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ABSTRACT

BACKGROUND: Acute coronary syndrome is an important global cause of death and also
the major cause of morbidity and mortality in India. The importance of glucose metabolism
in patients with “acute coronary syndrome” has been increasingly recognized.

AIMS: “To determine the association between grace risk score and glucose fluctuation in
patients with acute coronary syndrome and abnormal glucose metabolism using Continuous
Glucose Monitoring System”.

MATERIALS & METHODS: A Prospective Cohort study conducted for a period of 18
months from January 2019 to June 2020.Based on GRACE risk score the study population
were divided into low risk , moderate risk and High risk.

RESULTS: A total of 77 participants were included in the study. The mean age of the
participants was identified as 52.31 = 7.9. Majority of the participants were belonged to Killip
class Il with 58.44%. Elevated Cardiac Enzymes and ST Deviation were identified in 55.84%

and 44.16% of participants. The mean Grace risk score and mean 24 Hours Mean Blood

Glucose (mmol/l) were 129.35 + 31.15 and 9.67 + 3.28. Majority of the participants were

belonged to the high-risk group with 35.06%. The median 24 hours mean blood glucose
(mmol/l) in low risk, moderate and high risk were 6.32 (IQR 6.03 to 8.5), 9.08 (IQR 7.983 to
9.93) and 11.3 (IQR 10.16 to 13.8) respectively.

CONCLUSION: “High prevalence of abnormal glucose metabolism was found in ACS
patients. Higher blood glucose fluctuation is associated with moderate and high GRACE risk

scores in patients with ACS and abnormal glucose metabolism”.
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INTRODUCTION



INTRODUCTION:

The influence of glucose metabolism in acute coronary syndrome and acute myocardial
infarction has been increasingly recognized. Glycated hemoglobin (HbALc) levels correlate
well with the average levels of glucose crossing above 8 to 12 weeks and are used in
diagnosing diabetes mellitus.'The presence of acute coronary syndrome in individuals with
CVD can enhance the risk of abnormal glucose metabolism as compared to the normal
population (25.2%).2 Some investigators found an association between higher HbAlc levels
and mortality inCAD population without diabetes but not in patients with established
diabetes.’Glycatedhemoglobin (HbAlc) level on admission can lead to mortality inthe
presence or absence of diabetes after myocardial infarction.*The guidelines for the
management of non-ST-elevation acute coronary syndrome prefer the utilization of scoring
systems such asGRACE score to calculate risk and guide management decisions.’The
GRACE score is considered as a validated and established score for the risk stratification in

ACS.®

ACS is important global causes of mortality and also the major cause of deaths and various
diseases in India. In Urban India, coronary heart disease (CHD) prevalence in adult has
increased considerably and occurred at a much younger age as compared to North America
and Western Europe. CHD global fatality was estimated to be 17.5 million/year, 31% of
deaths - 75% in low- and middle-income countries; the prevalence of CHD in rural India was

estimated to be 3%-4% and 8%-10% in urban areas.’

Many studies have indicated the association between increased intermittent blood glucose,
variations in blood glucose, oxidative stress, dysfunction of endothelium and atherosclerosis.?

Hyperglycemia at presentation,while often reflecting undiagnosed and persisting




abnormalities of glucose handling, may also represent a transient stress response mediated
through the ANS with the release of catecholamines and adrenal corticosteroids.’
Hyperglycemia is associated with large infarction and depressed left ventricular function,
heart failure on admission and elevated Brain Natriuretic Peptide.’® Onthe opposite side,
whatever the cause of hyperglycemia in acute myocardial infarction, it has got a detrimental
effect on myocardium itself. Effects of hyperglycemia include the promotion of oxidative
stress, impairment of endothelial function, promotion of coagulation, non-enzymatic glycation
of platelet glycoproteins with abrupt changes in agreeability, amplification of inflammation,
suppression of immunity and direct toxicity to myocytes and promotion of apoptosis. Acute
hyperglycemia has been shown to impair ischemic preconditioning, attenuate the protective
effect of preinfarction angina on microvascular function and reduce the effectiveness of
collateral blood supply into ischemic zones.**An association between high glucose levels in
ACS patients and increased overall mortality has been shown.'® Nevertheless, hyperglycemia
remains unrecognized and untreated inthe majority of cases with acute coronary syndrome.*?

Previous studies have indicated that the disruption or erosion of vulnerable plaques and
subsequent thrombus formation are the most frequent causes of ACS."In the pathologic study
assessing vulnerable plaque after ACS, larger lipid core is recognized as the marker for plaque
vulnerability.* In the integrated backscatter intravascular ultrasound (IB-1VUS) study
evaluating plaque morphology before the occurrence of ACS™, the percent lipid area was
greater, and percent fibrous area was smaller in coronary plaques inacute coronary syndrome.
Also, one study indicated thatthe increased percent of lipid area and lower percent fibrous
area are related to the thin-cap fibroatheroma as per OCT.'® All these observations indicate
that the levels of lipid and fibrous contents in coronary plaques are suggestive for vulnerable
plaques. Previously, some studies suggested the close relationship between the blood glucose

variability and atherogenic factors.'’Teraguchi et al*®, concluded that the increase in blood




glucose variability is related with coronary plaque vulnerability in lesions of acute myocardial

infarction.

Indians have a high risk of both Diabetes mellitus and coronary artery diseases. Early
recognition of the glycemic status of ACS patients at a time of admission to the coronary care

unit can determine the future cardiovascular events and increased risk of death.*®

NEED FOR THE STUDY:

It has been established that glucose fluctuations, more often hyperglycemia,are commonly
encountered among patients with ACS. There has been a lot of research done regarding ACS
management, and newer and more effective therapeutic options have become available.The
GRACE risk score has been developed from a registry data and accounts with newer
prognostic variables to estimate the risk of death or a consequent myocardial infarction Ml in
patients following an initial ACS. It is important to provide the correct treatment based on the
risk score of the patient. The current study is an attempt at understanding “the relationship
between blood glucose fluctuation and GRACE risk score in ACS patients and how blood
glucose fluctuation in patients withabnormal glucose metabolism affect GRACE score using

Continuous Glucose Monitoring System”.
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AIMS AND OBJECTIVES:
To determine the relationship between glucose fluctuation and GRACE risk score in patients
with acute coronary syndrome(ACS) and abnormal glucose metabolism using a continuous

glucose monitoring system(CGMS).
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REVIEW OF LITERATURE:

ACUTE CORONARY SYNDROME

The term acute coronary syndromeindicates various clinical symptoms that are compatible
with acute myocardial ischemia.lt includes unstable angina, non—ST-segment elevation
myocardial infarctionand ST-segment elevation myocardial infarction. Unstable angina and
NSTEMI are the conditions that are associated closely to each other. They are similar in both
the pathophysiologic origins and clinical presentations but vary in level of severity.
Myocardial damage can be caused by severe ischemia which causes the release of myocardial
necrosis biomarker into the circulation that leads to a diagnosis of NSTEMI. On another hand,
in the absence of such biomarker in the blood, a diagnosis of unstable angina can be

confirmed.?°

A diagnosis of ACS should be considered in all patients presenting with ischemic symptoms.
Clinical signs and symptoms of ischemia include various combinations of chest pain, upper
extremity, mandibular or epigastric discomfort, dyspnea, diaphoresis, nausea, fatigue, or
syncope. The pain and discomfort associated with an ACS event may occur with exertion or
at rest and is often diffuse rather than localized. Atypical symptoms of ACS may occur in
certain patient populations such as women, the elderly, diabetics, or postoperatively. In these
situations, ACS may be associated with palpitations, cardiac arrest, or with an asymptomatic

clinical presentation.?

The current classification of acute coronary syndromesin two main categories (acute
myocardial infarction with ST-segment elevation—STEMI and acute coronary syndromes

without ST-segment elevation—non-STE ACS) is historically based on the need to define



https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-coronary-syndrome

patients indicated for thrombolytic therapy. Thrombolytic therapy was shown to be effective

in STEMI, while it is ineffective in non-STE ACS.???

The electrocardiogram (ECG) findings in acute coronary syndrome should always be
interpreted in the context of the clinical findings and symptoms of the patient when these data
are available. It is important to acknowledge the dynamic nature of ECG changes in acute
coronary syndrome. In patients with myocardial ischemia due to the decreased blood supply,
the initial 12-lead electrocardiogram (ECG) typically shows 1) predominant ST-segment
elevation (STE) as part of STE acute coronary syndrome (STE-ACS), or 2) no predominant
STE, i.e. non—-STE ACS (NSTE-ACS). Patients with predominant STE are categorized as
either aborted myocardial infarction (MI) or ST-elevation M1 (STEMI) based on the absence
or presence of biomarkers of myocardial necrosis. NSTE-ACS patients are classified as
having either unstable angina or NSTEMI, based also on the absence or presence of
biomarkers of myocardial necrosis. Classifying ECG changes in ACS can help in the risk
stratification of individual patients, but also in the planning of epidemiological and clinical

studies to produce comparable data.*

Acute coronary syndromes should be classified according to the first medical contact decision
were to transport the patient: (a) immediately (within <2 h from the first medical contact) to
the catheterization laboratory of the nearest PCl-capable hospital or (b) to the nearest
coronary care unit (including hospitals without PCI facilities). In principle, the (a) category
includesall  patients with ongoing (evolving or recurrent) signs of acute
myocardial ischemia with any ECG pattern (ST elevations, ST depressions, bundle branch
block, or even non-diagnostic ECG if the clinical suspicion is very stronge.g. in left

circumflex artery occlusion) and also patients with any form of acute coronary syndrome



https://www.sciencedirect.com/topics/medicine-and-dentistry/fibrinolytic-therapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-coronary-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/ischemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/ecg-abnormality
https://www.sciencedirect.com/topics/medicine-and-dentistry/bundle-branch-block
https://www.sciencedirect.com/topics/medicine-and-dentistry/bundle-branch-block
https://www.sciencedirect.com/topics/medicine-and-dentistry/electrocardiogram

complicated by hemodynamic or electric instability (Killip 1lI-1V class or malignant
arrhythmias—of course only when combined with clinical symptoms of the possible acute
coronary syndrome). The (b) category includes all other forms of acute coronary
syndromes—i.e. situations when a delay of 24-72 h (with a decision about CAG/PCI) is

unlikely to cause any risk for the patient.?

ACS is responsible for one-third of total deaths in people older than 35. Some forms of CHD
can be asymptomatic, but ACS is always symptomatic.In the year 2016,around 15.5 million
persons >20 years of age are reported with CHD in the USA as per Heart Disease and Stroke
Statistics update of the American Heart Association. The prevalence of CHD increases with
advancing age for both the gender.?® In 1990, the absolute number of mortality due to
cardiovascular diseases had a notable increase at the same time the age standardization

mortality reduced by 229%.%

In India, cardiovascular disease is one among the leading reason for the mortality rate in
which the ischemic heart disease and stroke accounts around> 80% of CVD mortality. In
India, the age-standardized CVD mortality is 272 per 100 000 individuals whereas, globally,
235 per 100 000 individuals. The advanced age and high case fatality rate are the factors that
contribute to the increased mortality rate in India. The premature death rate in years of life

lost due to cardiovascular diseases increased by 59%, by the year 1990 to 2010 in India.?®

NSTEMI and STEMI are the two subtypes of ACS are not always but most frequently, a

manifestation of coronary artery disease (CAD).

