IMPUJIO3MU. Ona. 3a men. Hayku, XXXIX 1, 2018
CONTRIBUTIONS. Sec. of Med. Sci., XXXIX 1, 2018

MAHY
MASA

ISSN 1857-9345
UDC: 616.132.2-036.1:616.379-008.64

THE IMPACT OF GLYCO-METABOLIC STATUS IN PATIENTS TREATED
FOR ACUTE CORONARY SYNDROME

Marija Vavlukis, Biljana Zafirovska, Emilija Antova, Bekim Pocesta, Enes Shehu, Hajber Taravari,
Irena Kotlar, Darko Kitanovski, Danica Petkoska, Ivan Vasilev, Filip Janusevski, Ivica Bojovski, Sashko Kedev

University Clinic of Cardiology, Medical Faculty, Ss. Cyril and Methodius University, Skopje, Republic of Macedonia
Corresponding author: Prof. d-r Sasko Kedev, MD, PhD, FESC, FACC, University Clinic of Cardiology, St.

Mother Theresa 17, 1000, Skopje, Ss. Cyril and Methodius University, Medical Faculty, Skopje, Republic of
Macedonia, e-mail: skedev@gmail.com, Cell: 0038970226552, Fax: 0038923113116

ABSTRACT

Objective: The aim of the study was to assess the prevalence of newly diagnosed diabetes in patients with
acute coronary syndrome and estimate the relationship between stress hyperglycemia, glyco-regulation
and newly diagnosed diabetes with hospital morbidity and mortality.

Methods: This was an observational study which included all patients hospitalized due to acute coronary
syndrome (January 2015 until April 2017) at the University Clinic of Cardiology in Skopje, Macedonia.
We analyzed demographic, clinical, biochemical variables and hospital morbidity and mortality. Five in-
vestigated groups were compared using a single biochemical parameter glycated hemoglobin (HgbAlc)
depending on the presence of known diabetes before the acute event: 0-without DM (HgbAlc <5.6%),
I-newly diagnosed pre-diabetes (HgbAlc 5.6-6.5%), 2-newly diagnosed diabetes (HgbAlc > 6.5%),
3-known well controlled diabetes (HgbAlc <7%) and 4-known un-controlled diabetes (HgbAlc >7%).

Results: 860 patients were analyzed. Impaired glucose metabolism was confirmed in 35% of patients,
9% of which were with newly diagnosed diabetes. Stress hyperglycemia was reported in 27.3% (3.6%
were without diabetes). The highest values of stress hyperglycemia were reported in newly diagnosed and
known un-controlled diabetes. In-hospital morbidity and mortality were 15% and 5% accordingly and the
rate was highest in patients with newly diagnosed and known, but un-controlled diabetes. HgbA 1c, stress
hyperglycemia, and poor glycemic control have emerged as significant independent predictors of hospital
morbidity and mortality in patients with acute coronary syndrome.

Conclusion: High prevalence of newly diagnosed diabetes was observed in patients with acute coronary
syndrome. Stress hyperglycemia and failure to achieve glycemic control are independent predictors of
hospital morbidity and mortality.

Keywords: acute coronary syndrome, diabetes mellitus, newly diagnosed diabetes mellitus, stress glycae-
mia, hospital morbidity, hospital mortality.

INTRODUCTION

An increasing prevalence of diabetes melli-
tus is observed on global level, currently estimated
at around 12-14%, due to an increasing incidence,
but also due to prolonged survival (longevity of di-
abetic patients) caused by improved diabetes care.
Increasing trends are projected over the years to

come, especially in the Middle East, India, Chi-
na, Japan, etc. [1] Middle Eastern countries and
Saudi Arabia are among those with the highest di-
abetes prevalence (23.7% in Saudi Arabia), and in
the same time the highest prevalence of diabetes
mellitus in the population of patients with Acute
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Coronary Syndrome (ACS). [2] Caucasians have
significantly lower rates of incidence of diabetes.
In the study of Lugg et al. the reported prevalence
of pre-diabetes was 14.3% and diabetes 10.8% in
patients treated for ACS in England. Similar data
have been reported by Arnold and his coworkers
[10% prevalence of newly diagnosed diabetes in
patients with acute myocardial infarction (AMI),
previously not known to have diabetes]. [3]

Stress hyperglycemia is present in one of
four hospitalized patients. In the Study by Gard-
ner et al., stress hyperglycemia was found in 41%
of elderly patients with ACS. The three possible
causes for hyperglycemia in patients hospitalized
due to ACS are existing known diabetes, existing
but unknown diabetes and stress hyperglycemia.
According to the definition of The American Di-
abetes Association (ADA), stress hyperglycemia
is an elevation of fasting glucose >7 mmol/L, or
2-hour postprandial glucose >11 mmol/L, in a pa-
tient without previous diabetes mellitus. Glycat-
ed hemoglobin (HbA1c) measurement is recom-
mended for making distinction between patients
with stress hyperglycemia and patients with previ-
ously undiagnosed diabetes. HbA1c value > 6.5%
indicates pre-existing unrecognized diabetes,
whereas HbA ¢ value < 6.5% indicates stress-in-
duced hyperglycemia. [1, 4] OGTT (oral glycose
tolerance test) is recommended as a second line
test for patients with stress hyperglycemia, once
normal HbAlc is confirmed, as this subgroup of
patients are at increased risk of future diabetes de-
velopment. [5]

The impact of hyperglycemia

Diabetic patients have a more severe risk
profile; more often present with NSTEMI, have
a more diffuse atherosclerotic disease, and carry
a higher risk of complications, nearly doubled in
comparison to non-diabetics. [2] But, now, we are
aware that stress hyperglycemia is an even more
powerful predictor, either in patients with pre-
viously known diabetes, or patients not known
to be diabetics before the index event. Patients
with stress hyperglycemia present with a higher
mortality rate and longer hospitalization time in
comparison to patients with known diabetes and
with normoglycaemia. Non-diabetic patients with
stress hyperglycemia have 3.9 fold higher risk of
death after myocardial infarction in comparison to
normoglycaemic non-DM patients. [3, 6, 7]

Having all this in mind, we decided to per-
form a more comprehensive analysis of our pa-

tients’ cohort hospitalized and treated for Acute
Coronary Syndrome, in terms of incidence of
stress hyperglycemia and newly diagnosed diabe-
tes, but also to determine the prognostic impact of
glyco-metabolic parameters on short term (in-hos-
pital) clinical outcome in these patients’ cohort.

