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Abstract

Background. Acute coronary syndrome (ACS) is a major cardiovascular problem due to its high hospitalization and
mortality rates. One of the risk factors for atherosclerosis that leads to ACS is insulin resistance (IR) which plays a role in
the pathogenesis and development of cardiovascular events. This study aims to determine the relationship between IR
and in-hospital outcomes in non-diabetic patients with ACS.

Methodology. This was a cohort study conducted from January-June 2021. Insulin resistance was assessed using the
Admission insulin resistance index (AIRI). This measurement was performed once during the patient's admission, and
then the outcome was observed during hospitalization. The observed in-hospital outcomes were composite outcomes;
namely, heart failure, arrhythmia, cardiogenic shock, and death. The statistical tests used were ANOVA, independent
T and Chi-Square tests. Statistical test results were considered significant if p<0.05.

Results. This study included 60 subjects (51 males and 9 females). Analysis revealed that AIRI was higher in patients
with composite outcomes (mean 9.97 + 4.08) than in patients without composite outcomes (mean 7.71 + 4.06) (p<0.05);
AIRI was higher in patients with heart failure (mean 10.72 + 3.83) than in patients without heart failure (mean 7.25 + 3.84)
(p<0.001). Patients with IR had a higher rate of heart failure complications [OR 5.5 95% CI (1.56-19.38) (p=0.005)].

Conclusion. There is an association between AIRI and composite outcomes. Patients with IR have 5.5 times the risk of
developing heart failure.
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INTRODUCTION

Insulin resistance (IR) pertains to impaired insulin
sensitivity in maintaining plasma glucose concentrations
which causes compensatory hyperinsulinemia.! It plays
a vital role in the pathogenesis and development of
cardiovascular events. Thus, fasting glycemia, post-prandial
glycemia, and insulin levels can be positively correlated
with new cardiac complications in ACS patients.?

Atherosclerosis is the main driver of clinical manifestations
such as transient ischemic attack, ischemic stroke, peripheral
arterial disease, angina pectoris, acute myocardial
infarction, heart failure, arrhythmias, and sudden cardiac
death.? Various studies have proven the relationship
between IR and vascular disease and include IR as a new
risk factor for atherosclerosis.>* Insulin resistance causes
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atherosclerosis either directly or indirectly. Directly, IR
disrupts the intracellular phosphorylase pathways PI-3-
kinase and Akt, resulting in a decrease in nitric oxide (NO)
production,and increasing the activation of the MAP kinase
pathway, which causes smooth muscle cell proliferation
and prothrombic conditions.® Indirectly, IR facilitates the
occurrence of hyperlipidemia, hypertension, and diabetes,
components of the metabolic syndrome that increase
the risk of atherosclerosis which is the trigger of ACS.?

Admission insulin resistance index (AIRI) is an insulin
resistance test measuring insulin levels at admission
[insulin at admission (uIU/ml) x plasma glucose at
admission (mmol/L)/22.5].° This has a correlation with the
insulin resistance syndrome and can be used as a poor
prognostic predictor in patients with ACS.”
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Several studies show that AIRI can be used as a prognostic
tool for patients with myocardial infarction. Stubbs et al.,
concluded that AIRI in patients with myocardial infarction
predicts poor outcomes and is superior to glucose
measurement at admission.”

I¢li et al., found higher AIRI values in patients with acute
myocardial infarction than in unstable angina pectoris
(7.2 £ 5.3 versus 52 * 4.4, p<0.01). Admission insulin
resistance index was significantly correlated with heart
failure (r=0.42, p<0.0001), atrial fibrillation (r=0.35, p=0.002)
and reinfarction (r=0.23, p=0.04) in patients with acute
myocardial infarction (AMI).® Sanjuan et al., in a study of
518 patients with AMI with or without diabetes mellitus
found that the mortality rate increased with increasing
IR values, from 3% at IR values <2 to 18% at IR values >3.
Admission insulin resistance index is a simple measure
to identify IR states. The presence of IR in ACS has a role
in identifying the extent of coronary vessel affectation in
non-diabetic patients.’

