs. 2,940 + 3,181 IU/L, p = 0.59) and mortahty(33vs 3.7%, p = 0.79) between patients
with chronic-HG and those ,withoq’g.V"Mu{lti\‘/‘eéiﬁable analysis showed that admission
plasma glucose was an indepégdén_t;?red;ictor of in-hospital mortality (odds ratio 1.15,

95% CI 1.05 to 1.27; p <0.001), but HbA I¢ was not. When only patients with acute-HG

were analyzed, chr_‘o' ¢-HG was associated with a significantly smaller infarct size

(3,221 £3,001 VS:£:5?,:904 + 6,473 TU/L, p <0.001) and lower in-hospital mortality (5.5 vs.

18.9%, p = 0;.”(')1). In conclusion, these results suggested that acute-HG, but not
chronic-HG, was associated with adverse short-term outcomes after AMI. Paradoxically,

in patients with acute-HG, chronic-HG might abate the adverse effects of acute-HG.

Key words: acute hyperglycemia, chronic hyperglycemia, acute myocardial infarction
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Introduction

It has been reported that hyperglycemia (HG) causes oxidative stress, enhances

inflammation, induces apoptosis and activates coagulation, which deteriorate

myocardial damage in the setting of ischemia. (1-3). In the clinical practi‘ce*fuadmi"s‘“s')ion

plasma glucose is used as a measure of acute hyperglycemia - (acute-HG) and

hemoglobin Alc (HbAlc) for chronic hyperglycemia (chrdiiic-HGj. However, it

From January 2007 to Juné 2012, 760 consecutive patients who were admitted to

National Cerebral and Gardi‘o_yascular Center of Japan within 48 hours after the onset of

AMI were prospe;fctively\%éhrolled to the observational single-center registry and were

retrospectively analyzed. In this registry, AMI was defined by a combination of 2 of the

3 followings; chest pain longer than 30 minutes, electrocardiographic signs and
elevation of serum creatinine kinase more than twice the upper normal limit. Patients for
whom laboratory data were lacking (n = 64) were excluded from the present study.

Finally, this study consisted of the remaining 696 patients constituted the study
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population with short-term clinical follow-up. The allocation of emergency coronary

angiography and coronary intervention was determined by physician’s decision. The

study protocol was approved by the institutional review board of National Cerebral and

Cardiovascular Center, and was conducted in accordance with regulatio _goveming

epidemiologicai studies issued by the Ministry of Health, Labor, and :Wélfa’ré of Japan.
On admission, age, sex, body mass index and comorb;ﬁzdity;fs‘imh' as hypertension,

diabetes, dyslipidemia, smoker and previous myocardial infarction were recorded.

peak value. Acute-HG was defined éé':admission plasma glucose >200 mg/dl (4).
Chronic-HG was defined as HbA1c265% (5). Chronic kidney disease is defined as

estimated glomerular filtration rate <30 mL/min/1.73m? in this study.

Continuous data_\x?efg:: shown as mean + standard deviation. Continuous variables

were compare;d“bj}*use%f the ¢ test and categorical variables with x* statistics or Fisher

exact testﬁzz’LQgié;tic regression analysis was used to obtain odds ratio (OR) and 95%
confidence interval (CI) for in-hospital mortality. In multivariate analysis, the
association between acute-HG and chronic-HG were adjusted for baseline variables,

including age, sex, smoker, previous myocardial infarction, elapsed time, ST-elevation
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myocardial infarction, Killip classification >2 and primary coronary intervention.

Multivariate analysis was also performed when plasma glucose and HbAlc were
analyzed as a continuous variable. P values <0.05 were considered statistically

significant. All statistical analysis was performed using IMP® (version 11

Results

Acute-HG was found in 16 patients (23%). Table 1 shows the baseline
characteristics of patients with and without acute-HG. Patients with acute-HG had

significantly highe‘r_;‘;ﬁlafsfr:hé: glucose on admission (276 + 75 vs. 139 + 28 mg/dl, p

<0.001) and HBA1e:(7:2 + 1.9 vs. 5.6 % 0.8 %, p <0.001) than those without acute-HG.

Acute-HG asfzaséociated with more diabetes, more chronic kidney disease, more Killip
classification >2 and higher body mass index.
There were 212 (30%) patients with chronic-HG. The baseline characteristics of

patients with chronic-HG and without chronic-HG were shown in Table 2. Both
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admission plasma glucose and HbAlc were higher in patients with chronic-HG than

without chronic-HG (223 + 86 vs. 148 + 52 mg/dl, p <0.001 and 7.5 + 1.5 vs. 5.4 +
0.3 %, p <0.001, respectively). Chronic-HG was associated with more diabé(tgishand
more dyslipidemia.

