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Abstract

Admission hyperglycemia (AH) is associated with worse prognosis in patients with acute myocardial infarction (AMI).
Controversy remains whether the impact of AH differs among patients previously diagnosed with diabetes mellitus (DM).
We retrospectively evaluated consecutive patients admitted in a coronary care unit with AMI, from 2006 to 2014. Patients
were divided into 4 groups: patients without known DM with admission glycemia (AG) <143 mg/dL (group 1), patients
without known DM with AG > 143 mg/dL (group 2), known DM with AG <213 mg/dL (group 3), and known DM with
AG > 213 mg/dL (group 4). Primary outcome was defined as all-cause mortality during follow-up. A total of 2768 patients
were included: 1425 in group 1, 426 in group 2, 593 in group 3, and 325 in group 4. After a median follow-up of 5.6 years,
1047 (37.8%) patients reached primary outcome. After multivariate analysis, group 4 was associated with the worst prog-
nosis (HR 3.103, p <0.001) followed by group 3 (HR 1.639, p=0.002) and group 2 (HR 1.557, p=0.039), when compared
to group 1. When groups were stratified by type of AMI, patients in group 2 had a worse prognosis than patients in group
3 in the case of non-ST-segment elevation AMI. AH is associated with higher all-cause mortality in patients with AMI,
irrespective of previous diabetic status.
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Introduction

Ischemic heart disease, with acute coronary syndrome
(ACS) as its main manifestation, is the leading cause of
death worldwide. Despite the recent decline in mortality in
patients with acute myocardial infarction (AMI), there is still
room for further improvement in care [1].

Previous studies have shown that admission hyperglyce-
mia (AH) is not only common in patients presenting with
AMI but is also associated with a worse outcome after hos-
pital discharge [2, 3]. While patients with DM are known to

P4 Jodo André Ferreira
joaoaferreira29 @gmail.com

Department of Cardiology, Centro Hospitalar e
Universitario de Coimbra, Praceta, R. Professor Mota Pinto,
3004-561 Coimbra, Portugal

Faculty of Medicine, iCBR, University of Coimbra, Coimbra,
Portugal

have a worse short- and long-term prognosis when compared
to patients without DM [4, 5], there remains controversy
whether the effect of AH is different between patients with
previously known diabetes mellitus (DM) and those with-
out the disease. To fuel this controversy, studies performed
on the impact of AH in the prognosis of AMI had great
heterogeneity [3, 6]. Many had varying definitions of AH,
different inclusion criteria frequently excluding patients with
DM, and different access to revascularization therapy. As
such, disparities between studies have limited conclusions
and consensus in the matter.

In this study, we sought to analyze the impact of AH on
all-cause mortality of patients with and without DM admit-
ted with AMI in a tertiary center contemporary cohort.
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Methods
Study population

We conducted a retrospective study based on data from a
single tertiary center. A total of 4792 patients with a diag-
nosis of AMI [ST-segment elevation myocardial infarc-
tion (STEMI) and non-ST-elevation myocardial infarction
(NSTEMI)] admitted to our coronary care unit (CCU)
between January 2006 and February 2017 were identified.
A total of 1305 patients without admission blood glucose
information, 513 repeat patients, and 244 patients without
information regarding previous DM status were excluded
from the analysis. All patients were admitted to the emer-
gency department (ED) before admission to our CCU.
Patients were treated with optimal medical therapy for
AMI in accordance with the most recent European Society
of Cardiology (ESC) ACS guidelines [7, 8]. Patients were
divided into four groups according to serum glucose level on
admission and previously known DM status: patients with-
out known DM with admission glycemia (AG) < 143 mg/dL
(group 1), patients without known DM with AG> 143 mg/dL
(group 2), patients with known DM with AG <213 mg/dL
(group 3), and patients with known DM with AG >213 mg/
dL (group 4). A flowchart of the study population is shown
in Fig. 1.