MATERIALS AND METHODS

This was a longitudinal observational
study. Patients admitted to ICCU and treated
for acute coronary syndrome (ACS): unstable
angina (APNS), myocardial infarction without
ST-segment elevation (NSTEMI) and myocardi-
al infarction with ST-segment elevation (STEMI)
were enrolled. We used data from the STEMI
Registry at the University Clinic of Cardiology
in Skopje, Republic of Macedonia, for patients
receiving treatment during the period January
2015 — April 2017. We analyzed parameters of
glyco-metabolic state: blood glycose (BG) lev-
el at admission (stress glycemia), fasting plasma
glycose (FPG), random BG levels and HgbAlc.
We also analyzed demographic variables: age
and gender; clinical variables: cardiovascular
(CV) risk factors, previous medical history of
coronary artery disease (CAD): previous MI,
myocardial revascularization with percutany
coronary intervention or aorto-coronary bypass
surgery), co-morbidities; disease characteristics:
type and location of the myocardial infarction,
extent and severity of the coronary artery disease
(as expressed by SINTAX score, TIMI flow be-
fore and after PCI procedure), and myocardial
contractile function, expressed via ejection frac-
tion (EF %); biochemical variables: hemogram,
BUN, creatinine, biomarkers of myocardial in-
jury (CPK, CK-MB, LDH, myoglobin, HsTn),
lipoprotein fractions [TG, CHOL, HDL-C,
LDL-C, Ip(a)]; variables that determine the gly-
co-metabolic state during hospital treatment:
stress glycemia, glyco-regulation during hospital
treatment and glycolized hemoglobin; duration
of hospitalization (days) and in-hospital morbid-
ity and mortality.

Patients were divided in five groups ac-
cording to the presence of known diabetes and
HbAlc:

O-patients without DM (non-DM) with
HbA1c <5.6%;
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l-patients with pre-diabetes (pre-DM)
with HbAlc 5.6-6.5%;

2-patients with newly-diagnosed diabetes
(NDDM) with HbAlc >6.5%;

3-patients with known diabetes well con-
trolled (WCDM) with HbAlc <7%; and

4-patients with known diabetes purely
controlled (UCDM) with HbAlc >7%).

For the definition of diabetes, we used cri-
teria defined by The American Diabetes Associ-
ation (ADA) Guidelines from 2015: fasting plas-
ma glycose (FPG) >7 mmol/L, or random plas-
ma glucose (RPG) >11.1 mmol/L, or HgbA1Cc
>6.5%, and HgbA 1c between 5.6%-6.5% for the
definition of pre-diabetes. The criteria used to de-
fine stress hyperglycemia included: an elevation
of FPG >7 mmol/L, or RPG =11 mmol/L in a pa-
tient without evidence of previous diabetes. For
distinction between patients with stress hyper-
glycemia and newly diagnosed diabetes we used
the glycated hemoglobin value (HbAlc value
>6.5% indicating pre-existing unrecognized di-
abetes, whereas HbAlc value <6.5% indicating
stress-induced hyperglycemia). Also, we used
the ADA recommendations for controlled dia-
betes (HgbAlc <7%), to distinguish diabetic pa-
tients with well controlled as opposite to purely
controlled diabetes. For glyco-regulation status
determination we also used the ADA glycemic
target for critically ill patients (6.1-10 mmol/L).
These are different from recommendations giv-
en in the ESC STEMI Guidelines from 2017
considering glycemic control, where the lower
limit is set to 3.9 mmol/L (that is the definition
of hypoglycemia). If a patient was in this range
during hospitalization we defined that as a good
glycemic control, as opposite to those patients in
whom we failed to achieve this target, that were
classified as hypoglycemic (if episodes of hy-
poglycemia were registered during hospitaliza-
tion), or hyperglycemic if episodes of hypergly-
cemia were registered. We performed a compar-
ative analysis between all patients belonging to
the five different glyco-metabolic states.

Statistical Methods

IBM SPSS statistics’ software version 22
was used for statistical analysis. Descriptive: fre-
quencies, means, medians, ranges, standard de-
viation, as well as categorical variables: absolute
numbers and percentages were described. The

ANOVA test was used to analyze differences in
continuous variables inside the group and Post-
Hoc multiple comparison with the Tukey test
for comparison between groups. When needed
non-parametric tests were obtained. The Pearson
Chi square test was used for categorical vari-
ables (Pearson Chi square) and the Fisher exact
test for 2x2 tables, and Odds Ratio (with CI) and
Mantel-Haenszel common odds ratio estimation
was performed. For determination of predictors,
univariate and multivariate linear (for continu-
ous independent variable) and/or binary logistic
regression analysis was performed. For the most
significant variables ROC curves were obtained.
Significance was determined at the level of 0.05.

RESULTS

A total of 860 patients, treated for Acute
Coronary Syndrome at the University Clinic of
Cardiology in Skopje, Republic of Macedonia
were analyzed. Two thirds of the patients includ-
ed in the study were males 590 (69%) and 270
(31%) were females (p=0.000). Mean age was
63.8+11.5 years, with a very homogenous age
distribution, which can be observed by the same
median (63) and mode age (63), with skewness
to the right (-.131 + 0.083 SE), but there was a
significant gender difference in age distribution,
with males being significantly younger, 62.6£11.3
versus 65.6+11.6 for females (p=0.0001), with a
mean age difference of 3.05 years.