This study aimed to observe the relationship between AIRI
and in-hospital outcomes in non-diabetic patients with
ACS. The academic benefit of the study is that the results
can be serve as reference for further research on the topic.

METHODOLOGY
Study design

The design was a prospective cohort study. Insulin resistance
was assessed using the admission insulin resistance index
(AIRI). This measurement was performed upon the
patient's admission, and the outcome was observed during
hospitalization. The observed in-hospital outcomes were
composite outcomes; namely, heart failure, arrhythmia,
cardiogenic shock, and death.

Research subject and sample size

Subjects in this study were patients who met the inclusion
criteria: aged >18 years old who had a diagnosis of acute
coronary syndrome [unstable angina pectoris (UAP), non-
ST elevation myocardial infarction (NSTEMI), and ST
elevation myocardial infarction (STEMI)] at the time of
admission, with no history of diabetes mellitus or heart
disease, and who were willing to participate in the study.

The estimated number of samples required in this study
was calculated based on the formula:

(2, NN + Z, NN+ )’

k(A,—A,)

n-=

Based on this formula, the minimum sample size is 20
participants.
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Data collection

Data was collected from the Emergency Department of
the Dr. Wahidin Sudirohusodo Hospital from January-
June 2021. History taking, physical examination, ECG, and
troponin I examinations were used to diagnose ACS.

The subjects’ venous blood were taken and blood glucoses
were checked by the hexokinase-glucose-6-phosphate
dehydrogenase method, which was expressed in mg/dL
units, and converted to mmol/L units using the formula:
blood glucose (mmol/L) = admission blood glucose (mg/
dL)/18. The insulin level was checked using the ELISA
kit 96T brand Demeditec and expressed in IU/L; then, the
results were incorporated into the formula AIRI = random
blood glucose (mmol/L) x random insulin (uIU/L) / 22.5.

Admission insulin resistance index is an insulin resistance
test that does not require fasting insulin. It is obtained by
checking insulin and plasma glucose at the time of admission
or at any time. Although its sensitivity and specificity are
still unknown, the AIRI value has a significant correlation
with HOMA-IR and the insulin resistance syndrome.”

The gold standard examination for assessing IR is the
hyperinsulinemic euglycemic clamp (HEC). Unfortunately,
this examination is invasive, entails high costs, and takes a
long time, so is impractical in the clinical setting. Another
test that is relatively inexpensive and is easier to perform
is the homeostasis model assessment-insulin resistance
(HOMA-IR), which involves checking fasting insulin and
plasma glucose, then entering these values into the formula:
fasting insulin (uIU/ml) x glucose plasma (mmol/L)/22.5.1%
However, there is currently no standardized HOMA-IR
cut-off for determining insulin resistance, and its utility is
limited because it requires both glucose and fasting insulin.

As with HOMA-IR, there is no AIRI cut-off value to diagnose
insulin resistance. To assess whether the AIRI taken as a
criterion for insulin resistance can reflect variations in the
AIRI value of the population studied, we classified the
AIRI values of the entire study population into tertiles,
with these values: tertile-1 (<6.73), tertile-2 (6.73-10.84),
and tertile-3 (>10.84) values. Tertile-3 is considered as AIRI
above the normal limit; therefore, the value of 10.84 was
set as the threshold for insulin resistance.

The HbA1C level was obtained using chromatography with
the Konelab Prime 60 tool and expressed as a percentage
(%). Subjects with HbAlc levels greater than or equal to
6.5% were excluded from the study.

After the examination, the patient was observed for in-
hospital outcomes, specifically arrhythmia, heart failure,
cardiogenic shock and death.

In this study, we used a composite outcome which refers to
an outcome Consisting of two or more component outcomes.
Patients who have experienced one of the events defined
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by the component categorized as a composite outcome.
The main benefits of utilizing component outcomes include
increased statistical efficiency, the potential to increase
overall event rates when individual event rates are low,
and the improved resource efficiency of trials.”

The following were considered arrhythmias in this study:
atrial flutter, atrial fibrillation, supraventricular tachycardia,
ventricular tachycardia, ventricular fibrillation, and AV
block grade 2-3.