10


https://www.sciencedirect.com/topics/medicine-and-dentistry/hemodynamics

Predisposing risk factors for Ml are generally divided into two categories. Non-modifiable
risk factors include age, sex, family history of premature coronary heart disease, malepattern
baldness.*® While modifiable risk factors include smoking or other tobacco use,diabetes
mellitus (with or without insulin resistance), obesity, hypertension, Hypercholesterolemia,
hypertriglyceridemia, including inherited lipoprotein disorders, dyslipidemia, obesity,
sedentary lifestyle and/or lack of exercise, psychosocial stress, poor oral hygiene, type A
personality.* According to INTERHEART study, risk factors for M1 are categorized into the
emerging risk factors (homocysteine, glucose abnormalities, nutritional factors, abdominal
obesity and psychosocial factors) and conventional risk factors (hypertension, diabetes,
smoking and elevated cholesterol) between people of varying geographic and ethnic origin.
However, these known risk factors would explain only about 50% of cases of heart disease.*?

Biomarkers have a major role in the diagnosis and risk stratification of patients with ischemic
heart disease. Currently, troponin continues as the reference biomarker in acute coronary
syndromes. Troponins T and | are currently the gold standard for the detection of myocardial
injury and are key to clinical decision making in ACS. ACS is commonly associated with

elevated levels of CRP, probably reflecting widespread vascular inflammation.

Considering the known prognostic impact of poor renal function in ACS patients, it seems
reasonable to hypothesize that early stages of kidney dysfunction would provide additional
prognostic information. Jernberg T. et al. were the first to demonstrate that measurement of
cystatin-C substantially improves the early risk stratification of a large population with

suspected or confirmed non-ST elevation ACS.**
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In vitro and in vivo data demonstrated the mechanisms that are at the basis of the adverse CV
effects of GV, which are mainly associated with oxidative stress; the atherogenic action of
postprandial glucose (PPG) also involves insulin sensitivity, the postprandial increase of

serum lipids and the glycemic index of food.*

ABNORMAL GLUCOSE METABOLISM AND ACS:

Current classification of hyperglycemia in the hospital includes diabetes diagnosed and
managed before admission (known case of diabetes); existing, but unrecognized, diabetes
(fasting glucose higher than 6.9 mmol/liter or RBSmore than 11.1 mmol/liter during the
period of hospital stay and confirmed after discharge; new-onset stress hyperglycemia or
hospital-related hyperglycemia (FBS higher than 6.9 mmol/liter or RBS more than 11.1
mmol/liter during the period of hospital stay that reverts to normal range after discharge).
The prevalence of hyperglycemia in different epidemiological studies ranges from 3% to

71% incases with ACS.%®

Abnormal glucose metabolic status at admission is an indicative marker of future
cardiovascular events and long-term mortality after ACS, whether or not they are known
diabetics. Elevated admission plasma glucose (APG) levels are common in patients admitted
with ACS’s and are associated with a high incidence of adverse clinical outcomes compared
with patients with normoglycemic ACS.*Impaired glucose metabolism is also frequently
observed subsequent to an acute coronary event in nondiabetic subjects. The glycemic
metabolic status indicated by the blood glucose and glycosylated hemoglobin (A1C)
concentrations during the acute myocardial infarction in diabetic subjects, and even in the
case of nondiabetic subjects, are determinants of future cardiovascular events and the

increased risk of death.®’

12




A higher proportion of proinsulin to insulin is indicative of abnormal metabolism of insulin,
and this is uniformly observed in cases of ACS irrespective of the glucose concentration. It

had been suggested by Haffner et al*®

, in the San Antonio Heart Study that the level of
proinsulin was strongly predictive of several metabolic and hemodynamic variables in
nondiabetic subjects. Similarly, Yudkin et al*®, found that proinsulin-like molecules were a
marker of vascular disease, although it was unlikely to be involved directly in the etiology of

coronary artery disease. Their study group included nondiabetic European and South Asian

subjects.

Several cohort studies have shown that people with pre-diabetic conditions such as
IGT(Impaired glucose tolerance) are at high risk for cardiovascular disease. In fact, patients
with pre-diabetic IGT are compromised because they have atherogenic risk factors which can
lead to the coronary arteries. A systematic meta-analysis on twenty clinical studies suggested
that a blood glucose concentration even below the threshold for diagnosing DM is associated

with a significantly higher risk of coronary artery disease.*

Fasting plasma glucose (FPG) and HbAlc are the most commonly measured glycemic
parameters for secondary measures taken after the development of cardiovascular disease in a
clinical setting. Although the relevance of glycemic exposure is indisputable, FPG does not
completely explain the risk. The Diabetes Epidemiology: Collaborative Analysis of
Diagnostic Criteria in Europe study demonstrated that fasting glucose concentrations alone do
not identify individuals at increased risk of death and CVD associated with hyperglycaemia;

however, the OGTT(oral glucose tolerance test) provides additional prognostic information.*

13



ASSOCIATION BETWEEN GLYCEMIC VARIABILITY AND ACS:

GV corresponds to swings in blood glucose levels in the same individual within-day, day-to-
day, or even over longer periods of time. Increasing GV may contribute to diabetes-related
complications, including retinopathy, nephropathy, and cardiovascular events.**The presence
of glycemic disorder can lead to the development of coronary plaque progression, instability
and subsequent ACS. Mainly, hemoglobin Alc (HbAlc), fasting plasma glucose (FPG),
homeostasis model assessment of insulin resistance (HOMA-IR), advanced glycation end
products (AGEs), and glucagon-like peptide 1 (GLP-1) are focused by previous studies to
evaluate the severity of diabetes-related vascular complications, another important measure in
recent investigations is the blood glucose variability.!” Continuous glucose monitoring system
(CGMS) favors direct visualization of blood glucose variability, that helps to identify the
various glycemic disorder as compared to other conventional glucose indicators (HbAlc,

FPG, HOMA-IR).*®

In patients with an ACS, a high GV during hospitalization is related to more risk in the 30
days following the admission of a major cardiovascular event, intracerebral hemorrhage, and
isolated cardiac valvular surgery.*’Recently, a high GV in patients with ACS was
demonstrated to be one of the most powerful predictive factors for the development of major
adverse cardiac events (MACE) in ACS and T2DM patients. In this study, GV remained the
best predictor of a greater risk of midterm MACE in this population.**Some studies have
shown that an elevated GV, especially those in the highest GV quartile, was showing
significant association with short-term cardiovascular composite outcomes. This associated
risk was described in both hyperglycemic and normoglycemic groups.*®Even in non-diabetic
patients or recently diagnosed diabetic patients with optimal metabolic control, GV has

related to the increase in markers of endothelial and cardiovascular damage.*’
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There is a significant association between GV and the increased incidence of hypoglycemia.
Hypoglycemic events may trigger inflammation by inducing the release of inflammatory
cytokines. Hypoglycemia also induces increased platelet and neutrophil activation. The
sympathoadrenal response during hypoglycemia increases adrenaline secretion and may
induce arrhythmias and increase the cardiac workload. Underlying endothelial dysfunction
leading to decreased vasodilation may contribute to CV risk. Overall, the pathophysiological

evidence is more suggestive of GV being a major key determinant of vascular damage.*®

GLYCEMIC VARIABILITY AS A MARKER OF POOR PROGNOSIS IN ACS:

While the measurement of glycated hemoglobin Alc (A1C) is considered the gold standard
for assessing glycemic control in patients with diabetes, this measure does not take into
account fluctuations in blood glucose levels known as glycemic variability (GV).
Optimization of glycemic control requires a careful balance that allows patients to reach target
A1C while avoiding hypoglycemia.**GV refers to swings in blood glucose levels, has a
broader meaning because it alludes to blood glucose oscillations that occur throughout the
day, including hypoglycemic periods and postprandial increases, as well as blood glucose
fluctuations that occur at the same time on different days. The broad definition of GV
considers the intraday glycemic excursions, including episodes of hyperglycemia and

hypoglycemia.*®

GV is becoming a vital metric to consider when assessing glycemic control in clinical
practice. GV can show inter-day and intra-day variations, which can increase both glycemic
swings and hypoglycemia risk. Also, a reduction in GV is closely correlated with reductions

in both hyperglycemic and hypoglycemic episodes.* Postprandial spikes in blood glucose, as
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well as hypoglycemic events, are blamed for increased CV events, and GV includes both of

these events; hence, minimizing GV can prevent future cardiovascular events.*®

The traditional approach to measuring GV consists of assessing the amplitude of glycemic
excursions, which relies on self-monitored blood glucose (SMBG) data or on CGM. Mean
amplitude of glycemic excursions was the first to be developed, primarily to capture
mealtime-related glucose excursions, and has been used widely for assessing GV. While
most physicians in clinical practice are familiar with the use of standard deviation (SD; total
SD, intra-day SD and inter-day SD), GV-related research utilizes CV (which is the SD
divided by the mean) as the preferred amplitude measure. CV is a metric related to mean
blood glucose, and it is easier to describe hypoglycemic excursions using CV (compared with
using SD alone) as GV is significantly influenced by mean blood glucose.A recent
international consensus statement for CGM recommends that when measuring GV, a CV
should be used as the primary measure, with SD as a secondary measure because of its
familiarity to physicians. Other important aspects to consider, when measuring the amplitude
component of GV is that the hyperglycemic range is much broader than the hypoglycemic

range and that the risk for hyperglycemia and hypoglycemia are clinically independent.*®

There are 3 basic types of CGM devices: “real-time” CGM devices, which continuously track
glucose concentrations in the interstitial fluid; intermittently viewed CGM devices, which
show continuous glucose measurements retrospectively at the time the patient or physician
checks the data; and diagnostic CGM, which the patient is blinded to, and is intended to
inform the physician about the patient’s blood glucose levels in their day-to-day lives. All 3
types of CGM provide detailed information about glucose variability. While both real-time

and intermittently viewed CGM devices monitor the TIR, real-time CGM can also warn users
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in real-time if their blood glucose is trending toward the hypoglycemic or hyperglycemic

ranges.*®

Various CGM devices of these types are commercially available, each of which has certain
advantages and disadvantages. Overall, the new-generation CGM devices are becoming
simpler and less expensive to use. For example, the FreeStyle Libre “flash” CGM device
(Abbott Diabetes Care) is related to lower daily costs and does not require daily finger pricks
for calibration with an SMBG device. However, this is an intermittently viewed CGM device,
with data being stored and downloaded later, and so it does not provide hypoglycemia or
hyperglycemia alarms.*® Another example, Dexcom’s CGM system, is a real-time device
which can communicate directly with the patient, caregiver and physician smart devices, and
can send increased and decreased blood glucose alerts. While the older versions of this device
needed to be calibrated against SMBG at least twice a day; the new G6 generation is now
finger-prick free using a factory calibration.*® Finally, a diagnostic CGM system, such as the
iPro CGMS (Medtronic Diabetes, Northridge, CA)*, is capable of sensing blood glucose at 5-
minute intervals throughout the course of the day and is used over a 3-day period to obtain
information regarding blood glucose levels. Patients are instructed to carry a log of daily
activities, such as mealtimes and therapy administration. Patients are unable to view their
blood glucose values during the time of recording; however, this information is downloaded
later to provide a report to the physician regarding the 3-day time period. This data, alongside
the patient log, can provide valuable information regarding the effectiveness of the patient’s
diabetes management. Currently, CGM, used in conjunction with A1C monitoring, is
recommended for determining glycemic status and as a basis for adjusting therapy in all type
1 diabetes patients and certain patients with T2D, such as those failing to achieve target A1C

on intensive insulin therapy (particularly if the patient has significant hypoglycemia).*
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In the context of AMI, Su et al. * described an association between high GV (measured by
continuous glucose monitoring) and 1-year occurrence of MACE. There is a lack of data
regarding GV as a predictive risk factor for cardiovascular complications. In the face of
growing interest in this variable, some authors have reported a connection between GV and
not only microvascular diabetes complications but also macrovascular complications such as
CAD severity. Other groups have found an interesting association between GV and coronary

plaque vulnerability.*

GRACE Risk score:

GRACE is a large, prospective, multinational observational study in admitted patients with
the acute coronary syndrome. The aim of GRACE is to improve the quality of care for
patients with ACS by describing differences in, and relationships between, patient
characteristics, treatment practices, and in-hospital and post discharge outcomes at hospitals
around the world.”’The GRACE risk score (GRS) for mortality and re-infarction up to
6 months post-discharge is a powerful predictor of short and long-term prognosis after ACS.>
The GRACE 6-month post discharge prediction model is a simple, robust tool for predicting
mortality in patients with ACS. Clinicians may find it simple to use and applicable to clinical
practice. Clinical prediction models may be helpful for medical decision making as patients
judged to be at higher risk may receive more aggressive surveillance and/or earlier treatment,
while patients estimated to be at lower risk may be reassured and managed less
aggressively. By using simple yet valid risk calculations, clinicians can accurately advise
patients about their likelihood of an event, and how this likelihood translates into treatment

decisions.>®
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In a diverse range of hospitals in fourteen countries worldwide, with on-site angiographic
facilities, the frequency of catheterizations and percutaneous coronary interventions (PCI)
exhibited a paradoxical pattern, whereby most interventions were performed in low-risk rather
than high-risk population (the ‘treatment-risk paradox’). It is possible to estimate the ‘deficit’
in the frequency of revascularization as per the actual differences between increased rate and

low rate hospitals observed in the GRACE programme.>*

The GRACE is considered as one of the greatest multinational programme in ACD. It was
conducted to confirm that all the participants included were reflective of a broad spectrum of
population with the acute coronary syndrome. They were trained, audited, and quality control
steps were taken during the study period. The evaluation of long term outcomes with

complete mortality data to 5 years is made possible with the utilization of a UK cohort.>

The GRACE risk score was derived from an original population of 26 267 patients with
suspected ACS which is validated in a further set of 22 122 patients prospectively and

externally also.>*

The hospital risk of mortality or the combination of death or MI and the same outcomes up to
6 months post-discharge are estimated in original GRACE score. The new version of the
GRACE risk score for a period of one-year outcomes was derived in the more recent data set
of 32,037 population from the GRACE registry between the period of January 2002 and
December 2007. The UK cohort of 1274 participants with long-term follow-up was employed

for three 3-year mortality.>*
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The GRACE 2.0 ACS Risk Calculator uses eight prognostic variables: age, heart rate, systolic
bloodpressure, ST-segment deviation, Killip  class, cardiac arrest at admission,
serum creatinine and elevated cardiac biomarkers. If Killip class or serum creatinine levels are

not available, diuretic use and renal failure can be substituted.>*

ASSOCIATION BETWEEN “GRACE RISK SCORE AND GLUCOSE
FLUCTUATION IN ACUTE CORONARY SYNDROME AND ABNORMAL
GLUCOSE METABOLISM”

In patients with the acute coronary syndrome, the short term and six-month mortality are
associated with higher glucose levels at the time of admission as per GRACE registry
report.”H Li et al in their study suggested higher blood glucose variation is relatedto the
moderate and high GRACE risk scores in acute coronary syndrome and abnormal glucose
metabolism. However, glucose variation is inthe normal range “(24-h MBG is < 6.5 mmol/L,
and 24-h MAGE is < 3.9 mmol/L) even in moderate and high GRACE risk scores patients”.?
Higher MAGE or HbA1c level is associated with high CV risk factors including advanced
age, DM, HF or renal insufficiency. The correlation between GRACE risk scores and MAGE

or HbA1c is unclear.®®

High GRACE risk score (=155) and elevated admission blood sugar (=11) was found
significantly higher in-hospital death whereas only high GRACE risk score (=155) and

normal admission blood sugar (<11) was found non-significant regarding in-hospital death.>

In a multivariate analysis, high MAGE was an independent predictive factor of poor
prognosis for major adverse cardiovascular and cerebrovascular events. The study also

concluded that glycemic variability determined with a CGMS is a predictor of prognosis in
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patients with ACS without severe DM. Here GRACE score >140 was found in 47% of the
patients in the group with low MAGE and 58% in high MAGE group.®’In their study.
Timoteo et al found that in medium-term follow-up,a blood glucose level of > 160 mg/dl on
admission was an independent predictor for mortality.®While investigating to find out
whether 2h post-load plasma glucose could improve GRACE risk score (GRS) based
prognostic models in patients with an acute coronary syndrome without known diabetes
mellitus, Chattopadhyay et al noted that two-hour post-load plasma glucose, but not fasting
plasma glucose, is an independent predictor of adverse outcome after ACE even after

adjusting for the GRS.*?

MOST RELEVANT STUDIES:

E Gerbaud et al** (2019), conducted a study to determine the prognostic value of GV in
patients with DM and ACS. The study included consecutive patients with diabetes and ACS
between January 2015 and November 2016. GV was assessed using SD during initial
hospitalization. MACE, acute heart failure and cardiac death are noticed.A total of 327
participants are enrolled in the study. MACE occurred in 89 patients (27.2%) for a mean
follow-up of 16.9 months. During follow-up, 24 patients (7.3%) died of cardiac causes, 35
(10.7%) had a new-onset myocardial infarction, and 30 (9.2%) were hospitalized for acute
heart failure. For GV >2.70 mmol/L, a Synergy between PCI with Taxus and Cardiac
Surgery (SYNTAX) score >34, and reduced left ventricular ejection fraction of <40% were
independent predictors of MACE, with odds ratios (ORs) of 2.21 (95% CIl 1.64-2.98; P <
0.001), 1.88 (1.26-2.82; P = 0.002), and 1.71 (1.14-2.54; P = 0.009), respectively, whereas a
GRACE risk score >140 was not (OR 1.07 [0.77-1.49]; P = 0.69). It was concluded that a
GV cutoff value of >2.70 mmol/L was the strongest independent predictive factor for midterm

MACE in patients with diabetes and ACS.

21




Huigin Li et al® (2018),conducted a study in 76 patients in which the association between
“blood glucose fluctuation and GRACE score” were determined. The study results revealed
abnormal glucose metabolism in 52 patients. Among them, low risk, moderate risk and the
high-risk group were identified in 8 patients, 19 patients and 25 patients. Out of 24 patients
with normal glucose metabolism, low risk, moderate risk and the high-risk group were
observed in 6 patients, 6 patients and 12 patients. Among the patients of ACS, the prevalence
of “abnormal glucose metabolism” was high. The study concluded that moderate and high

GRACE risk scores are related to high blood glucose fluctuation.

Md Mesbahul Islam et al*>(2018),conducted a study to assess whether the inclusion of
admission blood glucose with GRACE risk score can improve the risk stratification of ACS
patients admitted in a tertiary hospital of Bangladesh. A cross-sectional comparative study
was the study design. A total of 249 cases of ACS patients were selected. Majority of the
participants belonged to 5th and 6th decades 25.3% vs 37.3% and 55.7+11.7 years was the
mean age. Most of the patients were male. High GRACE risk score (>=155) and elevated
admission blood sugar (>=11) was found significantly higher in-hospital death. Test of
validity showed a sensitivity of GRACE risk score regarding in-hospital death was 85.29%,
specificity 57.7%, accuracy 61.4%, positive and negative predictive values were 24.2% and
96.1% respectively. The sensitivity of GRACE risk score + admission blood sugar regarding
in-hospital death was 85.29%, specificity 62.33%, accuracy 65.46%, positive and negative
predictive values were 26.36% and 96.4% respectively. “The sensitivity and specificity of
GRACE score for predicting in-hospital death were found to be 79.4% and 58.1%,
respectively. Whereas after adding admission blood sugar value to GRACE score, both the

sensitivity and specificity increased to 82.4% and 58.6% respectively.” The study concluded
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that in patients with acute coronary syndrome, the blood glucose level at the time of

admission can add prognostic information to the established risk factors.

H Takahashi et al®’ (2018), conducted a study in 417 patients to determine the relationship
between GV and prognosis in patients with ACS. All patients underwent calculation of the
global registry of coronary events (GRACE) score. GRACE score >140 was found in 47% of
subjects in low MAGE group and 58% in the high MAGE group. The groups were followed
up for a median of 39 months [IQR 24-50 months]. The primary endpoint was the incidence
of MACCE. During follow-up, 66 patients experienced MACCE (5 patients had
cardiovascular death, 14 had a recurrence of ACS, 27 had angina requiring revascularization,
8 had acute decompensated heart failure, and 16 had a stroke). MACCE was more frequently
observed in the high MAGE group. In multivariate analysis, high MAGE was an independent
predictive factor of poor prognosis for MACCE. This study concluded that glycemic
variability determined with a CGMS is a predictor of prognosis in patients with ACS without

severe DM.

J Xia et al® (2017),conducted a study in 864 patients in which the relationship between the
glycemic variability and MACCE in ACS was concluded. A 30-day incidence of MACCE is
considered as the primary endpoint. The study results revealed that 15.2% of participants in
the high glycemic variability group showed primary endpoint, whereas 9.7% in low glycemic
variability group. The incidence of AF in both the groups during the hospital stay was
identified with 14.5% and 8.9% respectively. The duration of hospital stay was high in H
group as compared to the L group. The study concluded the correlation between blood

glucose variability and incidence of MACCE.
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A Timoéteo et al’®

(2014), conducted a study to determine the association between the blood
glucose at the time of admission with a grace risk score. 64+13 years was the mean age of the
study population. Majority of the participants were males with 69%. ST-segment elevation
ACS and Killip class > 2 were identified with 55.1% and 13.1% respectively. In-hospital
mortality and one year follow up mortality was 5.8% and 9.7% respectively. One-year
mortality identified in the hyperglycemia group was 17.2%. The study concluded that the

blood glucose level at the time of admission can be considered as an independent predictor of

mortality in the medium-term follow-up.

S Chattopadhyay et al®? (2018), investigated whether 2 h post-load plasma glucose (2h-PG)
could improve GRACE risk score (GRS) based prognostic models in ACE patients without
known diabetes mellitus (DM). A retrospective cohort study of 1056 ACE survivors without
known DM who had fasting plasma glucose (FPG) and 2h-PG measured pre-discharge. GRS
for discharge to 6 months was calculated. During 40.8 months follow-up, 235 MACEs
(22.3%) occurred, more frequently in the upper 2h-PG quartiles. Two-hour PG, but not FPG,
adjusted for GRS independently predicted MACE (hazard ratio 1.091, 95% confidence
interval 1.043-1.142; P=0.0002). Likelihood ratio test showed that 2h-PG significantly
improved the prognostic models, including GRS (¥2=20.56, 1 df; P=0.000). Models
containing GRS and 2h-PG yielded lowest corrected Akaike’s information criteria, compared
to that with only GRS. 2h-PG, when added to GRS, improved net reclassification significantly
(NR1e>0 6.4%, NRIne>0 24%, NRI>00.176; P=0.017 at final follow-up). Two-hour PG
improved integrated discrimination of models containing GRS (IDI of 0.87%, P=0.008 at
final follow-up).  Two-hour PG, but not FPG, improve the predictability of prognostic

models containing GRS.
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Xiao-Jun Liu et al®® (2015), conducted a study in 549 patients in which the role of MACEs
with the GRACE score in patients with  ACS was determined. The study results revealed that
12.9% was identified with MACs. All-cause mortality was 9.6%, and nonfatal infarction was
identified in 3.4% cases. There was a positive correlation identified between the GRACE
score and HbAlc content. The risk of MACEs was increased with increasing content of

HbA1lc. The study concluded the association between HbAlc content and GRACE score.