Graph 1. Patient distribution by age (lefi),
and by age across the two genders (right)

Analysis was made based on the glyco-met-
abolic patient status, divided into five groups, and
the patient distribution was as follows: 35.9%
were non-DM patients, high proportion of pa-
tients — 35% not known to have glycol-metabolic
disturbances were found to be pre-DM patients -
26%, and 9% were newly-diagnosed DM patients.
29.1% of patients were with known diabetes, but
according to HbAlc level, 14.9% had WCDM
and 14.2% had UCDM (Chi square test paramet-
ric and non-parametric p=0.000, and p=0.046 for
gender distribution across glyco-metabolic groups
found with non-parametric test, while p=ns found
with the Pearson chi-square test).
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Graph 1. Patient distribution by age (left), and by age across the two genders (right)

Legend 0-female; 1-male

Graph 2. Patient distribution across the
five compared groups and both genders

Mean values of blood glycose measured
at hospital admission — stress glycemia and gly-
cated hemoglobin levels are presented in Table
1. The highest values were measured in NDDM
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and UCDM. Stress hyperglycemia was present
in 27.3% of all ACS patients, half of them being
in the UCDM group. But, what is even more im-
portant, 3.6% of patients in the non-DM group,
15.3% in the pre-DM, and 67.9% in the NDDM
had stress hyperglycemia (p=0.000).
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Graph 2. Patient distribution across the five compared groups and both genders

Legend: 0:non-DM; 1:pre-DM; 2:NDDM; 3:WCDM; 4:UCDM; Values expressed as percentages of total N
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Table 1. Glycemia on admission and glycated
hemoglobin across the compared groups

AGI ANOVA
HbA1lc Groups Mean£SD | 95% CI Post hock Tukey
AGI 0 | 7.2+£3.5 6.8-7.6 p=0.000
1 | 7.7£2.7 7.4-8.1 0 vs 2,3,4 p=0.000
2 | 13.8£7.7 12.1-15.6 1 vs 2, 4 p=0,000, vs
3| 9.6£4.5 8.8-10.4 30.006
4 | 16.6+8.4 15.1-18.1 2vs4
Total | 9.6+6.0 9.2-10.0 p=0.002
3 vs 4 p=0.000
HbAlc 0 | 5.3£0.3 5.2-5.3 p=0.000
1| 59+0.2 5.9-5.9 0vs 1,2,3,4 p=0.000
2 | 8.0£1.7 7.6-8.4 1vs24
3 | 5.9+0.8 5.9-6.1 p=0.000
4 | 9.1£1.6 8.8-9.4 2vs34
Total | 6.3+1.6 6.2-6.4 p=0.000
3 vs 4 p=0.000

Legend: AGl-glycemia at admission; HbAIc-glycated
hemoglobin;

Most patients were STEMI patients
(75.7%), with no statistically significant differ-
ence across compared groups. NSTEMI pre-
dominated in patients with newly-diagnosed

DM (14.7%) and APNS in patients with known
diabetes. As expected, arterial hypertension pre-
sented as a predominate risk factor, especially in
DM patients, with two thirds of the patients be-
ing hypertensive; known hyper/dyslipidemia was
also more present in diabetic patients: 30.5% and
25.4% respectively in the WCDM and UCDM
groups (p=0.060), although measured LP frac-
tions expressed true means above the recom-
mended values in all compared groups (Table 2).
37.6% of patients were smokers, with the lowest
rate observed in patients with well controlled
DM, in which group the highest percentage of
former smokers was observed (19.5%). Systolic
dysfunction during index event was observed in
46.9% of patients, significantly higher in new-
ly-diagnosed and known-diabetic patients, com-
pared to the other groups (p=0.000). By far, the
most severe risk profile was observed in new-
ly-diagnosed diabetics. Clinical characteristics
of the study group in total and within the five
compared groups are presented on Table 2.

Table 2. Clinical characteristics of the patients in total, and across the five different glyco-metabolic status groups

VARIABLE Total GROUPO0 GROUP 1 GROUP2 GROUP 3 GROUP 4 p value
Gender 0 () 31 39.9 239 8.0 12.1 16.1 0.000
(% within ~ 1(m) 69 48.9 23.4 49 4.9 17.9
the var.) all 100 453 23.6 6.2 7.8 17.2
Age 63.8+11.0 61.8+12.4 66.1£10.8 64.4+9.5 65.9+9.3 64.8+10.7 0.000
Dg STEMI | 75.7 74.8 72.8 81.8 77.2 77.9 ns
NSTEMI | 10.9 11.7 14.7 7.8 6.3 9.0
APNS | 13.4 13.5 12.5 10.4 16.5 13.1
HTA (% within the gr.) 56.2 484 58.1 50.6 65.6 66.4 0.001
HLP (%) 22.5 18.1 26.6 104 30.5 25.4 0.060
Family history (%) 28.1 19.2 27.9 42.9 34.9 34.4 0.000
Known DM (%) 29.1 14.9 14.2 0.006
Smoking active 37.6 47.9 34.1 26.0 25.0 38.5 0.000
former 5.4 4.5 0.9 0 19.5 4.1
HCAD (%) 24.4 20.7 24.1 39.0 24.7 19.7 0.006
EF <50% (% of pts) 46.9 43.6 349 65.6 50.5 62.6 0.000
Hb (mg/dl) 14.1£1.9 14.2+1.5 14.1£1.9 13.2+2.2 14.3£1.6 13.8+2.7 0.000
BUN (mmol/L) 6.843.8 6.1£2.9 6.8+4.1 8.9+4.4 6.6£3.2 7.445.1 0.000
Creatinine (umoll/L) 92.8+63.5 82.3+33.3 92.2449.3 100.1+36.7 113.9+127.9 92.44+47.8 0.002

Legend: STEMI-ST-segment elevation myocardial infarction; NSTEMI-non-ST-segment elevation myocardial infarction,
APNS-unstable angina;, HTA-arterial hypertension; HLP-hyperlipidemia;, DM-diabetes mellitus; HCAD-chronic

coronary artery disease; EF-ejection fraction; Hb-hemoglobin; BUN-blood urea



42

Marija Vavlukis et al.