The forms of heart failure considered in the outcomes
are: heart failure with preserved ejection fraction (HFpEF),
heart failure with mid-range ejection fraction (HFmrEF),
and heart failure with reduced ejection fraction (HFrEF).*

The criteria for diagnosing cardiogenic shock according
to the KAMIR-NIH (2018) guidelines are systolic blood
pressure (SBP) <90 mmHg for >30 minutes or the use of
supportive interventions to maintain SBP >90 mmHg, evi-
dence of end-organ damage (impaired mental status, urine
output <30 mL/hour, or the presence of cold extremities)."

Table 1. Data variable description

Characteristics N (60) %

Sex

Male 51 85.0

Female 9 15.0
Diagnosis

UAP 9 15.0

NSTEMI 27 45.0

STEMI 24 40.0
Thrombolytics

Yes 7 1.7

No 53 88.3
Primary Cutaneous Intervention

Yes 22 36.7

No 38 63.3
Complication

Yes 40 66.7

No 20 33.3
Arrhythmias

Yes 9 15.0

No 51 85.0
Heart Failure

Yes 34 56.7

No 26 43.3
Cardiogenic Shock

Yes 7 1.7

No 53 88.3
Death

Yes 9 8.8

No 51 91.2
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Data analysis

Data analysis was performed using SPSS version 25. The
descriptive method aims to obtain general information
about the research sample. Mean values, standard deviation
(SD) and the frequency distribution of the sample were
obtained as descriptive statistics. The statistical tests that
we used were ANOVA, independent T-test, and Chi-Square
tests. Statistical test results were considered as significant
results if p<0.05.

In this study, a normality test was carried out on the
AIRI value with Kolmogorov-Smirnov obtained p>0.05,
which means that the AIRI value is normally distributed;
therefore, the statistical test used is a parametric test.
Subsequently, the mean AIRI was tested using ANOVA
for variables consisting of more than 2 groups, while the
independent T-test was used for variables made up of
2 groups.

Research permission and ethical approval

Before conducting the research, an ethical clearance
approval from the Ethics Committee for Biomedical
Research on Humans, Faculty of Medicine, Hasanuddin
University, Makassar was obtained. The research ethics
approval recommendation number is 799/UN4.6.4.5.31/
PP36/2020.

RESULTS
Subject characteristics

Data analysis was conducted on 60 subjects (51 males and
9 females), ages 30-79 years old (55.98 + 12.39 years old).
In this study, the average serum insulin level was 27.68
+ 13.83 mIU/L, the average blood glucose was 8.07 + 3.32
mmol/L, and the AIRI index was 9.22 + 4.18 (Table 1). To
date, there is no set cutoff of the AIRI value to confirm the
presence of IR; therefore, in this study, we classified the
AIRI values based on tertiles: tertile-1 (<6.73), tertile-2 (6.73-
10.84), and tertile-3 (>10.84) values. Tertile-3 is considered
as AIRI above the normal limit; thus, the value of 10.84
was set as the threshold for insulin resistance in this study.

In this study, 7 patients received thrombolytics and 22
received primary cutaneous intervention. All patients
received dual antiplatelet and anticoagulant therapy.
Patients with UAP and NSTEMI were subjected to
individual risk stratification. For those deemed to be at

Table 2. Subject characteristics at the Emergency Department, Dr. Wahidin Sudirohusodo

Hospital, from January-June 2021

N Minimum Maximum Mean Std. deviation
Age (year) 60 30.00 79.00 55.9833 12.39258
Insulin Serum (plU/ml) 60 10.04 77.61 27.6805 13.83629
GDS (mmol/L) 60 3.89 21.39 8.0796 3.32095
AIRI 60 2.03 24.32 9.2244 4.18206
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high and very high-risk, coronary angiography and optimal
revascularization were performed. Patients with STEMI
received immediate reperfusion therapy, either through
PCI or fibrinolysis (Table 2).