J Kuhl et al®* (2015), performed a study in 1062 patients to determine the influence of
glucose tolerance in patients with ACS.  There was an increased (p <0.001) mortality
identified in known diabetes cases as compared to the other groups. Reinfarction was
identified in 28% of cases with known diabetes whereas, 15% in NGT and 17% in
dysglycemia during the period of follow up. Around 72% of participants admitted for acute
coronary syndrome had disturbed glucose metabolism. The study concluded that the clinical

prognosis is poor in ACS patients with diabetes mellitus and dysglycaemia.

G Su et al®® (2013), conducted a study in 186 patients to determine the prognostic value of in-
hospital glycemic excursion and HbAlc for a period of a one-year major adverse cardiac
event in AMI patients. There was an association identified between increased MAGE level
and GRACE score. The rate of MACE by MAGE tertiles were 30.2%, 14.8%, 8.1%
respectively. In elderly patients with a higher MAGE level identified with increased cardiac
mortality. The study concluded the predictors of mortality in AMI patients.

R Giraldez et al®® (2013), examined the prevalence of undiagnosed diabetes or prediabetes
and associations with ischemic outcomes among non-ST-segment elevation acute coronary
syndrome (ACS) patients. 8795 EARLY ACS trial patients were categorized into one of the

following groups: “known diabetes” (n = 2860 [32.5%]; reported on the case report form),
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“undiagnosed diabetes” (n = 1069 [12.2%]; no diabetes history and fasting glucose >126
mg/dL or hemoglobin Alc >6.5%), “prediabetes” (n = 947 [10.8%]; fasting glucose >110 to
<126 mg/dL, or “normal” (n = 3919 [44.5%]). Adjusted associations of known diabetes,
undiagnosed diabetes, and prediabetes (versus normal) with 30-day and 1-year outcomes were
determined. Undiagnosed DM was related with higher 30-day death or myocardial
infarction (MI) (ORadj 1.28, 95% CI 1.05-1.57), driven primarily by greater 30-day mortality
(ORadj 1.65, 95% CI 1.09-2.48). Known diabetic patients had 30-day death or MI outcomes
similar to those of normal patients, but 30-day mortality was higher (ORadj 1.40, 95% ClI
1.01-1.93). Prediabetic patients had 30-day death or MI outcomes similar to those of normal
patients. One-year mortality was greater among known diabetic patients (HRadj 1.38, 95% ClI
1.13-1.67) but not among those with undiagnosed diabetes or prediabetes. The study
concluded that undiagnosed diabetes and prediabetes were common among high-risk non-ST-
segment elevation ACS patients. Routine screening for undiagnosed diabetes may be useful
since these patients seem to have worse short-term outcomes and deserve consideration of

alternative management strategies.

K Tamita et al*°(2012), conducted a study to assess the long-term clinical cardiovascular
outcomes in AMI patients with abnormal FBS. A prospective study was performed in 275
consecutive patients with AMI, 85 of whom had pre-diagnosed diabetes mellitus (DM). The
association between the glucometabolic status and long-term major adverse cardiovascular
event rates was evaluated. Kaplan—Meier survival curves indicated that the AGT group had a
worse prognosis than the NGT group and an equivalent prognosis to the DM group
(p<0.0005). Cox HR of IFG to NFG for major adverse cardiovascular event rates was 1.83

(0.86 to 3.87), which was not significant. The study concluded that AMI patients, an
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abnormal OGTT, is a better risk factor for further adverse cardiovascular events than impaired

fasting blood glucose.

M de Mulder et al® (2011),conducted a study to analyses if admission plasma
glucose (APG) may improve risk stratification based on the GRACE risk score. Data were
collected on baseline characteristics and long-term (median 55 months) outcome of 550 Ml
patients who entered our hospital in 2003 and 2006.GRACE risk score at admission was
determined for each patient, which was entered in a logistic regression model, together with
APG, to evaluate their prognostic value for 6-month and 5-year mortality. Patients with APG
>7.8 mmol/l had a higher mortality than those with APG levels <7.8 mmol/l; 6 months: 13.7
versus 3.6%, p value <0.001; 5 years: 20.4 versus 11.1%, p value 0.003. APG appeared a
significant predictor of 6-month and 5-year mortality, adjusted OR 1.17 (1.06-1.29) and 1.12
(1.03-1.22). Combining the GRACE risk score and APG reclassified 12.9% of the patients,
but the net reclassification improvement was nonsignificant (p = 0.146). Their study
concluded that APG is a predictor of 6-month and 5-year mortality, each mmol/l increase in
APG being associated with a mortality increase of 17 and 12%, respectively, independent of

the GRACE risk score.

P Sinnaeveet al® (2009), studied the relationship between increased FBS levels and outcome
across the spectrum of ST-segment elevation and non—ST-segment elevation acute coronary
syndromes.: FBS values were noticed for 13 526 patients. A multivariate logistic regression
analysis was used for assessing the association between admission or fasting glucose level
and in-hospital or 6-month outcome, adjusted for the variables from the registry risk scores.
Higher fasting glucose levels were associated with an increased risk of in-hospital death.

When taken as a continuous variable, higher fasting glucose level was associated with a
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higher probability of in-hospital death, without a detectable threshold and irrespective of
whether patients had a history of diabetes mellitus. Higher fasting glucose levels were found
to be related to a higher risk of post discharge death up to 6 months. The risk of post
discharge death at 6 months was significantly increased with FBS values between 126 and
199 mg/dL (1.71 [1.25-2.34]) and 300 mg/dL or greater (2.93 [1.33-6.43]), but not within the
200- to 299-mg/dL range (1.08 [0.60-1.95]). The relation between fasting glucose level and
risk of adverse short-term outcomes is graded across different glucose levels with no

detectable threshold for diabetic or nondiabetic patients.

LACUNAE OF LITERATURE:

There are several observational studies demonstrating that hyperglycemia in ACS is a
powerful predictor of survival. The GRACE risk score was developed and validated for
patients with ACS, with the aim of guiding the triage and early management of ACS.
Abnormal glucose metabolism increases the risk of immediate and long-term complications in
ACS patients both with and without previously known diabetes mellitus. This adversely
affects prognosis in ACS and associated with less favorable clinical outcomes. It is relatively
not known how these blood glucose fluctuations among “patients with abnormal glucose
metabolism affect GRACE score”. This study is an attempt to bridge this gap as knowing the
effect of glucose fluctuations on GRACE score can help optimally manage ACS patients

during admission and after the discharge.
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MATERIALS AND METHODS:

Study site: This study was conducted in the department of  General Medicine at RL
JALAPPA HOSPITAL and NH HOSPITAL

Study population:“Patients with Acute Coronary Syndrome and abnormal glucose
metabolism in General Medicine department at RL JALAPPA HOSPITAL and NH
HOSPITALwere considered as study population”.

Based on the GRACE risk score, they were divided into low risk, moderate risk and high
risk.

Study design: The current study is a Prospective Cohort study

Sample size: The sample size for the study is estimated by keeping the fluctuation change
between high risk and low risk group to be 1.85 with SD of 0.45 as per the study by Huigin Li
et al.,®® And other parameters for sample size calculation was 95% Confidence Interval and

the formula used for the sample size calculation was below.®

_(u +v)2cs2
- 2
(:u - :uo)
N Sample Size
L—Lio Difference between the means, piand null hypothesis value o
o Standard deviations
u one-sided percentage point of the normal distribution corresponding to 100 % —
the power

e.g. if power = 90%, u = 1.28, If the power is = 80%, u =0.84

v Percentage point of the normal distribution corresponding to the (two-sided)
significance level

e.g. if significance level = 5%, v =1.96
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According to the above calculations the required number of subjects in to the stud was 70.
Considering the 10% lost to follow- up 7 more subjects were added to the final subjects and

hence the minimum required sample was 77 subjects.

Sampling method: All the eligible subjects were recruited into the study consecutively by
convenient sampling till the sample size is reached.
Study duration:The data collection for the study was done between January 2019 to June
2020 for a period of 18 months.
Inclusion Criteria:

1. Patients who had unstable angina pectoris.

2. Patients who had ST elevated MI.

3. Patients who had non-ST elevated MI.

4. “Patients who had a history of diabetes.”

5. Patients who were newly diagnosed as diabetes.

6. Patients who had impaired glucose tolerance.

Exclusion criteria:

1. Patients who had a history of mental illness and are not suitable for using CGMS.

Ethical considerations: Study was approved by the institutional human ethics committee.
Informed written consent was obtained from all the study participants, and only those
participants willing to sign the informed consent were included in the study. The risks and
benefits involved in the study and the voluntary nature of participation were explained to the
participants before obtaining consent. Confidentiality of the study participants was

maintained.
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Data collection tools: All the relevant parameters were documented in a structured study
proforma.
Methodology:
Patients with abnormal glucose metabolism include
1. Patients who had a history of diabetes,
2. Newly diagnosed patients with HbA1C >/=6.5%.
3. Patients who had glucose intolerance with HbA1C 5.7 -6.4%
INVESTIGATIONS :
ECG
Urea nitrogen
Creatinine
HbAlc
Haemoglobin
CK MB
Uric acid
Triglycerides
Cholesterol
HDL
LDL
BLOOD GLUCOSE LEVELS FOR 72 HOURS USING CGMS
A continuous glucose monitoring system (CGMS) was used to real-time monitor blood
glucose for 72 hrs after the patient was admitted into CCU.
Using CGMS 24 hours of mean blood glucose was measured.
“The GRACE risk score was the sum of eight quantified parameters including age, heart rate,
systolic blood pressure, creatinine level, heart failure (Killip class), elevated cardiac enzymes,

ST-segment elevation, and cardiac arrest at admission”.
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“By giving a score based on each of the parameters, we can make a risk score which was
useful for making predictions on in-hospital mortality and risk of death within 6 months after
discharge from the hospital, the long-term prognosis”.

Statistical methods:

24 hours mean blood glucose (mmol/l) was considered as the primary outcome variable.
Grace risk score group was considered as Primary Explanatory Variables. Age, gender, pulse
(per minute) etc., were considered as Other explanatory variables.

Descriptive analysis was carried out by mean and standard deviation for quantitative
variables, frequency, and proportion for categorical variables. Data was also represented using
appropriate diagrams like bar diagram & pie diagrams.

All the quantitative parameters will be checking the normal distribution within each category.
A shapiro- wilk’s test (p>0.05) and a visual inspection of their histograms, normal Q-Q plots
and box plots showed that the 24 hours mean blood glucose (mmol/l) parameter were non-
normally distributed.

The comparison between and 24 hours mean blood glucose (mmol/l) and Grace risk score
grouping was assessed by comparing the median values. Kruskal Wallis test was used to
assess statistical significance.

Association between quantitative explanatory and outcome variables was assessed by
calculating the Spearman correlation coefficient, and the data was represented in a scatter
diagram.

P value < 0.05 was considered statistically significant. IBM SPSS version 22 was used for

statistical analysis.®’
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Result:

A total of 77 subjects were included in the final analysis.