Although only 22.5% of patients reported
hyperlipidemia, hyper/dyslipidemia was pres-
ent across all compared groups, as expressed

Table 3. LP values across different glyco-metabolic groups

by means. TG were the highest in NDDM and
UCDM, while in the same time UCDM had the
lowest HDL-C levels. (Table 3)

LP HbAlc | Tg CHOL (moll/L) | HDL-C LDL-C Lp(a) (mg/
group (moll/L) (moll/L) (moll/L) | dl)
Mean+SD 0] 1.7£0.9 5.2+1.4 1.2+0.4 3.2+1.2 33.7£27.9
1| 1.7+1.1 5.6x1.5 1.2+0.4 3.5¢1.3 29.5426.1
2| 27424 5.7+1.1 1.2+£0.3 3.5+1.0 40.8+54.6
3] 1.8£0.9 5.5¢1.4 1.2+0.6 3.5+1.1 33.6£19.9
4] 22+1.2 5.3+1.5 1.0+0.3 3.4+1.3 42.6+£39.3
Total | 1.9+1.2 54+1.4 1.2+0.4 34+1.2 34.5+£31.0
95% Confidence 0] 1.5-1.8 4.9-5.4 1.1-1.2 3.0-3.4 28.8-38.5
Interval for Mean 1| 1.6-1.9 5.4-5.8 1.2-1.3 3.3-3.7 24.6-34.5
212133 5.4-5.9 1.1-1.2 3.2-3.7 15.3-66.4
31 1.7-2.0 5.2-5.7 1.1-1.3 3.3-3.7 27.8-39.4
411924 4.9-5.6 0.9-1.1 3.1-3.6 33.1-52.2
Total | 1.8-1.9 5.3-5.5 1.1-1.2 3.3-35 31.3-37.6
ANOVA 0.000 0.012 0.005 0.082 0.076
Post hock Tukey 0.1vs2,2vs3p=0.000 | 0vs1p=0.021 lvs4
0 vs 4 p=0.008 p=0.049
1 vs 4 p=0.057
2 vs 4 p=0.019

Legend: LP-lipoprotein, TG-triglyceride; CHOL-cholesterol; HDL-C-high density lipoprotein, LDL-C-low density

lipoprotein cholesterol; Lp(a)- lipoprotein (a)

As previously mentioned, disease severi-
ty was analyzed with LVEF and SINTAX score.
Patients with NDDM and UCDM had worse LV
systolic function, significantly lower in com-
parison to non-DM patients. The same was ob-
served regarding the extent and severity of CAD.
More severe CAD was observed in NDDM and
UCDM patients. There was a significant differ-
ence in the known DM groups as a function of
glycose control. Patients with WCDM presented

with the same disease severity as non-DM and
pre-DM patients (Table 4). The same finding
was obtained regarding hospitalization length,
which was significantly longer in NDDM, as
compared to the other groups. In-hospital mor-
bidity was observed in 129 (15%) patients, 43
(5%) of whom presented with a fatal outcome.
The highest event rate was observed in non-DM
and UCDM patients, and the same finding was
obtained for in-hospital mortality.
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Table 4. Disease severity/ length of hospitalization and outcome across the different glycol-metabolic groups

Variable Mean£SD 95% CI for Mean ANOVA
HbAlc Groups Post hock Tukey
EF (%) 0 | 52.049.1 50.9-53.1 p=0.002
1| 52.9+83 51.7-54.1 0 vs 4 p=0.042
2 | 49.6£9.6 47.1-52.0 1 vs 4 p=0.005
3 | 52.4489 50.6-54.2
4 | 49.248.1 47.7-50.8
Total | 51.6+8.7 51.0-52.3
SINTAX score 0 14.5+8.6 13.2-15.2 p=0.004
1 | 14.6£7.6 13.3-15.6 0 vs 4 p=0.004
2 | 16.4+8.1 13.9-18.8 1vs4p=0.012
3| 144479 12.7-16.0 3vs4p=0.018
4 | 18.1+7.2 16.4-19.5
Total | 15.2+7.9 14.5-15.8
Length of 0 4.342.1 4.1-4.5 p=0.001
hospitalization 1 4.1+2.1 3.8-43 0vs2p=0.011
2 | 5.343.2 4.6-6.0 1vs2p=0.001
3| 4.1£1.8 3.8-4.4 2vs 3 p=0.005
4 | 47435 4.0-5.3
Total | 4.3+£2.5 4.2-4.5
CE 0 42 CDh 1.5 for CE p=0.000
percent of total (%) 1 2.6 0.7 for CD p=0.000
2.0 0.8
3120 0.2
4| 42 1.8
Total | 15.0 5.0

Legend: EF-ejection fraction, éE—in—hospital morbidity, CD:in—hospital mortality;

A significant positive correlation was found between admitting glycaemia and in-hospital event rate, with a correlation
coefficient of r=".266; p=0.000 for in-hospital morbidity, and r=.216; p=0.000 for in-hospital mortality, with significance

at the level of 0.001

Graph 3. Correlation of glycaemia at ad-
mission with in-hospital morbidity/mortality