Analysis of the relationship between AIRI and the
presentation of non-diabetic patients with ACS

The ANOVA test was used to analyze the relationship
between AIRI and the presentation of ACS by comparing
the mean AIRI values in UAP, NSTEMI, and STEMI. The
results of the analysis showed no relationship between
AIRI and the different types of ACS (p>0.05) (Table 3).

Analysis of the relationship between AIRI with
composite outcomes and in-hospital outcomes in non-
diabetic patients with ACS

The relationship between AIRI and composite outcomes
during the hospitalization was analyzed. In the group with
composite outcomes, the mean AIRI value was 9.97 + 4.08
higher than in the group without composite outcomes 7.71
+ 4.06, which showed a significant relationship between
AIRI and composite outcomes (p=0.047) (Table 3).

The relationship between AIRI and in-hospital outcomes
was analyzed by stratifying the mean AIRI values associated
with the percentage of in-hospital outcomes, such as heart
failure, arrhythmias, cardiogenic shock, and death. Our

Table 3. Relationship between mean AIRI and variables

Variable N Mean AIRI (SD) p*
Diagnosis
UAP 9 9.33 (4.27) 0.942**
NSTEMI 27 9.01 (4.72)
STEMI 24 9.41 (3.63)
Composite outcome 0.047*
Yes 40 9.97 (4.08)
No 20 7.71 (4.06)
Heart Failure 0.001*
Yes 34 10.72 (3.83)
No 26 7.25(3.84)
Arrhythmias 0.925*
Yes 9 9.24 (4.17)
No 51 9.10 (4.45)
Cardiogenic Shock 0.765*
Yes 7 9.67 (4.11)
No 53 9.16 (4.22)
Death 0.056*
Yes 9 11.67 (5.47)
No 51 8.79 (3.81)

*Independent T-test, **Annova Test

Relationship Between AIRI and In-Hospital Outcome in Non-Diabetic ACS

results did not find any significant difference in AIRI value
with arrhythmia, cardiogenic shock, and death (p>0.05),
but we found a significant relationship between AIRI
value and heart failure (p 0.001). In Table 3, the mean AIRI
value in patients with ACS and heart failure is 10.72 + 3.83,
which is higher than in patients with ACS but without
heart failure, which is 7.25 + 3.84.

The correlation between IR and heart failure was assessed
using the Chi-Square and Cochran’s & Mantel-Haenszel
tests, which revealed a higher rate of heart failure outcomes
in those with insulin resistance (Table 4). Patients who
had insulin resistance also had an increased rate of heart
failure complications. [OR 5.5 CI 95% (1.56-19.38) (p=0.005)].

DISCUSSION

Our study demonstrated that the group with composite
outcomes had a higher AIRI value than the group without
composite outcomes. The mean AIRI value of 9.97 + 4.08
was higher than the average AIRI in the group without the
composite outcomes at 7.71 + 4.06. This points to a signi-
ficant relationship between AIRI and the presence of
composite outcomes (p<0.05) (Table 3). This result is similar
to that of several studies which found an association
between IR and cardiovascular complications.®'®

A cross-sectional study by Refaie et al., on 120 non-diabetic
patients showed a linear relationship between AIRI value
and the number of coronary artery involvement, suggesting
a role of AIRI in identifying the extent of coronary artery
involvement in ACS.® Likewise, a cohort study by Yun et
al., of 98 non-diabetic patients who underwent elective
coronary angiography found that a HOMA-IR of >2.6,
was significantly associated with adverse cardiac events
(MACE) in 30 days, with a rate 27.8% higher than in those
with HOMA -IR <2.6, i.e., 2.4% (p=0.008).1¢

On the other hand, the results of our study differ from that
of the study of Salehiomran and Jafari (2009), which found
no significant difference between the mean AIRI in patients
with complications (7.9 + 9.1) and without complications
(8.7 +8.8).7

In this study, there was a correlation between insulin
resistance reflected by an elevated AIRI and heart failure,
but there was no correlation between insulin resistance
and arrhythmias, cardiogenic shock, and death. The
results of this study are similar to a study by Icli et al,,
in 160 non-diabetic patients, where 72 of the 160 patients

Table 4. Relationship between insulin resistance and heart failure outcome

Heart Failure p*
Yes No Total OR* (CI 95%)