Data collection and variables
All patients performed a 12-lead electrocardiogram on

admission to the ED. We collected and analyzed the follow-
ing patient data: demographic and clinical characteristics

(age, gender, previous medical history, and previous drug
use), clinical and analytical findings (complete blood count,
creatinine, lipid profile, glucose, and troponin I) on admis-
sion in the ED and during hospitalization, drug use dur-
ing hospitalization and at discharge, interventions during
hospitalization, reperfusion therapy and coronary angi-
ography characteristics, echocardiographic findings, and
other interventions during hospitalization. All patients met
criteria for AMI according to the fourth Universal Defini-
tion of Myocardial Infarction [9]: clinical evidence of acute
myocardial ischemia and detection of a rise and/or fall of
cardiac troponin values with at least one value above the
99th percentile upper reference limit and at least one of the
following: (1) symptoms of myocardial ischemia; (2) new
ischemic ECG changes; (3) development of pathological Q
waves; (4) imaging evidence of new loss of viable myo-
cardium or new wall motion abnormality consistent with
ischemic etiology; (5) identification of a coronary thrombus
by angiography or autopsy.

Previous DM was defined as having a previous history
of DM treated with diet only, oral antidiabetic drugs, and/or
insulin, based on previous clinical history, medication, and
analytical parameters obtained from hospital and primary
care physicians records. DM diagnosis during hospitaliza-
tion was made when the patient fulfilled 1 of the follow-
ing criteria: (1) fasting plasma glucose levels > 126 mg/
dL, 2-h plasma glucose levels > 200 mg/dL after oral glu-
cose tolerance test (at 2 h after drinking 75 g of glucose, in
patients without known DM), or glycosylated hemoglobin
(HbAlc)>6.5%, in accordance with the most recent Amer-
ican Diabetes Association consensus [10]. All laboratory
criteria were repeated to confirm a diagnosis.

4792 patients admitted to hospital for AMI from
January 2006 to February 2017

Exclusion: 1305 patients with no information regarding admission blood glucose in the ED, 513
repeat patients and 244 patients with unknown previous diabetes status

2768 patients included in the final analysis

v

Without known diabetes (1850 patients)

l
v v

AG <143 mg/dL AG >143 mg/dL
(group 1, 1425 patients) (group 2, 426 patients)

v

With known diabetes (918 patients)

I
v v

AG =213 mg/dL AG =213 mg/dL
(group 3, 593 patients) (group 4, 325 patients)

Fig. 1 Flowchart of patient selection. AG admission glycemia; AMI acute myocardial infarction, ED emergency department
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AH was defined as an admission glycemia> 143 mg/dL
for patients without known DM and >?213 mg/dL for patients
with known DM, based on receiver-operating characteris-
tic (ROC) curve analysis and Youden index, performed to
assess the discriminative power of the different values of
AG in estimating the probability of death during follow-up
(Table S1 and Figure S1 of Supplemental material).

Study endpoint

The primary objective of our study was to evaluate the
impact of different AH levels on all-cause mortality during
follow-up. All patients were followed until February 2017.
Follow-up information was obtained by reviewing hospital
records and the official national vital registry. Time to the
occurrence of death was defined from the date of admission.

Statistical analysis

Both the study population and the four groups were charac-
terized regarding categorical variables using absolute fre-
quencies and relative frequencies; for continuous variables,
the central tendency of data was characterized by sample
mean or median; for this type of variables, data dispersion
was characterized by standard deviation, in the case of sam-
ple mean, or by interquartile range, in the case of median.
Normal distribution was assessed from histograms, P—P
plots, and Kolmogorov—Smirnov test.

A comparison was made between the four groups.
Regarding categorical variables, the comparison was per-
formed using the y? test or Fisher’s exact test when the
assumptions of the former were not met. Continuous vari-
ables were compared concerning means using the T test
for independent samples and regarding medians using the
non-parametric Mann—Whitney test. The survival func-
tions of the four groups to be compared were estimated
using Kaplan—Meier method and represented in the form
of Kaplan—Meier curves and compared using the Log-Rank
test. Additionally, to identify a possible association of AH
with all-cause death during follow-up, we adjusted Cox
regression models, first only including AG (univariable
model). Afterward, multivariable Cox regression models
were adjusted for possible confounders (variables with a P
value < 0.05 between groups—all covariates are shown in
Table 3). In the Cox model, we considered the Stepwise
Forward variable selection method with likelihood ratio test,
and the effect of the variables was evaluated by estimating
the hazard ratio and its confidence interval. Group 1 was
the reference in all comparisons. In every Cox model, we
tested for first-order interactions between covariables and
each prognosis variable being tested. Risk was expressed as
hazard ratio (HR) and their 95% confidence interval (CI).

All statistical analysis was performed at the 5% sig-
nificance level. The analysis was conducted using IBM®
SPSS® Statistics, version 26.0 software. The authors had
full access to data and take full responsibility for its integrity.