Another important glyco-metabolic status
parameter is blood glucose level during hospi-
tal treatment. In our study population, 73.7% of
patients were with regulated blood glycose lev-
el, in 6.5% of patients hypoglycemic episodes
were registered (Gl <3.9mmol/L), while 19.8%
presented with hyperglycemic episodes (Gl

>11.1mmol/L). The highest event rate was seen
in patients who failed to achieve glycemic con-
trol, and experienced hyperglycemic episodes.
These patients had 3.066 odds ratio for in-hospi-
tal morbidity (CI 2,083-4,514) Mantel Haenszel
OR estimate p=0.000, and 4.243 odds ratio for
in-hospital mortality (CI 2,2286-7,938) Mantel
Haenszel OR estimate p=0.000, as compared to
patients with regulated blood glycose.
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Graph 3. Correlation of glycemia at admission with in-hospital morbidity/mortality

Legend:

CE-in-hospital morbidity; CD-in-hospital mortality
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Graph 4. Distribution of cardiac events
(in-hospital morbidity and mortality) across
three glyco-regulated states

We aimed to determine the role of gly-
co-metabolic status in patients with ACS on ear-
ly in-hospital outcome. We identified multiple
variables that were associated with in-hospital
morbidity and mortality, and with a binary lo-
gistic regression analysis (backward condition-
al), we identified several independent predictors.

In the model with Chi square 98.862, sig 0.000,
percent of prediction correct 87.4%, stress hy-
perglycemia was a significant independent pre-
dictor of in-hospital morbidity, while in the mod-
el with Chi square 113.084, sig 0.000, percent of
prediction correct 96.2%, stress hyperglycemia,
glycated hemoglobin and hyperglycemic epi-
sodes were identified as independent predictors
of in-hospital mortality.
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Graph 4. Distribution of cardiac events (in-hospital morbidity and mortality) across three glyco-regulated states

Legend: CE-cardiac events (in-hospital morbidity); CD-cardiac death (in-hospital mortality); Values are expressed as
percentages, with 100% being the number of patients in the group

Table 5. Independent predictors of in-hospital morbidity/ in-hospital mortality

In-hospital morbidity

Variable B S.E. Wald Sig. Exp(B) 95% CI for EXP(B)
Dg. NSTEMI 2212 .830 7.099 .008 9.130 1.795-46.451

EF <50% 1.112 445 6.249 .021 3.040 1.271-7.267

Stress hyperglycemia -1.392 290 22.991 .000 249 .141-.439

Age .049 .013 14.638 .000 1.050 1.024-1.077

EF (%) -.115 .027 18.239 .000 .892 .846-.940

Constant -4.717 1.833 6.623 .010 .009

In-hospital mortality

Variable B S.E. ‘Wald Sig. Exp(B) 95% CI for EXP(B)
Hyper (GL. regulation) 1.540 .828 3.457 .063 9.130 .920-23.651

Hb -.389 .082 22.703 .000 3.040 .578-.796

HbAlc -.536 .193 7.663 .006 249 .401-.855

Stress hyperglycemia 228 .045 25.547 .000 1.256 1.150-1.373

EF (%) -.129 .027 23.528 .000 .879 .835-.926

Constant 8.865 2.096 17.892 .000 7080.456

Stress hyperglycemia appears to be a
strong independent predictor of early disease
course in ACS treated patients. The classifica-
tion of performance capability of stress glycae-
mia was for in-hospital morbidity, as presented

with a ROC curve with an area under the curve
of 0.714 (CI 0.666-761) and p = 0.000, and for
in-hospital mortality with an area under the
curve of 0.783 (CI 0.712-0.853) and p = 0.000
(Graph 5a and 5b).
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Graph 5a/5b. Predictive role of stress hyperglycemia in in-hospital morbidity and mortality

DISCUSSION

Incidence of newly diagnosed diabetes and
stress hyperglycemia

There is significant diversity in the inci-
dence of newly diagnosed diabetes and stress
hyperglycemia in patients treated for Acute Coro-
nary Syndrome across the globe. (Graph 6)

also presented with a very high prevalence of
NDDM (21%), pre-diabetes (14%), and stress
hyperglycemia (10%), in predominantly male
and elderly patients, as reported by Abdullatef et
al. [1] Even when living in European settings,
patients of South Asian ethnicity, as reported
by Lugg et al., are at higher risk of developing
T2DM. There is a significant body of accumu-
lated evidence considering: Asian Indians, Af-
ro-Caribbean, Hispanic and Asian ethnicity,
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=599
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Graph 6. Incidence of newly diagnosed diabetes and stress hyperglycemia (graph generated by the authors).

As recorded in The Saudi Project for Acute
Coronary Events (SPACE) registry, 57.9% of pa-
tients with Acute Coronary Syndrome had dia-
betes (92.8% known diabetes, and 7.2% newly
diagnosed). This is by far the highest diabetes
prevalence ever reported in an ACS population.
[2] Another middle east ACS population (Qatar)

who, in comparison to Caucasians, demonstrate
a higher prevalence of hyperglycemia following
ACS. In the same ethnic groups, the concen-
tration of HbAlc is also higher, as compared
to Caucasian patients with similar plasma glu-
cose levels. [3] Lugg and coworkers reported a
prevalence of pre-diabetes of 14.3% and T2DM
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of 10.8% in patients treated for ACS in England.
Arnold reported similar data - 10% prevalence of
T2DM in AMI patients without known diabetes
on admission. [3] Maybe the lowest prevalence
of NDDM is reported by Chin in an Australian
cohort of ACS patients, about 5%. [1] It is evi-
dent that there is a significant influence of racial
affiliation on the prevalence of diabetes in the
general population, and in the cohort of patients
with ACS. However, at this moment, we do not
have enough evidence to state that the severity
and type of acute coronary syndrome affects the
incidence of pre-diabetes and diabetes. [3]