Insulin Resistance Yes N 17 4 21

% 81% 19% 100% 0.005

No N 17 22 39 5.5 (1.56-19.38)

% 43.6% 56.4% 100%
Total N 34 26 60

% 56.7% 43.3% 100%

*Chi-Square Test, **Cochran’s and Mantel-Haenszel Test
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were diagnosed with acute myocardial infarction in the
Coronary Intensive Care Unit. Patients were then followed
up for the development of heart failure, atrial fibrillation,
life-threatening ventricular arrhythmias, atrioventricular
block, reinfarction, and death. Admission insulin resistance
index was found to be significantly correlated with heart
failure (r=0.42, p<0.0001), atrial fibrillation (r=0.35, p=0.002)
and reinfarction (r=0.23, p=0.04).%

Insulin resistance is closely related to heart failure and is
the main factor that drives heart failure both directly and
indirectly.” Directly, IR brings about changes in intra-
cellular metabolism, such as a decrease in intracellular
glycogen and impaired glucose delivery to ischemic
myocytes, thereby exacerbating the injury from
infarction. Acute myocardial infarction results in cardiac
dysfunction.”” Indirectly, IR causes atherosclerosis which
is the forerunner of acute myocardial infarction. Reduced
coronary blood flow causes myocardial ischemia, where
in the oxygen supply of the heart stops for approximately
20 minutes, leading to myocardium necrosis and pump
failure that ultimately cause heart failure.>#2

In this study, AIRI was not correlated with arrhythmias,
in contrast to the study by Sanjuan et al., which found
that 20% (254/1258) of patients with acute myocardial
infarction experienced high-risk ventricular tachy-
arrhythmias during treatment and the mortality rate
(115/1,258) was higher in patients with high-risk ventri-
cular tachyarrhythmias.” The pathogenic mechanism
of arrhythmias due to ACS is multifactorial, including
ischemia, hemodynamic and electrolyte disturbances,
reentry rhythms, and automatization disorders.” In our
study, no correlation was observed. The presence of
confounding factors such as hemodynamic and electrolyte
disturbances may have contributed to the lack of corre-
lation seen in this cohort study.

The correlation between AIRI and mortality was also
assessed in this study using the independent T-test and no
correlation between AIRI and mortality (p > 0.05) was seen.
It is consistent with the findings by Caccamo et al., which
found that mortality did not appear to be significantly
associated with IR (p=0.07).> Pathophysiological mecha-
nisms driving the association between IR, hyperglycemia,
and death in patients with acute myocardial infarction
are not fully understood.?*

Many studies have used the AIRI value as a predictor of
outcome in ACS patients. A meta-analysis by Gast et al.,
with 516,325 participants from 65 studies, demonstrated
that IR is a predictor of cardiovascular events.® Likewise,
a prospective study, Insulin Resistance Atherosclerosis
Study (IRAS) with 2938 patients found that IR is a
significant risk factor for cardiovascular disease."

Atherosclerosis is the main driver of clinical manifestations
and a major cause of ischemic cardiac events such as
angina pectoris, acute myocardial infarction, heart
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failure, arrhythmias, and sudden cardiac death. Recent
data indicate that IR plays a significant role both in
the pathogenesis of the metabolic syndrome and in
the prediction of cardiovascular events, so that fasting
glycemia, post-prandial glycemia, and insulin levels have
a positive correlation with the incidence of new heart
disease in ACS patients.?*

Admission insulin resistance index can be used at the
early stage as a predictor in high-risk patients with ACS.
The AIRI value is a practical parameter that is easy to
calculate and is an independent risk factor that can predict
the prognosis of patients with ACS."? In addition, the AIRI
value also has a better predictive value than blood glucose
for patients with ACS.”

CONCLUSION

There is a relationship between the AIRI and the composite
outcome of ACS which is heart failure. However, there is
no correlation between AIRI and arrhythmias, cardiogenic
shock, and death. Patients with IR have 5.5 times the risk
of heart failure. There is no difference in AIRI value among
the different types of ACS (UAP, NSTEMI, and STEMI).
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