Results
Baseline characteristics

A total of 2768 patients were included in the final analy-
sis, of which 33.2% (n=918) were patients with previously
known DM. The distribution of patients among groups was
as follows: 1424 patients in group 1, 426 in group 2, 593 in
group 3, and 325 patients in group 4 (Fig. 1). The median
(interquartile range) AG levels were 127 (67) mg/dL for
the entire cohort, 107 (25) mg/dL for patients in Group 1,
167 (49) mg/dL for patients in Group 2, 146 (59) mg/dL
for patients in Group 3, and 286 (98) mg/dL for patients in
Group 4. A total of 18.2% (n=504) were diagnosed with
DM during hospitalization, 18.8% (n=267) in group 1 and
55.6% (n=237) in group 2.

Median AG was higher in STEMI patients when com-
pared to NSTEMI patients [138 interquartile range (IQR) 72
vs. 118 IQR 61, mg/dL, p <0.001]. Median follow-up time
was 5.6 (IQR 4.3) years. Mean cohort age was 68 + 13 years,
and 68.2% were male and had a mean body mass index of
27.6+4.5 kg/m>.

Compared with those of group 1, patients in groups 3
and 4 had a higher incidence of arterial hypertension, dys-
lipidemia, previous AMI, previous PCI, previous coronary
artery bypass grafting (CABG), previous stroke/TIA, and
peripheral artery disease. By contrast, patients in groups 1
and 2 had a higher incidence of active smoking, being pre-
dominantly male (Table 1).

Compared with groups 1 and 3, patients in groups 2 and
4 registered a higher rate of Killip—Kimball (KK) class >2,
higher release of troponin I, higher CRP, and lower LVEF
values at admission. Creatinine values were higher in groups
3 and 4, as well as HbA 1c at admission. Patients in the same
groups presented with lower hemoglobin, high-density lipo-
protein, and low-density lipoprotein (Table 1).

Different groups registered some differences regarding
cardiovascular drug use during stay. Although there was no
difference regarding the use of aspirin or P2Y 12 inhibitors,
the need for use of glycoprotein IIb/IIla inhibitors and ino-
tropic/vasopressors was higher in groups 2 and 4, compared
to other groups. Also, beta-blocker and angiotensin-convert-
ing enzyme inhibitor prescription were lower in groups 2
and 4, when compared to groups 1 and 3. Diuretic use was
higher in groups 2, 3, and 4 when compared with group 1
(Table 2).
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Table 1 Baseline characteristics of study patients stratified by admission glycemia and known diabetes status