Stress hyperglycemia is even more im-
portant than newly diagnosed diabetes in terms
of prognosis in ACS patients. It is reported that
one in every four hospitalized critically ill pa-
tients has stress hyperglycemia. In the study of
Gardner, admission hyperglycemia was found in
41% of the elderly patients with acute coronary
syndrome. Causes for hyperglycemia in hospi-
talized patients are existing known diabetes, ex-
isting but unknown diabetes, and stress hyper-
glycemia. Stress hyperglycemia is defined by
ADA (and the criteria were described previously
in this manuscript). [3]

In our cohort of patients, stress hypergly-
cemia was present in 27.3% of ACS patients,
half of them in the group of patients with known
but uncontrolled diabetes. Also, the highest lev-
els of blood glycose at admission were registered
in this group, as well as in the newly diagnosed
diabetes group (16.6+8.4 and 13.8+7.7 respec-
tively, p=0.000).

Recommendations for monitoring and
treatment for hyperglycemia and/or diabetes in
patients with ACS

In terms of diabetes monitoring in patients
with ACS, ESC Guidelines for the Management
of AMI STEMI (2017), recommend evaluation
of the glycemic status in all patients, with or
without a history of DM or hyperglycemia, and
frequent monitoring of glycaemia in diabetic pa-
tients and patients with admitting hyperglycemia
(BG level >11.1mmol/L) (Class I, LOE C). [9]

In terms of treatment of diabetes and/
or hyperglycemia, due to higher risk of hypo-
glycemia - related events when using intensive
insulin therapy, the best approach is a close,
but not too strict glycose control. In the acute
phase, maintaining a blood glycose concentra-

tion <11.0mmol/L, and avoiding hypoglycemia
(<3.9mmol/L), with an indication threshold for
glycose-lowering therapy set at BG >10mmol/L
(Class IIa, LOE C) is recommended. [9]

The 2011 NICE Guidelines recommend
treatment with dose-adjusted insulin infusion in
cases of glycose level >11.1 mmol/L, with reg-
ular monitoring of blood glycose levels. How-
ever, some degree of individual approach is
recommended, with allowance of less stringent
glycose control for ACS patients with more ad-
vanced CVD, older age, longer diabetes duration

and more comorbidities (Class ITa, LOE C). [10]

The impact of hyperglycemia and NDDM
on short- and long-term prognosis of ACS
patients

Diabetic patients have a more severe car-
diovascular risk profile, are more likely to pres-
ent with NSTEMI, more often have multi-vessel
disease and are at higher risk of complications
such as heart failure, repeated revascularization
and death. The odds ratio for such outcomes is
nearly doubled in comparison to non-diabetics
(OR 1.83 (95% CI, 1.02-3.30, p= 0.042). [2] Pa-
tients with diabetes have a two-fold higher risk
of mortality as compared to non-diabetic pa-
tients. The introduction and implementation of
the reperfusion therapeutic strategy in patients
with ACS, led to an increased survival during the
index event in diabetics, but made them prone to
significantly increased mortality after 6 months.
(4) They do not differ from their non-diabetic
pears treated for ACS with respect to the reperfu-
sion and antithrombotic therapy, but in terms of
antiplatelet agents, the more potent oral P2Y 12
receptor inhibitors (prasugrel or ticagrelor) have
been shown to have greater relative benefit,
with higher absolute risk reductions, compared
to clopidogrel in the diabetic cohort of ACS pa-
tients. [9]

Indeed, our cohort of patients with known
diabetes had the most severe risk profile and dis-
ease severity in terms of more widespread cor-
onary artery disease. Patients with uncontrolled
diabetes had the most severe CAD, followed by
patients with NDDM (18.1 and 16.4 mean SIN-
TAX score), significantly different from patients
without DM, pre-DM, and what is of great im-
portance patients with known well controlled di-
abetes (p=0.004; 0.012; 0.018 respectively). The
same results were observed considering the left
ventricular systolic function at the time of the
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index event. EF was significantly lower in the
UCDM and NDDM (49.2% and 49.6% p=ns),
and patients with known uncontrolled and new-
ly diagnosed diabetes had significantly lower
EF as compared to NDM and pre-DM patients
(p=0.042 and 0.005 respectively). On the other
side, there was no significant difference com-
pared to patients with well controlled diabetes.
The length of hospitalization was significantly
longer in patients with NDDM as compared to
the other groups (0.011; 0.001; 0.005), except for
UCDM (Table 4).

Patients with DM had odds ratio for
in-hospital morbidity of 1.899 (CI 1.291-2.792,
p=0.001) as compared to non-diabetics, and odds
ratio for in-hospital mortality of 1.591 (CI .847-
2.986, p=0.101), meaning that there is no signifi-
cant difference. However, comparison across the
five compared groups demonstrated progressive
increase of in-hospital cardiac events/ death,
across the groups with impaired glycol-regula-
tion (Table 4).

However, not only diabetes per se, but less
established, is the fact that stress hyperglycemia
carries an increased risk of complications, not
only in diabetic but also in patients with previ-
ously unknown diabetes. [1] Elevated plasma
glucose levels on admission are very common in
patients with MI, and are associated with a high
incidence of adverse clinical outcomes. [4] Pa-
tients with stress hyperglycemia with no previous
history of diabetes have worse clinical outcomes
compared to those with pre-existing diabetes
with a comparable degree of hyperglycemia. Hy-
perglycemia is an even more significant predic-
tor of complications in comparison to diabetes
per se. Patients with stress hyperglycemia have
a higher mortality rate and longer hospitalization
time in comparison to patients with known di-
abetes but who are normo-glycemic. Their risk
of death after AMI is 3.9-fold higher compared
to normo-glycemic non-diabetic patients. Simon
and co-workers reported a positive linear associ-
ation between the degree of hyperglycemia and
mortality in patients with ACS, independent of
the presence of confirmed diabetes. Hypergly-
cemia at the time of hospital admission predicts
increased mortality in patients with ACS. [1, 11,
12]. The occurrence of complications is asso-
ciated with stress hyperglycemia and failure to
achieve good glycemic control during hospital-
ization, not with the presence of diabetes. The
impact of hyperglycemia on the clinical outcome

depends on several factors such as the intensity
of hyperglycemic response, the underlying dis-
ease, the co-morbidities, the caloric intake and
the risk of infection. [1] The authors of this ar-
ticle reported that stress hyperglycemia is more
pronounced in newly diagnosed diabetics, as
compared to patients with well controlled known
diabetes. [1]