Table 1: Descriptive analysis of age in study population (n=77)

95% C. |
Parameter Mean = SD Median Minimum Maximum
Lower | Upper
Age 5231+79 52.00 41.00 76.00 50.52 54.11

The mean age was 52.31 £ 7.9 in the study population, minimum and maximum were 41 and

76 in the study population with (95% C. | from 50.52 to 54.11). (Table 1)

Table 2: Descriptive analysis of gender in the study population (n=77)

Gender Frequency Percentages
Male 57 74%
Female 20 26%

Among the study population, 57 (74%) were male, and 20 (26%) were female. (Table 2 &

Figure 1)

Figure 1: Bar chart of gender in the study population (n=77)
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Table 3: Descriptive analysis of pulse (per minute) in the study population (n=77)

95% C. |
Parameter Mean = SD Median | Minimum | Maximum
Lower | Upper
Pulse (Per Minute) | 89.29 + 16.83 84.00 68.00 150.00 85.46 | 93.11

The mean Pulse (per minute) was 89.29 + 16.83 in the study population, minimum and
maximum were 68 and 150 in the study population with (95% C. | from 85.46 to 93.11).
(Table 3)

Table 4: Descriptive analysis of systolic blood pressure (in mm) in the study population

(n=77)

95% ClI

Parameter Mean = SD Median | Minimum | Maximum
Lower | Upper

Systolic Blood

125.06+12.85 | 130.00 100.00 160.00 122.15 | 127.98
Pressure (In Mm)

The mean Systolic Blood Pressure (in mm) was 125.06 + 12.85 in the study population,
minimum and maximum was 100 and 160 in the study population with (95% C. | from 122.15
to 127.98). (Table 4)

Table 5: Descriptive analysis of serum creatinine (in mg/dl) in the study population

(n=77)

95% C. I

Parameter Mean = SD | Median | Minimum | Maximum
Lower | Upper

Serum Creatinine

The mean Serum Creatinine (In mg/dl) was 1.35 £ 0.82 in the study population, minimum and
maximum was 0.20 and 5.00 in the study population with (95% C. | from 1.16 to 1.54).

(Table 5)
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Table 6: Descriptive analysis of Killip’sclass in the study population (n=77)

Killip Class Frequency Percentages
Class 1 28 36.36%
Class 2 45 58.44%
Class 3 4 5.19%

Among the study population, 28 (36.36%) were in Class 1, 45 (58.44%) were in Class 2, and
4 (5.19%) were in class 3. (Tale 6 & Figure 2)

Figure 2: Pie chart of Killip’sclass in the study population (n=77)
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Table 7: Descriptive analysis of other risk factors in the study population (n=77)

Other Risk Factors Frequency Percentages
Elevated Cardiac Enzymes 43 55.84%
ST Deviation 34 44.16%

Among the study population, 43 (55.84%) were in Elevated Cardiac Enzymes, and 34

(44.16%) were in ST Deviation. (Table 7 & Figure 3)

37




Figure 3: Bar chart of other risk factors in the study population (n=77)
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Table 8: Descriptive analysis of grace risk score in the study population (n=77)

959% C. |
Parameter Mean £ SD Median | Minimum | Maximum
Lower | Upper
Grace Risk Score | 129.35+31.15 | 122.00 84.00 211.00 122.28 | 136.42

The mean Grace risk score was 129.35 + 31.15 in the study population, minimum and
maximum were 84 and 211 in the study population with (95% C. | from 122.28 to 136.42).
(Table 8)

Table 9: Descriptive analysis of grace risk score grouping in the study population (n=77)

Grace Risk Score Grouping Frequency Percentages
Low Risk 26 33.77%
Moderate Risk 24 31.17%
High Risk 27 35.06%

Among the study population, 26 (33.77%) were at low risk, 24 (31.17%) were at moderate

risk, and 27 (35.06%) were at high risk. (Table 9 & Figure 4)
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Figure 4: Pie chart of grace risk score grouping in the study population (n=77)
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Table 10: Descriptive analysis of 24 hours mean blood glucose (mmol/l) in the study

population (n=77)

95% C. |
Parameter Mean + SD | Median | Minimum | Maximum
Lower | Upper
24 Hours Mean Blood
Glucose (Mmol/L) 9.67 + 3.28 9.10 5.11 21.00 8.92 10.41

The mean 24 Hours Mean Blood Glucose (mmol/l) was 9.67 £ 3.28 in the study population,

minimum and maximum were 5.11 to 21.00 in the study population with (95% C. | from 8.92

to 10.41). (Table 10)

Table 11: Descriptive analysis of hypertension in the study population (n=77)

Hypertension Frequency Percentages
Yes 59 76.62%
No 18 23.38%

Among the study population, 59 (76.62%) had hypertension. (Table 11 & Figure 5)
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Figure 5: Bar chart of hypertension in the study population (n=77)
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Table 12: Descriptive analysis of smoking in the study population (n=77)

Parameter Frequency Percentages
Smoking
Yes 53 68.83%
No 24 31.17%
Alcohol
Yes 39 50.65%
No 38 49.35%

Among the study population, 53 (68.83%) were smoking, and 39 (50.65%) consumed alcohol.

(Table 12 & Figure 6, 7)
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Figure 6: Bar chart of smoking in the study population (n=77)
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Figure 7: Bar chart of alcohol in the study population (n=77)
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Table 13: Descriptive analysis of dyspnoea&chest pain in the study population (n=77)

Parameter Frequency Percentages
Dyspnoea
Yes 70 90.91%
No 7 9.09%
Chest Pain
Yes 74 96.10%
No 3 3.90%

Among the study population, 70 (90.91%) had Dyspnoea, and 74 (96.10%) had chest pain.

(Table 13 & Figure 8, 9)

Figure 8: Bar chart of dyspnoea in the study population (n=77)
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Figure 9: Bar chart of chest pain in the study population (n=77)
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Table 14: Descriptive analysis of body mass index in the study population (n=77)

96.1%

Yes

Chest Pain

3.9%

No

95% C. |
Parameter Mean = SD | Median | Minimum | Maximum
Lower | Upper
Body Mass Index 22.22 +1.36 22.00 19.00 26.00 21.91 22.53

The mean Body Mass Index was 22.22 + 1.36 in the study population, minimum and

maximum were 19 and 26 in the study population with (95% C. | from 21.91 to 22.53). (Table

14)
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Table 15: Descriptive analysis of clinical parameters in the study population (n=77)

95% C. |
Clinical Parameters Mean = SD | Median | Minimum [ Maximum

Lower | Upper
Blood Urea 37.4+12.59 34.0 19.0 92.00 3455 | 40.26
HbalC 7.82+1.99 7.6 5.1 14.90 7.37 8.27
Hemoglobin 11.58 +1.69 12.0 8.0 15.00 11.20 | 11.96
Total Leucocyte Count | 15.5 +2.57 14.32 11.20 22.00 1492 | 16.09
Creatinine Kinase MB 6.55 + 3.05 5.0 2.0 11.52 5.86 7.25
TROPONIN | 1.49 +3.62 0.72 0.12 21.02 0.67 2.31
Uric Acid 3.82+0.91 4.2 0.3 6.00 3.62 4.03
Triglycerides 261.62+57.53 266 140.0 450.0 248.57 | 274.68
Cholesterol 220.81+33.65 220 152.0 292.0 213.17 | 228.44
High Density 437+721 | 420 25.0 720 | 4206 | 4534
Cholesterol
Low Density 1114 +53.76 | 92.0 36.0 2220 | 992 | 1236
Cholesterol

The mean Blood Urea was 37.4 = 12.59 in the study population, minimum and maximum
were 19 and 92 in the study population with (95% C. I from 34.55 to 40.26).The mean HbalC
was 7.82 + 1.99 in the study population, minimum and maximum were 5.10 and 14.90 in the
study population with (95% C. | from 7.37 to 8.27). The mean Hemoglobin was 11.58 + 1.69
in the study population, minimum and maximum were 8 and 15 in the study population with
(95% C. | from 11.20 to 11.96).The mean Total Leucocyte Count was 15.5 + 2.57 in the study
population, minimum and maximum were 11.20 and 22 in the study population with (95% C.
I from 14.92 to 16.09).The mean Creatinine Kinase MB was 6.55 = 3.05 in the study
population, minimum and maximum were 2 and 11.52 in the study population with (95% C. I
from 5.86 to 7.25).The mean TROPONIN | was 1.49 + 3.62 in the study population,
minimum and maximum was 0.12 and 21.02 in the study population with (95% C. | from 0.67

to 2.31).The mean Uric acid was 3.82 = 0.91 in the study population, minimum and maximum
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was 0.30 and 6 in the study population with (95% C. | from 3.62 to 4.03).The mean
Triglycerides was 261.62 + 57.53 in the study population, minimum and maximum were 140
and 450 in the study population with (95% C. | from 248.57 to 274.68).The mean Cholesterol
was 220.81 + 33.65 in the study population, minimum and maximum were 152 and 292 in the
study population with (95% C. | from 213.17 to 228.44).The High-Density Cholesterol was
43.7 = 7.21 in the study population, minimum and maximum were 25 and 72 in the study
population with (95% C. | from 42.06 to 45.34).The Low-Density Cholesterol was 111.4 +
53.76 in the study population, minimum and maximum were 36 and 222 in the study
population with (95% C. | from 99.20 to 123.60). (Table 15)

Table 16: Comparison of median 24 hours mean blood glucose (mmol/l) across different

grace risk score grouping in the study population (n=77)

Grace Risk Score aroupin 24 hours mean blood glucose Kruskal Wallis test
grouping (mmol/l)Median (IQR) (P value)
Low risk (N=26) 6.32 (6.03 to 8.5)
Moderate risk (N=24) 9.08 (7.983 10 9.93) <0.001
High risk (N=27) 11.3 (10.16 to 13.8)

The median 24 hours mean blood glucose (mmol/l) was 6.32 (IQR 6.03 to 8.5) in Low risk, it
was 9.08 (IQR 7.983 to 9.93) and 11.3 (IQR 10.16 to 13.8) in moderate and high risk
respectively. The difference in Grace risk score groups and 24 hours mean blood glucose

(mmol/l) was statistically significant. (P value<0.05) (Table 16 & Figure 10)
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Figure 10: Line chart of 24 hours mean blood glucose (mmol/l) across different grace

risk score grouping in the study population (n=77)
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Table 17: Intragroup comparisons of grace risk score groups with 24 hours mean blood

glucose (n=77)

Variable name | Low vs moderate risk

Moderate vs high risk

Low vs high risk

P value <0.001

<0.001

<0.001

There was a statisticall significant difference in low vs moderate risk, moderate vs high risk

and low vs high risk with (P value <0.001).

Table 18: Correlation between grace risk score and 24 hours mean blood glucose

(mmol/l) in the study population (n=77)

Parameter Spearman correlation (Rs) P value
Grace risk score vs 24 hours mean 0.698 <0.001
blood glucose (mmol/Il)

There was a moderate positive correlation between Grace risk score and 24 hours mean blood

glucose (rs value: 0.068, P value: <0.001).