Variable Patients without known DM

Patients with known DM

AG <143 mg/dL

AG>143 mg/dL P value

AG<213mg/dL AG>213mg/dL P value

n=1425 n=426 n=593 n=325
Demographics
Male gender, n 1002 (70.3%) 291 (68.5%) 0470 374 (63.1%) 220 (67.7%) 0.170%*
Age (years) 66.1+13.9 69.9+12.9 <0.001 71.4+10.9 68.5+11.2 <0.001%*
BMI (kg/m?) 27.0+4.5 26.8+4.1 0426 28.6+4.7 28.9+4.6 0.305%*
BMI > 30 kg/m> 266 (20.1%) 72 (18.1%) 0.428 196 (34.9%) 119 (38.5%) 0.303%#*
Medical history
Active smoker, n 309 (21.7%) 60 (14.1%) 0.001 65 (11.0%) 32 (9.8%) 0.654#*
Arterial hypertension, n 899 (67.2%) 281 (69.7%) 0.362 502 (88.8%) 273 (88.3%) 0.824#*
Dyslipidemia, n 727 (67.1%) 208 (66.0%) 0.734 423 (86.9%) 231 (90.6%) 0.152%#*
Family history of CAD, n 159 (11.2%) 40 (9.4%) 0.328 45 (7.6%) 28 (8.6%) 0.611
Previous AML, n 157 (12.4%) 40 (11.0%) 0.523 91 (19.4%) 55 (22.1%) 0.383%#*
Previous PCL, n 111 (8.0%) 20 (4.9%) 0.039 62 (11.1%) 38 (12.4%) 0.579%#*
Previous CABG, n 51 3.7%) 6 (1.4%) 0.024 32 (5.5%) 16 (5.0%) 0.877#*
Previous stroke/TIA, n 87 (6.1%) 29 (6.8%) 0.570 73 (12.3%) 38 (11.7%) 0.833%#:*
Peripheral artery disease, n 34 (2.4%) 10 (2.4%) 1.000 47 (7.9%) 26 (8.0%) 1.000%*
Clinical and analytical data at admission
New DM diagnosis, n 267 (18.8%) 237 (55.6%) <0.001 0(0) 0 (0) 1.000%*
STEMI, n 573 (40.2%) 279 (65.5%) <0.001 223 (37.6%) 159 (48.9%) <0.001#*
NSTEML n 851 (59.8%) 147 (34.5%) <0.001 370 (62.4%) 166 (51.1%) <0.001#*
Killip-Kimball class > 11 105 (7.4%) 102 (23.9%) <0.001 92 (15.5%) 91 (28.0%) <0.001%*
Admission glycemia, (g/dL), IQR) 108 (25) 188 (49) <0.001 146 (59) 286 (98) <0.001#*
HbAlc (%) 5.6+0.5 6.0+1.0 <0.001 7.0+1.3 83+1.6 <0.001#*
Creatinine (mg/dL) 1.09+0.87 1.24+0.87 0.002 1.42+1.29 1.48+1.30 0.483%#*
Hemoglobin (g/dL) 13.59+1.86 13.60+2.11 0933 12.7+19 13.2+2.1 0.001%#*
LVEF (%) 52+11 47+12 <0.001 50+12 47+11 0.005%**
TC (mg/dL) 198.9+47.0 197.3+452 0.650 171.0+44.9 178.8+54.9 0.033%#*
HDL (mg/dL) 424+11.3 42.1+11.5 0.344 40.1+10.6 402+11.1 0.937#*
LDL (mg/dL) 129.7+36.7 127.3+36.7 0.672 114.2+34.5 120.2+42.0 0.058%**
Troponin I (ng/mL) 15.8+36.4 27.2+68.4 <0.001 16.2+41.9 2224622 0.121%*
C-reactive protein (mg/L) 2.1+4.1 2.7+49 0.029 2.5+4.6 34+59 0.013%#*
Arrhythmias during hospitalization
Atrial fibrillation*, n 15 (1.1%) 13 (3.1%) 0.006 5 (0.8%) 5(1.5%) 0.337%#*
Sustained VT, n 8 (0.6%) 11 (2.6%) 0.001 6(1.0%) 11 (3.4%) 0.018%**

AMI acute myocardial infarction, BNP basal natriuretic peptide, BMI body mass index, Bpm beats per minute, CAD coronary artery disease,
HbAIc glycated haemoglobin, HDL high-density lipoprotein, /QR interquartile range, LDL low-density lipoprotein, LVEF left-ventricular ejec-
tion fraction, PCI percutaneous coronary intervention, SD standard deviation, T/A transient ischemic attack, TC total cholesterol, VT ventricular

tachycardia

*Atrial fibrillation with need for cardioversion

**Significant differences between the four groups in one-way analysis of variance

There was no difference in access to coronary angiogra-
phy between groups. Left anterior descending artery lesions
were more common in groups 2 and 4, and 3-vessel dis-
ease was more common in group 4 when compared to other
groups. Percutaneous coronary intervention was performed
more often in groups 2 and 4 when compared to other groups

(Supplementary Material, Table S2).
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Primary outcome

All-cause mortality was recorded in 37.8% (n=1047) of
patients. Unadjusted all-cause mortality during follow-up,
when compared to group 1, was the highest in group 4
[Hazard ratio (HR) 2.145, C1 95% 1.790-2.570, p < 0.001],
followed by group 3 (HR 2.045, 95% CI 1.758-2.380,
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Table 2 Cardiovascular drug use during stay
Variable Patients without known DM Patients with known DM
AG <143 mg/dL AG> 143 mg/dL P Value AG <213 mg/dL AG>213 mg/dL P Value
n=1425 n=426 n=593 n=325
Aspirin 1385 (97.3%) 412 (96.7%) 0.513 567 (95.6%) 314 (96.6%) 0.599
Clopidogrel 1306 (91.7%) 386 (90.6%) 0489 540 91.1%) 295 (90.8%) 0.904
Unfractionated heparin* 11 (0.8%) 7 (1.6%) 0.153 5(0.8%) 6 (1.8%) 0.211
Enoxaparin 1237 (86.9%) 389 (91.3%) 0.014 513 (86.5%) 290 (89.2%) 0.253
Gp IIb/I1a inhibitors 315 (22.1%) 122 (28.6%) 0.006 109 (18.4%) 93 (28.6%) <0.001%*
B-blocker 1296 (91.0%) 346 (81.2%) <0.001 516 (87.0%) 264 (81.2%) 0.021%*
ACEi 1299 (91.2%) 356 (83.6%) <0.001 530 (89.4%) 285 (87.7%) 0.446%*
Statin 1324 (93.0%) 405 (95.1%) 0.146 540 91.1%) 296 (91.1%) 1.000%*
Nitrates 195 (13.7%) 72 (16.9%) 0.100 101 (17.0%) 71 (21.8%) 0.077%*
Diuretic 238 (16.7%) 138 (32.4%) <0.001 196 (33.1%) 134 (41.2%) 0.015%*
Inotropic or vasopressor 12 (0.8%) 26 (6.1%) <0.001 21 (3.5%) 23 (7.1%) 0.023%#*