Our study also demonstrated that stress
glycemia and glyco-metabolic status are better
predictors of in-hospital disease course as com-
pared to diabetes per se. As recorded, the highest
event rate was registered in patients who failed
to achieve glycemic control and experienced
hyperglycemic episodes, who had 3.066 odds
ratio for in-hospital morbidity (CI 2.083-4.514;
p=0.000), and 4.243 odds ratio for in-hospital
mortality (CI 2.2286-7.938; p=0.000), as pre-
sented in our results (Graph 3).

When identification of predictors of
in-hospital morbidity and mortality was con-
ducted, amongst well-established predictors
such as age, LV systolic function and NSTEMI
type of myocardial infarction, stress glycaemia
was identified as an independent predictor for
in-hospital morbidity (p=0.000), and far more
significant variables of the glyco-metabolic sta-
tus were found to be predictors of in-hospital
mortality: glyco-regulation, or registered hyper-
glycemic episodes (p=0.063), HbAlc (p=0.006)
and stress glycaemia (p=0.000). Stress glycae-
mia significantly affects the in-hospital course of
the disease as demonstrated with correlation co-
efficients and ROC curves (Graphs 4 and 5a/b).

There is a significant body of evidence for
long term prognostic significance of impaired
glycose tolerance (IGT) and NDDM in patients
who survived ACS. Both conditions are found
to be associated with increased long-term mor-
bidity in post-MI patients. However, there is
no difference in the MACE rates between the
NDDM/IGM and DM groups during long-term
follow-up after AMI. The lowest rate of MACE
is observed in the group with normal glycemic
control. [4] The Diabetes Epidemiology: Collab-
orative Analysis of Diagnostic Criteria in Europe
study, demonstrated that fasting BG alone is not
sensitive enough to identify individuals who are
at increased risk of death and CV events after
index event. They reported that the oral gly-
cose tolerance test provides additional prognos-
tic information. They found that post-challenge
hyperglycemia is associated with an increased
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risk of CAD. The Funagata Diabetes Study, in
a Japanese cohort of patients with ACS, demon-
strated that impaired glycose tolerance, but not
impaired fasting plasma glycose, is a risk fac-
tor for CV events. According to Tamita, an ab-
normal OGTT is a better risk predictor of future
adverse CV events than impaired fasting BG in
post MI patients. [4] The study of George et al.,
also demonstrated that NDDM and IGT (the sec-
ond one detected with OGTT), are independent
predictors of post-MI prognosis. In this study,
event-free survival was lower in the IGT and
NDDM groups (HR 1.54, 95% CI: 1.06-2.24, p
= 0.024) as compared to the pre-DM (HR 2.15,
95% CI: 1.42-3.24, p = 0.003) group. Non-in-
farct related artery revascularization was found
to be the most frequent MACE in post-MI pa-
tients with NDDM/IGT. The revascularization
rate reported by George et al. was like the one
reported in the GRACE registry. [6]

LIMITATIONS OF THE STUDY

This study only follows patients with Acute
Coronary Syndrome during their hospital course
of treatment. But in the era of reperfusion thera-
peutic strategies it is well known that in-hospital
mortality is very low. The worst outcome is ex-
pected during the first year after the index event, a
period that we did not address in this study, which
can be considered as a limitation to our study.

ONE FITS ALL - Do we need a new concept?

As confirmed, the relationship between
glycose control and outcome is different in pa-
tients with and without DM, and in diabetic pa-
tients with different glycose control, duration
of diabetes etc. Present guidelines for the gly-
cose control in patients with ACS are uniform in
terms of recommended blood glycose level. But,
the study of Krinsley et al., gives us a different
perspective, which probably should and would
be applied in the cohort of ACS patients also.

Future directions

We most certainly need prospective inter-
ventional trials, in the cohort of patients treated
for ACS that will assess the clinical outcome in
patients randomized to personalized glycose tar-
gets as a function of their glyco-metabolic status
before the index event.

CONCLUSION

We observed a relatively high prevalence
of newly diagnosed diabetes and pre-diabetes,
and stress hyperglycemia among patients treated
for Acute Coronary Syndrome.

Stress hyperglycemia, HbAlc and fail-
ure to achieve good glycose control during the
in-hospital course of treatment, are strong inde-
pendent predictors of in-hospital morbidity and
mortality.
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Pe3ume

BJIMJAHUETO HA INTMKO-METABOJIHUOT CTATYC
KAJ MTAOMEHTHUTE CO AKYTEH KOPOHAPEH CUHJAPOM

Mapuja Basnykuc, bussana 3aduposcka, Emunnja Anrosa, bekum Ilonecra, Enec Illexy,
Xajoep Tapasapu, Upena Kotnap, Hapko Kuranoscku, [Januna [letkocka, iBan Bacunes,
Ounun Janymescku, MBuna bojoscku, Camxo Kenes

YHuBep3uTeTCKa KIIMHUKA 32 Kapauonoruja, MeauuHcku dakyntet, YauBep3uteT ,,Cs. Kupun u Metonuj®,
Crkomnje, Penybnuka Makenonuja

Hcropuja: [lujaberecor ce aujarHoctuuupa kaj 10-20% on maumeHTUTEe CO aKyTEH KOPOHApEH
curzapoMm (AKC) xon Hemase mo3HaT nujaberec 10 TOj MOMEHT. I TMKOIM3aHHOT XeMOIIOOWH, cTpec-
XHUIEpIINKeMHjaTa, Kako U coCcToj0ara Ha IMIMKO3HA KOHTPOJa ce He3aBUCHU (DaKTOpH Ha PU3UK 3a
XOCTIHUTAITHUOT MOPOUIUTET U MOPTAJIMTET, O€3 Oorliel Ha MPUCYCTBOTO MJIM OTCYCTBOTO Ha AnjadeTec.