Peak creatinine kinase was obtained in 691 patients (99%). Patlentsvvlth acute-HG
(Figure 1A). There was no significant difference in p“gak qféat}ﬁine kinase between in
patients with chronic-HG and without chron1c-HG(p= ‘0.59) (Figure 1A). In-hospital
mortality rate was significantly higher in patlen S:«;With acute-HG than in those without
(p <0.001) (Figure 1B), but chronic;}:{(x}*v;;(as‘ ;mt associated in-hospital mortality (p =
0.79) (Figure 1B).

In univariate analysis,’ acute—HG was associated with a 6-fold increase in in-hospital
mortality risk (OR634,95% CI [2.8 to 15.3], p <0.001). When plasma glucose was

analyzed as a continuots variable, an increase of 1mmol/L (18mg/dl) in plasma glucose

was associated with an increase in mortality risk of 18% (OR 1.18, 95% CI [1.10 to
1.26], p <0.001). On the contrary, chronic-HG (OR 0.88, 95% CI [0.34-2.06], p = 0.79)
and HbAlc (OR 1.14, 95% CI [0.85-1.43], p = 0.31) were not predictive factors of

in-hospital mortality.
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In multivariate analysis, acute-HG was independently associated with in-hospital

hlortality (OR 6.35, 95% CI[2.29 to 18.9], p <0.001), but chronic-HG was not (OR 0.47,
95% CI [0.15 to 1.37], p = 0.16). Analyzed as a continuous variable, plasnjl,a»l' lucose

was an independent predictor for in-hospital mortality (OR 1.21, 95% CL[1:09 to 1.35],

p <0.001), but HbAlc was not (OR 0.85, 95% CI [0.57 to 1.20], p = 0.36).

Peak creatinine kinase and in-hospital mortality are shown in Figure 2 stratified

according to acute-HG and chronic-HG. Acute-HG wa \,asé;(})ci,ated with large infarct

size and high in-hospital mortality in both patient wtth cﬁronic-HG and those without

chronic-HG. In 528 patients without acute-HG, h&e was no significant difference in

peak creatinine kinase and in-hospital mprtaiity between patients with and without

chronic-HG. On the contrary, 163 patients with acute-HG, chronic-HG was

associated with smaller pe kfgg:reatiﬁine kinase and lower in-hospital mortality.

Discussion

‘ﬁndings of this study were, 1) acute-HG was associated with large infarct
size and high in-hospital mortality in patients with AMI, but chronic-HG was not; 2) in
patients with acute-HG, chronic-HG was paradoxically associated with small infarct

size and low mortality after AML
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As precious studies have reported (6-10), the current study showed that acute-HG is

associated with larger infarct size and higher in-hospital mortality in patients with AML
Although there had been debate as to whether acute-HG is causally related’f:tgi poor
outcome after AMI or is simply an epiphenomenon of the severe diseaéé@gnditions,
most recent studies have demonstrated that acute-HG is causally assééiétéd with further

deterioration of myocardial damage and poor outcomes after reperfusion.

Acute-HG is observed not only in diabetic but also ﬁopfdiabetic patients with AMI.

ents with acute-HG as pre-existing

1

levels, are prognostic factors for in-hospital mortality in patients with AMI (12).
However, recent studleshave shown that diabetes is not associated with short-term
outcomes aftgr'AM»Iviﬁ patients who underwent primary coronary intervention (9, 13,
rr_‘_en';study, we also showed that chronic-HG assessed by HbAlc did not
predict infarct size and in-hospital mortality in patients with AMI who were mostly

treated with primary coronary intervention.
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Several clinical and experimental studies have shown that acute increase of plasma

glucose causes several unfavorable effects, including oxidative stress, inflammation,

the

apoptosis, endothelial dysfunction and hyper-coagulation, that may contributé

poor outcomes of patients with AML Esposito et al (1) reported that the p‘lj 13
levels increased as the plasma glucose level increased during _c,o,ﬂ

intravenous glucose but immediately returned to normal as plasma lucose returned to

normal levels. Of note, when the first elevation inthe bldod glucose level was

maintained by subsequent continuous intravenous glucose infusion, plasma cytokine

concentrations gradually returned to norma yéls, despite sustained high plasma

glucose level. Apoptosis is also enhanced by' intermittent, rather than constant, high

glucose concentration (2).