ACEIi angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blockers, CCB calcium channel blocker, Gp glycoprotein

*Drug use besides peri-procedural setting

**Significant differences between the four groups in one-way analysis of variance

Table 3 Predictors of all-cause
mortality during follow-up
stratified by admission glycemia

and diabetes status

Variable

Univariate model

Multivariate model

Hazard ratio (95% CI) P value

Hazard ratio (95% CI) P value

Group 4 vs. Group 1

Group 3 vs. Group 1

Group 2 vs. Group 1

DM diagnosis during hospitalization
Age

Age> 75 years

Gender (female vs. male)

LVEF >40%

Previous AMI

GRACE score

Arterial hypertension

Dyslipidemia

Active smoking

Previous stroke/TIA

CRP at admission

LDL at admission

Serum creatinine at admission
Troponin I at admission
Killip-Kimball class > 2 at admission
Beta-blocker during hospitalization
ACE-inhibitor during hospitalization

2.145 (1.790-2.570)
2.045 (1.758-2.380)
1.757 (1.478-2.088)
1.298 (1.089-1.547)
1.079 (1.072-1.085)
4.225 (3.723-4.796)
1.325 (1.169-1.502)
0.445 (0.380-0.521)
1.759 (1.483-2.086)
1.015 (1.014-1.017)
1.413 (1.210-1.651)
1.007 (0.858-1.181)
0.356 (0.284-0.446)
2.177 (1.825-2.596)
1.047 (1.036-1.057)
0.990 (0.988-0.992)
1.264 (1.225-1.305)
1.001 (1.000-1.002)
2.557 (2.222-2.943)
0.467 (0.402-0.543)
0.594 (0.501-0.704)

<0.001
<0.001
<0.001

0.004
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.933
<0.001
<0.001
<0.001
<0.001
<0.001

0.113
<0.001
<0.001
<0.001

3.103 (2.000-4.814)
1.639 (1.191-2.255)
1.557 (1.024-2.369)
1.085 (0.722-1.632)
1.080 (1.051-1.110)
1.629 (1.018-2.606)
1.013 (0.745-1.378)
0.581 (0.409-0.825)
1.172 (0.847-1.622)
1.000 (0.993-1.006)
0.832 (0.593-1.166)
0.735 (0.545-0.991)
1.635 (0.993-2.691)
1.361 (0.845-2.192)
0.977 (0.946-1.010)
0.997 (0.993-1.001)
1.298 (1.166-1.445)
0.999 (0.997-1.002)
1.046 (0.683-1.601)
0.816 (0.515-1.294)
0.858 (0.478-1.540)

<0.001
0.002
0.039
0.694
<0.001
0.042
0.933
0.002
0.338
1.000
0.285
0.043
0.053
0.205
0.173
0.167
<0.001
0.999
0.836
0.388
0.609

Group 1—patients without known diabetes and AG <143 mg/dL; Group 2—patients without known dia-
betes and AG> 143 mg/dL; Group 3—patients with known diabetes and AG<213 mg/dL; Group 4—
patients with known diabetes and AG >213 mg/dL