Iea: Bo nmamara cryanja cakaBMe Ja ja MpOICHUME NPEBaJCHIaTa Ha HOBOAWjarHOCTHIIMPAH
nujaberec Kaj MalMeHTHTe cO aKyTeH KOPOHAPEH CHHAPOM U JIa TO MPOIEHUME OJHOCOT Mery CTpec-
XHUIEPIITUKEMIjaTa, TIIUKOPETyIallijaTa i HOBOIHMjarHOCTUIMPAHNOT ArjabeTec co OOIHUYKAOT MOPOUTUTET
1 MOPTAJIUTET.

Metoau: OBa Gerrie JIOHTUTYAWHAIIHA OTICEPBAIIMCKa CTYAM]ja, CO TIOAATOIN COOPaHU 011 OOTHUIKHUOT
perucTap Ha MalueHTH XOCIUTATN3UPAHH Mopaan akyTeH kopoHapeH cuaapoM (CTEMMU-perucrap), Bo
niepuonot janyapu 2015 — anprmr 2017 ronrHa Ha YHUBEp3UTETCKaTa KIIMHAUKA 3a Kapauosoruja Bo Ckorije,
Penryonmuka Makenonuja. I'm amanmm3upaBMe nemMorpadCKuTe, KIMHUIKATE W OMOXEMHUCKUATE Bapwjabim,
napamMeTpuTe Ha NIMKEMHYHHOT METa0O0IM3aM U XOCITHTATHUOT MOPOWINTET U MOPTAIIUTET. AHaIHU3ara
Oemre criopendeHa Mery TeT HCIIUTYBaHHU TPYTIH, a Tojeiidara Bo Tpymnu Oelie HalpaBeHa Bp3 OCHOBA Ha
coCTOoj0aTa Ha TITUKO-PETYIUPAHOCT, CO KOPHUCTELE eeH onoxemrucku mapamerap — HgbA 1C (mmkonmm3upan
XeMOTTIOOHH), a BO 3aBUCHOCT O] IPUCYCTBOTO Ha 3HACH nujadeTec mpen akyTHUOT HacTaH: 0 — 6e3 JIM
(HgbA1C <5,6%), 1 —noBOommjaraoctuinpa npeaujaderec (HgbA1C 5,6-6,5%), 2 — HOBOIMjarHOCTUIIMPAH
mujaberec (HgbA1C > 6,5%), 3 — no3nat nobpo xouTponupan nujaderec (HgbA1C <7%) u 4 — mo3Har
nomro koHTposmpan nujaderec (HgbA1C >7%).

Pesynraru: Bo ananuzara 6e3 Bxiryuern 860 manuentu (590 maxku u 270 sxenn). Hapyien mmko3ex
MeTabonn3aM Oelire MOTBPJCH Kaj 35% o manueHTure, ox Kou 9% Oea Juiia co HOBOJUjarHOCTUIIMPaH
nmujaderec. Crpec-xuneprinkeMuja Oerie perucrpupana kaj 27,3% of mamueHTure, Mery kou kaj 3,6%
naiueHTH 0e3 nujaberec. HajBuCOKHTE BPEIHOCTH Ha CTPEC-XUIECPITIMKEMHU]ja Oea PErUCTpUPaHH Kaj
HOBOJMJarHOCTHUIIMPAH U TO3HAT JIOIIO KOHTponupaH Aujaberec. Cramkara Ha OOJHUYKH HACTAHU
u3HecyBaie 15%, a cramkara Ha OOJHWYKH MOpTanuTeT 5% W Taa Oellle HajBUCOKa Kaj MaleHTHTE CO
HOBOJIMjarHOCTHUIIMPAH U 3HACH, HO HEKOHTPOJIUpaH aujaderec. [MKONIN3UPaHUOT XEMOIIOOHH, CTpec-
XUIEPIIIMKEMHjara 1 JoliaTa TNIMKeMHUCKa KOHTpoJa (CO XUMIEPIIIMKEMIUYHH €TM30/I1) CE M3/IBOMja KaKO
3HaYajHU HE3aBUCHU NPEIUKTOPY HAa OOJIHUYKAOT MOPOUIUTET M MOpPTAIUTET Kaj nanueHTute co AKC.

3akay4ok: beme perucrpupana BUCOKa MpeBajieHIIa HA HOBOAMjarHOCTULUPAH AujabeTec Kaj
MAIMEHTUTE CO aKyTeH KOpOHapeH cuHapoM. CTpec-XuIepriuKeMHuja U HEYCIeXOT Ja Ce MOCTUTHE
DIMKeMUYHA KOHTpOJIa Oea He3aBUCHHU MPEAUKTOPH 38 OOTHUYKHOT MOPOUANUTET U MOPTAITUTET.

Kayunu 300poBH: akyTeH KOPOHAPEH CHHIPOM, THjabeTec MEUTYC, HOBO AMjarHOCTHIIMPAH JHja-
Oerec, cTpec XUTIEPIITUKEMEja, OOTHHYKA MOPOUIUTET, OOJTHUYIKN MOPTAITUTET.