In patients with AMI’}mdgrgoiﬁ‘g primary coronary intervention, Iwakura et al (15)

have shown that no- eﬂéw phenomenon assessed by contrast echocardiography was

predicted by acute HG but not by a history of diabetes or by HbAlc. Recently,

Teraguchi ‘¢t al- (16) reported, using continuous glucose measurement and cardiac

magnetic resonance imaging, that there was a significant negative relation between
glucose fluctuation and myocardial salvage index. In addition, we have previously

reported that acute-HG abolishes ischemic preconditioning that has potent endogenous
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cardioprotective effect against myocardial ischemia (17). These findings suggest that

acute elevation of plasma glucose (acute-HG), but not constant high glucose

concentration (CHG), deteriorates myocardial damage and outcomes after AML'

In this study, we showed that acute-HG was associated with large infarct size and

chronic-HG was associated with small peak cgeéﬁn‘ine kinase and low mortality in

patients with acute-HG. There are several possﬂ)le mechanisms that may explain this

paradoxical finding. The magnimde_p’f acute glucose elevation may become small in
patients with chronic-HG, becaUSf;;bés:eline glucose level should be high in these

patients. Experimental studies have suggested that diabetic heart is paradoxically more

resistant to ischemig msults ﬁecreaseé activity of sodium proton exchanger in diabetic
myocardium m’ay::’p'rev"ent reperfusion injury (18). Also, decreased glucose utilization
observed mdlabetlc cells may be beneficial in a circumstance of high plasma glucose.
Results of previous studies that have investigated whether continuous insulin infusion
to normalize the glucose level will improve the outcome of patients with AM are

inconsistent (19, 20). Most of these studies consisted of patients with diabetes and/or
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acute-HG. Because impact of acute-HG is more pronounced in patients without

chronic-HG, glucose control to correct acute-HG may be more beneficial for patients

without chronic-HG or diabetes. Further studies should be warranted into the

appropriate management in patients with AMI and acute-HG in the::@britgmporary

intervention era.

This study has the limitations of all retrospective investigafion\s‘.: However, this study

consisted of consecutive patients with AMI who recei';‘ed céntemporary management,

including primary coronary intervention in 87% of patients. A small sample size is

another limitation of this study. Because of the nature of observational study, the

cause-effect relation between plasma :cosé and outcomes, and impact of acute

management of plasma glucose ofi:outcomes were not investigated.
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Figure Legends

Figure 1: Effects of acute-HG and chronic-HG on peak creatinine kinase and in-hospital

mortality

(A)Patients with acute-HG had a significantly higher peak creatinine‘;‘ik’ifnase than
without acute-HG (4,094 + 4,594 vs. 2,526 + 2,227 TU/L, p <Q,.601‘3;;:There was no

significant difference in peak creatinine kinase between iﬁ'pat:iéﬁts with chronic-HG

and without chronic-HG (2,803 + 2,661 vs. 2,940 + 3,181 TU/L, p = 0.585)

(B) In-hospital mortality rate was significantly hig/ﬁuer:r”. | \ ,pétients with acute-HG than in
patients without (9.8% vs. 1.6%, p <0001) H‘ere was no significant difference in

mortality between patients with and without chronic-HG (3.3 vs.3.7%,p=0.79)

Figure 2: Effects of chronicHG on peak creatinine kinase and in-hospital mortality in
patients with acute—HGai;ldAin those without acute-HG

When only patiénts::"without acute-HG were analyzed, there was no significant

difference in peak creatinine kinase (2,348 + 2,156 vs. 2,572 + 2,244 IU/L, p = 0.364)
and in-hospital mortality (1.0 vs. 1.9%, p = 1.00) between patients with and those

without chronic-HG. On the contrary, in patients with acute-HG, chronic-HG was
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associated with smaller peak creatinine kinase (3,221 £ 3,001 vs. 5,904 + 6,473 TU/L, p‘

<0.001) and lower mortality (5.5 vs. 18.9%, p = 0.01).
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Table 1

Baseline characteristics of patients with and without acute hyperglycemia

Variables Acute Hyperglycemia pValue
Yes (n=163) No (n=533)
Age (yrs) 68.7%+11.9 674+12.8 0.268
Men 72% 72% 0.921
Body mass index (kg/m?) 244438 23.3+3.7 0.002
Diabetes Mellitus 69% 24% <0.001
Hypertension 72% 66% 0.214
Dyslipidemia 61% 54% 0.105
Smoker 32% 33% 0.964
Chronic kidney disease 48% 29% <0.001
Previous myocardial infarction 9% 10% 0.881
ST elevation myocardial infarction 80% 84% 0.342
Anterior location 39% 39% 1.000
Killip class 2 to 4 35% 14% <0.001
Elapsed time (hour) 7.1%10.2 75497 0.701
Primary percutaneous coronary intervention 90% 86% 0.349
Medication before infarction
Antiplatelet agent 21% 18% 0.494
Angiotensin-converting enzyme inhibitors 31% 22% 0.021
and/or angiotensin receptor blockers
Calcium-channel blocker 27% 26% 0.919
Beta-blocker 12% 10% 0.562
Statin 23% 17% 0.066
Oral hypoglycemic agent 29% 8% <0.001
Insulin 9% 2% <0.001
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