ACE angiotensin-converting enzyme, AG admission glycemia, AMI acute myocardial infarction, CRP
C-reactive protein, DM diabetes mellitus, LVEF left-ventricular ejection fraction, LDL low-density lipopro-

tein, TIA transient ischemic attack
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p<0.001) and group 2 (HR 1.757, 95% CI 1.478-2.088,
p <0.001). After multivariate analysis, group 4 was still
associated with the worst prognosis (HR 3.103, 95% CI
2.000-4.814, p <0.001) followed by group 3 (HR 1.639,
95% CI 1.191-2.255, p=0.002) and finally group 2 (HR
1.557, CI1 95% 1.024-2.369, p=0.039). As we found a
significant interaction between groups and type of AMI
(NSTEMI or STEMI), we plotted the impact of differ-
ent AG and diabetes status stratified by type of AMI.
In patients with NSTEMI, AG and diabetic status were
more potent predictors of all-cause mortality than in
patients with STEMI. When compared to group 1, group
4 remained associated with the worst prognosis (HR 3.457,
95% CI 2.143-5.575, p<0.001), followed by Group 2
(HR 2.177, 95% CI 1.334-3.553, p=0.002) and Group
3 (HR 1.888, 95% CI 1.353-2.636, p <0.001). In the
case of patients admitted with STEMI, group 4 presented
the worse prognosis (HR 2.132, 95% CI 1.226-3.710,
p=0.007); however, the prognosis of patients in group 3
(HR 1.461, 95% CI 0.878-2.431, p=0.144) and group 2
(HR 1.282,95% CI1 0.797-2.062, p=0.306) was not signif-
icantly different than patients in group 1. When analyzing
fasting plasma glucose as a continuous variable, adjusted
for the same variables entered in the main analysis, we
observed that an increase in 50 mg/dL was associated with
a 1.10-fold increase in the hazard of reaching primary out-
come (HR 1.002, CI 95% 1.001-1.004, p =0.008). Per-
forming the same analysis for admission glucose as a con-
tinuous variable, we observed that an increase in 50 mg/
dL of admission glucose was associated with a 1.16-fold
increase in the hazard of reaching the primary outcome
(HR 1.003, CI 95% 1.002-1.005, p < 0.001).

When trying different group cut-offs of AH in the multi-
variate analysis such as the cut-offs suggested by Capes et al.
[6] (144 mg/dL for patients without DM and 180 mg/dL for
patients with DM), the cut-offs suggested by Wahab et al.
[11] (198 mg/dL for patients with or without previous DM)
and the cut-offs suggested by Scott et al. [12] (5.6 mmol/L
and 11 mmol/L), the same relationships between groups and
similar survival curves were observed, with group 4 having
the worse prognosis, followed by group 3 and finally group
2, when compared to group 1.

Regarding patients with a new diagnosis of DM during
hospitalization, unadjusted all-cause mortality during fol-
low-up was higher when compared to patients without DM
(HR 1.298, 95% CI 1.089-1.547, p=0.004). However, after
multivariate analysis, all-cause mortality of the patients with
a new diagnosis of DM was no longer different than patients
without DM (HR 1.085, 95% CI 0.722-1.632, p=0.694).

Univariate and multivariate analysis are depicted in
Table 3, and Kaplan—Meier curves stratified by AMI subtype
can be seen in Fig. 2. Adjusted survival curves of different
groups are shown in Fig. 3.
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Discussion

In the present study, we analyzed a sample with one of
the highest age-adjusted comparative prevalence of DM
in Europe and we focused on the impact of AG on the
prognosis of patients admitted with AMI, grouped by two
AG cut-point values (143 mg/dL and 213 mg/dL) and
previously known diabetic status. We found that AG is
a strong predictor of all-cause mortality, both in patients
with and without DM. In our study, patients with known
DM and AG > 213 mg/dL had the highest mortality after
hospital discharge, followed by patients with known DM
and AG <213 mg/dL and patients without known DM and
AG > 143 mg/dL, with both group 2 and 3 having a simi-
lar prognosis. This effect of AG on prognosis remained
true after adjustment for other variables known to affect
the prognosis of AMI patients, such as age, LVEF, kidney
function, and troponin release measured at admission. The
impact of AG remained significant in NSTEMI but only
in patients with known DM in STEMI. Therefore, in the
contemporary era of percutaneous revascularization, AH
may be a stronger predictor of long-term mortality than a
previous history of DM.