(Table 18 & Figure 11)
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Figure 11: Scatter plot between grace risk score and 24 hours mean blood glucose

(mmol/l) in the study population (n=77)
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Table 19: Descriptive analysis of grace risk score system in different demographic and

clinical parameters (n=77)

Parameters Low Risk Moderate Risk High Risk
(n=26) (n=24) (n=27)

Age groups (in years)
<50 23 (88.5%) 6 (25%) 4 (14.8%)
50-60 3 (11.5%) 16 (66.7%) 12 (44.4%)
61-70 0 2 (8.3%) 8 (29.6%)
>70 0 0 3 (11.1%)
Pulse rate groups (in minutes)
<70 2 (7.7%) 0 0
70-80 13 (50%) 9 (37.5%) 0
81-90 10 (38.5%) 8 (33.3%) 3 (11.1%)
91-100 1 (3.8%) 7 (29.2%) 8 (29.6%)
101-110 0 0 7 (25.9%)
111-120 0 0 6 (22.2%)
121-130 0 0 2 (7.4%)
131-140 0 0 0
>140 0 0 1 (3.7%)
Systolic Blood Pressure (in mm)
<110 5 (19.2%) 6 (25%) 10 (37%)
110-120 2 (7.7%) 2(8.3%) 5 (18.5%)
121-130 12 (46.2%) 10 (41.7%) 9 (33.3%)
131-140 5 (19.2%) 5 (20.8%) 2 (7.4%)
141-150 2 (7.7%) 0 1 (3.7%)
>150 0 1 (4.2%) 0
Serum Creatinine (mg/dl)
<1 17 (65.4%) 10 (41.7%) 3 (11.1%)
1-1.99 8 (30.8%) 14 (58.3%) 18 (66.7%)
2-2.99 0 0 4 (14.8%)
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3-3.99 0 0 1 (3.7%)
>3.99 1 (3.8%) 0 1 (3.7%)
Killip class

| 18 (69.2%) 10 (41.7%) 0

I 8 (30.8%) 14 (58.3%) 23 (85.2%)
1l 0 0 4 (14.8%)
v 0 0 0
Other Risk Factors

Elevated Cardiac Enzymes 24 (92.3%) 14(58.3%) 5(18.5%)
ST Deviation 2 (7.7%) 10 (41.7%) 22 (81.5%)

*No test is applied due to zero subjects in the cells.

Among the low risk in the study population, 23 (88.5%) were aged <50 years, 13 (50%) had
pulse rate (in minutes) in the range 70-80, 12 (46.2%) had Systolic Blood Pressure (in mm) in
the range 121-130, 17 (65.4%) had serum creatinine (mg/dl) <1, 18 (69.2%) were in Killip
Class I and 24 (92.3) had Elevated Cardiac Enzymes in Other Risk Factors.Among the
moderate risk in the study population, 16 (66.7%) were aged between 50-60 years, 9 (37.5%)
had pulse rate (in minutes) in the range 70-80, 10 (41.7%) had Systolic Blood Pressure (in
mm) in the range 121-130, 14 (58.3%) had serum creatinine (mg/dl) in the range 1-1.99, 14
(58.3%) were in Killip Class II, and 14 (58.3) had Elevated Cardiac Enzymes in Other Risk
Factors.Among the high-risk in the study population, 12 (44.4%) were aged between 50-60
years, 8 (29.6%) had pulse rate (in minutes) in the range 91-100, 10 (37%) had Systolic Blood
Pressure (in mm) <110, 18 (66.7%) had serum creatinine (mg/dl) in the range 1-1.99, 23
(85.2%) were in Killip Class Il, and 22 (81.5) had ST Deviation in Other Risk Factors. (Table

19)
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DISCUSSION



DISCUSSION:

ACS is an important global cause of death and also the major cause of morbidity and
mortality in India. In Urban India, coronary heart disease prevalence in adult has increased
considerably and occurred at a much younger age as compared to North America and Western
Europe. The importance of glucose metabolism in acute coronary syndrome and acute
myocardial infarction has been increasingly recognized. The present study was conducted to
determine the association between grace risk score and glucose fluctuation in acute coronary
syndrome and abnormal glucose metabolism.

A total of 77 subjects were enrolled in the study. In the present study, 52.31+ 7.9 was the
mean age of the study population, in a population of 2099 participants. Timoteo, AT et

al®® performed a study in which 64 + 13 years was the mean of age in the study population.

Table 20: Comparison of the mean age in various studies.

Study Population Mean age = SD
Present study 77 52.31+ 7.9
Timoteo, ATet al.”® 2099 64 +13
Islam, MM. et al.*® 249 55.7+11.7

In the current study, 74% of the participants were males and 26% females. Takahashi, H., et
al®’, performed a study in which 83% of the patients were males and 17% females.

Table 21: Comparison of gender prevalence in different studies.

Study Population Gender (%)
Present study " F'(\e/ln?ll(ﬁs(zggg/)o)
Islam, MMet al.> 249 F';Aniﬁzs(gé?;/g/)o)
Takahashi, Het al.>’ 417 F';Anfﬁzs(%f;/f,’%)
Timoteo, ATet al.*® 2099 F';An?ﬁzs(?gm)
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Among the study population, 89.29+ 16.83 was the mean pulse per minute observed in the
participants. In 4087, participants Tscherry K., et al®® performed a study in which 80+16 was

the mean pulse rate observed in the study population.

In the current study, 125.06 + 12.85 was the mean systolic blood pressure in the study

1°® conducted a study in 4087 patients in which the mean of

population. Tscherry K. et a
systolic blood pressure was observed as 136+28.
In the present study, 1.35 + 0.82 was the mean serum creatinine (mg/dl) identified in the study

population.

In the current study, participants in the Killip class 1, 2 and 3 were identified with 36.36%,
58.44% and 5.19% respectively.In a population of 334 patients Gerbaud, E. et al**, conducted
a study in which 75.6% of participants were belonged to Killip score 1 whereas 14.1%, 9.1%
and 1.2% were belonged to Killip score 2, 3 and 4 respectively.

Table 22: Comparison of Killip scores in various studies.

Study Population Killip score
Killip score 1 (36.36%)
Present study 77 Killip score 2 (58.44%)

Killip score 3 (5.19%)

Killip score 1 (75.6%)
Killip score 2 (14.1%)

42
Gerbaud, E., et al. 334 Killip score 3 (9.1%)
Killip score 4 (1.2%)
Killip score 1 (69.6%)
illi 0
Tscherry K., et al® 4087 Killip score 2 (4.5%)

Killip score 3 (2%)
Killip score 4 (2.8%)

In the present study, 55.84% had elevated cardiac enzymes, whereas, 44.16% had St
deviation. Timoteo, AT et al®®, performed a study in 2099 patients in which 55.1% of

participants were identified with ST deviation.
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In the current study, 129.35 + 31.15 was the mean grace risk score observed in the study
population.Gerbaud, E et al*?, conducted a study in 334 participants in which the mean of

Grace score was 135+32.

In the present study, low risk, moderate risk and high-risk groups were identified with
33.77%, 31.17% and 35.06% respectively. Li, H., et al®, conducted a study in 76 participants
in which 18.42% were identified in the low-risk group while moderate and high risk were

identified with 32.89% and 48.68% respectively.

In the current study, 9.67 + 3.28 was the 24 hours mean blood glucose level identified in the

study population.

In the present study, 76.62% of the participants had a history of hypertension. In 417

|57

patients, Takahashi, H et al®’, performed a study in which hypertension was noted in 61% of

the participants.

In the current study, 68.83% of participants were identified with a history of smoking,

|55

whereas, 50.65% had a history of alcohol consumption. Islam, MM. et al>°, conducted a cross-

sectional comparative study in which 53.4% of the participants were smokers.
In the present study, dyspnoea and chest pain were observed in 90.91% and 96.10% of

participants. In 4087, participants Tscherry K., et al®® performed a study in which chest pain

was identified in 66% of the population.
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In the current study, 22.22 + 1.36 was the body mass index noticed in the participants.
Gerbaud, E et al*?, conducted a study in 334 patients in which 28.5+4.7 was the mean BMI of

the study population.

In the present study the mean of blood urea, HbAL1C, Hb, TLC, creatinine kinase MB,
troponin 1, uric acid, triglycerides, cholesterol, HDL and LDL were identified with
22.22+1.36, 7.82+1.99, 11.58+1.69, 15.5+2.57, 6.55%+3.05,1.49+3.62, 3.82+0.91,
261.62+57.53, 220.81+33.65, 43.7+7.21 and 111.4+53.76 respectively. Gerbaud, E et al*?,
conducted a study in 334 participants in which the mean of HBALc, troponin 1, triglycerides,
cholesterol, high-density cholesterol and low-density cholesterol were observed with

7.55%1.44, 22.6+56.8, 4.56£3.96, 4.55+1.40, 1.06£0.51 and 2.72+1.19 respectively.

In the current study, the median 24 hours mean blood glucose (mmol/l) in low risk, moderate
and high risk were 6.32 (IQR 6.03 to 8.5), 9.08 (IQR 7.983 to 9.93) and 11.3 (IQR 10.16 to
13.8) respectively. In a population of 76 patients, Li, H. et al (6) performed a study in which
15.38% of participants with abnormal glucose metabolism belonged to low-risk group
whereas, 36.53% and 48.08% to moderate and high-risk group. Also, 25% of patients with
normal glucose metabolism were belonged to low risk while 25% and 50% to the moderate

and high-risk group, respectively.

There was a moderate positive correlation between Grace risk score and 24 hours mean blood
glucose. In the current study majority of the participants in the low-risk group were aged < 50
years, 50% had pulse rate (in minutes) in the range 70-80, 46.2% had Systolic Blood Pressure
(in mm) in the range 121-130, 65.4% had serum creatinine (mg/dl) <1, 69.2% were in Killip

Class I and 92.3% had Elevated Cardiac Enzymes in Other Risk Factors.
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In the present study, 66.7% of the participants in the moderate risk group were aged between
50-60 years, 37.5% had pulse rate (in minutes) in the range 70-80, 41.7% had Systolic Blood
Pressure (in mm) in the range 121-130, 58.3% had serum creatinine (mg/dl) in the range 1-
1.99, 58.3% were in Killip Class II, and 58.3% had Elevated Cardiac Enzymes in Other Risk
Factors. Whereas among the high-risk, 44.4% were aged between 50-60 years, 29.6% had
pulse rate (in minutes) in the range 91-100, 37% had Systolic Blood Pressure (in mm) <110,
66.7% had serum creatinine (mg/dl) in the range 1-1.99, 85.2% were in Killip Class Il, and

81.5% had ST Deviation in Other Risk Factors.
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CONCLUSION:

A total of 77 subjects were enrolled in the study.

The mean age of the study population was 52.31 + 7.9.

The prevalence of males and females were observed with 74% and 26%.

The mean Pulse (per minute) and mean Systolic Blood Pressure (in mm) in the study
population were 89.29 + 16.83 and 125.06 + 12.85,respectively.

The mean Serum Creatinine (In mg/dl) was identified as 1.35 + 0.82.

Majority of the participants were belonged to Killip class 11 with 58.44%, followed by
class I and class 111 with 36.36% and 5.19% respectively.

Elevated Cardiac Enzymes and ST Deviation were identified in 55.84% and 44.16%
of participants.

The mean Grace risk score was observed as 129.35 + 31.15

Most of the patients were belonged to the high-risk group with 35.06%, followed by
low risk and moderate risk group with 33.77% and 31.17% respectively.

The mean 24 Hours Mean Blood Glucose (mmol/l) in the population was 9.67 + 3.28.
The history of hypertension was noted in 76.62% of participants.

Smoking and alcohol consumption were identified in 68.83% and 50.65% of the
population.

Dyspnoea and chest pain were observed in 90.91% and 96.10% of the population.

The mean Body Mass Index in the study population was 22.22 + 1.36.

The mean of blood urea, HbALC, Hb, TLC, creatinine kinase MB, troponin I, uric
acid, triglycerides, cholesterol, HDL and LDL were identified with 22.22+1.36,
7.82+1.99, 11.58+1.69, 15.5+2.57, 6.55+3.05, 1.49+3.62, 3.82+0.91, 261.62+57.53,

220.81+33.65, 43.7+7.21 and 111.4+53.76 respectively.
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The median 24 hours mean blood glucose (mmol/I) in low risk, moderate and high risk
were 6.32 (IQR 6.03 to 8.5), 9.08 (IQR 7.983 to 9.93) and 11.3 (IQR 10.16 to 13.8)
respectively.