Multiple studies have shown the effect of hypergly-
cemia on ischemic myocardium. It has been shown that
acute hyperglycemia abolishes the cardioprotective effect
of ischemic preconditioning by inhibiting Akt phospho-
rylation in mice [13]. The same phenomenon was also
observed in dogs after a prolonged coronary artery occlu-
sion and modest degrees of hyperglycemia. In the same
study, profound hyperglycemia not only abolished pre-
conditioning but also increased infarct size [14]. Hyper-
glycemia was also associated with elevated systolic and
diastolic blood pressures as well as with QT interval pro-
longation, changes reverted after glycemia correction [15].
Timmer et al. [16] have associated hyperglycemic STEMI
patients with a lower rate of spontaneous reperfusion and
Iwakura et al. [17] showed a higher incidence of the no-
reflow phenomenon in patients with hyperglycemia after
successful reperfusion therapy. Also, Torella et al. [18]
found that myocardial carbonic anhydrase is significantly
elevated in human diabetic ischemic cardiomyopathy,
which is associated with the hyperactivation of the Na*/
H* exchanger 1 to promote cardiomyocyte hypertrophy,
myocardial dysfunction, apoptosis, and failure. Several
studies have also suggested that hyperglycemia is asso-
ciated with a prothrombotic state, through lower tissue
plasminogen activity [19], increased platelet aggregation
[20], and increased vascular inflammation [21]. Recently,
it has been found that thromboxane-dependent platelet
activation was at least as high in impaired glucose toler-
ance as in patients with DM and further increased over
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Fig.2 Kaplan—Meier curves of patients admitted with acute myocardial infarction, stratified by previous diabetic status and admission glycemia.

a General cohort. b NSTEMI patients. ¢ STEMI patients

time [22]. This finding can potentially explain the similar
prognosis of patients in group 2 and group 3. However, a
question arises whether hyperglycemia is a real mediator
of adverse outcomes or a marker of high-risk AMI. As
found in a recent study, hyperglycemia was more common
in patients with DM, older patients who arrived at the ED
with STEMI [23]. Stubbs et al. [24] found that plasma
cortisol and insulin levels were both positively correlated
with glucose concentrations, and in the specific case of
cortisol, the hormone concentrations were also correlated
to the infarct size. Likewise, in the 2015 meta-analysis
performed by Singh et al. [2] which analyzed 12 studies,
the authors found that AH occurred in patients who had

larger infarcts, multivessel disease, anterior myocardial
infarction, and history of previous AMI. These findings
are in line with ours, as we also found that patients with
AH had similar markers of increased risk, except for pre-
vious AML.

AH has been commonly recorded in patients presenting
with AMI. The incidence of AH ranges from 11.3 to 65.6%,
depending on the cut-off used for diagnosis. This variabil-
ity of the cut-off for the diagnosis of AH is a limitation to
the generalization of study findings. In 2008, The Ameri-
can Heart Association Diabetes Committee defined acute
hyperglycemia in the context of AMI as an admission glyce-
mia of > 140 mg/dL [25]. On the other hand, the American
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Diabetes Association recommends that insulin therapy
should be initiated in persistent hyperglycemia starting at a
threshold of > 180 mg/dL [9]. As the definition of AH is not
clear, the methodological considerations of previous stud-
ies were not coherent. As such, different cut-offs were used,
ranging from 110 to 306 mg/dL [2]. The cut-off values used
in our study were considered after the meta-analysis of 19
articles by Capes et al. [10], which stated that in patients
without DM, glucose concentrations more or equal to range
110-144 mg/dL were associated with a higher risk of death
than in patients without DM and concentrations higher than
values in the range of 144—-180 mg/dL on admission were
associated with increased risk of congestive heart failure or
cardiogenic shock in patients without DM. Also, the same
meta-analysis found that in patients with DM, glucose con-
centrations more than or equal to the range 180-198 mg/dL
were associated with an increased risk of death. Our cut-offs
were similar to a recent study which found that 178 mg/dL
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was the optimal cut-off for patients with DM and 145 mg/
dL for patients without DM [26]. However, it is important
to note that changing between different threshold values for
AH did not significantly change our results.