There was a moderate positive correlation between Grace risk score and 24 hours
mean blood glucose

Among the low risk in the study population, majority of the patients were aged < 50
years, 50% had pulse rate (in minutes) in the range 70-80, 46.2% had Systolic Blood
Pressure (in mm) in the range 121-130, 65.4% had serum creatinine (mg/dl) <1, 69.2%
were in Killip Class | and 92.3% had Elevated Cardiac Enzymes in Other Risk
Factors.

Among the moderate risk in the study population, 66.7% were aged between 50-60
years, 37.5% had pulse rate (in minutes) in the range 70-80, 41.7% had Systolic Blood
Pressure (in mm) in the range 121-130, 58.3% had serum creatinine (mg/dl) in the
range 1-1.99, 58.3% were in Killip Class |1, and 58.3% had Elevated Cardiac Enzymes
in Other Risk Factors. Whereas among the high-risk, 44.4% were aged between 50-60
years, 29.6% had pulse rate (in minutes) in the range 91-100, 37% had Systolic Blood
Pressure (in mm) <110, 66.7% had serum creatinine (mg/dl) in the range 1-1.99,

85.2% were in Killip Class 1l, and 81.5% had ST Deviation in Other Risk Factors.
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LIMITATIONS:
e The current study is a single-centre study with small sample size.
e We only used SD as a parameter of blood glucose variabilities more parameters such
as MAGE and MODD can be used more convincingly.

e Follow up was not performed in the study population.

RECOMMENDATIONS:
e The study can be conducted in a large sample size for a long duration of time.

e Management and follow up can be performed in future studies.
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SUMMARY:

The importance of glucose metabolism in acute coronary syndrome and acute myocardial
infarction has been increasingly recognized. Glycated hemoglobin (HbALc) levels correlate
well with the average glucose levels over the preceding 8 to 12 weeks and are used in
diagnosing diabetes mellitus. The Global Registry of Acute Coronary Events risks score is a
validated and established score for risk stratification in acute coronary syndromes. The
current study is an attempt at understanding the relationship between blood glucose
fluctuation and GRACE risk score in ACS patients and how blood glucose fluctuation in
patients with abnormal glucose metabolism affect GRACE score using Continuous Glucose

Monitoring System.

A total of 77 participants were included in the study. The mean age of the participants was
identified as 52.31 £ 7.9. Majority of the participants were males with 74%. The mean Pulse
(per minute) and mean Systolic Blood Pressure (in mm) were 89.29 + 16.83 and 125.06 +
12.85. Majority of the participants were belonged to Killip class 1l with 58.44%. Elevated
Cardiac Enzymes and ST Deviation were identified in 55.84% and 44.16% of participants.
The mean Grace risk score and mean 24 Hours Mean Blood Glucose (mmol/l) were 129.35 +
31.15 and 9.67 + 3.28. Majority of the participants were belonged to the high-risk group with
35.06%. Dyspnoea and chest pain were observed in 90.91% and 96.10% of the population.
The median 24 hours mean blood glucose (mmol/l) in low risk, moderate and high risk were
6.32 (IQR 6.03 to 8.5), 9.08 (IQR 7.983 to 9.93) and 11.3 (IQR 10.16 to 13.8) respectively.
There was a moderate positive correlation between Grace risk score and 24 hours mean blood

glucose.
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ANNEXURES



PROFORMA FOR DATA COLLECTION

NAME: IP NO:
AGE: SEX:

GENDER:

ADDRESS:

OCCUPATION:

DETAILED HISTORY:

PAST HISTORY:

FAMILY HISTORY:

PERSONAL HISTORY:

GENERAL PHYSICAL EXAMINATION:

PULSE:

BLOOD PRESSURE:

RESPIRATORY RATE

TEMPERATURE:

BMI:

SYSTEMIC EXAMINATION:
CARDIOVASCULAR EXAMINATION:
RESPIRATORY EXAMINATION:

PER ABDOMINAL EXAMINATION:

CENTRAL NERVOUS SYSTEM EXAMINATION
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LABORATORY DATA:

ECG

Urea nitrogen
Creatinine
HbAlc
Haemoglobin
CK MB

Uric acid
Triglycerides
Cholesterol
HDL

LDL

BLOOD GLUCOSE LEVELS FOR 72 HOURS USING CGMS
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INFORMED CONSENT FORM

SUBJECT’S NAME: HOSPITAL NUMBER:
AGE : SEX:

TITLE: The relationship between GRACE risk score and glucose fluctuation in patients
with acute coronary syndrome and abnormal glucose metabolism using Continuous
Glucose Monitoring System

If you agree to participate in the study we will collect information (as per proforma) from you
or a person responsible for you or both. We will collect the treatment and relevant details
from your hospital record. This information collected will be used for only dissertation and
publication. This study has been reviewed by the institutional ethical committee. The care you
will get will not change if you don’t wish to participate. You are required to sign/ provide

thumb impression only if you voluntarily agree to participate in this study.

| understand that | remain free to withdraw from the study at any time and this will
not change my future care. | have read or have been read to me and understood the purpose of
the study, the procedure that will be used, the risk and benefits associated with my
involvement in the study and the nature of information that will be collected and disclosed
during the study. I have had the opportunity to ask my questions regarding various aspects of
the study and my questions are answered to my satisfaction. I, the undersigned agree to
participate in this study and authorize the collection and disclosure of my personal

information for publication.

DATE:
SIGNATURE/THUMBIMPRESSION

Subject name:

(Parents / Guardians name)
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PATIENT INFORMATION SHEET

Study Title: The relationship between GRACE risk score and glucose fluctuation in
patients with acute coronary syndrome and abnormal glucose metabolism using

Continuous Glucose Monitoring System

Principal investigator: Dr.SASI SEKHAR

Study site :R.L Jalappa Hospital and Research Center attached to Sri Devaraj
Urs Medical College, Tamaka, Kolar.

Purpose of the study:

To determine the relationship between blood glucose fluctuations and GRACE risk score in
ACS patients and abnormal glucose metabolism using Continuous glucose Monitoring
system.

Voluntary Participation: Your participation in this study is entirely voluntary. There is no
compulsion to participate in this study. You will be no way affected if you do not wish to
participate in the study. You are required to sign only if you voluntarily agree to participate in
this study. Further you are at a liberty to withdraw from the study at any time. We assure you
that your withdrawal will not affect your treatment by the concerned physician in any way.
Procedure :We will take detailed history and send your blood samples for Urea
nitrogen,Creatinine,HbAlc,Hemoglobin, CKMB,Uricacid, Triglycerides,,Cholesterol, HDL,LD
L and measure blood glucose fluctuations for 72 hrs after the admission using continuous

glucose monitoring system

Confidentiality: All information collected from you will be strictly confidential & will not be
disclosed to anyone except if it is required by the law. This information collected will be used
only for research. This information will not reveal your identity.

We would not compel you any time during this process; also we would greatly appreciate
your cooperation to the study. We would like to get your consent to participate in the study.
For any information you are free to contact investigator. This study has been approved by the
Institutional Ethics Committee & has been started only after their formal approval. The
sample collected will be stored in the institute and | request you to permit us to store and use

this sample for any future study.
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19 866484 52 1 92 130 | 09 3 1 144 3 8.6 1 1 1 2 1 230 26 741 9.5 14.2 9.3 05 45 | 303
20 861693 52 1 92 120 | 35 2 1 145 3 74 2 1 1 1 1 230 92 6.3 9.0 156.3 1.5 0.4 42 | 320
21 842225 44 2 7 100 | 09 2 1 118 2 8.2 1 2 2 1 1 234 28 6.8 9.2 16.2 9.2 0.4 42 | 320
22 835073 64 2 112 120 | 18 2 2 177 3 104 1 2 2 1 1 19.0 32 8.2 104 14.3 9.7 0.4 42 | 329
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23 862619 62 1 114 110 1.8 3 2 205 3 10.6 1 1 1 23.0 27 8.2 104 19.1 9.8 0.8 42 | 2713
24 840337 45 2 72 140 | 0.9 2 1 99 1 53 1 2 2 22.0 32 52 10.3 18.2 9.6 05 5.1 280
25 846413 42 1 74 124 11 2 1 109 1 6.4 1 1 1 23.0 34 6.1 13.0 172 9.6 0.4 42 | 324
26 862861 52 1 72 140 | 05 2 1 112 2 6.7 1 1 1 24.0 36 6.7 13.0 15.3 9.7 05 42 | 280
27 858209 64 1 110 100 | 03 2 1 160 3 8.8 2 1 1 25.0 36 71 10.8 14.2 9.3 0.7 48 | 272
28 840416 42 1 72 140 | 48 1 1 100 1 5.1 1 1 1 26.0 64 5.1 14.0 19.3 9.6 0.6 43 | 287
29 839965 52 2 92 110 | 50 2 1 161 3 10.2 2 2 2 230 72 7.6 14.2 19.2 9.2 0.7 43 | 272
30 844995 45 2 150 110 15 2 2 160 3 73 2 2 2 240 36 73 12.0 14.3 10.2 08 38 | 323
31 813892 48 1 68 120 | 05 2 1 100 1 7.1 2 1 1 22.0 42 6.4 12.0 19.2 8.9 1.0 45 | 305
32 841019 58 2 79 120 | 0.8 2 2 139 2 9.4 1 2 2 24.0 32 7.0 13.0 14.2 8.2 0.7 42 | 323
33 841991 41 2 84 140 | 09 2 2 115 2 74 1 2 2 20.0 32 59 13.0 14.2 9.2 0.5 42 | 303
34 841577 48 2 68 100 | 03 2 2 106 1 6.1 1 2 2 23.0 32 5.7 12.0 14.0 8.2 0.6 45 | 345
35 835449 41 1 72 146 | 0.5 2 2 96 1 131 2 1 1 23.0 26 7.0 12.0 19.2 7.2 0.7 42 | 274
36 841467 76 1 115 130 | 25 2 2 202 3 18.2 1 1 1 22.0 72 129 8.0 142 8.2 0.7 3.7 | 290
37 840732 65 2 110 120 | 25 2 2 183 3 15.2 1 2 2 22.0 60 121 8.0 15.0 9.9 0.8 52 | 300
38 842871 64 1 4l 160 | 0.9 2 1 118 2 154 1 1 1 23.0 34 10.3 13.0 16.2 8.2 0.7 48 | 296
39 841953 54 1 72 108 | 0.5 2 2 131 2 8.8 2 1 1 23.0 30 8.4 12.0 15.0 9.4 0.7 32 | 290
40 841808 72 1 100 120 | 24 2 2 211 3 14.0 1 2 2 22.0 60 12.1 8.0 15.0 9.9 0.8 52 | 300
41 842414 50 1 72 140 | 07 1 1 106 1 9.1 1 1 2 221 26 74 12.0 14.0 2.0 0.4 45 | 156
42 852532 48 2 84 130 | 09 1 1 89 1 85 1 2 2 21.0 26 7.0 11.0 13.0 3.2 0.9 42 | 202
43 849562 57 2 86 130 | 09 1 1 119 2 116 1 2 2 23.0 34 9.0 13.0 13.0 3.2 0.3 23 | 180
44 846399 45 2 74 150 | 0.8 1 1 93 1 6.1 2 2 2 24.0 26 5.7 11.0 14.0 3.8 05 32 | 140
45 842807 46 1 72 130 11 1 1 89 1 6.9 1 2 2 21.0 26 58 13.0 14.0 3.8 0.6 42 | 160
46 842084 52 1 79 130 | 09 1 1 119 2 9.6 1 1 2 21.0 32 7.7 11.0 14.0 41 0.6 42 | 180
47 841289 56 2 82 110 1.7 2 2 154 3 12.7 2 2 2 21.0 30 9.7 12.0 12.0 3.2 0.7 28 | 180
48 842586 58 1 84 130 | 09 1 1 105 1 6.1 2 1 1 24.0 26 5.8 13.0 14.0 3.2 0.8 32 | 240
49 841559 52 2 92 130 11 1 2 125 2 105 1 2 2 21.0 32 8.2 132 14.1 36 05 28 | 220
50 848658 48 1 84 110 | 09 1 2 112 2 7.8 1 1 1 22.0 38 76 12.0 15.1 42 0.8 36 | 234
51 850204 58 1 82 130 1.8 2 2 145 3 13.1 1 1 2 21.0 28 9.8 132 15.0 34 0.8 29 | 232
52 849756 52 1 120 140 1.8 2 2 150 3 10.8 1 2 2 23.0 28 8.4 15.0 21.0 4.3 0.7 29 | 232
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53 gstos1 | 54 | 1 | 82 | 130 [ 14 | 1 | 2 [12] 2 | 91 | 1 2 220 | 28 | 77 | 130 | 180 | 39 | 07 | 29 | 240
54 gdoza7 | 59 | 1 | 12 | 130 [ 09 | 2 | 2 | 154 | 3 | 129 | 1 2 220 | 32 | 98 | 128 | 140 | 32 | 140 | 28 | 204
55 gsoo04 | 48 | 1 | 82 | 10 [ 09| 1 | 1 | 98 | 1 | 62 | 1 2 210 | 24 | 58 | 126 | 130 | 41 | 08 | 29 | 202
56 gsoss3 | 52 | 1 | 84 |10 [ 10 | 1 | 1 [ 14| 2 | 91 | 1 2 210 | 28 | 73 | 132 | 180 | 38 | 09 | 29 | 23
57 51147 | 62 | 1 | 92 | 10 [ 14| 2 | 2 | 174 | 3 | 153 | 1 2 208 | 42 | 12 | 108 | 180 | 41 | 180 | 32 | 240
58 gs2373 | 64 | 1 | 74 [ 130 [ 14 | 1 | 1 |15 | 2 | 86 | 1 1 210 | 39 | 72 | 125 | 210 | 27 | 210 | 39 | 180
59 gaasos | 52 | 1 | 78 [ 10 [ 12| 1 |1 17| 2 | 67 | A 1 210 | 46 | 58 | 112 | 180 | 46 | 07 | 32 | 242
60 gasees | 46 | 1 | & [ 130 [ 14 | 2 | 1 |12 | 2 | 97 | 1 2 220 | 39 | 77 | 17 | 123 | 32 | 08 | 45 | 180
61 gasess | 64 | 1 [ 130 [ 130 [ 24 | 2 | 2 | 185 | 3 | 169 | 1 1 240 | 52 | 122 | 120 | 182 | 34 | 06 | 42 | 202
62 georor | 54 | 1 | 92 [ 130 [ 14| 1 | 2 | 128 | 2 | 99 | 1 1 210 | 48 | 79 | 132 | 180 | 36 | 08 | 42 | 232
63 g6too0 | 48 | 1 | & [ 10 o5 | 1 | 1 | e | 1| 62 | 1 1 210 | 28 | 69 | 112 | 130 | 42 | 09 | 29 | 202
64 3613 | 52 | 1 | 86 | 10 [ 14| 1 | 2 [ 13| 2 | 99 | 1 1 20 | 36 | 79 | 128 | 130 | 42 | 08 | 32 | 24
65 53045 | 44 | 1 | 82 | 10 [ 05| 1 | 1 [ 104 | 1 | 85 | 1 2 20 | 26 | 62 | 127 | 130 | 41 | 130 | 32 | 180
66 866360 | 46 | 1 | 8 [ 130 [ 09 | 1 | 1 | 8 | 1 | 98 | 1 2 20 | 32 | 78 | 128 | 130 | 32 | 08 | 29 | 242
67 gs0369 | 48 | 1 | 130 | 10 [ 13 | 2 | 2 [ 150 | 3 | 113 | 1 2 210 | 38 | 88 | 127 | 112 | 36 | 09 | 29 | 2
68 ga00o5 | 58 | 2 | 108 [ 100 | 18 | 2 | 2 | 160 | 3 | 102 | 1 2 20 | 52 | 80 | 122 | 180 | 32 | 07 |27 | 202
69 gaogs | 62 | 1 | 120 | 130 [ 14 | 2 | 2 | 174 | 3 | 210 | 1 2 200 | 44 | 149 | 132 | 190 | 37 | 09 | 26 | 160
70 gagze3 | 52 | 1 | 8 |10 [ 18 | 2 | 2 |15 | 3 | 107 | 2 2 208 | 42 | 84 | 128 | 134 | 38 | 09 | 27 | 232
71 gagez0 | 54 | 1 | 92 [ 130 [ 18| 2 | 2 | 150 | 3 | 133 | 1 1 210 | 49 | 100 | 126 | 140 | 39 | 08 | 34 | 232
72 gagos0 | 44 | 1 | & [ 10 [ 18| 1 | 1 | e | 1| 77 | 4 1 230 | 42 | 79 | 128 | 159 | 41 | 10 | 38 | 245
73 gags0 | 42 | 1 | 74 [ 130 [ 14| 1 | 1 | e | 1| 58 | 2 2 218 | 48 | 59 | 128 | 142 | 32 | 08 | 36 | 262
74 gosas0 | 44 | 1 | 82 [ 10 [ 14 | 1 | 1 [ 101 | 1 | 163 | 2 2 208 | 45 | 119 | 119 | 140 | 34 | 09 | 28 | 202
75 gaorag | 47 | 2 | 88 [ 128 [ 17 [ 1 | 1 | e | 1 | 57 | 2 1 29 | 52 | 58 | 123 | 133 | 34 | 09 | 26 | 25
76 ga3cag | 42 | 2 | 98 | 130 [ 14 | 1 | 1 | 98 | 1 | 102 1 2 218 | 48 | 81 | 129 | 132 | 38 | 08 | 29 | 291
77 goto7s | 48 | 1 | T2 |12 [ 14| 1 | 1 | 89 | 1 | 58 | 1 1 210 | 36 | 61 | 130 | 151 | 42 | 09 | 35 | 234
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1 839696 250 40 222 3 3 2 4 2 1
2 832394 266 30 200 3 3 2 5 2 4
3 842249 250 40 170 3 3 3 5 2 5
4 758005 250 30 200 1 1 2 2 1 2
5 657006 250 25 200 1 1 1 2 1 4
6 839259 250 40 200 2 2 1 4 2 3
7 840750 260 40 160 2 2 2 4 2 4
8 840767 250 40 170 2 2 2 4 2 4
9 843826 220 55 172 1 1 1 3 1 4
10 843548 250 40 170 3 3 1 5 2 3
11 844552 230 40 172 3 3 1 4 2 3
12 847436 253 42 173 2 2 2 4 2 3
13 847808 220 40 190 2 2 2 2 2 4
14 843859 190 56 184 1 1 2 2 1 3
15 861777 220 40 220 2 2 2 4 2 3
16 863821 230 55 142 1 1 1 2 1 3
17 849276 280 40 170 3 3 4 5 2 2
18 865961 232 42 62 2 2 1 3 2 2
19 866484 252 40 172 3 3 2 4 1 3
20 861693 210 35 170 3 3 2 4 4 2
21 842225 221 42 172 2 2 1 2 1 1
22 835073 190 38 180 3 3 3 6 2 2
23 862619 180 45 172 3 3 3 8 2 1
2 840337 222 38 172 1 1 1 2 1 4
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25 846413 170 42 160 1 1 1 2 2 3
2 862861 192 38 124 2 2 2 2 1 4
27 858209 220 72 108 3 3 3 5 1 1
28 840416 220 42 90 1 1 1 2 5 4
29 839965 210 52 108 3 3 2 4 5 1
30 844995 252 62 120 3 3 1 9 2 1
31 813892 272 42 108 1 1 1 1 1 2
32 841019 202 42 120 2 2 2 2 1 2
3 841991 292 45 160 2 2 1 3 1 4
34 841577 292 39 105 1 1 1 1 1 1
35 835449 210 42 108 1 1 1 2 1 5
3 841467 280 60 180 3 3 4 6 3 3
37 840732 292 42 120 3 3 3 5 3 2
38 842871 234 32 116 2 2 3 2 1 6
39 841953 180 37 160 2 2 2 2 1 1
40 841808 292 42 120 3 3 4 4 3 2
41 842414 190 45 50 1 1 1 2 1 4
42 85532 160 62 62 1 1 1 3 1 3
43 849562 202 45 65 2 2 2 3 1 3
44 846399 182 42 64 1 1 1 2 1 5
45 842807 152 42 36 1 1 1 2 2 3
46 842084 190 42 62 2 2 2 2 1 3
47 841289 200 42 60 3 3 2 3 2 1
48 842586 260 42 62 1 1 2 3 1 3
49 841559 200 42 58 2 2 2 4 2 3
50 848658 180 46 92 2 2 1 3 1 1
51 850204 240 44 64 3 3 2 3 2 3
52 849756 190 48 62 3 3 2 6 2 4
53 851081 260 52 60 2 2 2 3 2 3
54 849347 230 42 68 3 3 2 6 1 3
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55 852994 214 42 62 1 1 3 1 1
56 850853 180 42 62 2 2 3 1 1
57 851147 202 42 68 3 3 3 4 2 1
58 852373 202 46 68 2 3 2 2 3
59 844526 202 4 68 2 2 2 2 1
60 845884 220 46 72 2 1 3 2 3
61 845658 184 42 70 3 3 3 7 3 3
62 860727 180 42 62 2 2 4 2 3
63 861099 182 42 62 1 1 3 1 1
64 835613 202 48 66 2 2 3 2 1
65 853045 202 38 62 1 1 3 1 1
66 866360 202 42 64 1 1 3 1 3
67 859369 205 46 62 3 3 1 7 2 1
68 840025 234 54 71 3 3 2 5 2 1
69 842808 180 42 62 3 3 3 6 2 3
70 849363 191 44 68 3 3 2 3 2 1
7 849630 202 46 62 3 3 2 4 2 3
72 849980 208 54 68 1 1 3 2 3
73 849520 232 45 64 1 1 2 2 3
74 805480 232 48 64 1 1 3 2 1
75 842748 234 42 68 1 1 3 2 3
76 843649 254 42 60 1 1 4 2 3
77 861275 186 46 56 1 1 2 2 3
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KEY TO MASTER SHEET:

Gender

Male=1, Female=2

ORF

ECE=1, STD=2

Grace Risk Score Grouping

Low risk=1, Moderate=2, High risk=3

Hypertension Yes=1, No=2
Smoking Yes=1, No=2
Alcohol Yes=1, No=2
Dyspnoea Yes=1, No=2
Chest pain Yes=1, No=2

Low vs moderate

Low risk=1, Moderate=2, High risk=3

moderate vs severe

Low risk=1, Moderate=2, High risk=3

low vs severe

Low risk=1, Moderate=2, High risk=3

Age group

<50=1, 51 to 60=2, 61 to 70=3, >70=4

Pule group (per minute)

<70=1, 71 to 80=2, 81 to 90=3, 91 to 100=4, 101 to 110=5, 111 to
120=6, 121 to 130=7, 131 to 140=8, >140=9

Serum Creatinine Group

<1=1, 110 1.99=2, 2 t0 2.99=3, 3 to 3.99=4, >3.99=5

SBP Group

<110=1, 110 to 120=2, 121 to 130=3, 131 to140=4, 141 to 150=5,
>150=6
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