Previous studies have found AH to be associated with
a worse prognosis. In a prospective study performed in
the thrombolytic era, Wahab et al. [11] found hypergly-
cemia upon admission in 8.1% of patients without known
diabetes and in 16.9% of patients with known diabetes,
being associated with poor outcome, even in patients with-
out known diabetes. In another study that analyzed 834
consecutive STEMI patients, the majority treated with
fibrinolytic agents, the incidence of admission hyperglyce-
mia was 79.8% in patients with DM and 42.8% in patients
without DM. However, despite being found a predictor of
mortality and arrhythmias, outcomes were not affected by
diabetic status [27]. In the classic DIGAMI study, hyper-
glycemia was associated with a higher mortality rate in
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patients treated with fibrinolytic agents [28]. In a more
contemporary setting, other studies reached similar con-
clusions. Ishihara et al. [29] found that, in a population
of AMI patients vastly treated by PCI, admission hyper-
glycemia was still associated with short-term mortality.
Recently, Hao et al. [26] found that, in NSTEMI patients
undergoing PCI, AH may be used to predict 30-day and
3-year MACESs, irrespective of diabetic status. In a larger
retrospective study with 1698 AMI patients, Ding et al.
[30] found that the all-cause in-hospital mortality risk
increased in patients without DM with AH, especially in
patients with AG > 180 mg/dL.

We found that patients with AH were more likely to be
active smokers, presented more frequently with STEMI
and KK class > 2, had lower LVEF during hospitalization,
showed more frequently left anterior descending artery
lesions, and had larger troponin release. The same patients
also registered more frequently a no-reflow phenomenon
after PCI, with the need for rescue therapy with Gp IIb/
IIIa inhibitors and were more frequently prescribed diuret-
ics and inotropic/vasopressor drugs during hospitalization.
Our findings go in line with other studies that found AH to
be associated with cardiogenic shock [31, 32], heart failure
[33], STEMI [34, 35], larger infarcts [32], atrial fibrillation
[35], and no-reflow after PCI [16].

Previous studies have reported a high prevalence of
undiagnosed DM in AMI patients. Giraldez et al. [36]
reported that, in a population high-risk NSTEMI, the
prevalence of undiagnosed diabetes was 12.2%. Another
study found that when AMI patients with AG <200 mg/dL
and without previous DM were tested by an oral glucose
tolerance after discharge, 40% turned out to be glucose
intolerant and 25% had undiagnosed diabetes [37]. In our
study, 18.2% of patients had a new diagnosis of diabetes
during hospitalization, particularly in patients without
known DM and AG > 143 mg/dL where 55.6% had a new
diagnosis of DM. However, after multivariate analysis,
the prognosis of this group of patients was not signifi-
cantly different from patients without DM. This finding
can be partially explained by the shorter course of the
disease in these patients and exposure to lower glycemia,
as expressed by HbAlc levels during hospitalization. As
a group, patients with a new diagnosis of DM during hos-
pitalization showed some similar clinical characteristics
to patients without DM, reflected in no significant differ-
ences regarding age, gender, GRACE score, creatinine
at admission, and days of hospitalization. On the other
side, they show more significant coronary lesions, higher
troponin release at admission, have a higher incidence of
atrial fibrillation during hospitalization, and present to the
ED with a higher Killip—Kimball class. Further research
on this issue is warranted.

Study limitations

Our study has a retrospective design and, as such, has the
inherent limitations of such studies. Thus, despite using
multivariable analysis with adjustment for potential con-
founders, we cannot exclude some degree of residual con-
founding. First, because we defined groups as previous
or current diagnosis of DM at the time of ED admission,
we did not discriminate in the main analysis patients with
undiagnosed DM. As such, this specific group of patients
might influence our results. However, in a sub-analysis
of those patients, we found that the long-term prognosis
of patients with non-diagnosed DM was not significantly
different than patients with euglycemic levels at admis-
sion and no previous DM diagnosis. Also, the prevalence
of patients with undiagnosed DM was similar to other
studies. Second, we did not include in the analysis the in-
hospital management of hyperglycemia, which may have
an impact on long-term mortality, as found in other studies
[28, 38]. In particular, Marfella et al. [39] found that in
hyperglycemic patients with STEMI, an intensive peri-
procedural glycemic control may improve the outcome
after PCI, reducing oxidative stress and inflammation
levels with a lower rate of in-stent restenosis. However,
the clinical practice in our unit meets the latest guidelines
for the treatment of hyperglycemia in the context of acute
myocardial infarction, so we have no reason to suspect a
bias created by the lack of this information. Third, our
study was conducted on the Portuguese population which,
in November 2017, had the third-highest age-adjusted
comparative prevalence of DM in Europe [40]. This can
lead to different results in other populations with different
DM prevalence and may limit the reproducibility of our
findings.

Conclusion

In patients with a high prevalence of DM hospitalized with
AMI, admission hyperglycemia is associated with higher
long-term all-cause mortality, irrespective of previous dia-
betic status and type of AMI, and is a strong predictor of
all-cause mortality after AMI.
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